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INIROilJCTION 

The experience of the less developed col.D'ltries (LOCs) in recent 
years has provided considerable evidence that science and technology 
play an important role in the ccmplex processes of economic and social 
development. It is not at all clear, however, how science and tech­
nology can both conplement and stinrulate social and economic develop­
ment without introducing distortions in these processes. What kinds 
of science and technology are appropriate for specific col.D'ltries? 
What kinds of policies are needed to make science and technology a 
significant element in social and economic development? What· kinds 
of organizations and institutions are needed? What types of people 
need to be trained and how? How can U.S. scientific and technologi­
cal resources contribute to development abroad? These questions il­
lustrate the range of issues that Jl)S'l'ID continues to address. 

Over the past 12 years, the National Academy of Sciences (NAS) 
Board on Science and Technology for International Development has been 
involved in the examination of development issues with LDC CO\D'lter­
parts by means of joint workshops and studies convened in 24 col.D'ltries 
in Africa, Asia, and Latin America. The attractiveness of these meet­
ings to both American arid host col.D'ltry participants lies in their tru­
ly cooperative character with shared ftmding, planning, and organiza­
tional responsibilities. Most recently, in recognition of the gr~ 
desire of LDC officials to diversify their sources of scientific and 
technological knowledge and experience, a nunber of :OOSTID programs 
have included participants from LOCs with similar problems and oppor­
tl.D'lities, as well as representatives of both national and international 
development institutions. 

~re than 1, 200 persons (see Section V) from American l.D'li versi ties, 
research institutes, govermnent agencies, and private industry have par­
ticipated in :OOSTID workshops and studies, contributing their time and 
effort as a public service. Participants are reimbursed for travel ex­
penses, but receive no fees or honoraria. 

Throufi the current reporting period, workshops have been held in 
the following CO\D'ltries: Arab Republic of Egypt, Argentina, Brazil, 
Crl.le, Col'l.lllbia, Ghana, Guatemala (regional), Guyana, India, Indonesia, 
Korea, Nigeria, Pakistan, Peru, Philippines, Republic of Cltina (Taiwan), 
Singapore (regional), Sri Lanka, Sudan, Tanzania, Thailand, 'l\misia, 
Venezuela, and Zaire. 

-1-
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HIGHLIGHTS 

OOSTID programs have been characterized by the c<Jllll)n theme of 
collaboration with cot.mterpart organizations in developing cot.mtries 
in the search for ways to use science and teclmology in the process 
of social and econanic development. Because of the wide range of 
problems involved, the differences in individual cot.mtries, and the 
desire to strengthen OOSTID's effectiveness, these programs also have 
involved considerable experimentation and diversity of approach. 
1his section draws attention to a nllllber of the interesting and sig­
nificant aspects of OOSTID programs during the past eight years. 

Overseas programs (see Section II) have focused on most of the 
major development sectors, including problems associated with agri­
culture, industrialization, and the use of natural resoln"Ces. Work­
shops have covered topics as broad as national science policy and 
planning and as specific as natural products development. 

The OOSTID study program (see Section II) has addressed large 
issues in such studies as Arid Lands of Sub-Saharan Africa and U.S. 
International Finns and R, D 8lid E in llevefia!ing COt.mtries, and spe­
cific problems or opportt.mit1es in sUcli st es as those on systems 
analysis and operations research in relation to development planning 
and on remote sensing and development. The study program has been en­
hanced with regard to innovative uses of science and teclmology in 
development by the activities of the Advisory Conmittee on Teclmolo­
gy Innovation (ACTI) (see Section II). ACTI' s program has two spe­
cific objectives: (1) generating ideas for innovative applications 
of current teclmology to i.Jllnediate problems of developing cot.mtries 
and (2) identifying research that could shorten the time character­
istic of the usual progression from scientific discovery to applica­
tion. Studies have been coq>leted on such topics as Underexploited 
~ical Plants with Promis~F.conomic Value, FirewOOd Cii!s: BilSh 

tree species for EriergydUCtion, and Energy fOr Riira Develop­
ment. 

Increased awareness has developed of the need to strengthen the 
direct linkages between studies and bilateral activities and to en­
courage greater utilization of both. For exanple, the study on the 
productive utilization of freshwater aquatic weeds was follOwed by a 
workshop on aquatic weed management and utilization in the Nile Basin. 
Several workshops have been followed by re tum visits of NAS workshop 
participants to encourage and help with the inplementation of recom­
mendations. The creation of joint camaittees for scientific coopera­
tion which meet at regular intervals has been an iq>ortant approach to 
providing continuity and follow-up to OOSTID programs. Such groups 
have been fanned in Korea, Taiwan, and Brazil; a group is being planned 
for Egypt. 

Several interesting developments have occurred in OOSTID program 
methodology. Increasing enphasis has been given to participation by 
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representatives of developing cotmtries on OOSTID panels and COJllldttees. 
Several workshops gave experimented with nru1 tilateral rather than bi­
lateral participation. New modes of cooperation also have been tried 
with U.S. institutions. In May 1975, for example, the NAS and NSF joint­
ly planned and took part in a workshop in Egypt on research management. 
In Korea, several activities have involved small advisoiy teams of two 
or three persons sponsored by BOSTID, rather than the typical larger 
workshop approach. 

In order to involve as many institutions and persons as possible in 
its development activities, oosrm has continued to seek diversified 
sources of ftmd.ing for its activities. Although the largest sotn'Ce of 
ftmding has been AID, private ftmds have been contributed for activities 
in Brazil, Guatemala, Singapore, Taiwan, Venezuela, and Zaire. A recent 
inportant and encouraging financial development has been the willingness 
of some cotmtries to use resources they control to Sll{>POrt BOSTID acti­
vities. In Korea, Ghana, and Brazil, for example, science bloc grants 
from AID or local ftmds have been used for OOSTID activities. 

Approximately 25 percent of the cotmtries with which BOSTID has had 
collaborative programs are classified as least-developed or so-called 
"fourth world" cotmtries, including India, Indonesia, Sri Lanka, Sudan, 
Tanzania, and Zaire. For all the cotmtries with which it works, BOSTID 
acts as a mechanism for apolitical cOJlllD.Dlication moong individual scien­
tists and engineers. 1his stance has enabled contacts to be maintained 
with cotmtries such as Otlle, despite severe political crises. 

As BOSTID has gained experience with the kinds of programs described 
in this report, it has been possible to reduce the nunber of profession­
al staff members without decreasing the level of program activity. The 
present nunber of staff meni>ers is 25 percent less than the peak level 
during the reporting period. 

Special efforts have been made to increase the participation of 
women and members of minority groups on OOSTID panels and comnittees. 
Special rosters and lists of possible candidates have been prepared and 
are used in the process of selecting participants. 

1his section has enphasized the experimental character of the OOSTID 
program. Al though the studies and overseas programs have been useful 
mechanisms for achieving the overall objectives of OOSTID, the Board will 
continue to explore new mechanisms and directions for utilizing science 
and teclmology in significant efforts aimed at economic and social de­
velopment. A significant change in OOSflD' s nonnal operating procedures 
is contemplated in the planned program in Egypt. The NAS plans to assign 
two NAS professional staff to work together with our Egyptian colleagues 
in strengthening their research infrastructure. 

BASIC ORD~ AGREIMENT AND TASK ORDERS 

The Basic Ordering Agreement between AID and NAS was initiated in 
1969 as a result of discussions between AID Administrator John Hannah 
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and NAS President Philip Handler. Because of AID's previous experience 
with NAS programs related to development problems, Dr. Hannah suggested 
the establishment of an NAS program that would provide both a continuing 
source of advice to AID and specific program activities with developing 
cotmtries. The Basic Ordering Agreement, signed in 1970, has been car­
ried out through task orders for specific activities, outlined in the 
pages that follow: 

Task Order No. 1 provides for: (a) bilateral workshops and meetings 
with developing cotmtries to help strengthen their scientific base and 
their capabilities for using science and teclmology 111>re effectively in 
support of development; and (b) advisoiy panels and special studies deal­
ing with science, teclmology, and specific problems of development (Ef­
fective dates: April 1, 1970 - March 1, 1978. Alll>lllt: $5,500,000). 
No-cost time extension to December 31, 1978, requested February 6, 1978. 

Task Order No. 2 provided for an ad hoc panel to study ''East Pald­
stan Land and water Development as Related to Agriculture" (Effective 
dates: August 7, 1970 - Januaiy 31, 1971. .Amunt: $22,491). 

Task Order No. 3 provided for the continuation of the Cooperative 
Science Program with the Argentine Council for Scientific and Tedmical 
Research (Effective dates: August 15, 1970 - Deami>er 31, 1972. Alll>unt: 
$55,000). 

Task Order No. 4 provided for Academy assistance in a Seminar on 
Protein FOOd Pr0111>tion in Bangkok, Thailand in November 1970 (Effective 
dates: October 15, 1970 - February 1, 1971. Anl:>tmt: $24, 500) • 

Task Order No. 5 provided for the continuation of the NAS-CDLCIENCIAS 
Cooperative science Program with Q)lonf>ia, involving study group assess­
ments of the potential for graduate education and research in Q>lonbian 
miversities (Effective dates: November 15, 1970 - Dec:eni>er 31, 1972. 
ADl>l.llt: $40,600). 

Task Order No. 6 provided for a workshop with the Inionesian Institute 
of Science on mdUStrial research and Indonesian economic development in 
January 1971 (Effective dates: Noveni>er 23, 1970 - May 31, 1971. .Amtmt: 
$40,500). 

Task Order No. 7 provided for the continuation of a study on the as­
sessment of African agricultural research capabilities (Effective dates: 
February 10, 1971 - December 31, 1976. .Amunt: $203,430). 

Task Order No. 8 provided for a three-man study panel to visit Korea 
in January 1972 to advise the Korean Ministiy of Science and Teclmology 
on its long-range plan for policy and program development (Effective dates: 
January 2 - March 2, 1972. .Ammt: $13,450). 

Task Order No. 9 provided for a joint study group on Denographic 
Training and Researcli in Zaire (Effective dates: January 15 - Deceni>er 31, 
1972. .Amtmt: $13,350). 
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Task Order No. 10 provided for an NAS panel to examine the feasibility 
of a proposed AID/Brazil loan program for the development and utilization 
of science and technology for specific social and development goals in the 
State of Sao Paulo (Effective dates: April 1 - December 31, 1972. Aroount: 
$27,506). 

Task Order No. 11 provided for NAS participation in a workshop on 
natural resources pl&mling and management, in cooperation with the Indo­
nesian Institute of Sciences (Effective dates: Septenber 1, 1972 -
February 1, 1973. Amount: $39,500). 

Task Order No. 12 provided for giving advice with respect to the cri­
tical medhn-and long-term problems of the drought-stricken regions of 
west Africa (Effective dates: June 28, 1973 - June 30, 1975. Aroount: 
$100,000). 

Task Order No. 13 provided for the continuation of the NAS-Brazilian 
Natural Research Council (CNPq) Cooperative Science Program involving 
study groups and program-development activities (Effective dates: June 1, 
1973 - Decenber 31, 1976. Aloount: $86,000). 

Task Order No. 14 -- not issued. 

Task Order No. 15 J?rovided program funds for an ACTI study on ''The 
Winged Bean as a Potential New Crop Plant for the Humid Tropics" (Effec­
tive dates: October 1, 1974 - June 30, 1975. Aloount: $17,745). 

Task Order No. 16 provides funds for continued NAS collaboration with 
CNPq mvolVl.Jlg continuing carmi.ttee and study group activities. (Effective 
dates: June 30, 1975 - March 31, 1978. Anl:nmt: $85,165). 

Task Order No. 17 provides funds for a study of underexploited tropi­
cal legumes and a separate sttdy on the legune Leucaena latisililJua. (Ef­
fective dates: June 2, 1976 - August 31, 1978. AiriOunt: $57 ,00 ) • Time 
extension to February 28, 1979, and $17,985 and additional funds requested 
June 22, 1978. 

Task Order No. 18 provided funds for staff to support the continuation 
of the effort of fotn" (4) study teams for the National Research Council's 
(NRC) World Food and Nutrition Study. (Effective dates: May 20, 1976 -
July 20, 1977. .Amunt: $32, 300). 

Task Order No. 19 supported an ad hoc working group to provide tech­
nical review of the AID organizational activity in considering the estab­
lishment of an International Industrialization Institute. (Effective dates: 
April 16, 1976 - Septenber 30, 1977. ADl>unt: $75,000). 

Task Order No. 20 provided funds for the NRC Conmission on Socio­
technical systems to establish a Conmittee on International Disaster As­
sistance (CIDA) which provides assistance and guidance to the AID Office 
of the Foreign Disaster Relief C.OOrdinator. (Effective dates: May 17, 
1976 - May 31, 1977. .Amunt: $218,500). Continuing support of the CIDA. 
has been negotiated under Contract Aid/otr-C-1582. (Effective dates: 
October 1, 1977 - Septeni>er 30, 1978 • .Amunt: $199,655). 
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Task Order No. 21 -- not issued. 

Task Order No. 22 provided ftmds for translation into French and 
printing of two NAS (ll>STID) reports, More Water for Arid Lands and 
P.nergy for Rural Development. (Effective Clites: AUgUSt 24, 1976 -
August 31, 1977. Al1i>tmt: $37,370). 

Task Order No. 23 provided ftmds for a 1U>TID study to establish 
the nature and dimensions of the postharvest food loss problem, to sllll­
marize and evaluate available postharvest loss data and make reconmenda­
tions for studies to detennine the extent of losses, and for iillnediate 
use to reduce the losses. (Effective dates: January 10, 1977 - Jtme 30, 
1978. No-cost time extension to Deceni>er 31, 1978 requested April 26, 
1978. Anl>tmt: $150,000). 

Other Grants and c.ontracts between AID/State and NAS-NRC (BOSTID) 

AID/ta-G-1329 provides ftmds for NAS to provide, support, develop, 
and expand the Brazilian Research Program on nitrogen fixation and to 
assist in the establishment of a training program in DK>dem research 
techniques in nitrogen fixation for Brazilian students. (Effective dates: 
June 24, 1976 - April 14, 1979 • .Arnot.mt: $87,600). 

AID/afr-G-1307 provides ftmds for NAS to assist the Ghanaian C.Otmcil 
for Scientific and Industrial Research in order to strengthen Ghana's 
central institutional mechanism for planning, coordinating, and applying 
cooperative nrultidisciplinary programs of science and technology to na­
tional economic development priori ties. (Effective dates: May 1, 1977 -
April 30, 1980. Anl>tmt: $25,000). 

AID/afr-C-1354 provides for assistance to AID in designing long-tenn 
development mterventions in the Sahel Region generally and specifically 
in cooperation with the Ecology and Forestry and Adaptation of Teclmology 
working groups of the Club du Sahel. (Effective dates: August 31, 1977 -
August 31, 1979 • .Amotmt: $520,000). 

AID/ta-C-1433 provides funds for (1) strengthening the capability of 
LDC inst1tut1ons to apply science and technology resources to economic 
development problems, and (2) assisting LDCs in using iq>roved techniques 
to adapt scientific and technological advancements in the U.S. and other 
industrialized cotmtries to the solution of specific development problems. 
(Succeeds Contract AID/csd-2584, Task Order No. 1.) (Effective dates: 
Septeni>er 30, 1977 - September 30, 1980. .Arnot.mt: $2,125,000 for Septem­
ber 30, 1977 - August 31, 1979, with additional flm.ding of $1,250,000 for 
Septeni>er 1, 1979- September 30, 1980, anticipated). 

AID/ta-C-1437 provides for secondment of BOSTID staff member Julien 
P.ngel to the organization of Economic Cooperation and Development (OECD) 
for preparations for the U.N. Conference on Science and Technology for 
Development. (Effective dates: September 16, 1977 - Jtme 16, 1978 • 
.Amotmt: $49,000). Time extension to Deceni>er 31, 1978 and $57,280 ad­
ditional ftmds requested May 30, 1978. 
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AID/NE-C-1474 provides funds for services to assist the Egyptian 
scientific ana teChnological research coJllJIDlity in inproving its insti­
tutional capability to develop and manage· research programs applied to 
national development needs. (Effective dates: December 16, 1977 -
March 15, 1980. .Amount: $1,221,250; international travel and subsis­
tence within Egypt, plus other expenses in Egypt, will be provided in 
Egyptian pounds by AID/Cairo). 

Contract 1019-866001 (Department of State) provides fmds for as­
sistance to the Department of State in the preparation of the U.S. na­
tional paper for the 1979 U.N. Conference on Science and Teclmology for 
Development. (Effective dates: October 19, 1977 - August 31, 1978. 
Anx>unt: $385,000). Time extension to August 31, 1979 and $133,724 ad­
ditional fmds requested June 6, 1978. 
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Table 1. OVerseas programs and staff visits, NAS comterpart organizations, 
and sources of ftmding 

r.cnmtry 

AFRIC.A 

Cameroon* 

Chad* 

Ethiopia* 

Ghana 

Ivory Coast* 

Kenya* 

Liberia* 

Morocoo* 

Nigeria 

Senegal* 

Sudan 

Tanzania 

Zaire 

ASIA 

Afghanistan* 

* Staff visits only 

Comterpart organization 

Office Nationale de Recherches 
Scientif iques et Techniques 

Lake Chad Basin Colllnission 

National Cotmcil for Scientific 
and Technical Research 

Cotmcil for Scientific and In­
dustrial Research; Universities 
of Ghana 

~linistry of Scientific Research 

Kenya National Parks Board of 
Trustees 

Agricultural Research Comcil 

Cotmcil on Science & Teclmology 

Delegation General a la Recherche 
Scientifique et Technique 

National Cotmcil for Research; 
University of Khartollll 

Tanzanian National Scientific 
Research Cotmcil 

Office Nationale de la Recherche 
et du Developpement 

Ministry of Agriculture: Kabul 
University 

Source (s) of ftmding 

OST/AID* 

Africa Bureau, AID 

~/AID* 

CSf/AID 

Africa Bureau, AID* 

OST/AID* 

OST/AID* 

~/AID* 

Africa Bureau; 
OST/AID* 

Africa Bureau* 

Africa Bureau*; 
CSf/AID 

Private funds*; 
OST/AID 

Private ftmds; 
mission and OST/AID 

OST/AID* 
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Table 1 continued. 

Com try Counterpart organization Source (s) of ftmding 

Bangladesh* Bengal Academy of Sciences <m/AI.D* 

Burma* <m/AI.D* 

Chlna, ~li>lic of Academia Sinica; National Private funds 
(Taiwan) Science Council 

India Indian National Science Acad- Mission funds; pri-
emy; Indian Pugwash Cbmni.ttee vate f1.11ds; cm/ AI.D* 

Indonesia Indonesian Institute of Sci- Mission funds; 
ences (LIP!) fBf/AI.D* 

Korea Ministry of Science and Tech- TAB/AI.D; mission 
no logy funds ; fBf / AI.D; 

Government of 
Korea 

Nepal* National Research Council C'£f/AI.D* 

Pakistan* National Science Comcil fBf/AI.D* 

Philippines National Science Developnent 
Board 

Mission funds; 
C'£f/AI.D 

Singapore Science Comcil of Singapore fBf/AI.D; private 
funds 

Sri Lanka National Science Comcil O~/AI.D 

Thailand Institute of Food Research and Mission funds ; 
Product Development, Kasetsart fBf / AI.D; RED 
University; National Research 
Council; National Economic and 
Social Development Board 

IATIN .AMERICA 

Argentina National Council for Scien- Mission funds 
tific and Tedmical Research 

Bolivia* Academy of Sciences fBf/AI.D* 

Brazil National Research Council; Mission funds ; NSF; 
Brazilian Planning Ministry; 
Brazilian Academy of Sciences 

private funds; 
Government of Brazil: 
m/TAB/AID 

* Staff visits only 
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Table 1 continued. 

Cotmtry 

Central J\Jrerica 

Olile 

Colombia 

Costa Rica* 

Dominican 
Republic* 

Guatemala 

Guyana 

Haiti* 

Mexico* 

Peru 

Venezuela* 

-10-

Cotmterpart Organization 

C.Cntral American Research In­
stitute for Industry (ICAITI) 

National Corranission for Sci­
entific and Technical Research; 
University of Chile 

Colombian Ftmd for Scientific 
Research (aJLCIENCIAS); 
Colombian tmiversities 

National Cotmcil for Scien­
tific and Technical Research 
(CONICIT) 

Dominican Institute of Tech­
nological Research 

Guatemala Academy 

National Science Research 
Cotmcil; University of Guyana 

National Research Council 

National Cotmcil for Science 
and Technology 

National Research Council; 
Peruvian Association for the 
Advancement of Science: In­
stitute for Technological 
Research and Standards 

National Cotmcil of Scien­
tific and Technological Re­
search; Venezuelan Academy 
of Sciences; Institute of 
Scientific Research 

MIDDLE EAST AND OORTII AFRICA 

Egypt 

* Staff visits only 

Academy of Scientific Re­
search and Technology; 
Egyptian Academy of Sci­
ences: Universities of Egypt 

Source(s) of ft.meting 

OSI' I AID; UNEP 

OSf/AID 

Mission fun<ls 

OST/AID* 

OST/AID* 

Private 

OST/AID, NSF 

OST/AID* 

Private 

La.tin American bureau; 
OST/AID 

OST/AID*; Private 

NSF; OST/AID 
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Table 1 continued. 

Country Counterpart organization Source(s) of funding 

Iran* Ministry of Science and Higher rsf/AJ.D* 
Education; Arya Mehr University 

Jordan* Royal Scientific Society ~/AJ.D* 

Tunisia Office of the Prime Minister OST/ AJ.D 

Turkey* Scientific and Teclmical Re- OST/AJ.D* 
search Council of Turkey; 
Middle P.ast Technical University 

Yemen* OST/AID* 

* Staff visits only. 

Copyright © National Academy of Sciences. All rights reserved.

Programs of the Board on Science and Technology for International Development:  Summary of Activities, 1970-78
http://www.nap.edu/catalog.php?record_id=20018

http://www.nap.edu/catalog.php?record_id=20018


-12-

Africa 

CAMEROON 

Three visits by BOSTID staff to Quneroon in 1976 for discussions 
with AID officials and representatives of the National Office for Scien­
tific and Tedmical Research (ONAREST) resulted in agreement to pm-sue 
cooperative activities on the organization of applied research for social 
and economic developnent. The initial focus was to be a workshop on agri­
cul tm-al research management. A nuni>er of factors prevented the workshop 
from taking place in 1977; thus a BOSTID staff meni>er visited Quneroon 
in February 1978 to update workshop t>lanning. A BOSTID panel is scheduled 
to go to Quneroon for two weeks , begllllling the latter part of J\.Dle 1978. 

ONARESf's director general, Dr. F. A. Gandji, is enthusiastic about 
collaborative activities with oosrm, and the relationship has the strong 
support of the AID Regional Development Office. Dr. J. Nya Ngatchou, 
director of ONAREST's Institute for Agricultm-al and Forestry Research 
(IRAF), headquartered at Buea, is coordinating the upcaning activity. The 
five-person OOSTID panel will undertake a week's field visit to research 
centers prior to the actual workshop at Buea. Some 15 to 20 Quneroonians, 
from government ministries and university faculties as well as research 
institutions, will participate. At the conclusion of the workshop, a 
colloquitDD. will be held in Yaomde, both to convey the results or the work­
shop and to explore mre broadly the relationships of science and teclmol­
ogy to development. 

E'IHIOPIA 

Following several staff visits, the Ethiopian National Comcil for 
Science and Technology asked Il>STID to collaborate in organizing a work­
shop program on science and technology in relation to Ethiopia's develop­
nent. The objective of the workshop was to consider guidelines for fonn­
ulation of national priorities in science and technology and to consider 
relationships moong and responsibilities of new Ethiopian science organi­
zations--the National Comcil for Science and Technology, the Ethiopian 
Science Fomdation, and the Haile Selassie I lhiversity Institute for 
Scientific and Tedmical Research and Developnent. 
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The workshop was originally scheduled to be held April 8 - 14, 1974 
in Addis Ababa, Ethiopia. In February, Dr. Akilu Iamna, chairman of the 
National Cotmcil for Science and Teclmology, requested that the proposed 
workshop be postponed because of Ethiopia's political situation. In view 
of its continuing political developments, it is tm.certain whether the 
workshop will be rescheduled. With the c~ration of the AID mission, 
InSTID has been keeping in contact with Ethiopian officials of the "de­
velopment through c~ration" program and providing information on rural 
small-scale teclmolog1es that might be of help to tiiem. 

GHANA 

A joint workshop, "Research Priori ties and Problem in the Execu­
tion of Research in Ghana," was held in At.:cra in January 1971. Qm­
vened tm.der the auspices of the NAS, the then newly created (1968) 
Ghanaian Cotm.cil for Scientific and Industrial Research (~IR) , and 
the University of Ghana, the workshop brought together 12 U.S. scien­
tists and over 60 Qumaian scientists, cabinet ministers, and tm.iversi­
ty and research institute administrators. At this meeting, two areas 
of critical inportance were identified for ftn1:her study by a joint 
group: (1) agricultural research and extension, and (2) research pri­
orities in relation to Ghanaian development. 

Ghanaian scientists and govermnent officials agreed that the work­
shop was of decisive importance in that it brought together for the first 
time many disparate elements of the scientific c011111LUli ty. Later develop­
ments included an All-Ghanaian c.onference on the Role of Agricultural Re­
search and its Relationship to the Development of Agriculture convened 
in July 1971 and the dissemination of a cro.t>s research handbook to per­
sonnel in the agricultural ministry, in agricultural extension work, 
and in other fields. 

Study Group on Agricultural Research and Extension 

An analysis of the Ghanaian agricultural research situation pointed 
to the need for greater attention to the relationship between agricultural 
research and extension and, in partiall.ar, to the development of a 111>re 
coordinated system of agricultural extension training and ~lementation. 
The study was fonnally begtm. with a planning visit in Jtm.e 1971 by the 
NAS co-chairman, Donald Barton, and an NAS staff meni>er. This visit had 
three main objectives: (1) arrive at n11tually acceptable terms of refer­
ence for the study; (2) identify and meet the people who have the power 
to inplement agricultural programs ; and (3) detemine the best timing 
for the study in teimS of political, economic, and social conditions in 
Ghana. 

The planning meeting came at a fortuitous time, because the Govem­
mtmt of Ghana had recently fonned a conmittee to draft the· Medium-Term 
(three- to five-year) Plan for the economic development of Ghana. This 
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ccmnittee established subccmnittees on those sectors of the econany 
that would contribute to the final plan. The agricul. tural research and 
extension stu:ly was scheduled so that the NAS visitors and members of 
the key subgroups of the Ghanaian Medium-Tenn Plan Ccmnittee could ex­
change ideas. As a result, some of the U.S. visitors' ideas were incor­
porated into the Medium-Tenn Plan, and, in tmn, ideas contributed by 
the Ghanaian Medium-Tenn Plan Ccmnittee were incorporated into the plan­
ning for the joint study. 

The primary reconmendations emerging from the study were: (1) the 
establishment of a ''National Agricultural Service" administration within 
the Agricultural Ministry, which would canprise basic extension services 
and related activities; (2) the separation of the ministry's Infonnation 
and Publications Unit into two distinct entities, one to be retained by 
the mlliister as a public infonnation dissemination unit and the other--
an agricultural infonnation extension tmit--to be located within the CSIR; 
and (3) the establishment of a mechanism for evaluating, through internal 
and external systems, the effectiveness of agricultural extension in Ghana. 

Study Group on Science Policy and Research Priorities 

The decree establishing the CSIR in 1968 states that one function of 
the cOtmCil shall be "to advise the Government on scientific and techno­
logical advances likely to be of :iq>ortance to national development and 
in particular to advise the Government or other agencies of Govennnent 
on scientific and teclm.ological matters affecting the utilization and con­
servation of the natural resources of Ghana and on how best scientific 
research may be coordinated and enployed in the interests of such utili­
zation and conservation." The workshop reCOlllllE!lded a joint study to draw 
up the operational guidelines for this ftmction. 

At the request of the CSIR chainnan, the study originally scheduled 
for March 7 - 23, 1972 in Accra was postponed because of the political 
situation. A joint NAS-CSIR workshop was finally convened in Accra, 
March 20 - 30, 1973 to consider how the CSIR could fulfill its mandate 
to advise the Ghanaian goverrunent on science policy and research prior­
ities. CSIR and NAS participants conferred with Ghanaian scientists, 
govemment officials, lDliversity administrators, and representatives from 
the private sector. 

After examining altemative methods for developing advice on science 
policy and research priorities, the workshop produced the following recan­
nendations and observations : 

1. A new Science and Teclmology Plaming and Analysis Group should be 
established within the CSIR to help perfonn the broad science advisory 
functions specified in Article I, Part 4 of the 1968 decree. The ftmc­
tions, administrative relationships, and operating guidelines for the 
Planning and Analysis Group (PAG) were defined. 

2. The workshop group identified sane principles that should influence 
developnent of science and teclmology in Ghana. Those principles recog­
nized a key economic priority: assuring an adequate scientific and tech-
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nological infrastructure to suppo~ the aspects of industry and agri­
cultme in Ghana that can c:oq>ete in the world market, thereby generat­
-ing foreign exchange and sup{>Orting the areas essential to Ghana's 
general agricultmal, industrial, health, and social development. 

3. The CSIR should consider a ntmber of key areas related to develop­
ment objectives and needs when setting priorities for special studies; 
these areas included agriculture, industry, education, computer utili­
zation, and the environment. 

Following these activities, an ad hoc conmittee of the CSIR-NAS 
program met in Washington, D.C. July 1 - 3, 1974. The group reviewed 
the progress on previous activities and agreed on the need to create an 
ad hoc joint study group to meet in Ghana arotmd October 1973 to assess 
the present and potential inpact of drought on agricultural and rural 
development in northern Ghana. Following the July meeting, the CSIR 
and the AID mission to Ghana agreed to tmdertake an assessment which was 
conducted by AID with the assistance of the University of Arizona. 

In October 1975, a past member of the NAS camdttee and an NAS staff 
officer visited Ghana to discuss the next steps to be taken in the coop­
erative program between NAS and CSIR tmder the Development Applications 
of Science and Technology Project. The chainnan of the CSIR suggested a 
nunber of specific joint CSIR-NAS studies for consideration in the con­
text of the future collaborative program. 

It was agreed that the first priority would be "Alternative llp­
proaches to Funding and Managing Cooperative Research in (}iana." A pro­
posal was submitted to AID/Africa Bureau for program costs to carry out 
that study as well as several other priority areas in Ghanaian develop­
ment tmder the science project. It was anticipated that the first stildy 
would be held in July 1976 in Ghana. 

At the same time, the CSIR was in touch with OOSTID regarding a 
study on scientific and technical info111Btion needs in Ghana. BOSTID 
and CSIR's Conmittee on International Scientific and Technical Infonna­
tion have met infomally to plan this activity but funding is still tm­
certain. Im-ing the mst recent BOSTID staff visit to Ghana (.March 1976), 
the AID mission indicated that this was not moong their top priority in­
terests; however, AID/Washington, NSF, and other national and internation­
al agencies have indicated an interest in this project. 

Both the mission and the CSIR expressed the hope that the NAS could 
arrange for an appropriate individual to visit Ghana at an early date for 
further consultations on the operations of the PAG and the study of alter­
native approaches to ftmding and managing cooperative research in Ghana. 
Recruitment of staff for the PAG has been slower than hoped but a nucleus 
now exists. The ftmctioning of this unit is the mst inportant current 
activity. The ftmding and managenent study will be rescheduled appropri­
ately depending on the progress of these consultative discussions. 
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In Jme 1977, a Jl>STID staff meni>er visited /v:.cra to firm up plans 
for the ~IR-NAS study on the fmding and management of science. The 
study was scheduled to be held in June 1978, in lv:.cra. lhe objectives 
of the study were: 

- - to explore the pres mt ways of means of furuling and managing 
science in Quma; 

- - to consider and coq>are means of fmding and managing science 
in three other comtries representative of low, middle, and high­
incane comtries; 

-- to consider and devis laltemative systems of fmding and man­
aging science in Ghana; and 

-- to make reamnendations for a feasible system in Ghana. 

At the request of the ~IR, the program has been teqx>rarily postponed. 

IVORY COAST 

The National Academy of Sciences has had cordial relations with 
Ivorian officials since 1968 when the NAS and the Ivory Coast Ministry 
of Agriculture sponsored a conference in .Abidjan on Agricul tura1 Research 
Priorities for Economic Development in Africa. liJwever, since the Ivory 
Coast is a former French colony, it has been looking mainly to France 
for teclmical assistance, and mtil recently, the scientific and tedmo­
logical agencies in the comtry, which are predaninantly branches of 
French overseas research institutes for the wrious export crops, were 
staffed at the senior level by expatriates. 

Recently, the Ivorian Government created a Ministry of Scientific 
Research, and contact has been DBde with the Directeur du Cabinet, 
M. Gabriel Lahoury, who has expressed interest in collaboration with 
the NAS. As of yet no specific activity is planned. 

During a study tour of the American national parks in early 1975, 
a team of trustees of the Kenya National Parks (I<NP) initiated discus­
sion with a m.mi>er of U.S. colleagues and scientists about research 
needs for the scientific management of national parks in Kenya. As a 
result of these discussicms and in view of the keen interest of U.S. 
scientists in cooperating with their Kenyan colleagues in executing 
this scientific approach to conservation in Africa, the chairman of 
the Kenya National Parks Board of Trustees formally requested JDSTID's 
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help in convening an International Study Workshop (ISW) to produce 
major policy guidelines for proper scientific management of the na­
tional parks of Kenya. Subsequent to this request, a OOSTID staff 
member visited Nairobi in October 1975 and met with the KNP Trustees 
and AID and U.N. Bnviromnent Progranme (UNEP) officials. These dis­
cussions resulted in a reconmendation to expand the proposed coopera~ 
tion to include a follow-up phase to the ISW. 

The ISW, which was planned for Nairobi in 1976, had the following 
objectives: 

1. to formulate ways and means of establishing a flDlctional research 
device for National Parks and Reserves of Kenya as a model for their 
park systems of developing countries; 

2. to discuss and formulate guidelines for identifying suitable re­
search topics that should be given priority attention in National 
Parks and Reserves; and 

3. to discuss ways of establishing mechanisms for detenning external 
and internal excesses and strains experienced by National Parks and 
Reserves of Kenya and to fornlll.ate ways and means to absorb or dissi­
pate both. 

A proposal to UNEP for fun.ding for these activities was submitted, 
but action on it was deferred due to a shortfall of funds. It was hoped 
ftmding would be available to hold the !SW before the end of 1976. 

In the stmDer of 1977, Dr. Odhiambo, president of the newly reor­
ganized Wildlife Fund Trustees, infonned NAS that they would again like 
to pursue the possibility of a workshop on research needs for the parks 
system, with a possible rescheduling in November 1977. Details of the 
workshop were refined during BOSTID staff visits in August 1977; how­
ever, it became apparent that UNEP might have difficulty in making a 
grant to the NAS. 

OOSTID was subsequently infonned that UNEP was unable to support 
the Academy's participation; however, the workshop was held as scheduled 
without NAS participation. 

LIBERIA 

Encouraged by the U.S. F.mbassy in Liberia and AID's Africa Bureau, 
BOSfID staff members visited Monrovia in late 1975 and early 1976 for 
discussions with officials of the Liberian government and AID regarding 
possibilities for a OOSfID program there. Liberian officials expressed 
great interest in OOSfID's overseas programs and asked OOSTID to con­
sider the possibility of convening a workshop in M:mrovia in 1976. Li­
beria is producing its first four-year national development plan. Liberi­
an officials recognized that several areas of the plan require scientific 
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and technical inputs that are not yet clearly defined. They hope that 
the workshop program might provide advice on these inputs, particularly 
in agricultural research since agricultural development is the highest 
national priority. A fonnal request for a workshop on the organization 
and management of agricultural research, to be convened jointly with the 
Liberian Agricul. tural Research CotDlcil, was expected. 

BOSTID finally received copies of Liberia's four-year national de­
velopment plan. Following a staff visit to 1-tmrovia in JtD'le 1977, NAS 
Foreign Secretary, Dr. George IJamroond, received an official request for 
a joint workshop. The objectives of the workshop are: 

-- to explore the potential benefits of science and technology 
in increasing the standard of living in the rural and urban 
areas; 

to discuss new and old methodologies for delivering science 
and technology to rural people; 

to identify short- and long-tenn science and teclmology re­
search priorities; 

to discuss the feasibility of introducing an SA/OR capability 
for development planning; and 

to discuss the needs and objectives of manpower training in 
science and technology in Liberia and consider methods for at­
tracting trained Liberians back to Liberia. 

The workshop was tentatively scheduled to be held in Monrovia in 
the sU11111er of 1978. 

In the spring of 1972, a BOSTID staff member visited Rabat with the 
director of the Office of Science and Technology (OST) of AID to explore 
the potential of a cooperative program with the scientific group within 
t.brocco. Discussions were held with AID staff and t.broccan officials, 
and several visits were made to t.broccan institutions. The possibility 
of an NAS science policy workshop was discussed at length. It was agreed 
that the AID mission and the t.broccans would be in touch with 051' and/or 
BOSTID regarding their desires; however, no further word has been received. 

NIGEUA 

In February 1965, meni>ers of the Africa Science Board visited several 
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African countries to establish closer ties with African colleagues. Dis­
cussions in Nigeria concenied science organization and policy matters in 
relation to pending legislation before the Niierian Parliament that called 
for the creation of a National Research Council and an Academy of Sciences. 
Nigerian scientists were especially interested in the NAS experience with 
government, industry, and academic institutions. Further meetings on 
tl1ese questions were proposed. 

Following the visit to Nigeria, the Africa Science Board and staff 
encouraged Nigerian participation in such programs as the Upper Mantle 
rroject and the International Biological Program, sponsored a panel dis­
cussion, "Science Research <?{>porttmities in Nigeria," at the meeting of 
the African Studies Association, and atte~ted to recruit a science poli­
cy advisor for Nigeria under UNF.SCD auspices. The Board also arranged for 
preliminary studies of ecological changes and resettlement resulting from 
construction of the Kainji Dam. 

The first U.S. -Nigerian science workshop was held in August 1965 at 
the conference center of the Rockefeller Foundation in Bellagio, Italy. 
The Africa Science Board: and an ad hoc group of Nigerian scientists, tni­
versity heads, and econanic planners met to consider which elements of a 
science policy for Nigeria would bear on the country's economic develop­
ment and on the organization of scientific and technological research by 
the proposed Research Council and Academy of Sciences. Discussions cen­
tered arotmd: (1) training of scientific personnel, (2) division of labor 
between universities and applied research institutes, (3) public health 
aspects of economic development, (4) nattn'al resotn'ces, (S) economic plan­
ning and the use of data from agricultural research, (6) priori ties and 
international cooperation, and (7) contributions of academies and research 
cotmcils to economic development. 

Subsequently, two military coups and a prolonged civil war made it 
difficult to proceed with a program. However, OOSTID maintained contact 
through correspondence and periodic visits with members of the Nigerian 
scientific conmunity and the AID mission in Lagos. It appeared to the 
OOSTID staff that the national science policy, coordination, and funding 
structure by then put in place had not yet come to maturity. Consequent­
ly, there is a reluctance to engage in fonnal bilateral activity involving 
national science {>Olicy issues with U.S. institutions. This situation 
was further conplicated by the policy decision of the U.S. Congress to 
reduce technical assistance to members of the Organization of Petroleum 
Exporting Comtries (OPEC). As a result, the AID program in Nigeria is 
being phased out. fbwever, infonnal contact has been maintained with Ni­
gerian scientists, including a staff visit in October 1975. OOSTID has 
been approached infonnally by the thiversity of Ibadan regarding the pos­
sibility of arranging a collaborative program to strengthen postgraduate 
research and teaching in areas of chemistry related to national develop­
ment priorities--{>etrochemicals and nattn'al products chemistry. Discus­
sions are continuing about a possible cooperative program, although no 
particular project can be identified until questions of Nigerian sponsor­
ship can be worked out. The Science Association of Nigeria, a private 
organization, is being reorganized into a National Academy of Sciences, 
with which a cooperative program could possibly be undertaken. 
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SENECiAL 

In early 1975, BOSI'ID staff participated in two regional meetings 
(the "Nianing Dialogue" on the Sahel and the Second General C.Onference 
of the Association for the Advancement of Agricultmal Sciences in Africa) 
held in Senegal. This participation provided an opportunity for infonnal 
contact and discussions with Senegalese officials re~ar~ possible col­
laboration with BOSTID. A Delegation General for Scientific and Tech­
nical Research was recently established, and problems of water resomce 
management an<l long-tenn inprovement of the fertility of irrigated soils 
have been discussed as potential subjects for joint discussions with the 
NAS. No specific activity is plarmed as yet, however. 

SUDAN 

Visits by officials of the Sudanese National C.Ouncil for Research 
to Washington and subsequent visits by NAS staff to I<hartotun in 1972 and 
1973 fostered the interest of the Sudanese C.Otmcil, the NAS, and the AID 
representative in Khartotun in a collaborative relationship between Sudan­
ese and U.S. science institutions. As a result of the serious drought 
problems affecting the Sudan dming the past few years, the first activ­
ity discussed was a workshop that wuld provide AID and Sudanese authori­
ties with reconmendations regarding natmal resource development and en­
vironmental stabilization. 

The workshop, initially scheduled to be held in I<hartotun the end of 
1973, was later scheduled for 1974; however, as a result of political con­
siderations, the meeting had to be delayed both times. 

In addition, in early 1974 the U.S. ambassador to Khartotun, William 0. 
Brewer, visited the NAS and expressed interest in the possibility of con­
vening a workshop in Sudan on aquatic weeds, a major problem there. Due 
to conflict of political priorities, .Ambassador Brewer was subsequently 
recalled to the United States and this topic too was shelved. However, in 
November 1974, the NAS received a copy of an official request sent to Am­
bassador Brewer, who by then had rettnned to Khartotun, requesting a work­
shop on aquatic weeds. Shortly thereafter, a formal request for a joint 
activity was sent directly to the Academy. 

A later staff visit resulted in agreement to organize the workshop as 
a regional working group meeting with major participation of Sudanese, 
Egyptian, Federal Gennan, and U.S. scientists, and representatives from 
cotmtries adjacent to the Sudan. 

The Regional Workshop on Aquatic Weed Management and Utilization in the 
Nile Basin was held in I<hartoun Novenber 24-29, 1975. In addition to Su­
danese and U.S. representation, participants also came from Egypt, Ethiopia, 
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t.t>zalli>ique, and Indonesia, as well as the Federal Geman Republic which 
already cooperates with the Sudan in the Sudanese-Geman Water Hyacinth 
Qmtrol Project. The objective of the workshop was to undertake a review 
of the aquatic weed situation in the Sudan. Althouf! particular ~hasis 
was placed on the water hyacinth, the workshop considered other weeas as 
well. Reconmendations regarding existing control measures and additional 
alternative teclmiques that might be effectively applied to weed control, 
management, and utilization in the short and long term were formulated. 

Specific reconmendations of the workshop included: 

1. Introduction, under controlled quarantine conditions for screening, 
of the water hyacinth weevil (a S{>t!Cific biological control agent from 
Latin America now being released in Florida). 

2. Introduction of grass carp and spikerushes for biological control 
of other aquatic weeds in irrigation canals. 

3. Introduction of the water buffalo (from Egypt). 

4. Adaptation for Sudanese conditions of harvesting equipment (being 
acquired from the U.S. by the Sudanese-Geman Water Hyacinth Control Pro­
ject) and research into use of the harvested weed for a human food supple­
ment, animal feeding (after ensilage), and compost and biogas fennentation. 

S. Pronulgation of regulations controlling the introduction to or 111>ve­
ment of aquatic plants within the Sudan. 

Follow-up visits by several of the NAS panelists have taken place to 
assist the Sudanese with implementation of the reconmendations. Reports 
have been received fran officials at the lhiversity of Kharto1111 regarding 
the successful breeding of water hyacinth weevils under quarantine in 
Khartoun. 

In the fall 1976, a Jl>STID staff menf>er participated in a seminar on 
Sudanese development arranged for AID and the Department of State by De­
velopment Alternatives, Inc., to obtain information from a nmber of orga:­
nizations, inclmmg B)S'l'ID, that have recently had projects in the Sudan. 
This meeting was organized to assist AID and the State Department prepare 
for a rest11ption of AID programs suspended since the assassination of the 
U.S. alli>assador in 1973. 

In January 1977, the AID Africa Bln"eau asked :005rID to assist them 
with program planning and identification of \>riorities. AID has decided 
that its Sudanese program should include assistance in traditional agricul­
ture, heal th care deli very, and manpower development. Because of a specif­
ic ~uest by President Nimiery that his country be helped "to achieve 
the benefits of U.S. tedmology," AID is tmder considerable pressure to in­
clude a "technology'' element in its overall program. 

In order to define what a "tedmology program" could and could not 
reasonably include, BOSTID organized a one-day discussion-seminar at the 
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NAS in Washington on .April 13, 1977. Partici{>ants were asked to review 
current information concerning plans and ongomg development programs t.11-
der the Sudanese 6-year econmic plan. For the purposes of the meeting, 
the foaJS was l4>0Jl natural resource assessment, agricultural R&D needs, 
agro-industrial strategies, energy needs, and DBjor enviromnent-devel~ment 
problems in the Sudan. A1ll>ng the principal points presented by partici­
pants were: 

1. mr resources. A critical factor for the success of Sudanese 
development wi be manpower availibility. Although it is true that the 
University of Khartoum has a long history of produCing qualified scientists 
and engineers, the outflow of trained persorm.el from the Sudan to oil­
producing Arab cot.11tries is so great that manpower for Sudanese develop­
ment programs is already in short supply. In terms of stemning the ''brain 
drain," both a program of incentives for S1.llanese to remain at home and the 
enployment of expatriates will be required. 

2. Natural resources. Considerable data Oil water and mineral re­
sources are available in the Sudan, but they are scattered in various minis­
tries and departments of the government and are believed to be of tmeven 
reliability. A major effort needs to be DBde to bring these data together 
and to plan further programs of resource assessment. If the teclmiques of 
remte sensing are properly used, they my have very great utility both 
for short- and long-term development planning. 

3. ~icultural R&D. There are agricultural research stations in 
mst of ecological regions of the Sudan. There is not, however, a co-
herent agricultural R&D policy nor good comnunications aDl)ng the various 
stations. InpTOvement in agricultural R&D is currently t.11der study by the 
International Agricultural Development Service. 1he Sudanese government 
appears to be assigning high priority to the policy planning and program 
management of agricultural R&D. 

4. Agro-industries stra™ies. Information available on agro-industries 
is meager. A WOrld B8rik agri tural team was scheduled to visit the Sudan 
in May 1977, partially to study possibilities for agricultural processing and 
the enhancement of products for export markets. 

s. Develn of the envirmmient. In their rush to Jll)demize their 
infrastructure in e agriciilturil and industrial sectors, the Sudanese ap­
pear to be overlooking the environmental aspects of development. They need 
assistance in planning and evaluation, but the initiative cannot be inp>sed 
from the outside. 

A BOSTID staff meni>er visited IChartoun .April 27 - May 5, 1977 for further 
discussions on a future OOSI'ID {>rogram. Following the reccmnendations that 
arose during the discussion-seminar, and further conversations with senior 
AID officials in both Washington and Khartoum, discussions with Sudanese of­
ficials were focused on the coneeptual framework of a proposed science and 
tedmology project concerned not only with technology transfer but with the 
use of technology and the planning and mangement of technology choices for 
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achieving developnent objectives. Areas of technology transfer discussed 
included reJOOte sensing for natural reso\ll'Ces and other pmposes, energy 
supply, water resource management, and scientific and teclmological man­
power training. 

r.ana1 weed management was identified as a priority problem for which 
the Sudanese would appreciate U.S. assistance. In view of the well-developed 
linkages between the research organizations the the Ministry of Irrigati01J-, 
a team of specialists was scheduled to visit Sudan in the fall without wait­
ing for the planning and management workshop. 

TANZANIA 

In response to an inquiry about BOSI'ID from Jlr. Wilbert Clulgula, 
Tanzanian minister of economic planning, Dr. Djerassi (chainnan of BOSl'ID) 
visited Dar-es-Salaam in early 1974 to discuss the possibility of a collab­
orative program. Dr. Clulgula suggested two problems for possible 
oration with the NAS: documentation for applied science, particularly 
the biological sciences; and standards and nonns. 

In October 1975, a BOSI'ID staff meni>er visited Tanzania and met with 
Dr. Oiagula, the president of the Tanzania National Scientific Research 
Comcil (lITAFITI), and AID officials. Dr. Oiagula expressed his continued 
interest in cooperation with NAS, reenphasizing his interest in a workshop 
concerned with technical infomation initially focusing on agriculture, 
medicine, and engineering. He also suggested that a workshop/seminar on 
solar energy be convened. 

The workshop/seminar was held in Dar-es-Salaam on August 11-19, 1977, 
and was jointly sponsored by trrAFITI and NAS. Its purposes were to (1) re­
view the state-of-the-art of small-scale solar energy devices, including 
both the technical and economic aspects of their use; and (2) suggest short­
and long-range projects using solar devices in the villages, with particu­
lar enphasis on inplementation. 

Among the recoJ11DeI1dations endorsed by the workshop was the establish­
ment of a Solar Energy for Villages Pilot Project mder trrAFITI. It was 
suggested that trrAFITI, in planning, inplementing, and evaluating the pro­
ject, work with the Ministry of Water, Energy and Minerals, the Prime Min­
ister's Office of Regional and District Authorities, and any other relevant 
institutions. In addition, it was proposed that UTAFITI mdertake an in­
ventory of the institutions and individuals having particular interest in 
and/or related to solar energy and other alternative energy systems, and 
that it also establish a Solar Energy PrODl)tion camnittee, mder its direc­
tion, to ensure that the workshop's reconmendations were brought before the 
govenunent and to prepare for the launching of the pilot project should it 
be endorsed by the government. 
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Several technologies were singled out for use in the pilot project, 
based principally on cost-effectiveness, availability of resources, and 
long-range power requirements of villagers. They were: photovoltaic 
electricity generation, biogas generation, small-scale hydroelectric gen­
eration, and solar refrigeration and drying for food and/or crop preser­
vation. Other reconmendations of the workshop dealt largely with the 
specifics of launching and operating the pilot project. 

ZAIRE* 

In late 1968, a scientific delegation from the Congo, visiting the 
NAS on a mission to study U.S. science policy organization, expressed an 
interest in cooperative relations with the Academy. The NAS was tmable 
to take action until Januazy 1970, when a staff officer visited Kinshasa. 
Several staff visits followed dm'ing the course of 1970, leading to an 
agreement in Januazy 1971 with the Office Nationale de la Recherche et 
du Developpement (ONRD) for a joint workshop, which took place in Kinshasa 
in June 1971. 

The workshop, "Science and Technology in the Economic Development of 
the C.Ongo in the Seventies," examined science policy and economic develop­
ment, natural resources, human resources, agriculture, and food and nu­
trition. Bilateral activities reconmended by the workshop included joint 
study groups on (1) agricultural economics, (2) denography, (3) earth sci­
ences, (4) a primate center in the Congo for the breeding and sttdy of 
dwarf chinpanzees, and (5) food and nutrition. 

Four mnths after the workshQE, the ONRD established under its aus­
pices a center for research on fooa and nutrition. In Deceni>er, .Ansley 
C.Oale, chainnan of the prospective NAS pan.el for a joint study group on 
denography; John Maxwell, earth sciences chainnan; and Ray Pariser, the 
workshop meni>er particularly concerned with the nutrition reconmendations, 
visited Kinshasa to make arrangements and fornlll.ate the tenns of reference 
for future activity in these three areas. In the area of nutrition, Mr. 
Pariser fonnulated a program designed to assist the new Zaire research 
center partly through periodic visits of an advisozy group, and partly 
through a telex cmmection with his department at the Massachusetts Insti­
tute of Technology (MIT) that would pennit proq>t CODIJIJl'lication for in­
fonnation on technical questions. 

The NAS did not take further action on agricultural economics because 
negotiations were in progress between Michigan State University, AID, and 
the Government of Zaire for a project to establish an economic research 
unit in the Zaire Ministzy of Agriculture and a training program within 
the national University of Zaire. 

* The name of the Denocratic Repli>lic of the Congo was officially changed 
to Zaire in late 1971. 
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Demgraphic Training and Research in Zaire 

The ma~or reconmendation of the joint study group on Demgraphic 
Training and Research in Zaire, which met in Deceni>er 1971, has been im­
plemented. A proposal submitted by the National University of Zaire to 
the Population ColUlcil, Inc., of New York for assistance in strengthen­
ing the demo~phic research and training capabilities of the lUliversity 
resulted in a $75,000 grant for one year to permit the lUliversity to lUl­
dertake a thorough planning effort for long-tem development of a depart­
ment of demgraphy. The initial grant provided for the services of two 
expatriate advisors and the award of two fellowships to qualified Zairian 
candidates for advanced training in demgraphy at institutions abroad. 
The board of the Population Cmmcil has approved, in principle, a five­
year follow-up project to provide expatriate leaders with fellowships, 
and an expanded teaching and research program, bmgeted at $300,000-
$500,000. 

F.arth Sciences 

Dr. John C. Maxwell, then chainnan of the NAS Division of Earth Sci­
ences, visited Zaire in December 1971. He discussed with ONRD colUlter­
parts the scope, timing, objective, and panel menbership of the projected 
joint study. Following his visit, a meeting of U.S. scientists and Zairian 
scientists and govermnent administrators took place in Kinshasa July 20 -
August 1, 1972 to carry out the work program agreed upon by the two par­
ties. The NAS panel of six specialists, acconpanied by several Zairian 
colUlterparts, traveled in Zaire for one week to gain firsthand knowledge 
of the principal training and research facilities in the earth sciences 
and of the major mineral exploitation projects. The report of the joint 
study group considered the present state of the geological and mining/ro­
fessians in Zaire. It reconmends increasing the nuni>er and quality o 
professionals, and suggests mechanisms for increasing the effectiveness 
of geological work, especially in the minerals industry. The report em­
phasizes that to assln'e itself of a continued and increased income from 
its mineral and energy resources, Zaire DIJSt fol'Jllll.ate long-range plans 
for their systematic discovery and development. Such plans should in­
clude a coordinated program of topographic, geologic, and hydrologic map­
ping. In conjlUlction with the mapping, research st\Xlies should be designed 
to accunulate the basic scientific data needed by govermnent and industry 
to find and exploit mineral, water, and energy resources and to collect 
the geologic and hydrologic data necessary for the construction and engi­
neering groups engaged in developing the colUltry. 

To inplement a conprehensive program in mineral prospection, evalua­
tion, and exploitation, the joint study group also recomnended the fonna­
tion of a national conpany composed of the best qualified Zairian geolo­
gists, mining engineers, and metallurgists to plan and oversee a program 
for developing the colUltry's mineral, water, and energy resm.m:es. 

With respect to local training of specialized manpower, the joint study 
group noted the need for (1) better coordination of the curricula of the 
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various institutes, (2) greater flexibility for the student in choosing 
his com-ses within his individual academic program, (3) better use of ex­
isting teaching personnel, (4) closer coordination of the present academic 
time schedules to pennit students to avail themselves of existing programs 
of the institutions, and (5) opporttmities for on-the-job training in gov­
ernment service and in private mining and petroleun industries. The report 
also discussed the need for better me of available teaching equipnent 8nd 
identified critical deficiencies in equipment, library facilities, and other 
material essential to an effective program for instruction and training. 

Primate Center for the Breeding and Study of Dwarf arl.npanzees 

The NAS panel of the Zaire primate project, under the chaimanship of 
Dr. Carl Djerassi, spent a week in Kinshasa and Mahala (site of the Insti­
tute for Scientific Research in Central Africa (IRSAC) satellite station 
on Lake 'IUnba, F.quatem- Province) April 16 - 22, 1972 to discuss with Zairois 
comterparts the feasibility and plans for establishing a dwarf chimpanzee 
(Pan paniscus) breeding colony. The discussions concluded with the fonnul.a­
tion of an 18-month operations plan, which constitutes the first phase of 
what might ultimately develop into an international primate research center. 
The first phase effort consisted of field census and behavioral studies, 
captm-e of some 20 specimens, initial breeding efforts in captive but nat­
ural conditions, and concurrent intensive biomedical testing. The effort 
was expected to produce extremely valuable information on a primate species 
about which virtually nothing is known. If results obtained during this 
period proved favorable, a decision would be made whether to continue the 
breeding effort on a larger, mre systematic basis. 

As a consequence of various delays caused by personnel changes in Zaire, 
the dwarf chiq>anzee project remained in abeyance until early 1974, when 
certain changes in the projected sequence of operations were agreed to by 
both sides. Before engaging in the costly field census and breeding acti v­
ity, IRSAC and NAS (on behalf of the Yerkes Regional Primate Center, At­
lanta, which was to have operational responsibility for the project) de­
cided that preliminary studies should be tmdertaken on a pair of chinpanzees 
at Yerkes to confinn the suitability of the animal as a DX>del for a broad 
variety of biomedical and behavioral research needs. The animals were cap­
tm-ed in February 1975 and transferred the following JIDlth to Yerkes. Funds 
for the captm-e operation and related expenses, as well as for the training 
of two Zairois veterinary tedmicians at Yerkes, were obtained from the Na­
tional Institutes of Health (NIH), Office of Naval Research (ONR), phama­
ceutical coq>anies, and private foundations (one teclmician from Zaire has 
successfully conpleted a training program at Yerkes and returned to Zaire). 

The expectation is that, on the basis of the Yerkes findings, financial 
support from U.S. and other som-ces will be obtainable to allow continuation 
of the project along the lines initially projected, i.e., (1) establishment 
of a breeding colony in Zaire; and (2) if successful, creation of an inter­
national center of scientific research patterned on the DX>del of the Inter­
national Centre of Insect Physiology and Ecology (ICIPE), Nairobi. 
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Like ICIPE, the proposed Zaire center would provide an atmsphere of 
scientific excellence that would draw distinguished talent from research 
centers abroad and provide means for collaboration with and the training 
of African scientists in a broad range of biomedical disciplines. It is 
hoped the center will be of particular value for the study of reproductive 
physiology and effects of future birth control agents using primates such 
as the dwarf chinpanzee as experimental mdels. 

Future Activities 

In the course of a major program development visit to Africa in early 
1976 OOSTID staff were welcomed most cordially by officials of the recently 
reorganized Insti tut National de Recherches, who e:x:eressed detennination to 
restDDe cooperative activities with K>STID. Discussions, which included 
working discussions with senior ministers, focused on a wide range of areas 
of potential collaboration. Agreement was reached in principle to convene 
a joint steering group later in 1976 which would focus on priority areas in 
which science and technology can contribute to increasing and inproving 
agricultural and food crop production. These areas have been tentatively 
identified to include: food teclmology, agricultural diversification, food 
losses, water and energy, and scientific information and training needs. 

The joint conmittee meeting to formulate a program of collaboration 
between OOSTID and the Zairian Institut de Recherche Scientifique (IRS) 
was held in Lwiro, Novenber 23-27, 1976. A small OOSTID panel spent 10 
days visiting Zairian institutions and discussion research needs to stimu­
late agricultural production and rural development. A planned three-day 
workshop session was curtailed because of local travel problems, but the 
group was able to agree on a list of subject areas of potential future col­
laboration between NAS/NRC and IRS sttdy groups. These areas include: 

1. creation of a rural sector data bank; 

2. extension service oriented to integrated rural development; 

3. conparative study of past and current Zairian rural development models; 

4. conparative study of tropical agricultural research and teaching 
systems; 

S. policy formulation for science and technology oriented to rural 
development; 

6. research structure, organization, and management; 

7. conservation and storage of selected Zairian food cannxxli.ties; 

8. small-scale water management; 

9. renewable energy resources. 

Follow-up will depend on the degree of priority and interest attached 
to these problem areas by Zairian and AID officials as well as the political 
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situation. The size of the cmmtry and scale of its problems, together 
with the severely limited scientific and administrative manpower resources, 
render Zaire a naj or challenge and present particular difficulties for 
B:>STID's style of collaboration. 
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Asia 

AFGHANISTAN 

Following a staff visit to Kabul in February 1973, the ~was asked 
by the AID mission and officials of the Afghan Ministry of Agriculture 
to convene a joint workshop on agricul tlll'al. research priori ties with par­
ticular reference to research on crop diversification, narketing, and food 
processing. 

The DBin purpose of the workshop was to provide AID and Afghan author­
ities with recomnendations on agricultural research related to economic 
development. Specifically, the workshop was to address: 

1. policy decisions concerning agriculttn"al planning, research priorities, 
and management; 

2. inprovement of linkages and conmun.ication between the senior Afghan 
government officials and members of Kabul University charged with im­
proving agriculture; 

3. management of agricultural research and development within the Ministry 
of Agriculture and Irrigation and the university; 

4. ways of making agricultural research more relevant to inproved pro­
duction and marketing. 

Before the workshop could take place, however, there was a change of 
government in Afghanistan. Discussions with newly appointed officials in­
dicated continued interest in holding such a workshop; and yet no official 
request was received. BOSTID plans to have a staff menber visit Kabul at 
the next appropriate occasion. 

In 1974, the BOSTID staff director visited Bangladesh to detemine the 
\X)SSibility of a collaborative program. Bengali scientists e:xpressed interest 
m any type of assistance BOSTID could provide. A letter was received sub-
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sequently from a member of the Secretariat of the Bangladesh Comcil of 
Scientific and Industrial Research requesting collaboration between the 
two institutions. 

~k>re recently, as a result of conversations held at the January 1976 
Pugwash Conference in Madras, a letter was received fran the vice president 
of the Bangladesh Academy of Science requesting a cooperative workshop on 
science policy for Bangladesh. The Bangladesh Academy, through their gov­
enunent, plans to approach the AID mission for support and will keep BOSI'ID 
infonned of the results • A BOSTID staff member visited Cadda in early 1978 
for further discussions. No specific activity is planned at this time. 

BURMA 

During t11e BOSfID staff director's visit to B'lll'l1Ul in September 1974, 
discussions with members of the Bunnese scientific canmunity and local 
U.S. Embassy officials indicated considerable interest in future contact 
and collaboration. However, Burmese political isolationism and the short­
age of foreign exchange have so limited the activities of local scientists 
that it is doubtful that anything productive (other than continuing infonnal 
contact) can be done by BOSTID. This contact will be pursued as the oppor­
tuni. ty is presented, both for the "intellectual aid" BOSTID may be able to 
give Bunnese colleagues and in the expectation that the level of isolation 
will be sufficiently reduced in the future to make cooperation possible. 

REPUBLIC OF QIINA (TAIWAN) 

In October 1963, the president of the Academia Sinica met with the 
Foreign Secretary and meni>ers of the Pacific Science Board and requested 
NAS support in planning the development of science and teclmology in Taiwan. 
The first joint meeting sponsored by the two academies was held in Taipei 
in April 1964 to define areas of mutual interest. At this meeting, the 
two academies agreed to fonn a Sino-American Science Cooperation Qmnittee 
to reconmend programs in areas of science relevant to Taiwan's socioeconomic 
development. Since AID was phasing out its program in Taiwan, S'!P{>Ort for 
NAS participation had to be obtained elsewhere, namely fran the Asia and 
Ford fomdations, with supplementary support fran the National Science 
Fomdation, the Smithsonian Institution, and the Department of State. 

The two major topics covered at the first workshop were (1) science 
policy, (2) scientific personnel and graduate training, (3) marine resources, 
and (4) medical sciences. In considering cooperative programs, the Chlnese 
expressed a desire to include the social sciences and the humanities, as 
well as science and engineering. A major problem of the Cllinese was the 
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''brain drain," caused in part by the lack of adequate graduate training 
facilities in Taiwan. In addressing this critical problem, the workshop 
recoI11DeJ1ded the following priorities for illlnediate action: (1) making an 
inventory of ongoing research projects and research personnel, (2) estab­
lishing institutional cooperation between Chinese and U.S. universities 
and research institutes, (3) establishing well-equipped and conpetently 
staffed research centers in Taiwan, (4) developing closer collaboration 
between research institutes and industries in Taiwan, and (5) continuous­
ly appraising high-priority research targets important to economic develop­
ment in Taiwan. 

Shortly after the first workshop, the Chinese took several steps to 
follow through on these recomnendations. In 1964, to establish institu­
tional ties, Chinese representatives interested in atomic energy, building 
research, marine sciences, and manpower studies visited co\Ulterpart insti­
tutions in the United States. 

Soon after the first meeting, the .Academia Sinica asked the NAS to 
send a science policy advisor to Taipei. Joseph B. Platt, a physicist 
and president of Harvey Mldd College, spent several weeks in Taiwan in 
1964 reviewing govenunental policy structures and graduate education in 
the sciences. The recomnendations submitted to the Premier of the Republic 
of China by Dr. Platt and his Chinese colleagues were instrumental in md­
ifying science policy mechanisms within the govenunent. For exanple, in 
1967 the National Science Col.Ulcil was created to replace the National Col.Ul­
cil on Science and Development, and the Comnittee for Science Development 
was fonned within the National Security Cotmcil. 

Graduate Education and Research 

In an effort to stem the ''brain drain" and to inprove facilities for 
graduate education and research in Taiwan, shortly after the 1964 meeting 
the Chinese conducted a survey on scientific persom.el in some 40 institu­
tions. The NAS, for its part, conpiled through its Office of Scientific 
Persomel a roster of Chinese scientists and engineers in the United States. 
This roster ultimately helped the Chinese recruit scholars for the graduate 
research centers created in 1965 for agriculture, chemistry, physics, biol­
ogy, mathematics, and engineering. The Chinese appropriated over US $3 mil­
lion for four years for the centers, created special chairs at the univer­
sities, and increased salaries to draw scholars for short-tenn and long­
tenn appointments. The effort to improve graduate education was further 
strengthened by the intergovenunental Sino-American agree11EI1t signed in 
early 1969. This agreement, administered by the National Science Col.Ulcil 
of Taiwan and the U.S. National Science Fol.Uldation, provided for the exchange 
of scientific and teclmical infot"DBtion and personnel and the support of 
cooperative research projects. 

Between 1964 and 1971, six joint Sino-American workshops were held al­
ternately in the United States and Taiwan. In addition to the tasks already 
meantioned, the Chinese have systematically l.Uldertaken programs in marine 
sciences, industrial research, scientific and teclmical infonnation, and 
the social sciences and htmmities--all of which have been the subject of 
discussion at the bilateral meetings. 
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Marine Biology and Oceanography 

Participants in the first and second workshops presented proposals for 
cooperative research in marine biology and the creation of an institute of 
oceanography. A program in oceanography was later developed through the 
cooperative efforts of Y. S. Tsiang of the Joint Contnission on Rural Recon­
struction, Burr Steinbach of the Woods Hole Oceanographic Institution, and 
I. I!. Wallen of the Smithsonian Institution. The Institue of Oceanography 
was created in 1968 at the National Taiwan University, and the following 
year a U.S. ship was procured for research and training purposed on a lend­
lease basis. A subsequent Sino-American meeting in May 1971 focused on 
ocean resources. The major reconmendation of the meeting was the creation 
of a National C.Oill1lission on Marine Sciences to serve as a coordinating and 
policymaking body. 

Industrial Research 

Industrial research was the focus of a major workshop sponsored by the 
Academia Sinica and the NAS in 1968. The meeting was attended by approxi­
mately 40 Chinese scientists, industrialists, and governnent officials, in­
cluding the vice-president of the Republic and the ministers of economic 
affairs and education. NAS participants were selected fran leading indus­
tries, laboratories, and other institutions representing sectors and activ­
ities of interest to the Chinese. Workshop reconmendations were made on 
R&D aspects of food technology, textiles, chemicals and plastics, electronics, 
metals, and energy needs. A coJll1li. ttee was fonned by the National Science 
C.Ouncil and the Executive Yuan to oversee iJit>lementation of some of the 
proposed actions. A special coJll1li.ttee for marketing research and management 
was established by the China Productivity and Trade Center, and two high­
level groups made a four-week tour of the United States to study business 
and industrial management. Specific institutions were designed to i.nplement 
such reconmendations as the development of the Hsinchu Industrial Research 
Park, the transfer of technology to medillll and small industries, and the 
translation of textbooks for graduate education. 

The 01.inese have reported that allocations for the support of scientif­
ic research and development from the Govemment of Taiwan have increased 
substantially since 1964 to the present level of about 2 percent of the 
gross national product. Numerous institutional ties have been established 
between Chinese and U.S. universities and institutes in both the private 
and public sectors. The graduate research centers have awarded several 
hundred masters degrees in the sciences and a few doctorates in physics 
and engineering. The establishment of a Science DoclDDelltation and Instru­
mentation C.enter was undertaken by the Chinese in 1970. 

Scientific and Technical Information 

With ftmds made available from the International Foundation, a work­
shop on "Scientific and Teclmical Infonnation Needs and Resources in the 
Republic of China" was held in Washington, April 25-27, 1973. The work­
shop addressed a nunber of areas relevant to the development of an effective 
national scientific and technical infonnation system, including: national 
policies for scientific and technical infonnation; manpower and educational 
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needs; information technologies; scientific and teclmical information sys­
tems and services; aspects of the fnfonnation systems design and use; and 
bilateral, regional, and international cooperation in the developnent of 
scientific and technical jnformation systems. 

Industrial Im.ovation and Product Developnent 

A workshop on "Industrial Im.ovation and Product Developnent" was held 
in Taipei, August 11-18, 1975. The past industrial history of Taiwan 
involved the production of such items as shoes and television sets. In 
each case, the product is made on assembly lines that are either purchased 
outright from other cO\.Dltries such as the United States, Japan, and West 
Germany and set UJ? mder license, or actually set up and managed by sub­
sidiaries of foreign conpanies. Rarely does the product involve diinese 
developnent of Ciinese-owned patents. 

The pmpose of the worksh~ was to consider possible directions in 
prodi.Jct developnent and irm.ovation for three of Taiwan's inportant indus­
tries--electronics, petrochemicals, and machine tools. Participation by 
the Ciinese included representatives of many private conpanies, as well 
as government research institutes, miversities, and appropriate govern­
nent agencies; NAS participants had significant practical industrial ex­
perience. 

The workshop generated interest at the highest levels of the national 
government. Premier Ciiang spent nearly an hour with the NAS participants 
getting their views on Taiwan's industrial opportmi ties and problems. The 
minister of economic affairs and the chainnan of the National Science Com­
cil have been active in pursuing the workshop recOJ11Dendations and subcom­
mittees on the iJJt>lenentation of recOJ1111endations for different industries 
have been established. 

Science Industry Park 

At the request of the National Science Comcil, a BOSTID advisory team 
visited Taiwan January 17-26, 1977 to make reconmendations on a proposal 
for a new "science industry park." The park (which the team feels might 
better be called an industry technology park) is designed to attract more 
technologically sophisticated industries to Taiwan, thereby helping create 
not only a somd economic investnent but also a growth of local capabili­
ties in sane new areas of technology. 

The advisory team reviewed the overall concept of the park, made rec­
CllllleDdatimis on two possible sites, investigated the possibilites of fruit­
ful. interaction between existing miversities and research institutes with 
possible new industries, and considered possible financial and administra­
tive incentives that might facilitate investnent in the park. 

Regional Land-Use Plarm.ing 

A workshop on regional land-use planning was held in Taipei, January 
5-12, 1978. 
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1he island of Taiwan presents complex and challenging land-use prob­
lems. Because much of the mtmtainous central portion of the island is 
not suited for agriculture or other productive uses, Taiwan's population 
is settled in the densely populated coastal regions. In the past, agri­
culture was the mst inportant sector of the island's economy, but indus­
trialization and urbanization have been the major trends of the past de­
cade. Consequently, there are many competing demands for the use of land, 
and effective land-use planning and management are critically inportant 
to economic and social development on the island. 

The National Science Cotmcil (NSC) has been given responsibility for 
analyzing land-use planning issues and needs in Taiwan and for coordinating 
mre effective ways of addressing these problems. As an inportant step in 
analyzing the land-use plannin~ and decision-making process, the NSC re­
quested Academy participation in a workshop on regional land-use planning. 
1he workshop had four major objectives: 

1. 

2. 

3. 

4. 

to examine future land-use requirements in Taiwan; 

to consider the institutional framework and the decision-making pro­
cess for land-use planning; 

to examine the geo-information data base for land-use planning; 

to discuss the advantages and disadvantages of possible alteniatives 
for future allocation of land in the context of population and de-
velopment policy, rtll"al land-use policy, and environmental issues. 

A panel of 13 persons participated in the workshop on behalf of the 
Academy, meeting with a Cllinese group of approximately 35 participants 
from government ministries, planning offices, and tmiversities. 

The next scheduled activity is the annual meeting of the Sino-American 
Science Cooperation Conmittee, to be held in Taiwan in Jtme 1978. 

INDIA 

Al though informal contacts with the Indian scientific conmruni ty began 
in the 1950s, the NAS did not establish a relationship with India's prin­
cipal scientific society, the Indian National Science Academy* (INSA.J, tmtil 
1968. Indian interest in an NAS workshop activity similar to those in other 
cooperating cotmtries, particularly on industrial research, resulted in the 
first workshop, ''Management and Organization of Industrial Research," held 
in Baroda in March 1970. The workshop brought together an NAS panel of 10, 
mder the chaimanship of National Academy of Engineering Foreign Secretary 

" Fonnerly the National Institute of Science of India (NISI) 
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Bruce Old, and approximately 40 Indian senior research administrators of 
private or public industries and national laboratories. NAS panelists were 
R&D vice-presidents of major industries and contract-research organizations. 
The workshop stimulated Indian participants to recomnend the formation of 
an Indian association for industrial research patterned on the Industrial 
Research Institute (New York City) or the National Qmference on Industrial 
Research. This recOJ111endation led to the creation of an Indian Planning 
Conmittee to fonn a society to praoote better managenent of applied re­
search laboratories, although the conmittee disbanded after sone months 
without action. 

The second workshop, ''Water in Man's Life in India," held in New Delhi 
in Septeni>er 1971, considered the interrelationship of water resources and 
environmental factors. NAS Deputy Foreign Secretary Roger Revelle chaired 
the NAS panel of 12 specialists in water resources plarming, sanitary and 
environmental engineering, hydrology, and ecology. The following discussion 
topics were included: 

-- quality of water resources in urban and nu-al settlenents; 

- - economic aspects of clean water supply; 

sewage disposal problems ; 

disposal of industrial effluents; 

- - use of fertilizers and pesticides and their bearing on water 
pollution; 

-- estuarine pollution and its effect on mrine life; and 

-- problems of siltation. 

Indian interest in the workshop, due in part to preparations for par­
ticipation in the U.N. Conference on ffLlnan Environment (Stockholm, 1972) 
and in part to the intrinsic importance of the subject matter, was deDl>Il­
strated by the partici:t>ation of over 90 specialists and govemment offi­
cials' including the minister of power ana irrigation and the minister for 
plaming. Indications are that the workshop and the infonnal discussions 
and consultations between U.S. and Indian scientists had a sizable i.q>act 
on Indian thinking about problems of the environment; for exanplc, the 
constructive formal positions of the Indian delegation at the Stockholm 
conference. 

Other bilateral activities projected with INSA. included a workshop on 
National Technology Policy and a visit to Washington. The purpose of the 
visit was to familiarize the leadership of the Indian Academy with the or­
ganization, operations, and advisory relationships of the NAS-NAE-NRC with 
the federal government and its agencies. It was hoped that this exposure 
would assist INSA in strengthening its own capabili tes to perfonn similar 
tasks for the Government of Inda. These events were postponed as a resW.t 
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of the strife in East Pakistan (now Bangladesh), the resultant political 
tensions between India and the United States, and the tennination of the 
AID program in India. 

In January 1974, the U.S. Pugwash Comnittee (supported by the NAS, 
with financial sponsorship from several fomdations) cosponsored a meeting 
in Hyderabad with the Indian Pugwash Conmi ttee, which brought together 
leading scientists and technologists from the two comtries to examine 
the future of Indo-U.S. scientific/technical cooperation. The Pugwash 
Group identified problem areas in agriculture, technology, enviromnent, 
and energy in which collaboration between Indian and American scientists 
would be of mutual interest and benefit. The recoJ1111endations of the Pug­
wash Group had significant influence on the deliberations of the Indo-U.S. 
Joint SubCOlllDi..ssion on Science and Technology, which met in Washington, 
D.C., in January 1975. 

In Decerrber 1975, a menber of the BOSTID staff visited India to look 
into the possibility of future collaboration between INSA and NAS in the 
event AID to India restuned. The two academies agreed that joint workshops, 
symposia, and conferences provided the mst appropriate media for their 
collaboration. They agreed, further, that they would take up subjects not 
othetwise treated in the collaborative programs involving their comtries' 
scientific and technical agencies, in other words (1) matters of public 
policy relative to the application of science and technology to develop­
ment, and (2) scientific advances in which both cotm.tries are engaged and 
that hold the promise of fruitful interaction and potential collaboration. 

In this regard, the two academies tentatively identified the following 
subject areas as candidates for joint activity with the mderstandin~ that 
actual selection of topics, to be done at a later date, would be subJect to 
further refinement of the areas indicated, detennination of their order of 
priority, and availability of ftmds: 

Development-related science & technology 

Integrated pest control 
Water resources management 
Infonnation systems 
Exploitation of marine resources 
Population and fertility control 
Food losses 

Basic science 

Plate tectonics 
Radio astronomy 

In 1977, INSA asked the NAS to sign a bilateral agreement promoting 
scientific cooperation between the two academies. Inasmuch as this agree­
ment may appear to be too official in nature and conflict with any govern­
ment-to-government agreement, discussions are in progress to downgrade the 
level of signatures. 

In addition, with the change of Government in India and the resumption 
of U.S. aid to India a program development visit by a BOSTID staff to India 
is being planned for early 1978. 
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INOOCHINA 

In light of political and militaiy developments in Indochina during 
1972, the NAS began to consider possibilities for collaboration with local 
scientists in the postwar period. OOSTID staff members gathered backgrotmd 
material and held discussions with a nllllber of people who had expertise on 
Indochina or were connected with organizations involved with possible post­
war developnent efforts in the region. 

Under a special grant from the NAS president's program initiation 
fmds, and not as a part of contractual arrangenents with AID, former NAS 
Foreign Secretaiy Harrison Brown convened an ad hoc meeting on April 9, 1973 
to consider the role of the NAS in the reconstruction and development of 
Indochina. Participants in the meeting included members of the National 
Academy of Sciences and the National Academy of Engineering, chaimen of 
relevant National Research C.Omcil conmittees, and several other individuals 
with s~cialized knowledge of social, political, and economic conditions in 
Indochina. The group discussed the kinds of scientific contacts the NAS 
should explore in Indochina, along with mechanisms for cariying out the ex­
ploration. 

The ad hoc group suggested that it would be useful and appropriate to 
investigate the possibilities of bilateral activities with South Vietnam. 
When the president of South Vietnam's Scientific Research C.Omcil, Profes­
sor Le Van Thoi, visited the NAS in April 1973, it was agreed that it would 
be useful for a OOSTID staff member to visit Saigon on a subsequent South­
east Asian trip. '1he breakdown of the ceasefire, however, precluded such 
a visit. 

With regard to other program possibilities in the Indochina area, Staff 
Director Victor Rabinowi tch and staff nember Jolm Htn-ley net with an official 
of AID/Laos in Bangkok on two separate occasions. Discussions were held on 
the possibility of conducting an NAS study of specific development strate­
gies relating to the abmdance of hydroelectric power in Laos. It was agreed 
that AID/Laos would contact the NAS with a :fmther definition of the problem 
if they wished to plD'Sue the possibility of a study or workshop. 

Events in Indochina have rendered any :fmther initiative by or on be­
half of OOSTID iJlt>ossible. 

INOONESIA 

In 1946, the NAS Pacific Science Board established relations with the 
C.Omcil of Sciences for Indonesia (MIPI}. In 1960, at the request of MIPI, 
one of its staff officers served as an intern in science administration in 
the NAS Office of International Relations. Relationships were maintained 
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with MIPI and Indonesian scientists during the latter years of the Sukarno 
regime when most other U.S. relationships with Indonesia were suspended. 
TI1e NAS-AID book program, for example, operated without interruption during 
the entire period of strained U.S.-Indonesian relations. 

In 1966, the Indonesian Institute of Sciences (UPI) replaced MIPI 
as the primary govenunental scientific body. In early 1968, as ll.S.-Indo­
ncsian relatjons improved, AID agreed to support NAS participation with 
LIPI in a joint workshop on food, which was held in May 1968. Following 
the workshop, several key rec01Y111endations were incorporated in Indonesia's 
first five-Year Economic Development Plan; the targets rec01Y111ended for 
mini1nun caloric an<l protein requirements were incorporated into a national 
nutrition policy. A direct outco100 of the workshop was a stwy conducted 
by a joint U.S.-Indoncsian team of agricultural scientists to fonnulate 
a plan for a national agricultural research system, integrating the uni­
versities, field stations, and research institutes. 

In 1969, the senior LIPI administrative officer came to Washington to 
serve as an intern with the NAS Office of the Foreign Secretary (OPS) and 
tl1e Smithsonian Institution while conpleting a graduate degree in science 
policy at George Washington University. He returned to Indonesia in 1972 
and assU11X?d responsibility for LIPI's science policy studies. 

In January 1971, the NAS and UPI held a workshop in Jakarta, "Indus­
trial and Technological Research." The workshop produced reconrnendations 
dealing with research organization and management, technical information, 
standardization, fiscal incentives, patents, small-industry extension ser­
vices, and major industrial sectors (such as chemicals, pharmaceuticals, 
food, textiles, and pulp and paper). As a result of the workshop, the In­
donesians initiated a program to inprove the management and organization 
of industrial R&D institutes. They held an intensive J1Bnagement-development 
course in Indonesia, and two senior R&D administrators visited R&D insti­
tutes in the United States, spending seven weer.s in one institute and one 
week each in four others. This experimental program fanned the basis for 
a more extensive training program for Indonesian R&D managers. 

In March 1972, representatives of LIPI participated in an NAS regional 
workshop "Use and Protection of Water Resources in Southeast Asia in Sing­
apore." 

The third joint activity, a workshop on natural resources, was held in 
Jakarta Septenber 11-16, 1972 with the following major objectives: 

1. to suggest policies and procedures for strengthening the integrated 
planning and utilization of natural resources; 

2. to suggest scientific and technological inputs relevant and useful to 
the planning and utilization of natural resources; and 

3. to provide a fan.Ill for a coordinated and constructive exchange of views 
by key scientists, policymakers, and administrators concerned with nat-
ural resources in Indonesia. 
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Seven NAS panelists participated in the workshop with about 90 Indo­
nesian panelists and 12 observers from various Southeast Asian and European 
comtries. Five working groups--on land and soil resources, forest resources, 
water resources, ocean resources, and mineral resources--addressed detailed 
sectoral problems. Participants also met in plenary sessions to consider 
overall cross-sectional issues. 

The recOJ1111endations of the workshop were submitted to the National De­
velopment Planning Board (BAPPENAS) for consideration and use in preparation 
of the Second Five-Year Development Plan (1974-1979). A stminary of the con­
clusions and reconmendations was presented to President Suharto and his cabi­
net ministers responsible for economic and natural resources programs. 

'Ihere have been a number of interesting follow-up activities since the 
workshop. In October 1972, President Suharto established a National CoJill1ittee 
on the Environment, thereby implementing one of the 10 overall reconmendations 
of the workshop. As a direct result of the workshop, in late 1972 the Indo­
nesian Anned Forces held a meeting on the security aspects of natural re­
sources and presented a report to the Security Comcil of the Government of 
Indonesia. With regard to problems of data acquisition and dissemination 
and the integrated planning of water resources, both inportant workshop top­
ics, UNESCO advisors went to Indonesia durin!J 1973 to work with BAKOSURTANAL 
(the survey and mapping agency), the Indonesian National Conmission on Water 
Resources, and the Ministry of Public Works. 

Since the workshop, BOSTID staff meni>ers have visited Indonesia to dis­
cuss further follow-up activities and to explore new project ideas. How­
ever, several important changes have taken place in the Indonesian govern­
ment's scientific structure. Dr. Sarwono Prawirohardijo, chairman of the 
Indonesian Institute of Sciences, retired in Septenber 1973 and was succeeded 
by Dr. Bachtiar Rifai, fonner director-general of the Ministry of Education • 
.About the same time, a new ministerial post--the Minister of State for Re­
search--was created, with responsibility for coordinating all government­
supported research. The minister is Dr. Stnnitro Djojohadikusano, fonner 
minister of cOJI1Derce. 

While the flmctional relationships between LIPI and the Ministry of Re­
search were being worked out, no new activities between NAS-NRC and LIPI 
were carried out. A visit to Indonesia by a staff meni>er of AID's Office 
of Science and Technology, however, indicated that major program opportlmi­
ties now exist. 

In addition, a science advisor was attached to the AID mission in Jakarta 
to oversee S&T programs there financed by AID. 

A BJSTID staff meni>er visited Jakarta January 24-28, 1977 to discuss 
possible NAS inwlvement in a series of workshops in Indonesia over the next 
several years. Support for BOSTID participation in the workshop would come 
from a science and tedmology loan that AID will make to the Indonesian govern­
ment. In advance of the loan-sponsored workshop program, AID/Indonesia re­
quested BOSTID to organize a workshop on national standards policy, and it 
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was originally scheduled for Septeni>er 1977. fbwever, this workshop was 
smsequently postponed indefinitely because of pending ministerial changes 
in the Indonesian govenunent. 

KORF.A 

The NAS has maintained a program of scientific cooperation with Korea 
since 1969. In 1969, the anticipated phase-out by 1972 of the U.S. AID 
program in Korea pronpted AID to seek the advice of NAS on actions it should 
take before that date to ensure Koreans continued access to U.S. technical 
resources in support of development objectives. Specifically, NAS was asked 
to identify Korean long-tenn needs for technical assistance, appropriate 
rechanisms for the transfer of technical assistance, and cooperative link­
ages between U.S. and Korean institutions. 

A panel of five persons visited Korea in July 1969 and subsequently 
submitted its report. The panel report advocated the establishment, as a 
successor to the AID mission in Korea, of the Korean-Anerican Development 
Institution (KADI), a fomdation-type organization to be financially sup­
ported by both comtries on a long-term basis. 'lhe panel reconmended that 
KADI be established as an auton001>US, nongovernmental institution with a 
broad mandate to support cooperative programs and activities that will help 
Korea achieve balanced economic growth, develop its intellectual and h\lll&n 
resources, and further its social and civil mdemization. 

The panel's reconmendations have not been iq>lerented so far because 
the U.S. govennnent decided to extend the life of the AID mission in Korea 
for several years. lbwever, the concept of the bilateral fomdation-type 
instrumentality for technical cooperation has received attention, both 
within and outside AID, as a tmique way to achieve technical assistance ob­
jectives. A variation of this concept was advocated by the OOSTID ad hoc 
Comnittee on the International Development Institute as a central element 
in its recoD111endations for the future conduct with officials of the Korean 
Ministry of Science and Teclmology (M>ST). The panel's purposes were (1) to 
advise infonnally on the development of long-range policy for science and 
teclmology; (2) to suggest ways to strengthen and iq>rove the governmental 
structure for science and teclmology; and (3) to review the organization and 
functions of research and development institutions and suggest mdifications 
where ~ropriate. The reconmendations of the panel resulted in a nunber 
of sigm.ficant initiatives and changes in the policy and organizational struc­
ture of f.t>ST and other scientific and tedmical institutions. 

Korea's minister of science and technology, Dr. Choi Hymg Sup, expressed 
a strong interest in putting NAS-K>S'f cooperation on a reF-ar basis. Fol­
lowing visits by BOSTID staff to Seoul in 1973 and by Minister Choi to Wash­
ington, agreement was reached on the outlines of a NAS-?-llST {>rogram of sci­
entific cooperation. A joint continuing comnittee on scientific cooperation, 
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which nEets mulually, has been established to address the broad issues of 
the application of science and technology to Korean development and reconmend 
possible ways to strengthen problem areas. The first three meetings of the 
comnittee took place in Korea in 1973 and 1975 and in the United States in 
1974. The first meeting laid the gromdwork for the science cooperation 
program and identified energy and marine resources as topics for subsequent 
workshop activities. The second meeting reviewed progress and discussed 
the development of a new science town. Korean members expressed interest 
in obtaining advisory assistance from the committee for overall planning of 
the science town. furing their stay in the United States, the Korean JtEm­
bers visited a large nuni>er of educational and research institutions. The 
third meeting reviewed progress of the science town and proposed new ad­
visory activities aimed at (1) the structure and organization of a Korean 
science fomdation, and (2) the development of greater systems analysis 
capability in Korea. 

Seminars on Industrial Energy Conservation 
and Solar Space Heating and Cooling 

These seminars were held in Korea in Noveni>er 1974, jointly sponsored 
by the NAS-NRC and msr, in conjmction with a nuni>er of Korean organiza­
tions--the Korean Energy Management Association, the Industrial Advancement 
Adnd.nistration of the Ministry of canmerce and Industry, and the Korean 
Atomic P.nergy Research Institute (KAER!). A large number of Korean scien­
tists, engineers, businessmen, and government officials participated. Spe­
cific conclusions regarding energy conservation included the need for better 
nxmitoring of industrial processes, iq>rovement of existing processes and 
equipment, and training of industrial managers with respect to energy manage­
ment. Government and industry were urged to collaborate on long-range energy 
planning, and to establish channels between the United States and Korea for 
the exchange of infonnation on energy research. 

It was agreed that solar space heating has promise of very useful appli­
cations in Korea, and that in this regard the research program at KAERI is 
highly significant. Reconmendations were JJBde for future research and for 
cOJYll1Lll1ication and collaboration with research programs both in Korea· and 
elsewhere. 

Marine Resources 

The new Korea Oceanographic Research and Development Institute (ICORDI) 
has been established and the director and staff are laying plans for a new 
research facility to be built at lae Duk Science Town. In late 1974, a two­
man NAS-NRC team visited Korea to explore ways in which the f.()5'1'-NAS Joint 
C.OJl11littee mii1'1t help stre:r:iithen marine sciences research and education in the 
future. Their reccmnendat1ons currently are mder consideration by MJSI'. 

Science Town 

In April 1975, a two-man NAS advisory team visited Korea for preliminary 
discussions of planning and development for Dae Duk Science Town. Their ob­
servations and reconmendations were submitted to f.llST. As a result of joint 
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discussions on Dae Duk, the planner of the science town made a two-mnth 
visit in 1976 to research facilities and new towns throughout the United 
States. 

Third .Anma1 Meeting 

The amual neeting of the Korea-u.s. Joint Cont~ Omnittee for 
Scientific Q>operation was held October 10-11, 1975 in Seoul, Korea. It 
was agreed that there is an urgent need to create new mechanisms to stinaJ­
late and support scientific and technological research in Korea, and that 
one iq><>rtant mechanism is the establishment of a national science fomda­
tion in Korea. Since U.S. AID technical assistance to Korea will greatly 
diminish or cease in the near future, it is also deemed essential that sci­
entific and technological interchange with the United States be continued 
in sane marmer. While sane of these relationships can take place through 
a Korean science fomdation, a variety of other institutional and individual 
activities must be developed and supported. In addition, the Joint Conmittee 
agreed on the importance of maintaining an active interest in ·futm-e advi­
sory activities in the development of Dae Duk Science Town and its indivi­
dual research institutes, in marine sciences research and education, and in 
the systems analysis work of the new Bureau of Information Industry in the 
Ministry of Science and Technology. Enphasis was placed on the importance 
of forming collaborative linkages between these new institutions in Korea 
and appropriate institutions in the United States and elsewhere. 

Korea Science and Engineering Fomdation 

As a result of the third amual meeting, NAS and msr decided to fonn 
a joint advisory team on strengthening scientific research and manpower 
development through a new Korean ftmding organization having functions sim­
ilar to the U.S. National Science Fomdation. The joint advisory team met 
in Seoul, Korea, May 30 - Jme S, 1976 and concluded that a Korea Science 
and Engineering Fomdation was an important and timely addition to the base 
of scientific and technical activities needed to support the long-range 
security and economic development of the Republic of Korea. Some ftmda­
mentals of the fomdation would be: 

1. 

2. 

3. 

To alter the older, arbitrary Sll{JPOrt-style by instituting research 
grant procedures based upon submission of research proposals, peer re­
view and evaluation, and award of grants to the JOOst meritorious pro­
posals on the basis of objective and predetennined criteria. 

To organize the fomdation as an autonomus body, linked to the govern­
ment but not directly subject to a specific ministry. 

To stress the elements of independence and long-tenn stability by creating 
an endowment fmd, the income from which would be entirely targeted for 
grants and other operations. 

Fourth Annual Meeting 

The fourth amual meeting of the msr-NAS Joint Conmittee for Scientific 
Cooperation was held in Seattle, Washington on Noveni>er 4-S, 1976. The DBin 
topics considered at the meeting incll.ded: a reYiew of the progress of Dae li 
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Science Town and a report on the establishment of the Korea science and 
engineering fomdations, engineering education, and cooperation with in­
dustry; systems development in Korea; marine sciences; and the teclmology 
transfer center of Korea Institute of Science and Technology (KISI') • 

Workshop on Systems Development 

The purpose of the workshop, 'Which took place in Seoul July 12-15, 1977, 
was to assist the Burea of Infonnation Industry in its program to foster 
systems analysis in Korea, and in particular to focus on the systems as­
pect of energy, environment and transportation planning. The OOSTID par­
ticipants were to provide an mderstanding of the current status of systems 
analysis in the chosen topics, both in the U.S. and elsewhere. 

The workshop was plmmed as an educational exercise, with potential for 
catalyzing further Korean efforts to apply systems analysis. It provided a 
forum in which to bring together Korean scientists, engineers, economists, 
and officials, who, though they share a concern with the same problems, have 
not worked together in an integrated approach to problem analysis. Instead 
of aiming at fonnal recoonmdations, the organizers plamed that the work­
shop would help establish a framework to increase appreciation of (1) the 
conplexity of the problems to be addressed, and (2) the prerequisites for 
sophisticated analysis, including governnEntal and institutional support 
and cooperation. 

NEPAL 

A B05I'ID staff menber visited Katmandu in Septeni>er 1976 to participate 
in a seminar on science and technology for the development of Nepal. The 
seminar was organized by the Southeast Asia Developnent Advisory Group 
(SF.ADAG) of the Asia Society and by the National Research Comcil of Nepal. 

PAKISI'AN 

Discussions took place between BOSTID staff and Pakistani officials, 
both before and after the Inda-Pakistan war, regarding the possibility of 
collaboration between the NAS-NRC and the Pakistani science organizations. 
These discussions led to a request from the Pakistan Science Fomdation for 
an advisory team from the United States with representatives from the NAS, 
the National Science Fomdation, and the American Association for the Ad­
vancement of Sciences (MAS) to assist the Fomdation in the devel~nt of 
its program. At the same time, the National Science Comcil established an 
ad hoc cOJJIDi.ttee to discuss priority areas on which a program of collaboration 
might be based, including science policy, agricultmal research and economics, 
industrial research, and oceanography. In anticipation of a request to or-
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ganize a joint workshop with the National Science Cotmcil on science policy, 
BOSTID declined to participate in the discussions with the Pakistan Science 
Fotmdation. 

In response to an invitation fran the Pakistanis, a 11JSTID staff mem­
ber visited Islambad in December 1975 to lay the grotmdwork for a joint 
workshop in Pakistan tmder the joint sponsorship of :OOSTID, the Pakistani 
Ministry of Science and Teclmology, and the Pakistan Science Fotmdation. 
The workshop participants were asked to pursue several broad objectives: 

1. Review and make a critical analysis of the sectoral priorities of 
R&D in the light of various constraints and make reconmendations for 
the efficient development of Pakistan's scientific and technological 
capabilities for mre effective use in support of national econanic 
and social development. 

2. Discuss and propose an action plan for i.nq>lementing the proposals for 
national science and technology policy, in phases and with suggested 
financial inputs. 

3. Develop a chapter on science and technology for inclusion in the five­
year plan, relating it to the cotmtry's development goals in the con­
text of the overall national plan and thereby highlighting the govern­
ment's priorities for using science and technology more effectively 
in support of development. 

To carry out the objectives of the workshop, the participants held their 
discussions both in plenary and in sectoral working groups. The working 
groups examined detailed and specific issues involving: 

1. Food, agriculture, and water resources 

2. Industries and minerals 

3. Energy 

4. Health 

5. Physical planning, housing, and enviromnent 

6. Transport, teleconmnmications, and space technology 

7. Scientific support services. 

TIIE REPUBLIC OF THE PfllLIPPINES 

In October 1964, the chainnan of the Philippine National Science De­
velopment Board (NSDB) requested that the AID ndssion in Manila ask the NAS 
to sponsor a joint workshop dealing with development problems of Philippine 
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science. The NAS agreed and coordinated preparations for the workshop 
through its Pacific Science Board. 

'Ihe first Philippines-U.S. Workshop on Scientific and Technological 
C"Doperation and Development, held in Manila in November 1965, was deliber­
ately broad and exploratoiy, focusing on the challenges and potential for 
science and technology in the Phili{>Pines, scientific persmmel needs, re­
quirements for applied and basic science facilities, and mechaniSJ!1S for in­
creasing scientific cooperation between the Philippines and other countries. 

In November 1966, a second joint workshop, at Asilomar, C".alifomia, 
reccmnended fom specific problem areas as the subject of further coopera­
tive activity: ndustrial research, oceanography and fisheries, food and 
nutrition, and demography. In December 1967, a third workshop in Manila 
addressed the topic-of fisheries and oceanography. In Januaiy 1969, a 
fotn'th joint workshop in Manila considered problems of industrial research. 

The first two workshc:JPS alerted the NSDB and the Philippine govemnent 
to two major problems: (lJ the inadequacy of support for science and tech­
nology in both education and research, and (2) the disproportionate alloca­
tion of resomces between basic research and applied research related to the 
countiy's needs. Workshop participants fran the Philippine Qmgress, Admin­
istration, and the NSDB succeeded in obtaining congressional J.>assage of new 
revenue-producing legislation specifically to support Philippine science, 
thus significantly increasing the NSDB' s grant-making resomces. Qmcurrent­
ly, the NSDB undertook a reexamination of its allocations for research, aim­
ing at a ratio between basic and applied research activity more in confor­
mity with the experience of the industrially advanced countries. 

In 1966, the NAS-NSDB science cooperation program received unusual rec­
ognition in the joint conmunique of Presidents Johnson and Marcos on the 
conclusion of Marcos's official visit to the United States. 'Ihe conmunique 
comended the program and expressed hope for its continuation and expansion. 
lbtever, due to the reorganization of the NSDB and to a misunderstanding re­
garding AID' s role, this effort was delayed. 'Ihe misunderstanding arose be­
cause the NSDB viewed the workshops as a key to AID funding of projects. 
This confusion was not cleared up 1.D'ltil 1972 when a visit was made to the 
United States by the new NSDB chainnan, Gen. F. A. Medina, who expressed a 
keen interest in future collaborative activities with the NAS. 'Ihese dis­
cussions, carried further when NAS-NRC staff meni>ers visited the Philippines 
in 1972 and 1973, resulted in mutual agreement that a workshop on education 
and training needs for enviromnental programs in the Philippines be held in 
Manila in May 1974, sponsored by the NAS, the NSDB, and the National Pollu­
tion CDnmission. 

'Ihe workshop brought together Philippine and American scientists, en­
gineers, educators, and administrators with the following broad objectives: 

1. To identify both illlnediate and long-tenn requirements for the profes­
sional and technical persmmel needs for planning, management, and 
regulation related to national goals for conservation and quality of 
the enviromnent. 
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2. To consider the estimated supply of trained enviromoental personnel 
in both the public and private sectors and to suggest ways of dealing 
with oversupply or shortages. 

3. To suggest ways to : 

a. strengthen existing education and training for environmental pro­
fessionals and teclmicians, enq>hasizing interdisciplinary approaches 
to environmental planning and problem solving; 

b. begin needed environmental training programs that are not now of­
fered in the Philippines; 

c. develop new kinds of environmental training programs that stress 
conditions and need in the Philippines and maximize cost/henefit 
ratios of the training; 

d. develop greater public awareness, especially among businessmen and 
industrialists, of the physical, social, and econanic consequences 
of environmental damage. 

Considerable progress has been made in carrying out the workshop recom­
mendations. The NSDB has established a Special Conmittee on Environmental 
Programs to coordinate i.nplementation. 'ftds conmittee has subconmi.ttees on 
(1) education, (2) industry and business, and (3) public infonnation and 
continuing education. 

New courses in environmental engineering have been established at the 
University of the Philippines at the M.S. level, and a new doctoral program 
in environmental sciences is being developed. The National Pollution C.oin­
mission is working on plans for master's degree programs in water quality, 
management engineering, and air resol.ll"ces engineering, and also on developing 
courses for environnmtal technicians. The NSDB, in cooperation with the 
President's Task Force on Human Settlements and the National Manpower and 
Youth C.Omcil, is making an assessment of enviromnental manpower needs in 
government and the private sector and will make a survey of specialized en­
vironmental equipment and facilities in government, industry, and education­
al institutions. 

Environmental topics are being included in science teacher in-service 
training col.ll"ses offered by the Department of Education and Culture, the 
University of the Philippines, and the N.5DB. The Science Education Center 
of the University of the Philippines has been requested to place greater 
eJ11>hasis on environmental concepts in the science textbooks, manuals, and 
guides it prepares for elementary and secondary schools. 

The chairman of the NSDB also asked the NAS to consider the possibility 
of providing a small advisory team that would make reconmendations on how to 
i.nprove the structure, pTograms and policies, tra~g programs, and R&D 
plans of the Philippines' environmental protection administration. And he 
asked the NAS to consider the establishment of a joint scientific coopera­
tion comnittee with the NSDB. 
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l'hen 005rID staff members visited Manila in January 1976, discussions 
were held on possible future programs involving OOSTID. Plans were made 
for an international neeting in Los Banos in Septeni>er 1976 to consider 
the plant Leucaena leucocerhala (ipil-ipil), a fast-growing, multiple-use 
legtne. The proceedings o this meeting, coordinated by the Philippine 
Council for Agriculture and Resources Research (PCARR) and NAS, have been 
published by Pc.ARR, and a study of the potential of Leucaena has been pub­
lished and distributed by the OOSfID Advisory Colllnittee on Technology In­
novation (ACTI) • More detailed infonnation on Leuceana can be fotmd in 
the section on ACTI studies. 

SIKiAPORE 

As Singapore is not an AID recipient, program opporttmities are limit­
ed, although Academy relations with the Science Council of Singapore and 
particularly its fonner chaiman, Dr. Lee Kum Tatt, have been extraordinari­
ly good. The cotmcil did an excellent job of organizing the 1972 Southeast 
ASia regional workshop on water resources, environment, and national de­
velopment. The Cotmcil also invited the NAS to participate in a workshop 
on corrosion in tropical climates, but this was not possible because of 
difficulty in obtaining non-AID flnling. Dr. Lee subsequently was a parti­
cipant in the 1975 Peru workshop on industrial research management. 

In January 1976, OOSI'ID staff members visited Singapore and met Dr. 
Choo Seok Clleow, the new Science Cotmcil chaiman, and Dr. Lee, chainnan 
of the Singapore Institute of Standards and Industrial Research (SISIR). 
Dr. Lee suggested that SISIR and OOSTID sponsor a workshop in 1976 on small 
supporting industries. The idea was not explored any further since a source 
of ftmding seemed reJOOte. 

Southeast Asia Regional Workshop on Water Resources, Environment, and 
National Development (Singapore) 

In collaboration with the Science Cotmcil of Singapore, the NAS-NRC 
was joint sponsor of a Southeast Asia workshop on water resources, environ­
ment, and national development held in Singapore in 1972. Participants from 
six Southeast Asian cotmtries--Singapore, Malaysia, Thailand, Philippines, 
South Vietnam, and Indonesia--and a panel of 10 NAS representatives parti­
cipated. 

The workshop provided a fonnn for discussion of specific problems 
shared by the six countries, problems that in some cases are not confined 
by national boundaries. Singapore has had a particularly strong concern 
for enviromnental protection, within its own botmdaries and throughout the 
entire region, and has led in proposing a regional enviromnental council. 

The workshop was intended to assist in the developnent of greater coop­
eration an environmental natters 811Dlg the COlmtries of the region. Because 
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water problems have serious environmental and devel~tal aspects through­
out the area, it was agreed that a workshop enphasizmg water problems would 
be a useful first step towards regional cooperation on other environmental 
problems. Part of the workshop also was directed toward identification of 
other critical enviromnental concerns that might benefit fran regional action. 

SRI LANKA 

Following the 1970 workshop on industrial research management in India, 
a group of NAS participants visited Sri Lanka to renew contacts with Cey­
lonese scientists. Subsequent discussions and exchange of correspondence 
led to a request by the National Science Cotmcil of Sri Lanka to the NAS 
to sponsor jointly a workshop on natmal products development. The work­
shop, held in Colombo in Jtme 1975, focused on mderexploited plant re­
sources of Sri Lanka and the research needed to bring them to c0111Dercial 
production. 

The workshop, which brought together botanists, agronomists, natlll'al 
products chemists, administrators (including two cabinet ministers), and 
businessmen from both Sri Lanka and the United States, considered topics 
such as plants containing industrial raw materials, essential oils, medi­
cinal plants, and foods. The group stn"Veyed a wide variety of plants that 
could becane important to Sri Lanka's economy. Blending local awareness of 
what is feasible with the experience of the NAS panel, the workshop made 
reconmendations regarding the Jll)St promising species for priority attention. 

The workshop also develaped a proposal for a consortium of chemical 
societies (from cotmtries such as the United States, the United Kingdom, 
and the Federal Republic of Gennany) to cooperate in a novel ventlll'e to 
provide the contacts, journals, and supplies that Ceylonese scientists now 
lack. 

All of these proposals are being forwarded to the Sri Lankan government 
for approval before proceeding with possible implementation on the part of 
the National Science Comcil in cooperation with the NAS. 

nJAil.AND 

Thailand Seminar on Protein Food Prolll>tion 

The AID mission in Thailand requested NAS participation in this seminar 
at the invitation of the Institute of Food Research and Product Development 
of Kasetsart University and the Thai Department of Health. The seminar, held 
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in Bangkok in November 1970, included an NAS panel of seven persons moong 
the 25 participants. 

The AID program in Thailand had a three-year project aimed at inproving 
human nutrition in rural areas through the development of inexpensive high­
protein food supplements for weanlings and preschool children. The first 
phase of the project, research and development of food supplements, was car­
ried out by the Institute of Food Research and Product Development. Phase 
two, field testing, was conducted by the Department of Health. Phase three, 
undertaken by the Institute, was aimed at stimulating the promotion and mar­
keting of these products by local industry. 

The seminar on "Protein Food Promtion" was part of phase three. Spon­
sored jointly by AID/Thailand and the two local agencies, the seminar brought 
together representatives of the Thai scientific conmtmity, the Thai govern­
ment, local and international industry, the Food and Agriculture Organiza­
tion (FAO) , World Heal th Organization (WID) , and overseas nutritionists, 
agriculturalists, and food technologists. The NAS helped plan the seminar. 

'Ihe meeting exposed Thai scientists and food industry representatives 
to the latest infomation on food and nutrition problems, with particular 
reference to protein. Senior government officials took part in the con­
ference, incluling--at one half-day session--the prime minister of Thailand. 

'Ihe seminar produced varied recOJllllendations on research needs, problems 
of market research and new materials supply, and government policies to en­
courage production of high-protein foods and to strengthen national food and 
nutrition policy. 

The reconmendations were submitted to the cabinet of the Government of 
Thailand, which forwarded them to appropriate agencies for action. 'Ihe 
cabinet also adopted a National Nutrition Policy and established a National 
Institute of Nutrition, which conducts nutrition research and acts as the 
coordinating body for all nutrition-related activities in Thailand. 

li>rkshop on Science Policy and Plmming in Thailand 

During the course of several contacts in 1971 and early 1972, the secre­
tary-general of the Thai National Research C.Ouncil, Dr. Pradisth Oieosakul, 
discussed with OOSTID Thai interest in holding a bilateral workshop to help 
identify key problems and issues relating to science policy and to suggest 
possible means of strengthening problem areas. 

Participation in the workshop consisted of eight NAS panel members led 
by then Foreign Secretary Harrison Brown, SO official Thai participants from 
government ministries, universities, research institutes and economic and 
planning organizations, and 15 to 20 observers from organizations such as 
UNESCD, AID and SEAMBS (Southeast Asia Ministers of EdUc:ation Secretariat). 
The deliberations of the meeting were conducted both in plenary sessions 
and five working groups: industry and engineering; natural resource util­
ization; agricultmal production; medicine, public health, and envirorunental 
quality; and academic sciences. 
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Sectoral recoamendations were made in the five working groups, and 
three overall recODIDelldations were made by the workshop. The overall rec­
onmendations highlighted the following needs: 

1. a high-level govermnent conmittee to develop proposals for an effective 
govemment administrative structure for planning and implementing na­
tional policy in science and technology; 

2. detailed analysis of the problems related to science, teclmology, and 
national development, and integration of the analysis into the third 
five-year plan; 

3. improvement of existing persmmel policies relating to careers in sci­
ence and teclmology. 

Two important developments occurred in relation to the implementation 
of the major workshop reconmendations. Late in 1972, the Thai national 
Executive Conmittee (cabinet) appointed a St.ixomnittee on Science Organiza­
tion of its National Comnittee on Government Reorganization. This subcom­
mittee Jll)Yed quickly to develop proposals for a new, streamlined government 
organization to relate economic and social development needs to science pol­
icy and plans. At the same tine, and c:onplementary to the reorganization 
subCODIDittee work, the National Economic and Social Development Board formed 
a Science and Teclmology Policy Subonmnittee, which will plan a strong role 
in the day-to-day integration of economic and scientific planning. 

As a follow-up to the workshop, the NAS sponsored a visit to Thailand 
by Dr. Brewster Denny, dean of the Graduate School of Public Administration 
at the University of Washington and a meni>er of the earlier NAS workshop 
panel. In February 1973, Dr. Dermf visited Bangkok to provide further en­
couragement and advice related to implementation of the workshop reconmen­
dations and to explore ways for the NAS to engage in continuing helpful col­
laboration with the Thais. 

During 1973, however, there were significant changes in Thailand and 
in its major science planning and policy organizations. Overshadowing other 
events, a new govermnent asstDDed responsibility for the leadership of Thai­
land in October 1973. In Septeni>er, Dr. Pradisth Cieosakul retired as secre­
tary-general of the Thai National Research Council and was succeeded by Dr. 
Sanga Sabhasri, former vice-rector of Kasetsart University. About the same 
tine, the Subconmi ttee on Science and Teclmology was established tmder the 
auspices of the National Economic and Social Development Board. The subcan­
mi ttee, chaired by the minister of conmunications, was given responsibility 
for analyzing the scientific and teclmological implications of the govern­
ment's overall development plans. 

Dr. Denny visited Bangkok again in Noveni>er 1973, along with a BJSTID 
staff meni>er. They called on Thailand's new deputy prine minister, the 
new secretary-general of their National Research Cl>tmcil, the minister who 
heads the National P.conomic and Social Development Board (NF.SDB) subconmittee, 
other Thai officials, and officers of the AID mission in Bangkok. A variety 
of possible future activities with the U.S. NAS was discussed. Subsequently, 
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Dr. Gerard Rohlich visited Thailand in Deced>er 1974 at the invitation of 
AID and the NESDB to advise on Thai enviromnental policies and plans, es­
pecially relating to water. This visit resulted in several reconmendatians 
on the structure and functions of a new environmental unit in the National 
Econanic and Social Development Board. 

In mi.d-1975, the head of the Technology and Environment Plarming Divi­
sion of the NES>B requested NAS collaboration in holding a workshop on 
coastal zone environmental problems around the Gulf of Thailand. The rapid 
increase in population and industrial activity on the Gulf coast is creating 
a nllli>er of serious environmental problems, including adverse effects on 
fisheries production. After disaissions in January 1976 with Thailand's 
new National Environment Board (NEB), agreemnt was reached that lllSTID and 
the NEB would sponsor a series of three SDBl.l workshops to analyze the en­
vironmental inpac:t of plarmed developnent in three geographic areas of the 
Gulf coast. The first workshop was to have been held in the last quarter 
of 1976. However, the workshops have been postponed indefinitely since the 
Thai Department of Technical and Bconanic Cooperation (DTEC) was unwilling 
to fund them fran AID technology transfer furKls, and other funding was not 
available. 

AIT/NAS Ferrocement Workshop 

A workshop on ferrocement teclmology, jointly sponsored by the Asian 
Institute of Teclmology (AIT) and the NAS, was held on the AIT campus in 
Bangkok, Thailand, Noveni>er 1974. 

AIT, Southeast Asia's premier institution for gradlate studies in en­
gineering, has a distinguished record of achievement in education and re­
search, along with an institutional conmi.tment to use its resources to :fur­
ther both the understanding and the exploration of solutions to development 
problems. 

Ferrocement technology was an especially apt topic for collaboration 
between AIT and the NAS because the Academy has pli>lished a report on ferro­
cement, while the Di vision of Structm'al Bngineering and Mechanics at AIT 
conducts extensive ferrocement research. 

The workshop brought together engineers, scientists, administrators, 
and businessmen and gave them the ~rtl.Ulity to share views and experiences 
regarding ferrocement. The wrkshop s basic purposes were: 

-- to sm-vey tb.e state-of-the-art of ferrocement tedmology and appli­
cations. iq>ortant to Southeast Asia; 

- - to provide information on ferrocemmt research and developnent taking 
place in Asia and to share the knowledge and experience gained thus 
far; 

- - to discuss the mst promising methods of introducing ferrocement 
technology to Asia from the point of view of effectiveness, cost, 
and social acceptability; and 
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to recomiend areas of technical and social research that need to 
be carried further with respect to ferrocement. 

Demonstrations of ferrocement construction were held during the work­
shop. Sixty participants from 16 CO\mtries attended. Inmediately following 
the workshop, a demmstration was organized for the benefit of some SO vil­
lage heads from several districts in Pratumtani province. 
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LATIN AMERICA 

ARGINI'INA 

The idea for a bilateral workshop on science and technology for eco­
nomic development was first suggested by the Argentines in 1966. That 
same year plans were further advanced when the NAS foreign Secretary vis­
ited Buenos Aires for discussions with members of the Argentine Academy of 
Exact Physical and Natural Sciences and the Natimal C.Otmcil for Scientific 
and Teclmical Research (CDNICET). Because of a subsequent change in govern­
nent and lDlSettled conditions in the tmiversities, the president of CDNICET 
late in 1966 suggested an indefinite postponement in the joint plaming. 
It was not tmtil 1969 that planning was resumed; the workshop itself was 
held July 28 - August 1, 1969 at Mar del Plata, Argentina. 

The Argentines identified four major areas of science and technology 
related to economic developnent as having high priority in their national 
developnent plans. These areas were (1) food technology, (2) groundwater 
hydrology studies of the panpas, (3) scientific infonnation systems, and 
( 4) agricultural research and training. The workshop addressed each of 
these problem areas and recommendations for follow-up steps were made. 

In Jme 1970, the NAS, CDNICET, and the AID mission in Argentina ag 
agreed to continue follow-up activities in food technology, hydrology of ' 
the dry panpas, and science infonnation. 

As the lDilateral activities were developed, CDNICET gave preference 
to the analysis of scientific infol'Dl8.tion needs in Argentina. A joint 
study group formed by the two cooperating parties suggested: 

1. the creation of a telex network linking scientific libraries and docu­
mentation centers in Argentina to facilitate improved use of scientif­
ic and teclmical infonnation resources and to provide direct access to 
the United States, Europe, and Latin .ADl!rica; and 

2. the development of a cmputer-based literature infonnation service-­
initially in the chemical sciences--to serve acadendc, govemmental, 
and industrial scientists in Argentina. 

In 1971, the science infonnation telex network was installed, linking 
14 Argentine institutions. Under the NAS-<naCET program, the mnager of 
this network received an orientation and training visit to selected U.S. and 
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Canadian information centers. A six-mnth program was begtm whereby the 
Jolm Crearar Library of Oiicago provided subsidized photocopying services 
as the North American link to the Argentine network. Later, arrangements 
were made to include other U.S. libraries in the project with services in 
the fields of agriculture, medicine, and industrial tedmology. The sci­
ence infonnation telex network is still operating, but, because of high 
costs in a time of limited foreign exchange, Cll'UCET has been unable to 
install in Argentina a comprehensive conputer-based literature infonnation 
system in the chemical sciences. 

In September 1970, a joint study panel on tmdergrotmd hydrology of the 
dry pampas met in Argentina and drew up guidelines for an intensive study 
of salinity and water management problems of that region. In 1972, one U.S. 
panel member returned to Argentina to work with his colleagues on the more 
detailed feasibility study and research proposal. Again, for reasons of 
the lack of local ftmding, the project was not inplemented by CONICET. 

A joint study group on food technology met in Buenos Aires in mid-1971 
to review Argentine training and applied research programs. Several specif­
ic projects were recomnended and applied R&D outlined in the areas of 
(1) veget~le protein concentrates, (2) processing of daiiy products, and 
(3) fish protein materials for hunBn consumption. 

Since 1972, further joint activities have not been possible, princi­
pally because the budget and the operational authority of CDlICET has been 
greatly curtailed by tmSettled political and economic conditions in Argen­
tina. Unforttmately, many Argentine officials have viewed NAS collabora­
tion as a means of obtaining teclmical assistance and direct grants for 
programs in science and tedmology after the departme of bilateral programs 
of AID. At the present time, no new OOSTID programs with Argentina are be­
ing discussed. 

OOLIVIA 

In 1972, during a visit to La Paz, Bolivia, an NAS staff med>er met with 
the president of the Bolivian Academy of Sciences to explore possibilities 
for a joint project. After the initial conversations in La Paz, the BOSTID 
office anticipated a request from the Bolivian Academy for a workshop program 
on natural resource development; however, the request was limited to narrow 
research interests on Lake Titicaca. Because of the restricted focus of the 
Bolivian Academy's inquiiy, the proposed project did not fit into OOSTID's 
development-oriented criteria. Although correspondence continues with the 
president of the Bolivian Academy of Sciences and the AID mission, no spe­
cific activities are planned in the near futme. 

BRAZIL 

The bilateral program in Brazil was initiated by the former NAS Latin 
Anerica Science Board (LASB) and the Brazilian National Research CDmcil 
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(CNPq). At one of the LASB' s meetings in Rio de Janeiro in 1965, explora­
tory talks were held on potential mechanisms and areas for Brazilian-u.s. 
cooperation. It was decided that a workshop should be convened to consider 
this matter further. 

The first Brazil-U.S. workshop, ''The Contribution of Teclmolop- to Sci­
ence and Brazilian Development," sponsored by the CNPq, the Brazilian National 
Academy of Sciences, and the NAS, took place in 1966 in Itatiaia, SO miles 
from Rio de Janeiro. Reconmendatians adopted at that meeting concerned agri­
culture, public health, mineral resources, industrial research, cOlllllUl'lica­
tion and transportation in geographic integraticn, and manpower developnent. 
Brazilian-U.S. study pups reconmended by the workshop were later fomed to 
examine, in depth, (lJ industrial research; (2) nonns, measurement, and test­
ing; (3) agricultural research; (4) agricultural economics; and (5) mineral 
sciences. 

The second workshop was held at the NAS in Washington, D.C., in 1968. 
A special two-day seminar on science policy, chaired by Carroll L. Wilson 
of MIT, included participants from the National Science Fomdation, the 
Federal Qnm.cil of Science and Technology, Bureau of the Budget, and the 
Departments of Agriculture, Conmerce, and the Interior. The discussions of 
Brazilian plans in fields of science and teclmology related to national 
goals were based on a five-year plan (1968-1972) prepared by the CNPq for 
the president of the Republic. This document had utilized sane of the ad­
vice generated by the study groups ftm.ctioning in the interim between the 
two workshops. 

In pursuing the subject of manpower training discussed at the first 
workshop, the fields of chemistry and conputer sciences were reconmended 
for mre detailed analysis. 

The third wrlcshop took place in Rio de Janeiro in 1969. In view of 
the interest aroused by discussions on U.S. science \)Olicy at the second 
workshop, the Brazilian CNPq presented a similar semnar involving represen­
tatives fran the Ministry of Plamrlng, the National Bank of Economic DeVelop­
ment (BNDE) , the National Department of Mineral Production (IMM), and the 
Ministry of Agriculture. 

Much of the workshop discussion focused on joint study group activi­
ties, and especially on the report of the industrial research panel. The 
agricultural research and agricultural econanic groups reported on their 
progress. The chemistry group proposed a major bilateral program for the 
CJevelopment of graduate research in two Brazilian lDliversities. Other areas 
of concern included research m transportation and training and research in 
the earth sciences. The workshop also proposed that Brazil sponsor an in­
ternational conference on patent policy. 

The fourth CNPq-NAS workshop (Washington, D.C., Noveni>er 1971) reviewed 
program results over five years. William Ellis, then AID mission Director 
in Brazil, discussed Brazil's remarkable rate of economic developnent, com­
mended the _p_!rticipants for their successful joint efforts, and specifically 
noted the CNPq' s dramatic growth since the program was begtm. 
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Highlights of Brazil's scientific growth over the 1966-71 period were 
reported as follows: 

1. The CNPq played a major role in establishing a govemnental base for 
developing science and teclmology in Brazil.* 

2. Scientific and teclmological research was given prominent attention 
in the Ministry of Planning' s Program for Aims and Bases of Govern­
ment Activities, primarily in health, agriculture, industry, and in 
overall strengthening of scientific and technological mnpower re­
somces. 

3. Investments in science and teclmology, as reflected by the CNPq bmget, 
increased substantially. Expenditures for science and teclmology by 
the (}JPq totaled Cr$54,881,458 in 1970, an increase of J11>Te than 260 
percent over 1968, a rate of growth far higher than the rate of infla­
tion. 

Because the Brazilian government had recently given higher priority to 
the agricultlll"al sector, the wrkshCJi> reccmnended that two separate study 
groups be formed mder the purview of the agricultural researCh groq>. tne 
gro\.!) was to conduct a study on establishing an educaticmal. research center 
in agricultmal engineering; the other, to study research possibilities in 
the Brazilian C8J!?O cerrado. 

The NAS experimental project on identifying technologies applicable to 
mderdeveloped countries was discussed. The workshop agreed that a Brazilian 
meni>er would be invited to the advisory conmittee that oversees this project 
and that the conmittee should consider a visit to Brazil. 

A half-day seminar on the management and administration of R&D was held 
dming the workshop, with the following principal speakers: George ferbert, 
President, Research Triangle Institute of North Carolina; Donald Collier, 
Vice-President for Research, Borg Warner Corporation; &1ward Roberts, Sloan 
School of Management at MIT; and Karl Fetters, Vice-President for Research 
(retired), Yomgstown Steel Calpany. 

Several study groups have been held as a result of various workshops. 

Industrial Research 

In accordance with a reconmencJation of the first wrkshop, a stllly group 
on :industrial research conprising 10 Brazilians and 10 Anericans frm re­
search institutes, mi versi ties, industry, and government was formed in 
April 196 7. This gro\.!) was asked to fornlll.ate recomnendations for develop­
ing Brazilian industrial research capabilities that would contribute to 
economic growth. The group's final report reconmended actions ~ fran 
budgetary considerations b)r goveinment and private entities to fiscal incen­
tives, elimination of inport restrictions, training, patent reform stulies, 

* A presidential decree of May 1972 gave the CNPq central authority for 
coordinating national scientific and teclmological development plans, 
thereby clarifying its role vis-a-vis the Ministry of Planning. 
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establishment of a ''nl>del" research institute, and a national system of 
information and documentation. 

Since the report was issued in 1968, it has been widely disseminated 
in Brazil and has been discussed at various meetings between representatives 
of universities, industry, and governnmt. Several measures to implement 
reconmendations in the report have been taken. Ibring 1969-1971, the CNPq 
created working groups to advise it on food teclmology, ceramic (retractory) 
materials, steel, cellulose, and paper. In May 1971, the C.Omcil sponsored 
a three-day meeting attended by 140 participants from 46 industrial research 
institutes and 31 agencies that engage in applied teclmological research. 
A high-level coordinating panel was established to advise the (}n>q on sup­
port for industrial research. 

Many individual reconmendations on the organization and JIBllB.gement of 
research have been adopted by the Food Technology Institute (ITAL), the 
Technological Research Institute of Pemani>uco (ITEP), and the National 
Researdi Institute (INI'). The consultant services of Lawrence Bass were 
especially helpful in this respect. His book on research management needs 
of developing comtries has been translated into Portuguese.* 

Other developments have resulted from Brazilian efforts to implement 
joint reconmendations: for exanple, an institute was created in the Min­
istry of Industry and Conmerce to study patent legislation and collect in­
formation on foreign patents. The INI' and the National Industry Confeder­
ation agreed to create a technological information center. The Brazilian 
Phannaceutical Industry established a foundation to support a research cen­
ter fashioned on the JOOdel outlined in the industrial research report. The 
CNPq was asked to establish a working group for the pharmaceutical industry. 
In Sao Paulo, the Roberto Siloonsen Institute of the Federation of Industries 
sponsored meetings between universities and the chemical, cellulose, and 
paper industries. 

The CNPq has supported research on national teclmological problems and 
has also substantially increased the nuni>er of postgraduate scholarships at 
the masters and doctorate levels in engineering and supporting areas. In 
1970, CNPq also began publication of the Revista Brasileira de Teciologia, 
which it distributed without charge to 5,000 professionals. 

Norms, Measurement, and Testing 

A reconmendation at the first workshop called for a study on the prob­
lem of developing standards and testing procedures for Brazilian industry. 
A study FC>up of 11 persons addressed this problem, and within a year, af­
ter meetings in both comtries that includea visits to appropriate institu­
tions, the group submitted its report to the a.n>q. New systems of standards 

* Lawrence Bass (1965), The Management of Teclmical Programs, with Special 
Reference to the Needs of ~veloping C.Omtries. Translated into Portu­
guese by .Andre Tosello, University of Qunpi.nas, Sao Paulo, Brazil. New 
York: Praeger. 
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and the establishment of a research laboratory in standards and testing 
were reconmended. Internal policy considerations within Brazil prevented 
implementation; however, the report, published in Portuguese, has been 
widely circulated. 

Agricultural Research and Agricultural Economics 

The goal of the joint study group on agricultural research was to 
recOJ1111end improvement in Brazilian agricultural research management and 
planning. The first meeting of the six-man group was held in January 1968. 
The U.S. members visited institutions, mainly in northern Drazil, for three 
weeks. They proposed an inventory be carried out over a 12-month period 
to provide detailed infonnation regarding research programs, manpower re­
sources, training facilities, and support for agricultural research and ex­
tension services. 

The agricultural research group also met with members of a six-man 
study panel on agricultural economics. They agreed to promote the use of 
agricultural economics as an integral and prominent part of agricultural 
research and training. 

In February 1969, the two study groups met again in Rio de Janeiro. 
The agricultural research group meeting included a one-week international 
seminar on administration of research sponsored by the CNPq and the Minis­
try of Agriculture. During 1969, several Brazilian agricultural econanists 
visited institutions in Brazil and in the United States, and at subsequent 
meetings, the agricultural economics study group proposed a project to 
strengthen agricultural economics research and analysis in Brazil's agri­
cultural research stations. Patterned after the CNPq-NAS Chemistry Program, 
the plan called for NAS fellowships to allow a carefully chosen group of 
U.S. doctoral candidates to conduct their research on Brazilian agricultural 
development problems. 

Following visits by the study group to agricultural research centers 
in southem Brazil, a second seminar on agricultural research administration 
was held in Campinas, Sao Paulo State in July 1970. It was attended by 150 
representatives from state, federal, and agricultural institutes. According 
to Brazilian participants, these seminars improved comm.mications and coor­
dination between the diverse, widely dispersed agricultural research efforts 
of the states and the federal govenunent. 

Agricultural Engineering 

An l'\AS-0\Tq agricultural engineering education study group was created 
by the fourth workshop. CNPq suggested that three U.S. agricultural engi­
neers, two t.mder NAS auspices and one t.mder FAO sponsorship, collaborate with 
Brazilian experts in conducting the study. 

The Joint Study Group met July 24 - August 12, 1972 in Drazil. Members 
visited 16 teaching and research institutions as well as experimental fanns, 
a major agricultural colonization project in the northeast, and gove111T!lent 
agencies. Their purpose was to assess the need for greater engineering in­
puts into agricultural development, study current training of agricultural 
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engineers, observe research projects, and evaluate alternative plans to 
the establishment of agricultural engineering as a discipline and profes­
sion in Brazil. A report, St1$1 for Agricultural Engineer~ Development 
in Brazil, was issued. The ma.Jor reconmendations of the st y group were 
(!) that recognition 1.D'l.der Brazilian law be given to agricultural engineer­
ing (enfenheiro a~icola) as a profession, (2) that CNPq appoint an Agri­
cultura Eilgineer1ng COnmission to guide the development of the new profes­
sion, and (3) that emphasis be given inlnediately to the preparation abroad 
of a cadre of Brazilian agricultural engineers who would return to carefully 
selected institutions for teaching and research. 

Another reccmmendation of the agricul tmal engineering education and 
research study was that a representative group of Brazilians visit U.S. 
1.D'l.iversities to stud:y anTent education and research in agricultmal en­
gineering. That visit was made in JlD'l.e 1973. 

In late 1973 the Brazilians created a Brazilian Agricultural Engineer­
ing Comnission to reccmmend measures to strengthen the application of teach­
ing, research, and agricultural engineering to develop111mt. At the request 
of the CNPq, Dr. Carl Hall, chainnan of the BOSTID agricultural engineering 
panel, visited Brazil in late November of that year. Discussions on a new 
agricultural engineering career and degree program to be offered by Brazilian 
1.D'l.iveristies were held in Rio de Janeiro and Brasilia with the Ministry of 
Education's coordinators for the Conmission on Agricultural Sciences Echlca­
tion and the Conmission on Engineering F.ducation. 

Cant><> Cerrado Study 

A region receiving increasing attention from the Brazilian government 
is the ~ cerrado. At the fourth workshop, the CNPq asked that an ad hoc 
comnitteeol fom ment>ers (two from each cotmtry) be established to work out 
a five-year program of research priorities for rational exploration of the 
cerrado. 

The chainnan of the NAS panel for this study visited Brazil in Novem­
ber 1973 with a OOSfID staff member for discussion with CNPq, the P.mpresa 
Brasileira de Pesquisas Agropecuaria (IMBRAPA), and AID mission officials 
regarding the tenns of reference and arrangements for the proposed project. 
At the same time, it was detennined that the project would take the form 
of a workshop on agricultural research to reconmend research and development 
alternatives based upon teclmical considerations. It was anticipated that 
the joint recomnendations on a concerted research approach to dealing with 
limiting factors in agricultural production would incltde soil fertility, 
cereal grains, soybeans, and pastme management for livestock production. 
The meeting was tentatively scheduled to be held in Brasilia in May 1974; 
however, a.IBRAPA and ~ asked that it be postponed. 

In December 1975, a letter was received from the director of the newly 
created Center for Cerrado Agricultmal Research, Dr. Wencestau Goedert, in­
viting :OOSTID to participate in the IV Cerrado Syq>osium to be held in Bra­
silia, Jtme 21-24, 1976. The objectives and agenda for the syq>osium, which 
was to be a purely scientific meeting, differed from the original tenns of 
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reference for the joint NAS/CNPq-IJ.IBRAPA Workshop on the ~ cerrado, 
which was also to deal with development problems and strategies for in­
creasing agricultural production from the region. It was later agreed that 
discussions of the cerrado research situation would take place in associa­
tion with the syrnpos1tun. 

The IV Cerrado. Syrnposillll was held in Brasilia, Jtme 21-25, 1976. It 
brought together an estimated 800 Brazilian scientists and planners, includ.­
ing a large number of students. In acldition to the NAS-NRC panel, a small 
number of representatives from Europe and the private agricultural sector 
in Brazil participated in the meeting. 

From the discussions during the sympositun and the joint analysis of 
the principal problem areas, a number of critical R&D needs were identified: 

long-term experimentation on soil fertility; 

research on insect control; 

general economic analysis and systems analysis of production sys­
tems alongside teclurlcal research; 

development of deep-rooted varieties for moisture stress resistance; 

technical manpower. 

Nitrogen Fixation 

In mid-1974, as a result of infonnal discussions with a Brazilian 
panelist for the campo cerrado study, Dr. Johanna Dobereiner of the In­
stituto de Pesquisas Agropecuaria do Centro-Sul (IPFACS), and the NAS was 
invited by the CNPq to participate in an international meeting to discuss 
recent advances in knowledge about associative syni>ioses in tropical gras­
ses involving nitrogen fixation. The AID mission agreed to the use of ftmds 
from their contract with the NAS to provide travel for three NAS panelists 
to a meeting at IPFACS and the adjacent Universidade Federal Rural de Rio 
de Janeiro (UFRIU), in which Brazilian, British, Canadian, and Australian 
scientists also participated. This meeting reviewed the work of the joint 
IPEA.CS-UFRRJ group on nitrogen fixation in tropical grasses and legumes and 
made reconunendations for the priority areas of research to be pursued. Plans 
were also drawn up for continuation of the international advisory activity, 
in which periodic meetings of the international conmittee and visits by for­
eign scientists for short periods would be arranged. Research and teaching 
fellowships of from six months to two years were to be arranged as well. 
The research program was also aimed at involving yotmg Brazilian scientists 
who would be able to work for a Ph.D. in microbiology from the UFRRJ1 with 
the long-term objective of increasing the level and extent of Brazilian com­
petence in this field. Fellowships were also to be available to a few stu­
dents from other tropical cotmtries. 

eIBRAPA (the parent organization responsible for IPEACS) and the CNPq 
agreed to support the Brazilian costs of the program. AID agreed to con­
tinue to support BOSTID participation in the program through 1975, with ex-
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isting funds available in the Task Order. In addition, the Agricultural 
Office agreed to support :OOSTID' s continued participation in this program 
for a 32-month ~riod. This support pennitted periodic visits by the NAS­
NRC representatives on the Inteniational Advisoiy Conmittee to collaborate 
with their Brazilian cotmterparts in the research and training program, 
provided travel and equipment grants for and miscellaneous costs of U.S. 
postdoctoral fellows assisting in the conduct of research and in the train­
ing of Brazilian students , and provided funds for Brazilian conmi ttee mem­
bers to spend short periods in the U.S. working at U.S. institutions. 

Although contract arrangements had not yet been conpleted, the first 
postdoctoral fellow, Dr. John Tjepkema, travelled to Brazil on AID invita­
tional travel in January 1976. A grant was received from AID effective 
Jtme 24, 1976 covering a three-year period. 

'Ihe Inteniational Synpositun on Nitrogen Fixation was held in Brasilia 
July 18-22, 1977. This was followed by a meeting of the International Ad­
visory Cormdttee on Nitrogen Fixation, July 23-26. To sunmarize the main 
technical points that arose, much progress has been made in understanding 
the symbiotic associations between legumes and rhizobia bacteria, and gras­
ses and cereal grain crops and what are now characterized as bacteria of 
the new genus Azospirilla. In the case of the legumes, major papers were 
presented describing nutrient deficiency problems of growing feijao and 
soybeans, and their solution using various kinds of spray treatment, par­
ticularly with molybdentun. One inportant finding was the apparent doubling 
of feijao yield when nitrate fertilizer is applied after the plant flowers. 

Regarding tropical grasses and cereal grains, in addition to the work 
on classifying the bacteria, microbiology, biochemistry, and physiology 
has been enployed to inprove understanding of the conditions under which 
the bacteria fix nitrogen. The biggest question still remains: how much 
do the bacteria contribute to the nitrogen in the plants tmder field condi­
tions, and what is the potential for increasing this by selection, etc.? 
One of the major efforts of the Inteniational Advisory Comnitte was to de­
sign an experiment to be carried out concurrently in Brazil, Australia, and 
Wisconsin and Florida in the U.S. which would make this inportant estimation 
at these four locations. 

In stun, the nitrogen fixation program continues to be an inpressive ef­
fort which is making progress under difficult working conditions. The po­
tential contribution to Brazilian agriculture is considerable, mainly in the 
legune/rhizobial research. 

F.arth Sciences 

'Ihe study group on mineral resources, created after the Itatiaia meet­
ing, proposed a plan for inproving higher education in Brazilian schools of 
geology, primarily through increased assistance for the cooperation program 
between the Brazilian National Department of Mineral Production (DNPM) and 
the U.S. Geological Survey. Subsequently, an AID loan of $8. 4 million was 
made for the DNFM-USGS program in collaboration with the U.S. Geological 
Survey. This made possible basic training in field geology, mineral evalu-
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ation, statistics, and mining technology--all contributing to the general 
objectives of the bilateral program. 

In 1967-68, the CNPq made a survey of Brazilian tmiversities to deter­
mine needs for graduate education in geology. The following year, assistance 
was provided for graduate courses begtm in Porto Alegre, Sao Paulo, and Rio 
de Janeiro. At the 1969 workshop in Rio, two sessions were devoted to earth 
sciences, with presentations by U.S. members on geochemistry and geophysics. 
Brazilians presented papers on geochemistry, tropical soils, and general 
geological studies. A study group was proposed to examine ways of inproving 
the teaching of geochemistry, geophysics, and geomathematics--fields con­
sidered inportant for the long-tenn development of the mining industry. 
North .American study group members visited Brazilian tmiversities in late 
1969 and mid-1970. 

The proposal presented at the fourth workshop (1971) outlined a coop­
erative training program that would incll.de long-tenn assigmnents of U.S. 
geoscientists to Brazilian tmiversities for teaching and research. The 
project did not fit into the general NAS-CNPq patteni of activities. Ef­
forts to mdify objectives and focus upon plarming-coordination of graduate 
training and research proved to be inconvenient to some of the principal 
Brazilian tmi versi ties. Ftmds were therefore assigned, with approval of 
AID/Brazil, to the nitrogen fixation program. 

Transportation 

At the third workshop, a study group was proposed to consider training 
and applied research in the transportation sector. In mid-1970, a two-member 
U.S. panel made a preliminary visit to Brazil to discuss specific tenns of 
reference for a detailed study group project. Because the panel proposed a 
study that was to be limited solely to a review of proposed research projects 
in hisdlwaY transportation, the CNPq and the NAS decided it did not fit its 
overall objective, and the study was discontinued. 

O>nputer Sciences 

In 1968, at the request of the CNPq, a preliminary study of COJit>uter 
facilities in Brazilian tmiversities was made. In 1969, the third workshop 
endorsed creation of a conputer sciences study group to consider training 
and research aspects in Brazil. In 1972, the joint study group proposed a 
specific plan to strengthen graduate conputer science education at the Cath­
olic University of Rio de Janeiro, the Graduate School of Engineering of the 
Federal University of Rio de Janeiro, and the University of Sao Paulo. This 
proposal, submitted to CNPq and to the AID mission in Brazil, was accepted 
by both organizations, and grant ftmding at a level of US$730,000 over a 
four-year period was requested from AID. In March 1973, this request, ap­
proved by the AID/Brazil mission, was reviewed in Washington and declined 
on the basis of the U.S. phaseout of technical assistance activities in Bra­
zil beginning in FY 1974. 

Olemistry Program 

The Joint CNPq-NAS/NRC Program for Brazilian Development of Postgraduate 
Teaching and Research in Oiemistry was initiated in October 1969. This pro-
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gram, now in its sixth year, is an experiment in transplanting to Brazil an 
advanced research capability in selected fields of chemistzy regarded as im­
portant to Brazilian development. It is the only operational project cur­
rently conducted tm.der BOSfID auspices. 

The idea for a collaborative tm.dertaking in chemistzy grew out of dis­
cussions in the second (M>q-NAS/NRC workshop held in Washington, D.C., in 
Februazy 1968. A review of the 5-Year Plan for Brazilian Scientific and 
Technical Development revealed the need to inq>rove Chemistry edUCation and 
researdi. It was reconmended that a binational chemistzy coJllllittee be es­
tablished to study ways in which this need could be satisfied. The coJllllittee, 
formed in 1968, concluded that the rost effective neans of improving the 
quality of research and graduate teaching in Brazil would be through a pro­
gram in which American postdoctoral fellows in chemistry, with the guidance 
of their U.S. professors, would pursue their own research in leading Bra­
zilian tm.iversities in collaboration with Brazilian faculty and postgraduate 
students. An experimental program for an initial five-year period was pro­
posed by the committee to the third U.S.-Bmzil workshop, held in Rio de 
Janeiro in April 1969. 

The basis of this reconmendation was: (1) recognition by the Brazilian 
governrent of the importance of science and technology to Brazil's economic 
developnent (especially chemistzy, which is required for many industries 
such as chemicals, textiles, and phannaceuticals); (2) agreement that insti­
tutional capacities and capabilities needed expansion in order to serve the 
growing demand for higher education in Brazil; and (3) realization that long­
term scientific ties between Brazil and the United States would foster a bet­
ter tm.derstanding between both comtries, as well as promote the growth of 
science. 

The CNPq-NAS/NRC program in chemistzy was begm with 10 research projects 
in advanced fields of chemistry, initiated in successive stages. These pro­
jects were selected by a cOJllltl.ttee of 10 senior U.S. professors from Stan­
ford University, the University of Michigan, and the California Institute of 
Technology, and 10 Brazilian professors representing the Federal University 
of Rio de Janeiro, the University of Sao Paulo, and r.entro Brasileiro de 
Pesquisas Fisicas. Subsequently, three additional :erofessors from Indiana 
University, Northwestern University, and Caltec-.h joined the program. Fm.d­
ing for NAS costs was provided by an AID host cotm.tzy contract with the CNPq 
from NSF and from a mmiber of private sources. 

The basic operation of the program can be described briefly. Senior 
Brazilian chemists propose cooperation with U.S. colleagues ld.th whom they 
feel a productive research program might be established, based on conpatabil­
ity of interests and availability of graduate students, instnunentation, and 
laboratozy space. With approval of the joint conmittee, yOlUlg U.S. Ph.D. 
chemists are then selected by the U.S. and Brazilian scientists to conduct 
research and teach in Brazilian tm.iversities for two to three years. The 
positions they assume in Brazil are equivalent to those of assistant profes­
sors in the United States. The U.S. senior professors participate in the 
scientific aspects of each project through semiannual visits to Brazil and 
through continuing communication with their Brazilian cotm.terparts and the 
yomg Americans for whom they are responsible. The joint CNPq-NAS/NRC com-
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mittee reconmended that this program be undertaken for a minillun of five 
years, recognizing that effective evaluation could only be undertaken after 
the graduation of the first Brazilian Ph.D. candidates. 

One of the unique aspects of the program is that 13 eminent U.S. chem­
ists have conmitted themselves to this binational experiment in graduate 
training and research. If successful, it may serve as a prototype for future 
cooperative ventures in the transfer of advanced scientific capabilities to 
developing col.Dltries. In recognition of the i.nportance of this program the 
NAS has, for the first time, given its name to the Overseas Research Fellow­
ships awarded to the yotmg .American scientists. 

Another aspect of the program is the enphasis placed on training Bra-
. zilian doctoral candidates in Brazil rather than abroad. fbwever, certain 
requirements of the Ph.D. program camot yet be satisfied in Brazil. There­
fore, the U.S. conmdttee has undertaken to place up to 10 Brazilian stu:lents 
per year in U.S. universities for one year of specialized training. The U.S. 
conmdttee will also accept up to five students amually in the meni>ers' 
laboratories for intensive short-tenn (up to three nmths) research. 

At the beginning of the program, it was recognized that certain key prob­
lems associated with teaching and research in Brazil would have to be solved. 
These were: increasing the nuni>er of gradmte students, increasing the sala­
ries of Brazilian professors, and decreasing the isolation of the scientist 
in Brazil. The program has contributed to sane inprovement in the situation 
with respect to these problems in the area of chemistry. Statements from of­
ficials at the oo>q, the Brazilian and American universities, and the Brazilian 
Ministry of Economic Planning indicate that this program is recognized as 
an inportant element in Brazil's efforts to inprove its capabilities in sci­
ence and tedmology related to Brazilian economic development. Moreover, it 
is looked upon as a significant mechanism for strengthening U.S. -Brazilian 
scientific cooperation, not only at the usual level of senior scientists but 
at the level of yol.Dlg Ph.D. graduates as well. 

It is expected that during the life of this program enough doctoral can­
didates will have completed their training to staff the chemistry departments 
of institutions in which the program is operating. Also, the program will 
inceease the nuni>er of graduate students in chemistry at two leading institu­
tions of higher learning, establish advanced research capability in avant­
garde fields of chemistry, and create a chamel between the United States and 
Brazil for sharing advanced chemistry research on a continuing, sustained ba­
sis. To date, after six years of operation, considerable progress has been 
made in meeting the original objectives of the program. Research groups have 
been established, some of which are self-sustaining programs! Program parti­
cipants have been awarded 27 master of science degrees and nine doctorates; 
51 master of science candidates and 20 doctoral candidates are ctnTently en­
rolled. Many of the graduates have taken teaching positions in the universi­
ty system in Brazil. While the majority in Sao Paulo and Rio de Janeiro still 
remain in their training institutions, otheT universities--Rio Grande do Sul, 
Fortaleza, Maringa, and the Federal Rm'al University of Rio de Janeiro--have 
enployed professors trained in the program. .Additionally, because the Univer­
sity of Sao Paulo is a training center for the Organization of American States, 
other Latin .American countries are benefiting frm the program. 
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The quality of the research being conducted by these groups is consis­
tently high: two books have been published, 88 papers have been published 
in international scientific journals, and an additional five are in process 
of being published. 

Brazilian :industry is beginning to benefit fran the program, and 
PETROBRAS (the Brazilian national oil cmpany) has created a research group 
caiposed entirely of graduates from the program. 

An IJiternational Polymer Symposim, organized by the polymer group of 
the chemistry program, was held in Rio de Janeiro in July 1974 under the 
auspices of the Intemational Union of Pure and .Applied Chemistry and spon­
sorship of the Brazilian Academy of Sciences, the CNPq, and the Secretariat 
for Science and Teclmology of the State of Guanabara. It attracted mre 
than 700 scientists from arol.lld the wrld and was highly s\Ccessful, as 
measured by the quality and extent of scientific participation, mmi>ers of 
papers presented, and recognition by the international scientific commm.ity. 

In 1974, the recognition of the fact that the program had started 
rather mre slowly than had been hoped (due largely to the problem of 
attracting good stments to an unlcnown and eJeJ>erimental program) , the joint 
chemistry comnittee agreed to continue the program for an additional two 
years, to produce sufficient graduates to ensure the self-sufficiency of 
all of the research groups. Flmding for this extension came almst entirely 
from Brazilian sources. 

The formal program between the CNPq and the NAS in chemistry ended 
December 31, 1976. At the last meeting of the NAS-CNPq conmittee held in 
Rio and Sib Paulo November 16-20, 1976, they thought it essential to review 
the progress of the program and discuss various ideas for the continuation 
of individual projects. The conclusion and reconmendations of the joint 
group follows: 

1. Considering that the several projects of the program are fully ftm.c­
tional with a total of about 100 graduate students and researchers 
actively engaged in their scientific and technological investigations, 
and considering that to protect the capital and efforts already in­
vested and produce the desired results of training of personnel at a 
level of international c:onpetence it is essential that this research 
should continue, it was emphatically reccmmended that the CNPq 
continue annual fuming of the same order of magnitude. 

2. It was rec:onmended that resources be allocated for the continuation of 
interaction between scientists at a national and international level 
in the form of bilateral visits of researchers who are of interest to 
the program. 

3. It was reccmnended that an assessment of the total impact of the pro­
gram be done in two or three years. 

4. Since in some of the projects conditions my exist to pennit a partial 
funding of wrk through specific bilateral agreements with foreign 
agencies, it was rec:onmended that pursuit of such agreements be en­
couraged. 
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Workshop on tblem Science and Teclmology in the Development of Agriculture 
of the Semiarid Region of Brazil 

In 1973, the Brazilian Planning Ministry and the Brazilian Academy of 
Sch•nn·s requested NAS assistance in convening a workshop to explore the 
utilization of science and technology in the development of agriculture in 
the dry northeastern part of Brazil. Q>nducted in Brazil and fl.Dlded entire­
ly hy the Rrazilian govcnuoont, this workshop was convened in two phases in 
1974 (March an<l Scpteni>cr). Participants agreed on the need for the follow­
ing: 

1. Tiie awarding of contracts to foreign institutions to conchict research in 
their country an<l to train a small core (three to five) of Rrazilians. 
One advantage of this method is the possibility of solving an urgent 
problcn1 while sirratltaneously training Brazilians to carry on the work 
when they rettllll to Brazil. A disadvantage is the high cost of paying 
for tJ1e research and the salaries and living expenses of the Brazilian 
trainees, as well as the need to provide laboratories and associated 
equipment when the trainees rettllll to Brazil. 

2. The initiation of a fellowship program to bring researchers from other 
colDltries to Brazil to lDldertake specific projects related to problems 
of the semiarid region. These fellowships would be attractive to many 
researchers if they provided adequate salaries, laboratories, living 
conditions, and recognition by the Brazilian government as well as by 
the Brazilian scientific COlllll.Dlity., The latter might be realized if 
the fellowship were identified fornBlly as ''The Brazilian Academy of 
Sciences Research Fellowship." 

3. The establishment of a dry land institute in the northeast, which would 
initiate projects with many c0tmtries such as the (}ll>q-NAS/NRC chemistry 
program in Brazil. 

Recent infonnation shows that suggestion #3 has been fully accepted by 
Brazilian authorities, and the design of the institute is now being mder­
taken. 

Joint NAS-CNPq Continuing Conmittee 

In 1975, the CM'q and NAS agreed to establish a joint continuing conmit­
tee, with the first meeting scheduled in July 1975. fblever, the highly fluid 
economic situation in Brazil has prevented the issuance of the Govenunent of 
Brazil's Science and Teclmology Plan, which was to have been the main docu­
ment to be considered by the continuing conmittee. Subsequently, the meet-
ing was held JlDle 28 - July 2, 1976. The agenda included specific areas of 
science and teclmology suitable for U.S.-Brazil cooperative activity and recom­
mended appropriate institutions, agencies and/or organizations in the United 
States and Brazil for cooperation. The CNPq's Scientific Conmittee was the 
NAS comterpart organization for this meeting. 
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Humid Tropics of the Amazon 

The Amazon region of Brazil was selected by the Brazilian govermnent as an 
area for extensive development. The government recognized the need to pro­
ceed with caution because the ecology of the area is not well mderstood. 
Moreover, the Brazilians were aware of the concerns expressed about the pos­
sible effects of development activities in the region on the global climatic 
system, and thus they tried to allay these fears by organizing a research ef­
fort to provide guidance for the economic development of the region. 

In order to secure needed scientific data on the flora and fat.ma of the 
Amazon region, the CNPq, at the direction of the Brazilian government, up­
graded the status and the ftmding of the lnstituto Nacional de Pesquisas da 
Amazona (INPA). This institute is responsible for condu:ting an expanded re­
search program and coordinating all the research in the Amazon region being 
carried out by other Brazilian agencies. The largest research efforts of the 
institute are in its present program, "Ecology of the Central Amazon·," which 
operates mder INPA's Division of Biology. INPA has five other divisions-­
Information, Medical Sciences, Agronomy, Teclmology, and Geography. The 
ecology program includes: botany, soil biology, limnology and climatology, 
and wood technology and plant chemistry. 

The CNPq requested that NAS establish a joint CM>q-NAS Subconmittee on 
the Humid Tropics to review in detail the fornlll.ation and direction of the 
ecology program and to advise on the overall program of the institute. This 
joint subconmittee met in Manaus Deceni>er 6-10, 1976. The major recamnenda­
tions resulting from the meeting were: 

1. A joint project be established between INPA and the Laboratory of Chem­
ical Biodynamics in Berkeley (LCB) to focus on (1) a survey of existing 
knowledge about latex and exudate-producing plants to select a few pro­
mising species for study, (2) a detailed study of the plants selected 
from the survey, and (3) an exchange of scientists and graduate students 
between LCB and INPA. 

2. A joint project be established between INPA and the University of Cali­
fornia at Santa Cruz to focus on resins from the genus Copaifera. 

3. A workshop be held at INPA to establish contacts and exchange viewpoints 
about the status of research in tropical diseases, i.e., hanseniasis, 
maleria, gastrointestinal diseases, and illshnaneasis. U.S. scientists 
knowledgeable in these tropical diseases should be identified for short­
term visits to INPA. 

4. Establish a project to strengthen the postgraduate course in freshwater 
biology and fisheries at INPA; expand the program on fisheries biology 
and the present work on agriculture; and enlarge the program on fish 
technology. 

Semiarid Tropics of Northeast Brazil 

In Septeni>er 1974, :oosTID joined with the Brazilian Academy of Science to 
conduct a workshop in the northeast of Brazil on problems of that semiarid 
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area (see write-up on page 66). Subsequent to that workshop, a Panel on 
Climatology in Regions of Drought and Frost in Brazil was formed to review 
the current status of research in these areas and to offer advice on their 
ftn1:her development to the Government of Brazil. The panel was specifically 
asked to perform its assignment in conj1D1Ction with the International Semi­
nar on Climatology of the Southern femisphere, held during Septenber 5-10, 
1977 at the Agronomic Institute in Canpinas, Sao Paulo, Brazil. 

Rec011111endations made include the following: 

-- Priority research attention in Brazil should be given to (1) solu­
tion of practical agrometeorological problem of drought and frost 
mitigation, (2) development of selected crop growth lll>dels and a 
yield surveillance system, (3) development of inproved weather fore­
casting system, including the use of numerical JOOdels for both 
forecasting and research applications, and (4) development of a 
climatic data bank. 

Increased attention should be given to the training of agrometeorol­
ogists with specific needed specialties. 

Program should be developed for the training of specialists in 
crop growth and yield JOOdeling, including the adaptation of sinll­
latian techniques developed elsewhere to Brazilian conditions. 

Efforts should be made to further training opportunities in numeri­
cal weather prediction techniques, regional numerical JOOdeling, and 
J!Kldeling of the southern hemispheric circulation for climate sensi­
tivity studies. 

-- Efforts should be made to increase the contact, exchange, and coordi­
nation a.JOOng the various research groups in agrometeorology and cli­
matology in Brazil, as well as with corresponding groups abroad. 

In view of the limited resources available, the unique capabilities, 
interests, and resources of the research groups in Brazil should be 
recognized and each group encouraged to develop a different specialty 
or expertise as part of a coordinated national research policy. 

Brazil Flora Project 

The fh.unid Tropics Program of the CNPq enconpasses a nuni>er of subelements, 
one of which is a flora project. This project will provide as complete an in­
ventory as possible of the comtry's natural plant resources. In recognition 
of the iJllnensity of the task and believing that prompt action is needed to sur­
vey the flora of the Brazilian Amazon River Basin, the CNPq invited OOSI'ID, 
in the context of its overall cooperative program, to participate in the plan­
ning and execution of the flora project. 

An inventory of the Amazon flora was given highest priority because of 
the alarming rate at which one of the world's mst diverse and biologically 
complex forest ecosystem was being destroyed and because this rate may well 
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be accelerated by population growth and by inplementation of Amazon develop­
ment plans. The inventory was to be directed toward collection of unknown 
plant species and toward an mderstanding of the .Anazon ecological system 
essential for devel~t of a rational land-use policy. A meet~ of U.S. 
scientists was held m late March 1976 to assist OOSTID in evaluating the 
desirability, feasibility, and possible scope of a proposed joint project 
between U.S. and Brazilian scientists to conduct research on the flora of 
the Amazon Basin. As the second step, a group of U.S. scientists met with 
their Brazilian comterparts in early April 1976. The U.S. National Science 
Fomdation, as of Septenber 1977, has taken the responsibility for carrying 
out this project. 

Steroid Program 

One recomnendation from the first CNPq-NAS workshop which seems to have 
gained significant nonentum without further NAS involvement has been the pro­
duction of steroid raw materials from seisal waste products. During the 
first workshop, a small joint subconmittee (Drs. Carl Djerassi and Walter 
ibrs) reconnended the establishment of a pilot plant in the northeast of Bra­
zil to separate steroidal sapogenins (notably hecogenin and tigogenin) from 
seisal waste as a mechanism to make available an indigenous source of raw 
materials for the production of steroid products. A pilot plant was subse­
quently established and mre recently two large European fi1115 have approached 
the Brazilians about establishing an operation in the northeast for the iso­
lation and manufacture of steroid sapogenins on a large scale. 

Investigations are now being conducted by the Institute of Natural Prod­
ucts and the Institute of Technology (both in Rio) about the further elab­
oration and transfomation of the sapogenins to finished steroid hormnes. 
This could make Brazil partially independent in this area. 

CENI'RAL AMERICA 

One of the newer factors of AID policy in foreign assistance is a bal­
anced concern for the enviromnental consequences of development. The report 
of the NAS ad hoc panel on International Aspects of Man's Effect upon the 
Environment (January 1970) led the AID Regional Office for Qmtral America 
and Panama (ROCAP) to express interest in sponsoring a Central American re­
gional workshop on the environment and development. The Central American 
Research Institute for Industry (IC.AITI) had already been engaged in measur­
ing pesticide residues in cottan-growing areas and, when approached by AID, 
was enthusiastic about cosponsoring a workshop. The Central American Bank 
for Economic Integration later joined IC.AITI and the NAS in this endeavor. 

Major objectives of the workshop were (1) to provide a forum for dis­
cussion environmental problems in Qmtral America, and (2) to reconmend ac­
tion programs for governments and regional organizations to alleviate en­
vironmental problem associated with social and economic development. 
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The seminar, held in August 1971, was attended by representatives of 
planning off ices fran each Central .American cotDltry and by observers fran 
the World Bank, the Inter-American Development Bank, the General Secretariat 
of the General Treaty for Central .American Economic Integration, the Orga­
nizaticm. of American States, and the Inter-American Institute of Agricultural 
Sciences. Recommendations dealt with demgraphy and population statistics, 
criteria for pesticide use, industrial potential for tropical forest products, 
economic modeling as a tool for planning in Central American integration, and 
environmental research. 

Pesticide Management 

F.arly in 1973, ICAITI and OOSTID fonned a study group on pesticide 
management problems that reconmended a two-year enviromnental and economic 
investigation of the consequences of pesticide use in the Central American 
cotton-producing region (the Pacific coastal plain of Guatemala, El Salvador, 
Honduras, and Nicaragua). A proposal for the study, prepared by the study 
group, pointed to the changing conditions in Central .American cotton produc­
tion since chemical pesticides were first introduced in the early 1950s. 
Within 10 year, major economic effects were being felt in the region; insec­
ticides were exacerbating pest control and enviromnental problems in ways 
not fully tmderstood in Central America. F.qually serious were the effects 
on public health, which could be documented in tems of human poisonings 
(about 1,800 annually); loss of fish, shriq>, and other animals; and evi-
dence of mtmting pesticide residues in livestock and food crops. The num-
ber of insecticide applications in some cotton-growing regions had increased 
from eight to 40 per season. This increase represented the only available 
response of the cotton fanner to increasing insecticide resistance and to the 
loss of natmal predators. However, even with the higher frequency of appli­
cations, pest control was not satisfactory. By the early 1970s, alternatives 
to complete reliance on chemical pesticides were being sought for enviromnental, 
public health, and economic reasons. 

The purpose of the study designed by the NAS-IQ\ITI group was to develop 
a slsterns rnana~ment program to reduce the quantity and thereby the attendant 
enviromnental etects of pesticides in cotton production. The study incltded 
the following aspects: 

Determination of enviromnental iq>act on selected cotton-growing 
and control areas through the comparison of pesticide contamination 
of htm1an and animal food sources, of water, and of wildlife. 

-- Demonstration experiments of integrated pest control in selected 
cotton-growing areas of Guatemala, El Salvador, lbnduras, and 
Nicaragua. This phase of the study had as its goal the reduction 
of pesticide treatments from an average of 30 to about 10 per season. 

Careful analysis of economic aspects of pesticide use in cotton pro­
duction and, wherever possible, the economic side effects on produc­
tion of meat and other food products. 

Collection of data relating pesticide use to enviromnental health of 
workers and their families in the cotton-growing regions. 
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The enviromnental systems study is being conducted by a special full-
time team of economists and physical, biological, agricultural, and medical 
scientists, and by part-time consultants directed by IOOTI. Funding ($ 300, 000) 
was made available for the two-year period May 1974-1976 fran the United Nations 
Enviromnental Progranme (Nairobi) • BJSTID involvement is at the invitation 
of IOOTI and consists of meni>ership on the executive advisory conmittee for 
the overall study. NAS-appointed members of that conmittee are Dr. David Pi­
mental, Professor of Entomology and Ecology, Cornell University and Dr. Louis 
Falcon, Cotton Entomologist, University of California (Berkeley). Expenses 
for their participation in advisory comnittee meetings and in occasional con­
sulting assignments are borne by ICAITI mder the UNEP grant. 

Under the AID/CBr agreement, :OOSI'ID provided staff support to the Advi­
sory Comnittee. A mid-project report in Spanish and English was submitted to 
UNEP in late 1975; a two-year report was pUblished in January 1977. 

Results from the first year indicate that the integrated approach to 
pesticide use in cotton production can be highly beneficial economically. For 
example, insect control by conventional spray-by-calendar methods required an 
average of 21 applications, whereas on the integrated control plots only 14 
sprays were used--a 33 percent reduction in quantity. Since each spray costs 
about US$10 per application per hectare, the net saving is about $ 70 per hec­
tare. Furthel'DK>re, using this integrated approach yields were maintained at 
the same levels or were slightly increased, thereby providing an added incen­
tive for adopting intep-ated pest control techniques. With the reduced quan­
tity of insecticide belllg used, enviromnental effects and incidence of hlDllan 
poisonings are also reduced. 

Because the application of the results of an environmental project of 
the kind being done by IOOTI depends upon education, extension, cooperation 
among cotton growers, and cooperation of the Central .American govenunents, an 
application was made to UNEP for continuing the program through two additional 
years. During this period, IOOTI proposed to extend data-gathering aspects 
of the study, refine methods for reducing human poisonings fran pesticides, 
implement more widely the integrated control approach, extend economic investi­
gations and, through education-extension methods, help the Central .American 
govemnents adopt the teclmiques that the study has shown to be so beneficial. 
Unfortmately, the UNEP was tmable to finance the proposed activities. Some 
local education and field extension work, however, was continued by IOOTI 
with the Central American Cotton Growers Front. 

OOLE 

In spring of 1970, the CU.lean National Comnission for Scientific and 
Technological Research (CDNICYT) requested technical assistance from the AID 
mission. Eventu~ly, the request resulted in a jointly sponsored CDNICYT-NAS 
workshop organized to review technical areas suggested by the Chileans. The 
workshop, held in Santiago, January 1971, was organized into five working 
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groups--national science policy, nutrition and food teclmology, marine sci­
ences, c<>q>uter sciences and applied mathematics, and research. and development 
in copper technology. F.a.ch group made reconmendations in its particular 
field. 

The working group on food and nutrition adopted over 20 reconmendations. 
AD:m.g them were proposals for creating a national nutrition office and for 
using the expertise of governmm.tal, industrial, and university representa­
tives for formulation of a national nutrition policy. The group urged that 
a thorough study of the food industry be made so that rational policies to 
iq>rove food production could be developed. 

The working group in marine sciences examined a wide range of topics on 
the exploitation of marine resources--the upwelling phenomenon, fish resources 
in the distinct ocean regions along Clrlle's coast, marine pollution, ocean-air 
interaction, and marine geology. Reconmendations called for the development 
of institutional coordination of all activities in the marine sciences and im­
proved conmunication moong Olilean and international institutions. 

The working gro~ on copper teclmology and the group on mathematics and 
conputer sciences concluded that the mst critical problem was a lack of qual­
ified persormel; the group reconmended specific steps for inprovements at all 
levels of the educational system. 

Imnediately after the workshop, the Allende governmm.t reorganized the ad­
ministration of <DNICYT. Nonetheless, CDNICYT officials proceeded to develop 
policies influenced by the workshop reconmendations in at least three areas-­
marine sciences, applied mathematics and conputer sciences, and nutrition and 
food technology. 

The interest of the Cllileans in copper technology pronpted cooperation 
between the United States and OU.lean participants. Thni.ng the sU11111er of 1971, 
Albert Schlecten, one of the U.S. participants, arranged for two U.S. professors 
to give short courses at the University of Cllile on the use of the con;>uter in 
the "analysis optimization and control of mineral processes." Following these 
courses, the U.S. professors were invited to the University of Qmc~cion to 
confer on the curriculum of the Department of Metallurgical Bngineenng. 

In May 1971, Iellmuth Sievers, a marine scientist at the Clrllean Naval 
Hydrographic Institute and a workshop participant, visited NAS to discuss the 
workshop's marine science report. A <DNICYT policy plarming group had met in 
early May and had accepted the entire report. Follow-up activitiy with NAS 
was discussed, particularly concerning the ~lling phenomenon, meterology, 
and marine pollution. 

At the invitation of <DNICYT, an NAS staff meni>er visited OU.le in July 
1971 and met with the new chairmn, Victor Barberis. At that time it was learned 
that a national office of nutrition had been set up. According to a CONICYT 
staff officer, three of the reconmendations on mathematics were being inplemented. 
In Septeni>er 1971, Max Rutman, a Clrllean food technologist and a workshop par­
ticipant, visited the NAS. le reported on the creation of a National Protein 
Conmittee in Clrlle, and proposed collaborative activity between the two bodies. 
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Subsequently, although there were other modest follow-up efforts on an 
individual basis by NAS staff, the general political climate and lack of fund­
ing made it i.nqx>ssible to establish joint projects or study groups. 

In 1974, Ing. Jmi.qm d'Btigny, pro-rector of the University of Olile, 
proposed a joint workshop between the tniversity of Chile and the NAS an re­
newable natural resources--apicultural research, forestry utilization, and 
mrine (fisheries) development. Dr. Juan Valencia, University of Chile, was 
appointed chairman for the Chilean group. "1.en he visited the United States 
for a two-mnth period early in 1975, extensive discussions were held on the 
agenda, possible \>articipants, and physical arrangements for holding the work­
shop in Santiago in Septenber 1975. Because of a lack of :ftmds, ~ID par­
ticipation was i.nqx>ssible. 

The Chileans, however, decided to hold a local workshop in preparation 
for a more conprehensive bilateral activity with the NAS. This workshop was 
held in Santiago, Septenber 29 - October 2, 1975. 

In Septenber 1975 and again in January 1976, the Govemment of Chile in­
tervened in the University of Chile by remving administrative officials and 
detaining a ntlli>er of professors and students. These activities eventually re­
sulted in the replacement of the pro-rector, several deans of faculties, and 
the heads of departments. Because of the lllSettled conditions, workshop plan­
ning was suspended by NAS even though partial support for U.S. participants 
had been offered by a private foundation. 

OOUMBIA 

In 1967, a study of foreign assistance programs in Colombia comnissioned 
by the International Teclmical Cooperation and Assistance Panel of the Presi­
dent's Science Advisory Comni ttee (PSAC) was undertaken by a team headed by 
the NAS Foreign Secretary. Ch that occasion, discussions were also held with 
Coloni>ians and U.S. P.ni>assy and AID officials on the role of science and tech­
nology in the development process. These discussions led to the creation of a 
joint Coloni>ian-U.S. workshop cosponsored by the Coloni>ian Ministry of Educa­
tion and the NAS and held in Pusagasuga, February 26 - March 1, 1968. Recom­
mendations were fol'Dlllated on education, industry, agriculture and natural re­
sources, and national science policy planning. 

In the iq>lementation of workshop resolutions, Colombians gave priority 
to the establishment of (1) a cabinet-level Cotmcil for Science and Teclmology 
to deal with policy questions, and (2) an operating agency within the Coloni>ian 
govermnent for the strengthening of science and tedmology. To pursue these 
objectives, the minister of edocation requested consultant services from UNESOO 
for guidance on the structure and :ftmctions of an organization for science and 
teclmology. The NAS Foreign Secretary undertook the mission; UNESCD submitted 
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that report* to the govenunent of Coloni>ia in the fall of 1968. In Decem­
ber, a cabinet-1 evel Coloni>ian National Council for Science and the Colom­
bian Fund for Scientific Research and Special Projects "Francisco Jose de 
Olldas" (OOLCIENCIAS) were created by presidential decree. CDLCIENCIAS was 
placed organizationally within the Ministry of F.ducation, but given legal 
status as an operating agency with a budget for supporting scientific re­
search, manpower training, and special studies. 

One inmediate result of the first workshop was the assenbling of Colom­
bian industrial leaders in Medellin to explore ways to strengthen applied 
research in industry. This, in tmn, led to a seminar in August 1969 on the 
administration of scientific research, sponsored by CDLCIENCIAS and the Colom­
bian Institute of Cultural Integration and assisted by the OAS, the West Ger­
man government, and AID. An NAS consultant conducted a colll'Se on administra­
tion during the seminar. Also during the seminar of 1969, CDLCIENCIAS coopted 
the services of an NAS staff menber to assist in administrative and organiza­
tional plarming. 

F.arly in 1970, representatives of the NAS, CDLCIENCIAS, the Colonbian 
National Plarming Office, and the Institute for the Development of Higher 
Education (ICFESJ met in Washington and agreed to sponsor a series of joint 
studies on the potential for graduate education and research in chemistry, 
biology, mathematics, physics, earth sciences, and engineering in Coloni>ian 
universities. 

The timetable for the individual studies was as follows: 

1. Chemistry. The joint panel met in Colonbia, February 22-27, 1971, and 
visited the National University (Bogota), An.tioquia University (Madellin), 
and the University of the Valley (Olli). 

2. Mathematics. The joint panel met March 15-20, 1971; visits were con­
fined to universities in Bogota--National, Andes, Javeriana, and Na­
tional Pedagogical. 

3. Engineering and Applied Sciences. The joint panel first met in Febru­
ary 1972 in Bogota and then divided into separate groups along disci­
plinary lines as follows: 

* 

a. Olemical engineering. The universities of An.tioquia (Medellin), 
Valley (Cali), and the Industrial thiversity of Santander (Bucara­
manga). 

b. Industrial and systems engineering. The universities of Medellin, 
Valley, Andes, and National (in both Bogota and Medellin). 

c. Mechanical engineering. The universities of An.des, Valley, and 
National (Bogota), the Industrial University of Santander, and the 
Teclmological University of Pereira. 

Harrison Brown (1968) Report on Colombian science policy mission. In: Pre-
liminary Report on Science Policy. Paris: UNESCD. 
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d. Physics, electrical and electronics engineering, and telecomntmi­
cations. The universities of the Valley, Andes, National (Bogota), 
Cauca (Popayan), and the Industrial thiversity of Santander. 

e. Geology, mining engineering, and metallurgical ensineering. The 
universities of Antioqui.a, Free (Bogota), and National (both Bogota 
and Medellin) • 

f. Civil engineering. The universities of the Valley, Cauca, Antioquia, 
Andes, and National (both Bogota and Medellin) • 

4. Biological Sciences. The joint panel met in Colombia May 29 - June 13, 
1972, visiting Javeriana, Andes National Pedagogical, Jorge Tadeo Lo­
zano, and National universities (Bogota), the University of the Valley 
(Cali), and Antioquia University (.Medellin), as well as the Colonbia­
German Research Institute at Santa Marta, the joint marine laboratories 
in Cartagena of the University of Bogota "Jorge Tadeo l.Dzano," and the 
Naval School. 

A multidisciplinary review panel met in Bogota on October 30-31, 1972 
to examine each of the four studies and discuss stmnary conclusions. The re­
view panel recognized that inplementation of the studies on graduate education 
and research in Colombian universities was the responsibility of Colonbian 
authorities. Furthe1111>re, limited resources of highly trained manpower and of 
funds, and larger considerations of Colombian economic development would de­
tennine both the priority and the strategy for inplementation of a national 
graduate education-research program. 

Specific conclusions were: 

1. Graduate progrmm in Colonbia must be closely correlated with stated 
national priorities for social and economic development. 

2. Before new graduate programs may be started in the universities, the 
need for highly trained persons in various specialties should be as­
certained to ensure insofar as possible that job opportunities will 
exist. 

3. Because of the importance of the National Information System and the 
Ibcunentation Centers, especially in relation to graduate education and 
research, planning for gradmte programs should include the use of these 
facilities. 

4. A strong correlation between undergraduate and graduate programs was 
recaimended. 

5. Coordination of tmiversity graduate progrmm and manpower needs of in­
dustry are important to both the tmiversity and the industrial sector. 
Wherever possible, graduate theses ·should be related to industrial pro­
jects. 
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6. Exchange programs and better use of existing ht.mm resom-ces can be 
strengthened through cooperative programs and opportunities for trans­
fer of students 8JDJng the Colombian universities. 

7. Graduate programs should prepare new professors and also raise the 
level of in-service professors in the university system. 

8. Along with graduate programs, there is need for an integrated system 
of maintenance and construction of instnments and equipment. 

9. The mininun elements and criteria that distinguish a grach.ate program 
fran other courses of advanced (nondegree) training need to be clearly 
identified. 

10. Students in graduate programs could work to a greater degree than at 
present as teaching assistants in lmdergraduate courses, thereby bene­
fiting both graduate students and the undergraduate programs of the 
lmiversities. 

Subsequently, the BOSTID staff director visited Colombia in February 
1974 for program discussions with Dr. Efraim Otero, second director of 
CDLCIENCIAS and William Ellis, then director of the AID mission. It was 
agreed that a joint OOLCIOCIAS-H>SI'ID workshop would be held about July 1974. 
The workshop was to cover a broad range of topics of concern to Colonbian 
authorities to be followed by joint study groups in priority areas. 

1. Food and Nutrition. Review of a proposed Colombian research program in 
food science and teclmology and national nutrition policy. 

2. Energy. Review of the potential for exploiting and using Colombia's 
substantial coal reserves, for both domestic purposes and foreign ex­
change earnings. 

3. Industrial Research. Review of ways to step up the pace of Colombia's 
industrialization efforts by strongly linking gove111JJ1ent research, lmi­
versity investigations, and applied research activities. 

4. Environment. Beginning of a rational Colonbian govemmental {>Olicy toward 
environmental problems by studying U.S. experience and participating in 
a general exchange of infonnation on air and water pollution. Intensifi­
cation of agriculture and industry and the rapid pace of urbanization 
have made environmental degradation increasingly evident. 

The workshop, however, was. not held. CDLCIJH:IAS turned its attention 
increasingly to international programs in which grants-in-aid are offered. 
NAS and CDLCIOCIAS continued to maintain cmtacts and exchange infonnation 
on program activities, but no joint projects are currently plarm.ed. 
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COSTA RICA 

In October 1976 two :OOSTID staff members visited Costa Rica in the 
course of a program development trip to Central .America. Since Costa Rica 
has had favorable long tenn economic and social progress and about 30 years 
of U.S. foreign assistance totallin~ nearly $500 million, the U.S. was con­
sidering tennination of its concessional economic assistance by 1981. The 
AID mission is concerned that significant joint activities continue after 
the end of assistance programs so that traditional cultural and economic 
ties remain and are strengthened, to perpetuate the long history of friend­
ly relations between the two cotm.tries. The mission, responding to initia­
tives from the Costa Rican government, agreed that science and technology 
programs are one area of eq>hasis for continuing programs. 

1he discussions with the mission and with the Costa Rican National 
Research Cotm.cil(CONICIT) resulted in agreement on the benefit of holding a 
joint workshop on science and technology planning and econanic development 
in specific areas of interest to the Costa Rican government, such as natmal 
resomces utilization and conservation, marine resomces exploitation, for­
nul.ation of scientific manpower and agro-industrial developnent. 

Possible follow-up activities in applied agricultural areas (utiliza­
tion of forest products, further work on agro-industrial developnent, a pilot 
experiment on tropical plants) were also discussed. 

A second staff visit to Costa Rica scheduled for May 1977 for further 
discussions about the proposed workshop had to be postponed for reasons tm.­
related to the Costa Rica program. At that time, the Costa Rica AID mission 
director informed BOSTID that CDNICIT was still interested in the joint work­
shop, but not in the inmediate future. Both the mission director and the 
Director of CDNICIT met with :OOSTID staff in Washington during sunmer 1977, 
but no firm date for a workshop was established. Since that time, the mis­
sion, CDNICIT and OOSTID staff have been focusing upon the area of energy 
development, particularly an evaluation of non-petroleun potentials such as 
biomass conversion, geothennal resources, wind energy, and hydro-power de­
velopment. CDNICIT has formed a Costa Rican task force to assess each of 
these; a report is due by late 1978. A new series of discussions and plan­
ning for a joint workshop will then be held by BOSTID and CDNICIT. 

The AID mission informed :OOSTID that it has a tentative project in the 
planning stage for applied science and teclmology in Costa Rican economic de­
velopment. :OOSTID was asked, in principle, if it would assist through a work­
shop late in 1978 along the lines of that which was originally suggested in 1976. 

IXMINICAN REPUBLIC 

The director of the Ibminican Institute of Teclmological Research 
(INOOTEC), an agency of the Govenunent of the Ibminican Republic established 
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to encourage national industrial developnent, visited the~ in Jme 1974 
to explore possibilities for a cooperative program with BOSTID. In Septem­
ber 1974, BOSTID advisor William J. Lawless and a BOSTID staff officer vis­
ited Santo Domingo to explore in greater depth the possibilities for a joint 
program. IND0TEC was created by the Central Bank of the Dominican Republic 
and is directly fmded by the Bank as a semiautorum>us agency. It has con­
siderable operating flexibility, assured funding for the period 1974-79, and 
direct access through its governing board to the highest policy and adminis­
trative officials of the Central Bank. 

Agreement was reached to hold a workshop in 1975, but the activity was 
postponed because INDOTBC was constructing its new teclmical and adminis­
trative facilities. Early in 1976, an invitation was extended by the Insti­
tute director, Ing. Alfonso Gutierrez, to resune planning. In March, Dr. 
C.O. Chichester, Vice President, Nutrition Foundation, and Professor of Re­
source Cliemistiy, University of Rhode Island, serving as an advisor to IUrrID, 
went to IN00TEC in Santo Domingo acconpanied by a staff meni>er to make final 
plans for the workshop. The workshop itself was held October 18-22, 1976 at 
INOOTEC headquarters and had as its purpose an examination of the opportunities 
for agro-industrial development in the Dominican Republic as well as the 
strengthening of INOOTEC's role in the industrialization of food. 

The conclusions and recomnendatitnS arising from the workshop were di­
rected toward INOOTEC's role in that sector of the economy as follows: 

-- INOOTEC, because of its specialized personnel and facilities, is 
uniquely equipped for teclmical-economic studies on the industrial­
ization of nontraditional agricultural products such as mangos, 
awcados, papaya, cashews, guayaba, tamarind, and vegetable crops. 

INOOTEC, through its training division can strengthen the agro­
industrial sector through organization of conferences, short courses, 
seminars, and other special programs. 

In the marketing of low-acid processed foods in the U.S. and Europe, 
new and oore stringent regulations will soon be required. INOOTEC 
can assist Dominican food processors in training and certification 
of supervisors and production 'WOrkers in these low-acid food pro­
cessing industries. 

• - INOOTEC is uniquely equipped to assist Dominican small and medium 
industries in selection of equipment, plant location, plant layout, 
and other teclmical design aspects of food processing manufacture. 

- - INOOTEC can assist govenunent agencies and industiy in setting 
realistic agro-industrial quality standards. 

-- INOOTEC, together with other Dominican gronps, both public and pri­
vate, could collaborate in developing new local products of low 
cost and high nutritive value for the Dominican domestic market. 
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At the request of the AID mission director, Robert Culbertson, Dr. Har­
rison Brown visited Guatemala in August 1972 to explore possibilities for a bi­
lateral program beginning with a workshop on science and teclmology in national 
development. Discussions with representatives of the Guatemalan National Eco­
nomic Plarming Council and the Ministiy of Agriculture indicated considerable 
interest in a workshop focused an natm-al. resources and their development in 
Guatemala. Representatives of the Guatemalan Academy of Medical, Physical, 
and Natural Sciences were brought into these discussions; the Guatemalan Acad­
emy at that time was reorganizi.,,,g its structure and ftmctions to assune a wider 
role as a nonpartisan, nonpolitical group that would be available, on request, 
to advise its govenunent. 

Talks with Guatemalan officials continued over a period of one year but 
did not lead to a specific joint project. In November 1973, the president of 
the Guatemalan Academy, Dr. Alberto Viau, visited Dr. Brown in Washington. The 
reorganization of the Guatemalan Academy had occurred, and that group was look­
ing for ftmds to undertake a feasibility study of comnunity development through 
health-agriculture and nutrition inprovement. The Guatemalan Academy was anx­
ious to deJIKlllStrate its ability to relate to a neglected area of the Guatemalan 
economy in a practical and specific manner. The goal was to enlarge the scope 
of public health centers already being established by the govenunent (with an 
AID health sector loan) in over 300 small villages throughout the countiy by in­
cluding a nutrition project and a self-help agricultural activity. Members of 
the Guatemalan Academy felt that the public health centers offered a unique 
opportunity to provide nutritional education and agricultural extension ser-
vices to the rural population. The idea required stuiy and discussion with 
rural leaders and Guatemalan governnent officials. To accomplish the task, the 
Guatemalan Academy needed approximately one year and US$10,000 for study expenses. 
Neither private funds or a government contract was available to the Guatemalan 
Academy. Dr. Viau appealed to the NAS as a sister institution to help in this 
situation. 

The Tinker Foundation gave•a grant of US$10,000 to the NAS on behalf of 
the Guatemalan Academy of Sciences for the rural health-agricultural extension 
feasibility study. The NAS agreed to assist informally in a review-evaluation 
of the feasibility study when it was conpleted. 

In June 1974, the work began. Subconmittees on public health, nutrition, 
agriculture and animal husbandry, education, economics, and rural sociology 
were created. The work was undertaken on a voluntaiy basis by individual mem­
bers of the Guatemalan Academy, and funds were expended for meeting and study 
expenses, travel and field collection of data in the rural areas of the countiy, 
and for secretarial-administrative services. 

An initial report was.written in July 1974 to indicate the methodology 
for the feasibility study. In October 1974, a progress report was sent to the 
NAS. By late March 1975, a rough draft of the feasibility study was available. 
The study was provisionally entitled "A Program for Health and Agri01ltural De­
velopment in a Small C'DJmnmity." It recomnended pilot programs at each of fom-
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rural health centers where nutritional education was available for expectant 
and nursing mothers in the village (population: 1,000-1,500). By organizing 
a conmunity garden project in conjunction with the health centers, food could 
be grown to supplement the diets of the expectant and nursing mothers and 
their preschool children. Thus, the nutritional education program, which was 
an established part of the health centers would be extended to provide food 
supplements mder the supervision of medical-nutritional professionals. Fur­
thenoore, the cOJllJILDli.ty garden would be used as a place to deJOOnstrate to the 
villagers a practical exanple of the growing of nutritious foods not nonnally 
included in their diets. Through cooperation with the Ministry of A~icul ture, 
distribution of seeds and agricultural extension agents would help diffuse the 
lmowledge gained from the cOlllllDtl.ty garden to the wider village and corrmunity. 
The goals were: (1) inmediate nutritional-health benefits to expectant and 
nwsing mothers and preschool children, (2) nutrition education to the vil­
lagers, and (3) agricultural education and services to the villagers. 

Although the pre-feasibility stuly indicated promise and interest in 
Guatemala for the health-agricultural camm.mity development project as de­
scribed above, funding of the definitive design stage proved to be iDpossible 
in 1975. The Guatemalan Academy proposed to continue the program on a pilot 
deJJl>IlStration basis, but the earthquake in February 1976 intervened and rural 
reconstruction programs took precedence over all other activities. 

In October 1976 a program development trip was made to Guatemala by 
OOSTID staff, who met with both mission and Roe.AP officials. Neither the 
ROCAP or mission directors suggested ways in which BOSTID could become in­
wlved in their programs. ROCAP is primarily concerned with strengthming 
the Central American regional integration program, with agricul twe and hu­
man resource development as the main enphases. The Guatemala mission is fo­
cusing its attention on the small farmer. This has taken the fonn of an agri­
cultural loan to make credit more readily available to the smallest producers 
and to help them through. inproved extension services. A second loan, in t.lie 
medical and health area, has established a training program for rural health 
technicians and provides facilities as well as back-up services in the imple­
mentation of a rural health care program on a comtrywide basis. 

GUYANA 

In 1972, Dr. Ptolemy Reid, deputy prime minister of agriculture of 
Guyana, indicated to the AID mission in Georgetown his own interest and that 
of his government in applying the latest scientific and technical lmowledge to 
converting the vegetation clogging Guyana's waterways into useful products. 
The National Science Research C.Omcil (NSRC) of Guyana and AID, in tUI"i), re­
quested NAS support for a "WOrkshop on the management and utilization of aqua­
tic plants. 

The joint NSRC-NAS workshop, held in Georgetown, March 15-17, 1973, was 
charged with making reconmendations, for inplementation by local authorl ties, 
on: 
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dealing with the aquatic weed problem, particularly by utilizing 
the vegetation for products such as animal feeds and soil addi­
tives needed by Guyana; and 

-- developing outlines of integrated systems of aquatic weed manage­
ment in Guyana using biological, physical, and chemical methods. 

The workshop was opened by the prime minister of Guyana, the lbnorable 
L. F. S. Bumham. At the conclusion of the workshop, practical denmstrations 
were arranged at the Bel Air Dairies on the outskirts of Georgetown. A press 
designed by one of the NAS panelists was used to reD1JVe misture from water 
hyacinth--the first step in producing animal feed and soil additives-- and the 
pressed cake was fed to cattle and made into hay. 

The participants concluded that no single method of management or con­
trol will be a panacea for Guyana's aquatic weed problems; mst beneficial to 
Guyana as a whole will be a blend of different methods in which the benefits 
of each are maximized and its limitations minimized. For exaq>le, harvesting 
weeds may be satisfactory in accessible wateiways where one species of plant 
predominates, but :in less accessible waters, or in those with mixed stands, 
biological agents or herbicides may be preferable. In other cases, existing 
stands may be too dense and woody for a biological asent to be.·effective, so 
the best approach may be to attack the stand either ~ using herbicides or 
by harvesting and then using a biological agent as a follow-up to keep down 
regrowth. 

In general, all methods of aquatic plant control conplement each other 
and should not be considered c:mpetitors. When appropriately controlled, 
aquatic plants have many ccmstructive roles in the aquatic en\rironment: 

1. producing oxygen; 

2. serving as food, nest-building naterial, and sites for egg attachment 
for aquatic insects and fish; 

3. protecting small organisms :Eran predation; 

4. convert:ing silt and dissolved nutrients in the waterway to potentially 
usable organic natter; 

5. serving as food for birds and land animals; and 

6. anchoring soil in place. 

Benefits are proportional to plant density to only a certain limit; 
when the plants fonn dense or extensive stands, detriments outweigh benefits 
and the plants become an econanic bm'den. 

Aquatic weed managenent should be aimed at maximizing and capitalizing 
on the benefits the plants bring to the c:otmtry. Thus waterway clearing should 
be conducted to an extent appropriate for fishing, public health, navigation, 
drainage, and use of plants as a vegetable resource and water purification tool. 
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These goals do not often call for eradicating the plants. M>reover, few weed 
control methods can destroy the roots, tubers, and rhizomes of submerged weeds 
and emergent weeds buried in mud. Such rooted structures can be reached only 
by a few animals that dig them out or by coq>lex machinery. At present, eradi­
cation of submerged and emergent weeds is almst inp>ssible. 

The following joint reccmmendations emerged fran the wrlcshop: 

1. The NSRC of Qiyana ·should create a continuing camnittee on aquatic 
plant management with med>ership from all organizations that have 
authority over, or are interested in, the CO'lD'ltry's waterways. 

2. Guyana should institute extreme efforts to protect against the intro­
duction of any aquatic vegetation that could wursen the existing prob­
lem, and take measures to prevent plants from spreading fran infested 
to noninfested areas within Guyana. 

3. Specific research projects and stm.ies should be devised for the uti­
lizaticn of processed and unprocessed aquatic weeds. 

4. Local fisheries scientists should determine the potential of certain 
fish to survive, grow, and control weeds in different types of water­
ways in Guyana. 

S. Trials to use manatees for practical weed control in carefully selected 
canals, lakes, and pernanent reservoirs should be instituted. 

6. Methods for biological controls should be investigated as follows : 

a. Propagules of three species of spikerush ~leocharis coloradoen­
sis, E. acicularis, and E. parvula) shoul oe brought to GUYirii 
from the tlilted States and stiilied under qurµ-antine conditions 
for their potential to displace harmful weeds. 

b. Waterfowl can help renmre vegetatim. fran waterways; their hus­
bandry could become inp>rtant in Guyana as a self-supporting ad­
junct to conventional aquatic weed management. 

c. Although the utilization of insects as controls for aquatic weeds 
in Guyana is remte, the water hyacinth weevil Neochatina eichhomii, 
currently a leading candidate for the biologic81 control of water 
hyacinth, is found in the interior of Guyana. 

7. Controlling aquatic weeds with herbicides has proven effective on sugar 
estates in Guyana. fbrever, a proposal was lll8de that Guyana set up a 
pesticide cODIDittee or authority to nxmitor pesticide levels in water 
used for domestic purposes. The workshop also aclcnowledged that herbi­
cides should not be considered a long-term solution, and that if adequate 
alternative controls can be found, their uses should be encouraged. 

8. All electric power in Guyana is now produced in thennal power stations; 
yet many potentially valuable hydroelectric sites exist in the interior, 
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and schemes to utilize them are under consideraticm. Because of the 
probable development of costly weed infestations, hydroelectric plants 
in Guyana should inc11de preventative measures to ensure that damned 
water does not become infested with aquatic weeds. 

An International Manatee Research Center 

A separate recamendation emerged from the joint workshop panel to ex­
plore the possibility of establishing an international manatee research center 
in Guyana. Almst nothing is known about the breeding habits and reproduction 
of the manatee. It has never bred in captivity, and a conplete physiological 
and reproductive study is needed if its breeding is to be mderstood. Research 
is urgently required to find ways to st:inul.ate and speed up manatee reproduc­
tion so that what is a slow reproductive process at present can be made mre 
regular and mre productive. 

Guyana is a mst logical place to conduct this research. The Caribbean 
manatee and the Amazonian manatee are both native to Guyana. Guyanese scien­
tists have had mre experience with manatees than any others, and the physical 
conditions are ideal. 

In conjmction with the International Development Research Centre of 
Canada and the NSRC of Guyana, the NAS cosponsored a workshop in Guyana, Feb­
ruary 7-13, 1974. Scientists from eight countries, representing 23 research 
institutions, considered in depth the status, utility, conservation, and biol­
ogy of manatees. The participants included internationally recognized scien­
tists with e:xeerience and knowledge enconpassing manatee research, manmology, 
veterinary science, reproductive physiology and endocrinology, wildlife manage­
ment, nutrition, organization of science institutions in developing comtries, 
operation of international organizations, and the utilization of manatees for 
weed control. 

It was concluded that research on manatees is urgently needed and is 
critical to the survival and utilization of the species. Intensive involve­
ment is required of a wide range of scientific disciplines incltding physiology, 
ecology, behavior, and conservation. This can best be accoq>lished through 
the establishment of a relatively small international center for manatee re­
search. Despite sane difficulties, Guyana offers inconparable opporttmities 
as a location for such a research center. 

Cbjectives of the proposed research center include increasing manatee 
nuii>ers; promting their conservation and husbandry; investigating the use of 
manatees for aquatic weed control and food; and contributing to manmology and 
tropical scientific research. 

An interim steering comnittee has been appointed to consider the institu­
tional structure and actions necessary to establish and operate a manatee re­
search center. 

Workshop on Inproving Standards and Quality 
Control in Locally Processed Foods 

IAn"ing the past several years, discussions have been held with Ms. Eileen 
r.ox, a nutritionist who is chainnan of the Standards Section of the NSRC, and 
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Dr. Patrick t.tmro, the newly appointed executive director of the ?QC, about 
the possibility of a joint wrlcshop on quality control in foods. Ms. Cox 
visited the U.S. in November 1975 and OOSTID arranged various meetings with 
menbers of the Food and Drug Administration as well as the National Research 
Qnmcil. At that time, it was decided that as a first step a OOSTID staff 
member should visit Guyana, accompanied by an expert to determine the type 
of panelists needed and the agenda, and to talk with U.S. AID officials. 

In attenpting to arrange such a visit, in March 1976, BlSTID staff was 
informed by the AID/O~ office that the U.S. Bureau of Standards was already 
in cODlll\Dlication with Dr. Dennis Irvine regarding assistance in weights, mea­
sures, and standards. They did not know whether that pro~ would also ex­
tend to quality control in foods. After discussing the s1 tuation with staff 
menbers of the Bureau of Standards, B(l;l"ID wrote to the NSRC to determine 
whether there wuld be an overlap in the two potential programs. 

HAITI 

During a brief visit to Port-au-Prince in March 1973, made at the re­
quest of AID Washington, NAS staff called on an official of the Haitian Na­
tional Research Qnmcil and the AID office to determine the interest in and 
desirability of establishing a cooperative program. Since AID had recently 
been reestablished in Haiti over an eight-year hiatus, no specific project 
ideas were developed; however, it was agreed that AID officials would infonn 
the NAS if any program areas of possible mutual interest developed. 

As a result of the AID evaluation of B:>STID' s program in 1975, it was 
decided that OOSTID staff should visit Haiti, which they did in October 1976. 
They identified several areas in which B(l;l"ID could wrk effectively, such as: 

MEXIOO 

-- participating with local groups and international organizations in 
small, appropriate teclmology activities in rural areas; 

-- organizing with local Haitian groups a seminar on natural products 
utilization and development; and 

-- participating with the AID mission in erosion and aridity studies 
which will suggest means to retum land to productive agriculture. 

The NAS has had continuing contact with the Mexican scientific cODIJll­
nity for several years. lbwever, in 1J73 the Mexican National Comcil for Sci­
ence and Teclmology (OONACYT) f omally asked the NAS to cooperate in sponsoring 
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a workshop on industrial research in Mexico that would focus on: 

-- plmming for research; 

-- management of research; 

- - infonnation systems ; 

-- research extension; 

links between universities and industry; 

the relationship of government laboratories to industries; and 

-- the role of industrial research in national development plaming. 

It was hoped that a bilateral program would emerge fran the first work­
shop with enphasis on industrial research. The initiation of this program has 
been delayed for sane time now due to problems of :funding NAS participation. 

PERU 

The bilateral program with Peruvian scientists emerged from activities 
of the Latin American Science Board, which met in Lim in 1964. 

In April 1966, an ad hoc group of Peruvian scientists partici{>ated with 
the NAS in organizing the first U.S. -Peru workshop on the Role of Science and 
Teclm.ology in Peruvian Economic Development, held in Paracas. The workshop 
considered ways of inproving scientific and teclmological research and educa­
tion in Peru. In the discussions, participants gave highest priority to the 
creation of a Peruvian National Research Qruncil (PNRC) • 

Subsequently, a panel of four Peruvians met with NAS colleagues in Wash­
ington to form.ll.ate the basis for the proposed organization. Charters and stat­
utes of several national research councils were studied and conpared in the 
context of Peruvian needs. 

U!gislation necessary for the creation of the PNRC was delayed tmtil 
1969. During the interim, however, other efforts to examine and in\>rove Peru­
vian science took place. UNF.SCD advisor Jacques Ruffie consulted with the Peru­
vian Ministry of Education between mid-1967 and 1968 and submitted recamienda­
tions for the creation of an office for scientific and teclmical affairs and a 
PNRC. In Jtme 1967, a team headed by the NAS Foreign Secretary sttdied the 
foreign assistance inplications of scientific and teclmical needs in Peru for 
the International Technical r.ooperation and Assistance Panel of the President's 
Science Advisory O>Dmi ttee, Executive Office of the President. At that time, 
plans were already Uiderway for .a second workshop, which took place in Novem­
ber 196 7, sponsored by the NAS and the Peruvian .Academy of Sciences. At this 
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workshop the Peruvians fomded, on their own initiative, the Peruvian Asso­
ciation for the Advancerent of Science (APAC). A grant fran the Ford Fomda­
tion helped this organization get started. 1he NAS arranged for the APAC's 
first president to visit the United States in 1968 to meet with officers of 
the AMS and other U.S. science institutions, and to attend the second NAS­
Brazil workshop in Washington. 

The PNRC was finally brought into being in January 1969. The Comcil, 
essentially as rcconmcndcd by the worksh?J?, had as its first chainnan Alberto 
Giesecke, director of the Geophysics Institute of Peru and one of the prire or­
ganizers of the two workshops. Because of strained political relations fol­
lowing the military coup in 1968, the initiation of fonnal cooperative projects 
with the newly established research council was delayed. lbtever, fairly fre­
quent contact between U.S. and Peruvian scientists continued. 

An NAS staff renber visited Peru in July and Deceni>er 1971 to meet with 
representatives of the PNRC, the National Council of the Peruvian Universities 
(OOWP), the National P.ngineer~ University, Cayetano Heredia University, 
and the AID mission. At the invitation of the Peruvian National Planning Of­
fice, the NAS helped plan a joint workshop to consider Peruvian national nu­
trition plans. This proposed workshop, scheduled for mid-May 1972, was post­
poned indefinitely at the request of Peruvian authorities because of 1aclc of 
funds and difficulties caused by changes in the Planning Office. 

In 1973, Dr. Isaias Flit, director of the Institute for Technological Re­
search and Standards (ITINl'EC) of the Peruvian Ministry of Industry and Com­
rerce, expressed an interest in convening a workshop concerned with assessment 
of priori ties in industrial research. 

A l\brkshop on Industrial Research Programning and Managenm.t with ITINTEC 
was held January 23-28, 1975 in Lima, Peru. U.S. and other foreign participants 
first visited ITINI'EC and several industrial sites where research and develop­
ment activities were actively pmsued. Peruvian workshop participants came 
from ITINl'EC, a government research support organization for the mining sector 
of Peruvian industry, the national steel conpmy, private manufacturing firm; 
(textiles, food processing, and metal working), and two other government agen­
cies. Al though formal papers were not prepared by the participants, resomce 
persons did make presentations on aspects of industrial research and develop­
ment of particular concern to the Peruvians including: 

1. linking research to local problems; 

2. research and development infonnation resources and services; 

3. evaluation of research proposals and ongoing research; 

4. training of personnel for research and development; 

S. financial management; 

6. establishment of criteria for relating rescar:h a11c! developnent to larger 
national goals; and 
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7. generation of research and development beyond iDlnediate industrial 
problem-solving activities. 

A distinctive feature of the workshop was the opportl.Dli.ty for free, 
extensive discussion of research and development problems in the Peruvian 
context. 

Although no formal docunent presenting conclusions and recarmendations 
was pre{>ared at the workshop, the following issues were identified as being 
of particular concern to ITINl'EC: 

-- Manpower. Critical to the entire question of performing applied 
research is the supply of trained manpower at all levels. 1be need 
for nul tidis~~inary research in Peru clearly exists, but there is 
a dearth of tional and training institutions inwlved in pre-
paring the needed manpower. 

-- Facilities. At present, there are no general industrial research 
institutes in Peru. Although this situation has certain advantages, 
there is a need for one or mre inaginatively organized andwell­
staffed applied research organizations with strong ties to Peruvian 
industry. Ckll.y with local capabilities in research and development 
can dependency upon imported teclmologies be significantly reduced. 

-- Information Resources and Facilities. An adequate information resource 
base does not yet exist in Peru. lhtil such a facility is operating, 
no research and development activities can be fully effective. 

-- Planning. Neither at the interface between industry and government 
nor within government does a planning mechanism exist that currently 
analyzes the allocation of scarce resources for industrialization. 
Ckle of the opportl.Dli.ties ITINI'EC provides is that of relating govern­
ment policy to industrial development and conmamicating these policies 
to l.Dliversities so that a local, independent science and technology 
capability can be created in Peru that is on a par with that of nx>re 
industrialized nations. 

Several aspects of the 1975 workshop are worthy of note. First, it repre­
sented a renewal of ll>SfID activities in Peru; although there has been consider­
able infomal contact, no fomal projects have been mdertaken since 1967. Se­
condly, the workshop showed that the scientific-teclmical groups do bridge gaps 
and, in spite of diplomatic-economic differences, hold nutually productive joint 
discussions. 1be NAS expects that follow-up activities will be possible A third 
positive result demnstrated by the workshop is that tmst.ructured meetings pos­
sess merit and can be as productive as the mre formal workshops or seminars 
normally preferred by the NAS. Finally, the workshop topic "industrial research" 
bore on the larger questions of teclmology transfer and "appropriateness" of 
technologies, which are of growing concern within the hemisphere. 
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VENEZUELA 

Discussions have been underway for several years with officials of the 
Venezuelan National r.omcil of Scientific and Teclmological Research (CDNICIT) 
and the Venezuelan Academy of Sciences regarding a cooperative science program 
with the NAS. The Venezuelan government, through its national planning author­
ity CDRDIPLAN, designated health, metallurgy, petroleum, and agronomy as prior­
ity science and teclmology areas for 1973-1978. A gradmte program in metal­
lurgical engineering and materials sciences is being undertaken at the Central 
t.m. versi ty in C.aracas ; IDSflD was asked informally to assist in a review of the 
teaching program and research goals. 

In addition, discussions regarding possible cooperative programs were 
also held with representatives of the Venezuelan Institute of Scientific Re­
search (MC). MC, which mtil recently concentrated its efforts in basic 
research, has established a technology center and has begun to offer post­
graduate training in the basic sciences and social anthropology. 

In response to a n\lllber of informal Venezuelan requests for programs, 
OOSTID !!reposed a general workshop on science and technology to establish 
priorities for areas of collaboration and to discuss institutional arrange­
ments, especially between CDNICIT and IVIC. Inplementation of this proposal 
was not carried out due to the unavailability of :ftmds to support NAS partici­
pation. 

Workshop on Science and Teclmology for the Urban Poor 

The workshop on "Science and Technology for the Urban Poor·," held in 
C.aracas, March 6-11, 1977, focused attention on three areas--small-scale in­
dustries, recycling waste, and urban farming. 

The following conclusions were DB.de: 

Small-Scale Industries 

1. The Venezuelan F0tmdation for C'.onmmity Development (FUNDAClMJN), with 
the assistance of Habitat, ORAP and other conm.mity agencies, should 
conduct a resource assessment and analyses of each of the barrios in 
caracas. 

2. Feasibility studies should be performed by coq>etent experts to define 
the desirability, organization, costs, and related elements of small­
scale industries in the following areas: 

silk screen print production 

paper recycling 

solid waste recoveiy 

urban fanning 
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~lllJllStration projects should be undertaken to validate the feasibility 
analysis anu to pcnnit modifications at lmt cost. 

FUNDACDIJN should establish a registry of Venezuelan technology experts 
who are willing to assist in all phases of project development. 

Beginning with the resource assessment process, the technical assistance 
flDlction should be gradually transferred to barrio organizations, thus 
pennitting the intennediate organizations to nove into nore sophisticated 
project analysis and project development. 

Small-scale industries owned and operated by barrio development organiza­
tions should not be restricted to barrio locations. The barrios are es­
sentially residential settlements, where land use is already intensive 
and highly productive in economic and social terns. Hence barrio-owned 
and -operated enterprises should be located throughout the broader metro­
politan area and the criteria for the selection of sites should be for 
efficiency demands of the enterprise. Further, this approach will facil­
itate the establishment of economic linkages between small-scale bar­
rio industries and the major industrial sectors of the national economy. 

FUNDAOMJN should begin to plan for the creation of COJllll.Ulity develop­
ment corporations at the barrio level once entry-level industries are 
established. These nonprofit corporations will ultimately take on pro­
ject planning and progran management flDlctions. 

Funds should be provided to private agencies who are prepared to involve 
barrio residents in the conduct of these studies. 

Urban Farming. The following should be mdertaken in the barrios in 
Caracas: 

1. The collection and exchange of information on urban farming systell8 
should be stinlll.ated. 

2. FUNDACDtlJN should organize and support an ad hoc group on urban fanning. 

3. An experimental program should be established in one or nore barrios in 
Venezuela. 

4. All projects should be related to educational program in areas of nutri­
tion, ecology, and health. 

5. Efforts should be made to form small cooperations in the barrios for the 
production of flowers and food. 
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6. Qmsideration should be given to reserving space for urban farming 
in future barrio relll>deling. 

7. A follow-up information exchange between the U.S. and Venezuela should 
take place in six mnths. 

Water Recycliµg 

1. A study should be made of the feasibility of having household garbage 
separated into organic and inorganic portions within the house. 

2. Demonstration experiments should be provided in the barrios on waste 
recycl~, especially for P-5 and fertilizer production as well as the 
fabrication of metal utensils. 

3. An experimental project should be developed in one barrio to study the 
functioning of a conplete ecosystem. 
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Middle F.ast and North Africa 

EGYPT 

Iln'ing 1974 and 1975, H>STID meni>ers and staff held discussions with 
the president and other officials of the Academy of Scientific Research and 
Tedmology (ASRT), Arab Republic of Egypt, concerning a joint workshop on poli­
cy issues relating science and tedmology to Egyptian economic development. 
In a sanewhat parallel effort, the government-level Egyptian-u.s. Joint Work­
ing Group on Teclmology, Research, and Development reconmended at its first 
meeting in Cairo, in Noveni>er 1974, that a synposi\lll on research and develop­
ment planning and management be held early in 1975. Because the two subjects 
are so closely related, and because of adVantages oc:curing from an activity 
inwl ving a broad spectrum of scientists, economic \>lmmers, engineers, and 
other development specialists, K>S'l'ID, the U.S. National Science Fotmdation, 
and the Egyptian Academy joined together to organize and convene: 

1. A symposim on science policy planning to e:xplore means of strengthen­
ing Egypt's reorientation of research and developnmt toward national 
econanic and social goals. U .s. participants were H. Guyford Stever 
(Director, NSF), George S. Halllnond (PoreiSJl Secretary, ~), and Roy 
L. I..ovwm (Administrator, State O>operat1ve Research Service, USDA). 
Egyptian participation was led by M. A. El-Guebeily (Minister for 
Scientific Research and Atomic Energy), A. M. Abou El-Azm (President, 
Egyptian Academy), and M. Hassan Ismail (President, Cairo University). 
The symposium was held at the National Research C.enter, Cairo, April 30-
May 1, 1975. 

2. A workshop on science and technology policy, planning, and management 
to examine Egypt'.s research management \>ractices in its applied re­
search institutes and universities. This activity was also held in 
Cairo, at the headquarters of the Academy of Scientific Research and 
Technology, May 3-8, 1975. U.S. participation was headed by Franklin 
A. long (C.Omell University) and included eight additional persons 
from universities, private research institutions (Rand Corporation), 
and industiy (Exxon and Du Pont) • The Egyptian group was headed by 
A. M. Abou m-Azm and t.bhamed Kamel (Director, National Research C.en­
ter). 

The workshop departed fran usual bilateral activities in that Egyptian 
participation averaged SO persons per session. Unfortmately, the Egyptian Acad­
emy was unable to restrict official participation and therefore interaction be-
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tween U.S. participants and Egyptian groups was mre fonnal than is usually 
the case in Jl)STID workshops. Nevertheless, Egyptian participants were ex­
tremely ~n and candid concerning restrictions and their adverse effects upon 
research lll the Egyptian applied R&D system. 

Foremost among the conclusions reached was recognition of the need to 
increase the effectiveness and efficiency of Egypt's applied research labora­
tories. The govennnent looks upon these laboratories as a major vehicle for 
accelerating social and economic development. Both sides agreed to the foma­
tion of a IDSI'ID-Egyptian working group on industrial research management simi­
lar to those organized by OOSTID in Brazil, Taiwan, and Korea. The AID mission 
director in Cairo expressed interest in assisting a follow-up project. 

Additional conclusions and reconmendations focused upon activities 
that the Egyptians themselves DIJSt mdertake to inprove research and develop­
ment planning and management. These incltded: 

tions. 

a reexamination of the applied research institutes aimed at defining 
the goals and mission of each mre explicitly, detemining the need­
ed physical and manpower requirements, and linking the institutes 
closely with specific development programs; 

the elimination of tniversity-oriented thesis research in applied 
research laboratories; 

adjustment of promtion and salary procedtn'es to be mre realistic 
to R&D; 

establishment of R&D management training programs; 

strengthening the tniversities' research facilities and providing 
adequate resources to the tniversities to do their own research pro­
grams; 

strengthening manpower inventoiy and plarming activity of their Acad­
emy; and 

the fonnul.ation of a national science plan within the framework of 
the nation's overall economic plan. 

The Egyptians have taken steps to inplement a nuni>er of these recomnenda-

Aquatic Weed Seminar 

Following the November 1975 regional workshop on aquatic weed control 
management and utilization in IChartoun, meni>ers of the NAS panel visited Cairo 
for discussions with Egyptian scientists and plamers mder the sponsorship of 
the Egyptian Academy of Scientific Research and Teclmology. Discussions focused 
on biological control teclmiques in the extensive irrigation canal system. Of 
particular interest to the Egyptians were spikerushes (which fonn tmderwater 
"lawns" of short dense grass which crowd out the longer-stemned plants) and the 
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grass carp, an aquatic weed-eating fish that also produces edible flesh. 

Two panelists retmned to Egypt, May 20-27, 1976, taking with them 
spikerush seed and grass carp fry. Mdle there, the panelists visited 
several research stations and ponds to determine the best ccnditions and 
quarantine cira.mstances. They also presented talks to Egyptian scientists 
and teclmologists cm hJw grass carp and ccmpttitive plants could be used for 
aquatic weed ccmtrol in Egypt. 

Applied Science and Technology Research 

In May 1977, the AID mission director in Egypt invited NAS to send 
someone to Egypt to discuss a new effort to inprove RliD policy plmming 
and management within the Egypt science and technology system. The program 
directly follows from reccmnendations of the 1975 NAS-NSF-ASRT workshop. 

Basically, AID has asked NAS-NRC, through ll>STID, to assume respcmsi­
bility for the following program elements: 

1. 

2. 

3. 

Polist Pl~ and Mana""1t· With the Egn>tian Academy, :oosrm will 
estab ishaoint C4.0iiSUltat1ve Omnittee (JCCJ which will serve in an 
advisoiy capacity to the president of ASirr. The JCC will consist of 
three U.S. scientists and three Egyptian scientists and will meet at 
approxillBtely six-mnth intervals to provide overall guidance for the 
program. The JCC will also have a review and evalmticn function for 
its projects and will be responsible for preparing a program plan for 
the succeeding three-year period for AID review before the end of the 
second year. 

Teclmical Assistance for ~anent of R&D Projects with ASKr. JK>Sl'ID 
Wi11 rectuit ana provide ogl'.Stic support in Egypt to a resident advi­
sor to the president of the ASirr. The advisor will assist in program 
conceptmlization, DB1ce reconmendations for U.S. consultants, work with 
the ccmsultants when they are in Egypt, and serve as the principal 
American link to the JCC. PL8lds will be made available for training of 
Egyptians in well-plamed, short-term programs (1-4 mmths) in Egypt 
and in the U.S. Within the funds available in years 1 and 2, approx­
imately three to five specific R&D pilot projects will be selected for 
program support. The support nay include consultants, training, and 
other resources. msrm will rely upcn its previous experience in 
other areas of the world, tailoring the tedmical assistance "delivery'' 
mechanisms to include advisoiy panels, stmy gro~s, workshops, and 
seminars. lquipnent funds from a separate t5F contract with AID will 
also be provided directly to the ASKr for the R&D projects. 

Tedmical Assistance for Manapmmt of R&D with the National Research 
r.elitre. This aspect of the program parallels that aescribed in Part 
2 8bOVe, including a resident advisor to the director of the National 
Research Centre. <De broad DUltidiscipl:inary R&D ''pilot" project with 
the Centre has already been selected by the Egyptians and included in 
the AID ~rogram. The pilot project is called ''t-i>re and Better Food'' 
and is directed to a study plus field program to strengthen food pro-
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duction, food processing technology, and a field mtrition aspect for 
ioothers and yotmg children in a specific rural location. There is to 
be a careful mdy and data analysis aspect to the 'M>re and Better 
Food" program during the entire five-year life of the program. Im-ing 
years 1 and 2, project design and preliminary baseline data are to be 
gathered. Field work and village level nutritim projects will follow 
during years 3 through S. 

Discussions took place in 1974 and 1975 with Iranian officials of the 
Ministry of Science and Higher Education and Arya tt.ehr University regarding 
possibilities of collaboration with NAS on the exchange of scientists be­
tween the two cotmtries, workshops on science policy, and the development 
of the graduate studies in societal technologies at the new campus of Arya 
Hehr University in Isfahan. It is anticipated that some activity of this 
nature may be undertaken in the near future, possibly with AJ.D/~S support 
for BOSfID' s inwlvement in the initial stage. The details of the collab­
oration are still under discussion. 

JORDAN 

A OOSTID staff meni>er visited ADlnan in late April 1977 for discussions 
with AJ.D mission and Royal Scientific Society (RSS) officials. The RSS was 
created in 1970 and has been expanding both in terms of staff and research 
programs at a rapid rate. While officials of the RSS as well as of AID 
appeared to be interested in a joint NAS-RSS program, RSS officials felt 
that without fim financial support from AJ.D there was little purpose in 
continuing discussions. A UNF.500-supported science policy workshop will 
be held in Jordan in February 1978, at which the relatianship of the RSS 
and S&T to national development will be discussed. B:>STID has been invited 
to attend the workshop. 

ruNISIA 

BOSTID' s first cooperative activity in Tunisia was a workshop on 
"Systems Analysis and Operatians Research (SA/OR) , " which was cosponsored 
by the secretariat general of the Tunisian prime minister's office and held 
in tay 1977. The 1976 NAS report, stems Anal sis and erations Research: 
A Tool for P~ and Pro~ or ve oping tmtnes, arous e 
interest of ~ian authOTities; particUlarly as to the applicability of 
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~OR in addressing problems of govemnmt decentralization and administra­
tive reform. At the request of the AID mission, Dr. Philip M. t.Drse, 
~man of the BOSI'ID panel that authored the SA/OR report, visited 'l\mis 
m Noveni>er 1977 to confer with 'l\misian officials about their problE!lllS and 
needs and the objectives of administrative reform. General agreement was 
reached that an SA/OR capability could, by i.Dproving administration, aid 
the government's efforts to further development goals. The prime minister's 
office requested AID' s assistance in establishing an SA/OR program. 

Subsequently, ]1)$'1'ID was asked to appoint a SDBll panel to participate 
in a joint workslq> in Tunisia which would (1) further ~lore the problems 
that might be mdertaken by an SA/OR group in 'l\misia, (2) facilitate a 
broader tmderstanding anmg administrators of SA/OR and its potentials, and 
(3) provide advice as to which compments of an SA/OR program might be ftmd­
ed by AID. Dr. t.Drse was appointed to chair the JISl'ID panel of four SA/OR 
experts. A panel member and OOSTID staff person visited 'l\mis in April 
1977 to f01'Dlllate the schedule and agenda with the 'l\misian coordinator, 
Mr. t.bhamed El Habib Ben .Abdessehem, Deputy Inspector General, Administra­
tive Services, Office of the Prime Minister. 

Within the general framework of applying SA/OR to administrative re­
fonn, the workshop ()fay 23-26) f001Sed on three illustrative subtopics: 
(1) organization and structure, (2) persomel mnagement, and (3) inter­
agency coordination against pollution. Prior to the workslq>, the BOSl'ID 
panelists visited academic centers to familiarize themselves with 'l\misian 
resources in the disciplines necessary for SA/OR undertakings. t.bre than 
SO 'l\misians participated in the workshop sessicms, which were divided 
alcmg the lines of the three subtopics. The activity served a catalytic 
function by bringing together government officials, administrators, research 
scientists, and university professors to share in exploring the utility of 
SA/OR nethods. 

F.ach of the three workshop subgroups reconmended that SA/OR be used in 
future planning and stressed theneed for a comprehensive approach to the 
problE!lllS confronted. The prime minister's office was viewed as the logical 
base for SA/OR planning relating to administrative reform; the OOS'l'ID panel 
offered suggestims as to the conposition, mde of operation, and respon­
sibilities of a SDBll SA/OR groups in that office. 

The 1\misians responded enthusiastically to the workshop, and the 
prime minister's office is proceeding with the establishnent of an SA/OR 
group. Support for this effort, including funding of an Anerican senior 
advisor and a OOSTID liaison panel, has been included in the AID mission's 
science and technology budget for the next two years. Future OOS'l'ID assis­
tance in other areas (e.g., science policy, energy, polluticm) integrating 
science and tedmology with development plaming is encouraged by the mis­
sicn, but specific actirlties and 'l\nisian counterpart organizatims have 
not been identified. 
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In November 1971, the OOSTID staff director met with the Secretary 
(ieneral of the Scientific and Teclmical Research Comcil of Turkey ('IUBITAK) 
and the president of the Middle East Teclmical University ()tlmJ) at the re­
quest of the director OS'f/AID. In the course of these discussims, agree­
ment in principle was reached on a joint Turkey-NAS workshop on the role of 
tmiversities and research institutes in stinulating industrial development. 
The mderlying pmpose was one of coordination. As is the case in many 
c0tmtries in which similar functions are divided moong goverment, tmiversity, 
and private groups, internal plaming and conmunication ammg interested 
groups in Turkey tends to be limited. At the time of this visit, the local 
AID mission was in agreement with the NAS-'nJBITAK initiative and a workshop 
in April 1972 seened certain. 

Early in 1972, when an NAS staff visit to Turkey was plamed together 
with that of the director of the Research Triangle Institute, the mission's 
attitude toward the proposed workshop changed abruptly. The AID view that: 

1. ME'IU' s needs for specific teclmical assistance on internal R&D planning 
and management had priority over an NAS-'nJBITAK workshop. Accordingly, 
the Denver Resean:h Institute was given a contract for a seminar with 
MB'IU. 

2. AID was not prepared to support any activities with nJBITAK; therefore, 
holding a workshop, even with AID Washington funds, would raise m­
realizable hopes. The mission specifically withdrew its endorsement 
of a proposed NAS-n.JBITAK workshop for at least one year. 

During 1972, efforts were nade to reopen the matter of an industrial 
research planning and coordination, but the mission was ad8JD8Ilt in its de­
cisicm. In 1973, the mission's preoccupation centered on questions of 
poppy growing and the illicit drug trade. No attelll(>t has been made since 
to reopen the question of the NAS-Turkey wrkshop with the mission; TAB/OSf 
in Washington advises that the situation has not changed. 

In response to a request from the mission director, a BOSTID staff mem­
ber visited San'a for a week in late 1975. Discussicns focused on problems 
of water resource JIBllagement policies in this semiarid highland agricultural 
comtiy. There is evidence that the traditional, highly sophisticated system 
of rainfall harvesting to support sorgln.m production, the national grain 
staple, is in danger of breaking down due to shortage of nmpower resulting 
from enq>loyment opporttmities in the neighboring oil-rich states. Studies 
of groundwater by AID, British ODA, and the IBRD are mdenm:y, and it is 
hoped that the results will provide the basis for an AID-f\Dlded wrkshop on 
water-use policies in the future. 
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ADVISORY CDf.fl'ITEE ON TBClt«>WGY INKWATION 

While a developing country is generally well aware of its development 
problems, it frequently is not in a position to avail itself of all the bene­
fits advanced teclm.ologies can offer toward solving these problems. Indeed, 
these teclmologies may often be inappropriate to the particular circumstances 
in developing comtries, and it has becane fashionable to identify or devise 
"appropriate," "intermediate," or "adaptive" technologies for such situations. 
What often is mre to the point, however, is to identify those teclmologies 
that may be donnant or usea in a different fashion in the United States or 
other developed countries but that could be applied quite use:fillly in develop­
ing countries. This problem of identifying and transferring innovative uses 
of teclm.ology--and of fostering the related research and develoement--to de­
veloping comtries remains, for the mst part, \DlSOlved. This is responsible 
for a very serious gap in the assistance programs provided by developed COtm­

tries. 

To respond to this need, an Advisory Qmmittee an Technology Imovation 
(ACTI) was established by 005rID at AID's request. This conmittee was orga­
Dized· in 1971 and held its fir5t meeting in September·of that year. 

The program supervised by this conmittee had two specific objectives: 
(1) generating ideas for innovative applications of present-day teclmological 
developments to iDlnediate problems of developing comtries; and (2) identify­
ing areas of research where concerted effort can drastically shorten the time 
lag characteristic of the normal progression of scientific advance to poten­
tial application. 

The conmittee and staff, in selecting projects of interest, attenpt to 
stay continually aware of the activities of other teclmology-oriented develop­
ment groups, and an approach to problem-solving that is amenable to realistic 
inplementation. The approach evolved by ACTI is, in principle, the progression 
from (1) initial idea exploration by the ccmnittee to (2) ad hoc advisory 
grol.J> studies to (3) in-depth study by expert panels to (4) project recoi11nen­
dation. This progression, however, is altered to suit particular cases, and 
the value of maintaining flexibility has been amply justified by experience 
thus far. The subjects considered by the conmittee originate with the staff, 
the ccmnittee, or with AID. Some suggestions have been rejected by the com­
mittee; sane are considered by ad hoc advisory groups; and some are taken di­
rectly to expert study panels. 

A significant characteristic of the ccmnittee is the broad range of its 
members' backgrounds, which extends from international organizations, to en­
gineering, to botany, to food technology. P.qually iq>ortant to the ccmnittee's 
operation, as its activities \Dlfold, is the participation of menbers from de­
veloping comtries. Che means of achieving such participation is exemplified 
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by the fourth Brazil-U.S. workshop of the National Academy of Sciences. 
A presentation of the goals and Dl>de of operation of the camdttee eli­
cited considerable interest from the Brazilian participants and led to 
a strong reccmnendation by the workshop that a formula be developed to 
ensure formal Brazilian representation an the ccmnittee and involvement 
with its activities. The cOJllDi ttee is eager to intensify such participa­
tion by establishing counterpart innovaticm groups in developing cotmtries 
with whan the comnittee would maintain close liaisan and share ideas and 
infonnation. Steps have been taken to this end in Brazil. The comni ttee 
considers this type of exchange one of the Jll)St iq>ortant aspects of its 
work because it represents a direct way in which approaches and soluticns 
originating in developing cotmtries not only can be disseminated, but also 
can affect the comnittee's own programs. 

The specific activities tmdertaken so far and their status are shown 
in Table 2. Descriptive naterial on each activity follows. 
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Table 2. Studies of the .Advisory Ccmnittee on Teclmology 
Innovation, Sources of Fmding, and 

SlUDY 

Ferrocement: .Applications in 
Developing r.omtries 

r.bsquito Qmtrol: Some Perspectives 
for Developing r.omtries 

Food Science in Developing C.Ot.ntries: 
A Selectim of tmsolved Problems 

Roofing in Developing f.ot.ntries: 
Research for New Technologies 

J.bre Water for Arid Lands: Promising 
Technologies and Research ~rtmities 

lhlerexploited Tropical Plants with 
Pranising Bcmanic Value 

The Winged Bean: A High Protein Crop 
for the Tropics 

PIOJucts from Jojoba: A Premising 
New Crop for Arid Lands 

Energy for Rural Developnent: Renewable 
Resources and Alternative Technologies 

Methane Generation :fran llman, .Animal 
and Agricultural Wastes 

Making Aquatic Weeds Useful: Some 
Perspectives for Developing r.ot.ntries 

Guayule: An Altemative Source of 
Natural Rli>ber 

Tropical Legumes: A Resource for the 
Puture 

Leocaena: Promising Forage and Tree 
Crops for the Tropics 

Firewood Crops: aJsh and Tree Species 
for Productim 

Underexploited Microbial Processes 
of Potential Bccnanic Value 

and Status of Studies 

SO\ii'Ces(s) 
of Funding 

OSf/AJ.D 

OSf/AJ.D 

OSf/AJ.D 

OSf/AJ.D 

OSf/AJ.D 

OSf/AJ.D 

OSf/AJ.D; 
TA/NJR. 

000; HBW; 
OSf/AJ.D* 

OSf/AJ.D 

OSf/AlD 

OSf/AJ.D 

BIA; OSf / AJ.D** 
USDa\ 

TA/NJR 
OSf/AID 

TA/NJR. 
OSf/AJ.D 

OSf/AJ.D 

OSf/AJ.D 

*PiiidiDi for overnm copies for distri&ition to mes. 
**International participation and partial publicatim costs. 

Status 

Ccmpleted 

Ccmpleted 

Ccmpleted 

Ccmpleted 

Ccmpleted 

Ccmpleted 

Ccmpleted 

Ccmpleted 

Ccmpleted 

~leted 

Ccmpleted 

c.oapleted 

In Progress 

Ccmpleted 

In progress 

In progress 

Total Ll&r 
9Jpies Printed 

11,000 

7,000 
(out of print) 

23,000 
(out of print) 

S,000 
(out of print) 

16,000 

21,000 

13,000 

2,000 (out of 
print) (overnm 
copies only) 

17,500 

10,000 

12,000 

6,400 

10,000 planned 

12,000 

10,000 

10,000 
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Table 3. Imividual requests filled for selected• At:rI repotts, 
through May 1, 1978 

LF.AST OIHBR 
DEVEIDPED DEVELOPI?«i IEVEWPED 
COONTRIF..5 COONTRIF..5 CClJN'l1UF..5 U.S. 

OOVERfM3Nl' 

ministry/agency 788 1,174 392 1,669 4,023 

research institute S43 763 411 622 2,339 

USAID 309 839 10 1,396 2,SS4 

other 271 274 lSl 792 1,488 

UNIVERSIT'i/SCHX>L 

ind iv. professor S87 1,469 1,094 3,720 6,870 

library 186 l,3SS 379 636 2,SS6 

comse use 103 139 172 96S 1,379 

student 66 139 187 739 1,131 

other 161 387 243 1,229 2,020 

PRIVATE FNI'ERPRISE 

research institute 219 419 440 1,076 2,1S4 

bookseller 32 SS 17S 234 496 

consul ting firm 68 94 16S 428 7SS 

individual 341 986 713 2,644 4,684 

other 203 S87 641 l,72S 3,1S6 

INf'L ORGANIZATIONS 

UN & related 138 187 217 243 78S 

developnent banks 11 4S 26 409 491 

other 88 6S6 104 402 l,2SO 

CIWUTABLE/RELIGIClJS 272 152 263 274 961 ORGANIZATIOO 

O'IHER so 17 33 74 174 

10rAL 4,436 9,737 S,816 19,277 39,266 
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Table 4. Distributed copies* and DUl tiple requests of 
selected ACTI reports, throuah May 1, 1978 

LF.ASl' OIHFR 
DEVELOPF.D DEVEIDPING DEVELOPF.D 
CXXJNTRIES CXlJNI'RIFS CXlJNI'RIFS 

ftt>re Water for Arid Lands: 
Promising Teclmologies and 
Research Opportmlities 

(no record kept) 

Underexploited Tropical Plants 859 1,373 218 
with Pranising &:anomic Value 

The Winged Bean: A High 20 170 160 
Protein Crop for the Tropics 
(excludes first printing of 
3,000 copies) 

Energy for Rural Developnent: 623 1,441 650 
Rene\tllble ReSOlll"ces and 
Alternative Technologies for 
Developing Cowltries 

Making Aqua tic Weeds Useful: 385 727 364 
Some Perspectives for Develop-
ing ColUltries 

Q.Jayule: An Alternative Source 163 283 93 
of Natural Rubber (excludes 
750 copies fran secom printing 
distributed by USDA) 

Leucaena: Pranising Forage and 360 752 565 
Tree Crop for the Tropics 

IDrAL 2,410 4,746 2,050 

U.S. TOTAL 

1,523 3,973 

292 642 

1,956 4,670 

916 2,392 

1,885 2,424 

1,011 2,688 . 

7,583 16,789 

• Distribution includes USAID Mission Directors, AID/W, appropriate developing CO\Ultry 
govenunent ministers, U.S. Ambassadors, BOOTID Address Banlc, panelists and contributors 
to the study, participants in related activities, ACTI JDSDbers, and BOSTID members. 
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is still highly endemic; it is estimated that at least 100 million cases 
occur annually and result in one million deaths. 

Mosquito control today is in a state of crisis. For the past 30 years, 
mankind has been alnl>st canpletely dependent on synthetic organic insecti­
cides. Today, the very properties that made these chemicals so useful (long 
residual action and toxicity for a wide spectrun of organisms) have brought 
about serious environmental problems. l«>reover, msquito resistance to chem­
ical pesticides has caused the failure of many vector control canpaigns. 

The Academy convened an expert panel to examine innovative msquito con­
trol methods suited to developing countries. The report reviews current 
knowledge in the field of msquito control and identifies several specific 
areas in which further research might produce results of great benefit to 
developing colD'ltries. 

To slDllilarize: the following is a brief listing of control teclmiques 
and how they work: 

Larvivorous Fish. In pools, ponds, marshes, etc., various mimow-sized 
fish hive controlled mosquito breeding by eating msquito eggs, larvae, 
and pupae. 

Invertebrate Predators. Praninent anmg these predators is a group of 
large, ncnbi ting msqui toes whose larvae devour the larvae of other 
mosquito species that are disease vectors. The predatory mosquito 
larvae may be especially effective in reducing post-msquito produc­
tion in tree holes and other containers such as tires, tin cans, house­
hold water jars, and flower vases. 

Genetic Control. l«>squitoes with altered genetic material may be used 
to control their own species. 

Parasitic Nematodes. Several species of parasitic nematodes attack 
certain msquitoes in the larval state. Th.ese minute roundwonns can 
be mass-produced, and field trials are undetway to determine their 
potential for msquito control. 

Parasitic Protozoans. In nature, microsporidians,, a group of spore­
fo111ling protozoans, are c01111Dn pathogens of msquitoes; if their n1.111-
ber can be increased or their effectiveness inproved, they may con­
tribute even mre to msqui to control. 

Parasitic ifi8!. Many fungi, especially menbers of the genus Coelo-
nonyces, k a wide variety of msquito larvae in a broad range of 
aquatic envi1onments. 

Patho~c Bacteria. A spore-foming bacterit.m Bacillus thurWensis 
(stralilBA-068) is highly lethal to certain msquito larvae. ~can 
be mass-reared and applied to aquatic habitats. 
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Juvenile lbl'!IDle Mllnic8n£Insect Growth Re~ators i. Insect juvenile 
honoone mimics hliider derange the norma aeve opnent of ilmBture 
J1Dsquito stages. Applying low doses of these CClllpOlUKls to aquatic 
habitats prevents the roosquito from coopleting its life cycle. 

Larvicidal Plants. Various larvicidal plants, including the rooted 
ilgae of the family Characeae, can, mder certain enviromnental con­
ditions, prevent msquito breeding by exuding a toxin into the water. 
Also, certain seeds that exude JlllCilage may drown larvae that become 
stuck to them. 

About 7,000 copies of this report have been distributed to ministers 
of health and researchers in over 100 cmmtries. It has led directly to re­
search projects by the U.S. Department of Agriculture and by the Government 
of the Netherlands Antilles. It is likely that other projects were stinll­
lated or helped by the report. 

The report has been used as a textbook or reference at Yale University, 
Institwt voor Tropische Geneeskunde (Leiden, the Netherlands), University 
of .AgTicultm-e Malaysia (Selangor, Malaysia), World Health Organization 
(Manila, Alilippines), Center for Disease Ccntrol (Atlanta, Georgia), Kon:inklijk 
Ins ti twt voor de Tropen (Amsterdam, the Netherlands) , Victoria University of 
Wellington (New Zealand) , MemJrial University (St. Jolm' s, NewfOtmdland) , 
lhiversi ty of Notre Dame, and the Intemational Centre for Insect Physiology 
and Ecology (Nairobi, Kenya). 

r.opies were distributed by the Natimal. Institutes of Health, the World 
Health Organization (Geneva), the Department of Defense (to military entanolo­
gists throughout the world), Center for Disease r.antrol (Savannah and Atlanta, 
Georgia), Research Unit on Vector Pathology (Menl>rial University), Czecho­
slovak .Academy of Science, and others. 

A press release en the report was carried nationwide by UPI and ap­
peared in many of the nation's newspapers and teclmical publications. NBC 
News featured the report en a naticndde evening newscast. 

Representatives Charles Vanik and James Symington and Senator r.tmdale 
each requested copies. 

Food Science in Developing C.01.11tries: A Selectien of tm.solved Problems 

The Advisory Ccmnittee en Technology Innovatien was interested in munt­
ing a series of projects that would bring priority R&D issues concerned with 
socioeconanic developnent in ncnindustrialized naticns to the attention of 
scientists and tedmologists. Acri hoped to stinlllate research, in both the 
industrialized andncnindustrialized nations, on problems whose solutions 
would have the greatest inmediate potential for beneficial iq>act in the de­
veloping cOlDltries. 

Th.e conmittee was aware of the warm receptien the U.S. scientific can­
nunity gave two wlunes on problems in environmental health and food science 
and teclmology that were supported by grants from the U.S. Pli>lic Health Ser-
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vice. They therefore felt that a similar approach directed to problems of 
imnediate concern to developing comtries would be useful. The camdttee 
selected the fields of food science and nutrition for a pilot study and sent 
solicitations to DK>re than 300 people, primarily in developing CO\Dltries. The 
resulting publication, Food Science in Devel!:ing Cotmtries: A Selection of 
Unsolved Problems, is a compilation of 42 pr0 iems selected primarily by sci­
entists and other workers in the less developed comtries as topics worthy of 
imnediate examination. Acri feels it is particularly significant that the 
problems represent "their'' priorities, not necessarily "ours," and it proposes 
to follow this pr:inciple in other fields. 

The object of publishing this ccmpendillD was to stimulate the interest 
of research workers and technologists in solving these and similar problems. 
F.ach problem in this collection is organized under the following headings: 

Problem Description 

Background Infomation 

Possible Approaches to a Solution 

Special Requirements 

Bibliography 

Key Contacts. 

The section, "Special Requirements," is intended only as a guide in 
situations where the approach suggested involves specialized activity that 
may be new to the reader. The bibliography lists publications that the con­
tributor and the editing conmittee feel are useful sources of infomation 
on the backgromd and status of research en the particular stbject, and on 
the useful and necessary teclmiques involved in the investigation suggested. 
Key contacts are experts who have agreed to cooperate in this project by acting 
as personal contacts for the :interested reader who may need advice and infor­
mation while getting started on the research suggested in this volume or 
during the course of the investigation. 

The volume and problems in the volume are divided into four parts as 
follows: 

I. New Foods 

II. Food Processing 

III. Food CDq>osition 

IV. Nutrition and Heal th. 

The overall long-term inpact of such a project is difficult to assess 
because of the nature of research and the "ripple" effect. Research results 
are frequently a long time in coming and appear either as reports in scattered 
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journals or siq>ly as improvement in diet that may or may not be aclcnow­
ledged in written reports. The ripples generated by an idea dropped into 
the pool of scientific endeavor may not only stinulate a reaction direct­
ly, but, by being "reflected" from an active mind, may generate subsidiary 
"ripples" that in tum stinl.Jlate their own reactions. Sufficient response 
has been received nevertheless, and the callllittee is convinced that the pro­
ject is worthwhile indeed. 

In the initial printing, 20,000 copies were produced and distributed 
as follows: 

1. U.S. and Canadian meni>ers of the Institute of Food Teclmologists 
(the professional organization of food teclmology in North America), 
approximately 11,000 copies. 

2. Foreign meni>ers of the mailing list of the Nutrition FOlDldaticn, 
2,000 copies. 

3. General OOSTID mailing list, approximately 2,000 copies. 

4. U.S. and Canadian universities, approximately 1,000 copies. 

S. Mailing list canpiled from sources such as: 

6. 

a. Roster of Scientists for the Major Food Crops of the Developing 
World; 

b. field representatives of the Food and Agriculture Organization 
(FAO) and the World Health Organizaticn (WR)), approxiately 
1,000 copies. 

Direct requests from both developed and developing nations (ratio 
of about 1:2) (including many for llllltiple copies), approximately 
3,000 copies. 

Because of the large voll.IDe of requests received after the initial 
20,000 copies were distributed, an additional 3,000 copies were printed. 

Among the bmdreds of requests received, there are dozens of letters 
attesting to the usefulness of the pt:blication in a variety of ways. The 
amni ttee is particularly pleased that the publicaticn has been included 
as a text and as resource material in the curricula of many universities. 
For instance, the Department of llman Nutrition of the Agricultural Univer­
sity in Wageningen, the Netherlands, has used it in two ways: in the In­
ternational Course in Food SciencE'! and Nutrition (mstly foreign students) , 
and as required study for Dutch s tlrlents who are candidates for the mster 
of science degree in hLlnan nutri ticn with specialization in problems of de­
veloping cotm.tries. 

In the United States, Purdue University, the University of Florida, 
and MIT have been using it in their food science and teclmology courses for 
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tmdergraduates. In Canada, the Northern Alberta Institute of Technology 
has been using it to train African students who are sponsored by the cana­
dian International Developnent Agmcy (CIDA). Many other universities 
have distributed copies to graduate students and faculty med>ers as a source 
for research ideas. 

The publication has been used in nmy international seminars and 
training courses. Among those we know of are: 

-- "Applying In-Cotmtl'Y Food Science to Feeding People Better," a 
workshop ccnducted by the League for International Food Bduca­
tion (Washington, D.C.) in Madrid, Septeni>er 1974 (150 copies dis­
tributed to people in Asia, Africa, Latin America); 

- - UNE&X>/IRCX>/UNEP training courses on conservation and use of mi­
cro-organisms for waste recoveIY and indigenous fennentation, held 
at the Institute of Teclmology, Bandung (we learned of this from 
several participants who subsequently requested copies); 

-- "Food Science and Technology--Its Constraints in Assisting the 
Nutritional Development in the Third World," a conference spon­
sored by the Nutrition Fotmdation in conjtmetion with the Madrid 
meeting of the International Union of Food Science and Teclmology 
(150 copies went to participants). 

Besides requests for copies to be sent to various international re­
search organizations we have also been aware of a rather surprising inter­
est on the part of industIY. Finally, one of the mre gratifying responses 
to the publication of this collection was received from the University of 
Ife in Nigeria. There a faculty meni>er and two of his students became so 
interested in two of the problems that he was arranging for his students to 
do collaborative research with the key contacts listed for the problems. 

In sum, the conmittee is pleased with the results of the project to 
date and may follow it with similar efforts in other fields. 

Roofing in Developing Colmtries: Research for New Technologies 

The full impact and implication of the roofing problem currently ex­
perienced by developing cmmtries cannot be realized without some familiar­
ity with the overall housing problem. More than 80 developing cotmtries 
suffer fran an acute housing shortage, principally because of the ever­
increasing need for new housing created by expanding populations and the 
~riodic large-scale loss of housinf from natural disasters. The mst se:­
rious obstacle to low-cost housing m the developing countries, regardless 
of setting or sophistication, is the lack of a low-cost roofing material 
that will provide satisfactol'Y perfomance for a reasonable time tmder many 
adverse conditions. Usually, roofing for low-cost housing in developing 
eotmtries is not the product of any organized building :industIY or process. 
Instead, it is constructed with local self-help labor using tildimentary pro­
cesses and materials. ~st roofs made of low-cost, indigenous m.terials 
such as thatch or tmfired clay lack durability and can be hazardous to health 
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and safety. The materials often are subject to moisture-induced decay; 
they harbor vennin and insects and are particularly dangerous during 
fires, windstonns, earthquakes, and other disasters. 

In view of the magnitude and canplexity of the roofing problem in 
developing cotmtries, the Agency for International Development asked OOSl'ID 
to review the practicality of a major research effort to develop new solu­
tions to roofing problems in developing cotmtries. OOSl'ID invited the 
Academy's Building Research Advisory Board (BRAB) to conduct the review. 

A BRAB conmittee reviewed past and current research and development ac­
tivities directed at solving particular roofing problems of developing coun­
tries, as well as more general roofing R&D in other cotmtries throughout 
the world. The conmittee found that most such R~D deals with the problems 
associated with roofing materials now in cOJllOOn use, or aims at improving 
a specific material or product, or seeks better use of materials or prod­
~ts already available but used for purposes other than roofing. 

During its investigation, the camrl.ttee identified a wide variety of 
materials that researchers could consider in a search for new roofing sys­
tems for developing countries. Since developing cotmtries differ so wide­
ly in their needs, climates, and available materials and resources, each 
DIJSt detennine independently which materials and avenues of research are 
most promising. The conmittee believes, however, that an organized, sys­
tematic approach to the establishment and direction of R&D programs within 
the developing cotmtries could lead to early results of inmediate use for 
J1Dst, if not all, comtries. The conmittee made the following reCOJllllenda­
tions: 

1. A standing advisory comni ttee should be established under appropriate 
international auspices. 

2. Roof-covering research, development, and denvJnstration programs should 
be directed toward the use of existing, connercially available un­
saturated polyester and related polymers for binding canbinations of 
indigenous materials (such as vegetable fibers, earth, and fabrics) 
of selected developing countries. 

3. A pilot project should be undertaken to process foamed plastics suit­
able for roof-covering materials and to develop a mobile, small-scale, 
foaming equipnent system that developing countries could produce eco­
nomically. 

4. Sulfur should be given serious consideration as a material for bind­
ing mixtures of other indigenous materials, as a valuable coating and 
jointgrouting material, and as a material from which small-size roof­
ing products, such as tiles, can be made. 

S. A laboratory research and field demonstration program should be con­
ducted on the transfonna.tion into low-cost, lightweight roofing sheets 
of c.arbonized and expanded, nonfood, high-starch plant products that 
have been canbined with tmSaturated polyester resins and related poly­
mers. 
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6. An intensive program should be initiated to develop economical pro­
cesses for manufacturing resins fran native agricultural products 
(e.g., natural vegetation, bagasse) for use primarily as binders. 

7. Wastes from primary industries and wastes such as fly ash and blast 
furnace slag from the steel industry should be investigated as they 
have properties that make them suitable as cementitious binders. 
Red mud, a copious by-product from bauxite refining which gluts many 
developing colDltries, merits serious consideration, as do metallic 
wastes from the production of iron and steel. 

8. An analytical and laboratory testing program should be tmdertaken 
to develop more appropriate and economical reinforced concrete 
products. 

9. A research program should be 1.Dldertaken to develop methods for im­
proving the general perfonnance and range of applications of clay­
based roofing materials. 

10. 'lhe suitability and effectiveness of waste raw materials from textile 
and other fiber industries (based on such fibers as jute, sisal, hemp, 
kenaf, and cotton) c01111Dn in developing colDltries as a blend in a 
conqx>site material for roofing compments should be explored. 

'lhis report was favorably reviewed in Technol~ Review, November 197 4. 
Mailing lists were supplied by the United Nations (~tre for Housing, Build­
ing, and Planning), AID, and the U.S. Department of Housing and Urban De­
velopment. 1he report was used as a text at the Food and Agriculture Or­
ganization (F.AO) Consultation on Wood-Based Panel Products, in New Delhi, 
February 1975. 

In total, 5,000 copies of the report have been distributed. 'lhough 
a few requests are still received each week, the report is now out of print. 

t.t>re Water for Arid Lands: Promising Teclmologies and Research Opportmtlties 

Another problem that has assumed major inportance in recent years and 
is of great current concern to AID is the i.nq>rovement of teclmologies for 
the collection and use of water in arid lands. Today, arid regions face 
mre difficult problems than ever before. 'lhe world's sand deserts appear 
to be enlarging, and droughts are contributing to the economic devastation 
of whole nations. 'lhe six drought-stricken Sahelian nations provide an ex­
treme illustration, but inadequate technology affects industrialized and 
developing cmmtries alike, and both suffer from the crisis. 

Nevertheless, arid lands have 1.Dlderexploited agricultural potential. 
We should learn that this potential can best be developed by applying con­
cepts and methods specifically suited to dry regions. Water practices de­
veloped for temperate climates may not work as well in arid regions for 
teclmologi'-al, environmental, economic, and cultural reasons. We need fresh, 
innovative approaches to water teclmologies, particularly those designed to 
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meet the needs of arid regions in the less developed world, where there 
has often been inproper application of practices developed in regions with 
higher rainfall or mre abl.Dldant water supplies. Also, ~ need to recon­
sider practices developed in arid regions by ancient agriculturalists. 
Basically, there are two approaches: increasing the supply of usable wa­
ter, and reducing the demand for water. SUpply and demand, as ~11 as 
delivery, have to be considered as an integral system. 

Following the reconmendation of experts in the field, ACTI convened 
a study group to write a report ained at drawing the attention of agricul­
tural and COJllll.Dl.ity development officials to opportunities for small-scale 
water development and conservation. 

The report outlines a number of often neglected but important con­
cepts of water management, and presents details of specific technologies 
in two general categories as follows: 

I. Technologies for Enhancing Water SUpplies 

Rainwater Harvesting: Rainwater collected fran hillslopes and man­
made catcl'Ulierits can create new supplies of low-cost, high quality water 
for arid lands. 

Runoff Agriculture: Runoff agriculture involves rainwater harvesting; 
the water is usea directly in agricultural systems specifically designed 
for the purpose. 

lrri!ation with Saline Water: Saline water is widely available but 
rarely use because it restricts plant growth and yield. Evidence is now 
accllll.ll.ating that with care and under certain favorable conditions saline 
water can be profitably used for irrigation. 

Reuse of Water: Increasing demands on water make it necessary to 
greatly mcrease water reuse. Technical developments such as recycling 
and advanced waste treatment may have great i.q>ortance in the future. 

Wells: Hand-dug wells, a technology begml thousands of years ago, 
is regaimng popularity with the help of new materials and construction 
equipment. 

In addition to the above, one chapter briefly mentions grol.Dldwater 
mining, desalting, solar distillation, the use of satellites and.aircraft 
for detecting water in arid lands, rainfall augmentation, the possibility 
of using icebergs as a source of water, and dew and fog harvesting. 

II. Technologies for Conserving Water and Reducing Demands 

Reducffis ~tion from Water Surfaces: Because evaporation is in­
visible, it is ~ regaroed as a serious drain on stored water, but an­
nual evaporation losses, particularly in arid lands, are very great. 

Reduc~ See~ Losses: Seepage causes serious water losses in canals 
and ~1.Dl ts. rn materials and techniques can reduce or eliminate 
seepage, but costs are still high. 
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Reduc~ Evaporation fran Soil Surfaces: Water losses resulting 
fran evaporation fi'Om soil surfaces can be re<luced by covers or mulches. 
In many cases the covers also serve conplementary flmctions such as stop­
ping desert encroachment or pl'ODDting nm.off agriculture. 

Trickle Irrigation: This newly developed irrigation method uses a 
system of pliStic pipes placed on the soil anaig the plants. Water car­
ried in the pipes drips onto the soil beside each plant at a rate care­
fully matched to the plant's needs. Canpared with conventional irrigation, 
excellent crop yields have been obtained with a mininun of water. 

Other IIUlOvative Irrigation Methods: SalE simple irrigation methods, 
with potential benefit for arid landS but neglected in technical manuals 
or textbooks, are presented pictorially. 

Reducing Cropland Percolation Losses: Large areas of sandy soil in 
arid landS are not used for agriciil ture because the water sinks below the 
root zone too rapidly and the extra irrigation water needed to compensate 
for this problem is not available. Techniques are now being developed to 
produce artificial undergrolUld 111>isture barriers to prevent or restrict 
water and nutrients from percolating away. 

Reduci.IJ& Tr~iration: About 99 percent of the water absorbed by 
plant roots is re eased into the air from leaf surfaces. If practical 
means to reduce this process can be fOlUld, najor savings can be realized 
in the aJJl>\.Ult of water needed to raise a given crop. 

Select~ and ~fanag~C!YPs to Use Water More Efficiently: Relative­
ly little hiS een aone on signing water-efficient systems for arid-land 
agriculture. Numerous research opporttnities--from plant genetics to en­
gineering--remain to be explored. 

Controlled-F.nviromnent Agriculture: When crops are grown within wa­
tertight but transparent enclosures, the 8111>\.Ult of water nonnally lost can 
be greatly reduced, and the atlll>sphere arolUld the plants can be manipulated 
to maximize productivity. These are costly systems, but high agricultural 
productivity can be achieved with small annmts of water in very inhospitable 
regions. 

This report has received nuch domestic attention. The U.S. Geological 
Survey, the Texas legislature and the governor of Texas, and representatives 
and senators from California, Arizona, New Mexico, Utah, Nevada, and Texas 
all asked for copies. 

The report is being used as a textbook in classes at the University of 
Arizona, Texas Tech University, Utah State University, The Volcani Institute 
(Bet Dagan, Israel), and the University of Oxford (P.ngland). 

Many technical assistance agencies have asked for nultiple copies for 
their own distribution. These include FAD, CIDA., IDRC, CARE, American ColUl­
cil of Vol\.Ultary Agencies for Foreign. Service, Inc., and the Intennediate 
Teclmology Developnent Group. 
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A m.ld>er of AID officers have requested nultiple copies and have ex­
pressed their enthusiasm for the report. These include Princetcn Lyman 
(AFR/00) , lklward P. Johnson (AID/ Jordon) , and Madison Broadnax and Ani>as­
sador William O. Brewer (both Sudan). AID's Africa Bureau is processing a 
task order with the NAS for translating and printing the report in French 
for training teclmicians in Sahelian comtries. 

Of the initial printing of 10,000 copies, about 4,000 copies were 
sent to AID missions, AJ.D/W, USIS libraries, foreign. eni>assies, developing 
cotn1try administrators, teclmical assistance agencies, miversities, and 
agricultural research institutes. These generated much interest and in­
dividual requests for about 4,000 mre copies. OOSTID still receives re­
quests for about 30 copies each 111X1th, and in 1976 6,000 additional copies 
were printed to fill the incoming requests. The report has been translated 
to French, with 4,000 copies printed. 

Underexploited Tropical Plants with Promising Economic Value 

The strain on world resources posed by rapid population growth, 
dwindling supplies of nonrenewable resources, and shortages of food puts 
econanic botany in the mainstream of hllnan concern. Today, most of the 
people in the world are fed by about a dozen crops--three cereals (rice, 
wheat, and maize), two sugar plants (sugar cane and sugar beet), four root 
crops (potato, sweet potato, yams, and cassava), two legt.1Des (the camon 
bean and the soybean), and two tree crops (coconut and banana). These plants 
are the main bulwark between mankind and starvation. 

Yet, as the prospect of food shortages becomes mre acute, people must 
depend increasingly on plants rather than animals for the protein in their 
diet. To help feed, clothe, and house a rapidly increasing world population, 
it is timely to consider neglected or little-lcnown plant species. 

An ad hoc panel on tilderexploited Tropical Plants with Pranising Eco­
nomic Value was appointed to: 

-- identify neglected but seemingly useful tropical plants, both wild 
and domesticated, that have econanic potential; 

select plants that showed most promise for wider exploitation 
through>ut the tropics; and 

indicate requirements and avenues for research to ensure that 
selected plants reach their fullest potential. 

The 36 plants described in the panel's report were selected from mm:mg 
400 nominated by plant scientists around the wrld in response to a written 
inquiry. F.ach plant chosen for incluaian satisfied several criteria, the 
mst important of which are: (1) that it can be grown in the tropics; (2) 
that it has significant potential as a source of food, forage, or industrial 
raw material; and (3) that it can help nake developing CO\Dltries (or areas 
within) mre productive. The report provides a brief introduction to the 
plants selected. F.ach plant is presented in a separate chapter, arranged in 
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the following order: 

Description of the Plant and its Advantages 

Limitations and Special Requirements 

Research Needs 

Selected Readings (significant reviews, general articles) 

Research Contacts and Genn Plasm Srurces (individuals or organiza­
tions known by the panelists to be involved in relevant research or 
to have appropriate seeds, cuttings, or rootstoclcs). 

The infonnation in this report is only a starting point for what ~Y 
prove to be laborious and troublesare projects. 

The panel members also felt that certain points concerning the status 
of tropical botany and the urgency of preserving genn plasm were so impor­
tant that, although not part of their fonnal mandate, they made specific 
reconmendations regarding these areas. A stmnary of these reccmnendations 
included the following: 

-- M>st agricultural scientists are unaware of the scope and potential 
offered by tropical botany. The discipline suffers largely because 
the major centers of scientific research are located in temperate 
zones. There is an urgent need for plant researchers to becane 
acquainted with tropical plant life. 

-- A massive effort is needed to ensure the survival of endangered 
plant species throughout the world. It canes as a surprise to most 
nan-botanists to learn that one out of every 10 plants is either 
extinct or in inminent danger of extinction. Careful preservation 
and thorough cataloguing are particularly important for little­
known plants. To this end, the mmer of botanic gardens, field 
stations, and habitat reserves containing natural vegetation types 
must be increased. In addition, the nl.IDber of personnel trained 
in tropical plant science must also be increased. 

- - Agriculture in the tropical world suffers from a lack of mechanisms 
for systematically and routinely introducing and investigating 
little-known but potentially useful tropical plants. Because mst 
tropical comtries are poor, their experiment stations cannot af­
ford to devote time and J00J1ey to lesser-known plants. To alleviate 
this problem, development agencies and fomdations concerned with 
agriculture should consider sponsoring a system of horticultural 
facilities (in tropical and subtropical developing comtries) 
where agronomic research and extension on lesser-known indigenous 
and newly introduced species could be pursued. In part, such facil­
ities could be extensions of the network of international agricul­
tural research institutions already in existence. 
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Some:~l«l$ of the plaats·chosen for their exceptional merit are: 
' .-, ' . 

- .. G~ Mllranths j_llu.rantlws spp.) 1be seeds of these al.mst 
totally .Jleglect Ciiitrat American grain crops have extremely 
high levels c>f protein and of. the :nutritionally essential amino 
acid, lysine, which is usually deficient in plant protein. 

-- Chaya (Cnidolcolus aconiti:folius and QU.doscolus charmn!nSa). 
The leaes o~ these fast-growing, prolific shfubS are a mtritious, 
spinac:h-lilce, green vegetable. Known only in Central America, 
Ciaya deserves testing.elsewhere in the tropics. 

-- Wax gourd (Benincasa: hi.Spida). 'Ibis large, melon· like vegetable 
is easy to grow Bnd can yield three crops per year. Its outstand­
ing feature is that the fruit can be kept without refrigeration 
for as long as 12 mnths. 

-- Pejibaye (Guiliel.m gasipaes). The chestnut-like fruit of this 
palm is probibiy the mst mtriticmal.ly balanced of tropical foods. 
It contains carbohydrates, protein, oil, minerals, and vitamins. 
Suited to the wet tropics, the trees, once established, require 
little care and yield well. 

-- Buffalo gourd (Cm'Curbita foetidissima). , 1his wild North American 
desert gourd, whidi fiimisbed idihie seeds for the .American Indi­
ans, is a potentially profitable source of protein and edible oil 
in extremely arid lands. It deserves wider recognition and test 
plaming in all arid regions of the world. 

-- Tamarugo (Proadifiis tana~. A hardy, leguninous tree, native 
to the forbi g .Atac:&DB sert in Chile, tamarugo grows through 
a layer of salt sanetimes 1 m thick. The IDltritional quality of 
its pods and leaves allows sheep to be stocked at rates approaching 
those of the best forage areas in the world. 

- - Guayule (Parthenium argenta~ • A shrub of Mexican deserts, 
guayule contains lirge quantities of latex that closely resenbles 
that from the Hevea rubber tree. Technical problems associated 
with separating the latex fran resins and other vegetable matter 
have prevented its developnent, but it still holds great promise, 
and, given research, it coold becane an iq>ortant source of rubber 
for production in arid lands. 

aver 21, 000 copies of this report have been printed and distributed 
to appropriate individuals and institutions in both the developed and de­
veloping countries. About 25 to 30 requests are received per week, JIBJI)' for 
lllll.tiple copies. 

The Winged Bean: A High Protein Crop for the Tropics 

The winged bean, Psophoc:arpus tetragonolobus, a little-lcnown tropical 
legme, is grown alnl>st iXCIUSiVilY iD PiPlli NW Guinea and Southeast Asia. 
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The plant came to the attention of the Natiooal Academy of Sciences dming 
an extensive survey of underexploited tropical plants conducted by an .Acad· 
emy panel in 1974. 1he seemingly exceptional merits of the winged bean 
suggested that a separate, in-depth examination of its characteristics and 
prospects be mdertaken praiptly and 'J:he results brought to the notice of 
the intemational developnent conn mi ty. 

The possibilities of the winged bean as an adjunct to the In.nan diet 
have not been recognized. It is an exceptional legt.1De: the green pods, 
leaves, and seeds are rich in oil, protein, and vitamins, and the tuberous 
roots are- -amng root crops- -lmiquely rich in protein. Winged bean plants 
grow vigorously, appear to have Dl>re nitrogen-fixing nodules per plant than 
other edible legt.Des, and their extensive root system canies exceptionally 
large nodules. 

To evaluate the available information and assess the potential of 
this plant, an intemational panel of specialists on the winged bean, on 
tropical agriculture, and on nutrition was convened. 

The panel was not expected to produce a canprehensive report but to 
consider such matters as: (1) the state of knowledge concerning the winged 
bean (2) the bean's pranise as a crop plant (3) significant data gaps and 
research needs, and (4) a strategy for intemational research and testing 
to assess the crop's future. 

A sumary of the rec:onmendations of the panel is as follows: 

1. A concerted effort should be l.Dldertaken inmediately to systemati­
cally collect, store, and replicate elite winged bean varieties available 
in Southeast Asia. 

2. Four or five institutions in differing tropical locations should 
DBintain living collections and begin small-plot trials and plant iq>rove­
ment programs. The University of Papua New Guinea; the Intemational Cen­
ter for Tropical Agriculture in Cali, CDlonbia; the Intemational Institute 
of Tropical Agriculture, Ibadan, Nigeria; and the Asian Vegetable Research 
and Developnent Center in Taiwan have been suggested as appropriate for this 
effort. 

3. A J11>nograph should be prepared an the genus PstJ!;ocarpus. It is 
basic to all plant illprovement programs to know exactlygenetic materi­
als involved and their interrelationships. 

4. Agronanic research should be initiated in several areas where pre­
sent lack of lcnawledge constitutes a serious barrier to the rational develop­
ment of the winged bean. 

5. Research should be mdertaken on the nutritional aspects of winged 
beans. 

6. A research center actively engaged in winged bean research should 
undertake pli>lication of an informal newsletter that will provide the inter­
ested research COlllllJDi ty with continuous information concerning winged bean 
research. 
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7. A step-by-step practical guide to introduce the winged bean to 
minitiated researchers in :new areas would be valuable. 

The initial printing of 3,000 copies was quiclcly exhausted; two addi­
tional printings of 5, 000 copies each have been made, and nearly all have 
been distributed. .About 15 to 20 req\Jests per week are received. 

The winged bean has received considerable publicity around the world. 
Requests for reports, seeds, and visits fran scientists familiar with vari­
ous aspects of the plants'cultln"e continue. Several large corporations such 
as General Foods and C.P.C. have requested kilo quantities of seed for test­
ing. Researchers at the University of Papua New Guinea have distributed 
over 500 lots of winged bean seeds to readers who saw them listed in the re­
port. lhiversi ty of Florida agrCIUIDists have filled a similar mmi>er of re­
quests. As a result, the winged bean has now been introduced to scores of 
cotm.tries and literally hundreds of agronomists, farmers, baclcyard gardeners, 
and nutritionists, and technical assistance institutions have incorporated 
the winged bean into their program of diet. 

Several acres of winged bean are now being grown near Miami by Univer­
sity of Florida researchers. For the first time this will provide large 
ammts of seed for cmprehensive mitritional and industrial trials. 

In addition, 15 winged bean lines are being grown in adaptability 
trials at different altitudes, climtic zones, and soil types in Florida, 
C.Oloni>ia, Nigeria, Australia, Papua New Guinea, and Indonesia. This pro­
gram, coordinated by an infotmal intemational group of winged bean research­
ers, will produce evidence for the varieties best suited to different environ­
nents. 

So nu:h research is now lllderway that a newsletter, the Winged Bean 
Flyer, is being published. Many of the results in it are observations bY 
non-scientists, but international research institutes such as the Interna­
tional Rice Research Institute, the Asian Vegetable Research and Develop­
ment Center, and the International Center for Tropical Agriculture, have re­
ported progress as well. 

The Asia Foundation sponsored an international winged bean conference 
January 9-13, 1978 in the Philippines. Over 250 scientists representing 25 
nations on six continents attended and gave reports of ongoing research at 
their organizations. 

Products from Jojoba: A Promising New Crop for Arid lands 

A study of jojoba (Simnondsia chinensis) by a conmittee of the National 
Academy's Office of Chemi~Cil Technology seemed so important 
for developing cotmtries that a BOsrID staff officer provided initial pro­
gram direction and mnitored the study, and AID provided funds to print and 
disseminate the caunittee's report to arid developing countries. 
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In their report, the comittee ccncluded: 

-- Jojoba oil and its hydrogenated product have marketable properties. 

-- Jojoba's development can reliably rest en its ability to substi-
tute for existing oils and waxes such as sperm oil, camati>a wax, 
beeswax, and spemaceti. 

-- Jojoba oil reseni>les sperm oil in chemical cmposition and physi­
cal behavior; if a sufficient supply of jojoba oil were available 
at a conpetitive price, it would be used as a substitute for spenn 
oil. 

-- JojDba can increase the productivity of arid lands not suitable 
for conventional crops. 

The report identified crucial research needed to develop jojoba as a crop 
and gives much teclmical detail about the chemistiy of jojoba products. 

B05rID has distributed 2,000 copies of this report to administrators 
and researchers in Brazil, CU.le, North Africa, the Middle East, Sahelian 
cam.tries, East Africa, Pakistan, India, Australia, and other countries with 
arid regions. 

Partly as a result of this NAS study, the World Bank and the Govennnent 
of Israel are eni>arldng on a $1.4 million jojoba developnent project which 
will help to make arid areas of the Negev Desert and barren salinified regions 
near the Dead Sea more productive. 

A newsletter, Jojoba Happenings, is now being pd>lished six times a 
year by an infol'DBl International Qmnittee for Jojoba Developnent, based 
at the lhiversity of Arizona. 

Inergy for Rln"al Developnent: 
Renewable Resources and Alternative Teclmologies 

Some time ago, ACTI initiated a study on low-power SO\ll'Ces of electri­
cal energy for developing countries. The original intent was to concentrate 
an sources that could provide power of the order of 100 watts, for use pri­
mrily, but not exclusively, with small COllllUllications devices (including 
village television receivers) • At the suggestion of a group of experts, the 
National Bureau of Standards was asked to conduct, for ACTI 's use, a prelind­
nary engineering survey to assess the then current (1973) availability and 
cost parameters of suitable devices. 11lat survey recognized the potential 
applications of such things as solar devices and wind-driven generators, but 
basically asstned the availability of fossil fuels (e.g., kerosene) in mst 
rural areas in the less developed countries, and emphasized the economic and 
mechanical advantages of small, inexpensive internal canbustion engines. 

It soon became apparent, however, that the world situation with respect 
to the evaluation of conventional energy sOtn'Ces was changing considerably. 
ACTI decided it would be more useful to broaden its original concerns. A 
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panel of experts was appointed to cmsider altemative sources of energy 
indigenous to developing countries that can be usefully and economically 
exploited with a miniDl.n of developnent. The panel examined energy tech­
nologies applicable at a village or rural level and considered power capa­
bilities with a maxiJllJm in the range of 10 to 100 kilowatts. P.ach tech­
nology is discussed in teimS of current (i.e., short-term) and future (i.e., 
intemediate-term) availability; the fonner is defined as availability with­
in five years and the latter as availability within five to 10 years. In 
addition, the report suggests specific research and developnent needed to 
make intennediate-term application a realistic prospect. 

The teclmologies considered by the panel fall within the categories 
of direct and indirect uses of solar energy. Direct uses of solar energy 
include: 

solar cookers 

solar stills for portable water 

heating and cooling of buildings 

refrigeration 

heating water 

crop cbying 

salt production 

photovoltaics. 

Indirect uses of solar energy include: 

photosynthesis 

microbial conversion 

wind devices 

water devices. 

Finally, falling in neither of the najor divisions are discussions of geo­
therma1 energy and the general problems of energy storage. (There wre some 
initial doli>ts about the usefulness of including geothermal sources in this 
study because of the magnitude of their power capabilities and the cost of 
exploration and exploitation. lbfever, the panel felt there may well be spe­
cial cil'CllDStances that would make geotherma1 wlls a practical source of ener­
gy for rural areas in developing countries.) 

The report is divided into two sections in order to maximize its use­
fulness to two distinct audiences. The first section is a nonteclmical sun­
mary in which each technalogy is described and its potential application out-
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lined. This section is directed to the decision maker and planner who DJSt 
evaluate teclmical proposals in this field on the basis of their own cotm­
try' s needs and constraints. The second section is directed to the technolo­
gist who may be familiar with the basic principles involved but may not be 
familiar with specific problems or recent developments in particular tech­
nologies. This section is also meant to provide other sources of information 
to tJ1c technologist who may wish to pursue a particular point in mre detail. 
As for as possible, a mifonn fonnat has been followed in discussing each 
h'Clu10logy. n1erc arc some instances' however' where forcing a discussion 
into the general fonnat would have detracted from its usefulness, and so a 
dl'~t"l'c of flcxihility hns been retained. 

TI1c report includes the following recamtendations: 

1. Rural areas in I.res must be rendered capable of importing certain 
f1u1damcntal products of technology before they can be expected to ex­
ploit alternative energy teclmologies within any reasonable time 
frame. To this end, a target rural area should be studied by a small 
team of technologists and development economists. The purpose of 
such a study would be to devise a scheme to help match that area's 
econany to the developed world so that it could iq:>ort simple, JOO<ler­
ately capital-intensive energy systems or components, mstly through 
its own efforts. 

2. Regional international energy research and development centers should 
be established, along the lines suggested by a previous NAS panel 
on solar energy, provided that nn'al econanists and cultural anthro­
pologists are included on the staffs of such centers. The panel feels 
strongly that without this kind of input the pattern of nonacceptance 
(typical of past attempts to introduce solar devices in developing 
cotmtries) will sinply be repeated for all of the teclmologies dis­
cussed in its report. 

3. A series of regional workshops should be held in Asia, Africa, and 
South America to discuss the problems of inplementing the first two 
reconmendations and the technological suggestions contained in the re­
port. The workshops are considered a prerequisite to any serious rove 
toward establishing the rec:cmnended regional centers. Furtherroore, 
they should be structured to include, in addition to the internation­
al and local plamers and government representatives, menbers of en­
gineering faculties of technical schools, and people who are person­
ally responsible for project implementation in the field. 

Approximately 17 ,500 copies of this report have been printed and dis-
tributed worldwide. In addition, the report has been translated into French 
for distribution to French-speaking developing comtries, especially in the 
Sahel region. 

Methane Generation from fbnan, Animal, and Agricultural Wastes 

One of the mre important alternative sources of energy awilable to 
developing comtries--particularly in rural areas--is methane, generated fran 
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hunan, animal, or agricultmal wastes. In distinction to the other tech­
nologies considered in the study of alternative energy sO\.U"ces for de­
veloping countries, methane generation has a very broad acceptance in some 
regions of the developing world; thousands of small-scale generators have 
been constructed and most are still in use. fbwever, the technology is 
still not known--or at least not used--in most developing col.Dltries, and 
for these reasons ACTI l.Dldertook a report on this teclmology separate from 
its report on other alternative energy sources. 

The methane study was conducted by an tuepert panel, and its report, 
like the one on alternative energy sources, was aimed at a local audience-­
decision makers and planners on the one hand, and tedmologists on the other. 
The objective of the stuly was to provide the infonnation needed by the former 
group to evaluate technical proposals dealing with methane generation en the 
basis of their own comtry's needs and constraints. It was also meant to 
serve as a somce of basic infonnation to the technologist and lead to other 
sources for further detailed teclmical infonnation. 

Sections of the report aimed at a nonteclmical audience include a 
general overview of the methane generation process and its past and present 
uses, a discussion of economic problems associated with evaluating its 
usefulness in a given situation (including factors to be considered in es­
timating costs and benefits), and a section on its.limitations and the so­
cial, cultural, and political !:ations associated with implementation of 
a proposed methane generation s • The teclmical sections· include a 
discussion an the state-of-the-art; engineering considerations in design, 
construction, and operation of small-scale methane generators; and sugges­
tions for research and development. 

Ten thousand copies of the report are being published and will be dis­
tributed in May 1978. 

Making Aquatic Weeds Useful: 
Sane Perspectives for Developing Col.Dltries 

The menace of water weeds is reaching alarming proportions in many 
parts of the world. Water is an important resO\.U"ce, and aquatic weeds af­
fect it adversely by blocking canals and ptmps in irrigation projects; in­
terfering with hydroelectricity production, wasting water by evapotranspi­
ration, hindering boat traffic, increasing waterborne disease, interfering 
with fishing and fish cultme, and clogging rivers and canals so that drain­
age is impossible and floods result. 

This is a global problem, but it is particularly severe in tropical 
nations where wann water and increasing numbers of dams and irrigation pro­
jects foster aquatic plant growth. Furthel'DDre, it is worsened by increasing 
enrichment of natural waters by plant nutrients from human and agricultural 
wastes. 

As aquatic weeds spread, they disperse the water snails that cause 
schistosomiasis, the insidious, debilitating disease prevalent in many de-
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veloping nations. These snails live on the dangling roots and ride along 
as wind and current float the plants around. In additicn, aquatic plants 
foster malaria, encephalitis, and other 111>squito-bome diseases, because 
snall, sheltered pools perfect for 111>squi to-breeding are formed between the 
floating plants. . 

Today, the serious iq>lications of the presence of aquatic weeds are 
becaning 111>re widely recognized; scientists, engineers, and government ad­
ministrators are beginning to take action. Unfortunately, there is no sim­
ple way to reduce the infestations. Herbicides that kill aquatic weeds and 
mechanical devices are allll>st the only methods used in advanced ccnmtries. 
Both teclmiques are expensive and developing countries nust spend scarce for­
eign exchange to import them • 

.And y.et, in a sense, aquatic weeds constitute a free crop of great 
potential value; a highly productive crop that requires no tillage, ferti­
lizer, seed, or cultivation; a crop that is relatively pest-free. Aquatic 
plants have potential for exploitation, but the technology for producing, 
harvesting, and processing them has not been comnercialized. Nonetheless, 
certain aquatic plants have qualities that already make them useful for 
animal feed, h1.anan food, soil additives, fuel production, and waste-water 
treatJnent. 

Sane of the uses described in the report are: 

-- The Grass Carp. A quick-growing fish that lives on plants and 
prefers succulent submersed weeds (which are hard to control by 
conventional teclmiques), converting them into highly prized meat. 

-- Freshwater Crayfish. Anl>ng the least exploited edible freshwater 
organisms, these close relatives of the lobster bring premium 
prices as got.m11et food. In the state of Louisiana, crayfish are 
farmed on a large scale in rice paddies where they feed on aquatic 
weeds, rice stubble left after harvest, and other organisms. 

-- Ducks and Geese. If carefully managed, these caa>n herbiwrous 
animals can clear aquatic weeds remarkably well. In doing so, 
they provide meat and eggs. They are particularly pranising for 
small farmer use in developing countries. 

- - Dewatering. High 111>isture content is the single 111>st iDportant 
difference between aquatic and terrestrial vegetation. Typically, 
aquatic weeds contain only S to 15 percent solid matter. To trans­
port them, or to mix them in animal feeds or other processes, nuch 
of the water nust first be rem>ved. Pressing the water out mechan­
ically and reDl>ving it by solar drying are methods now under devel­
opment. 

-- Soil Additives. Fertilizer is in critically short supply in many 
developing countries. Many aquatic weeds contain appreciable quan­
tities of nitrogen, phosphorus, potassium, and other fertilizer in­
gredients. 
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-- Energy. In a project in Mississippi, the National Aeronautics 
and Space Administration (NASA) is fermenting water hyacinth to 
methane gas. 

- - Water Treatment. Nitrogen am phosphorus c<ll;>OUDds are camaJ. 
pollutants in wateiways; they also happen to be major ingredients 
in fertilizer. Aquatic weeds extract these materials from water 
and incorporate them into their own structure. Researchers in a 
nuni>er of laboratories have recently fomd that these plants can 
be used to treat sewage effluent so that nutrients dissolved in 
it are recovered for reuse. 

- - Aquatic Plants for Food: Miscellaneous Uses. A few aquatic plants 
are widely used as food crops--for instance, rice, Chinese water 
chestnut, and watercress. Some little-known species worth research­
ing are given here. 

An initial printing of 7 ,ooo copies was quickly exhausted,. and 5,000 
additional copies have been printed to fill continuing requests. 

Guayule: An Al temati ve Source of Natmal Rubber 

Of the 2 ,000 or so plants known to contain nbber, only two have ever 
produced it in substantial conmercial quantities; these are Hevea brasilinesis, 
the rubber tree grown principally in Southeast Asia, and guayuie Partheriit111 
arfjntatum Gray, which grows wild in some arid regions of North America. To­
ta y \Dilike the JJBjestic tropical Hevea tree, guayule is an inconspicuous 
desert shrub that reseni>les sagebrush. Nevertheless, during the first half 
of this century it was a conmercial source of rubber. 

No guayule nbber has been produced conmercially for 30 years, however. 
The times were against guayule when, in the mid-1940s, it was abandoned. Then 
it appeared to seive no purpose, there was little need for another rubber 
source, hevea rubber was in good supply, and it was thought that mamnade elas­
tomers would completely daninate all future markets. 

But the outlook has changed dramatically. Today, hevea nbber shows 
no likelihood of being displaced by synthetic nbbers. It has retained its 
position as one of the world's mst iq>ortant COJJIOOdi ties. The increasing 
price of oil lowers the conpetitiveness of synthetic rubbers (which are pro­
duced fran petroleum-based feedstocks), and there is an ever-increasing world 
capacity to absorb hevea rubber. It is now predicted that by 1980 its pro­
duction will be about 5 million tons, which will be one-third of the world's 
total rubber. 

Today, a plant that produces hydrocarbons is more worthy of investiga­
tion because our major hydrocarbcn source, petroleum, is dwindling and is 
widely predicted to run out within a few decades. Guayule is an alternative 
source--a renewable source--for petroleum-derived polyisoprene rmbers. It 
seems likely that in caning decades there will be markets for all the "natur­
al" nbber that can be produced whether it be hevea or guayule. 
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With today's increasing population growth, we have an increasing need 
to utilize marginal lands worldwide productively, especially arid wastelands; 
to find crops adapted to fragile, but harsh, desert enviromnents; and to give 
jobs and income to desert dwellers living where conventional fanning produc­
tion is risky or impossible. This, too, casts guayule in a new light, for 
experinents have shown that "guayule could be grown successfully on many 
lands where the supply of irrigation water was insufficient for the success­
ful production of Jll)St agricultural crops." Thus today, the general economic 
climate is quite different from that when guayul.e ni>ber was last produced 
conmercially. But guayule is worth cultivating only if its rubber has the 
teclmical quality to meet conmercial needs. 

To detennine this possibility, the NAS appointed an ad hoc panel to 
collect, collate, and analyze the knmm infonnation on guayule as a basis on 
which to make an objective evaluation of the plant's potential in light of 
cantenporary conditions. 

The conclusions of the panel were: 

- - Deresinated guayule rubber has chemical and physical properties 
essentially identical to those of rubber fran the hevea tree. 

- - If guayule rubber can be produced economically, a large market 
for it exists. 

-- Using the old plant varieties, produ:tion teclmiques, and rubber 
extraction methods, guayule would not be a coomercially viable 
crop today. lbwever, mdem technology and research could easily 
change this. There is a high probability that research could bring 
guayule to the point of conmercial viability in tmder 10 years. 

Guayule has potential to become important to the nation's economy 
and well-being. 

Guayule growing could eventually help Indians in the southwest de­
velop an economic basis for their now impoverished reservations; 
also, guayule has potential to become an important crop in several 
semiarid regions outside its native North .America. 

A report reconmending further applied research and development of 
guayule was published in March 1977. Features have appeared in major news­
papers and trade magazines worldwide. As a result, both the U.S. House and 
Senate have introduced legislation that incltdes guayule research and de­
velopment. A bill has been introduced in the House to strengthen U.S. agri­
cultural research and research education, and for other purposes. Ftmds 
totalling over $100 million are included for the next five years " ••• for the 
purpose of conducting research, development, and deJOOnstration of new crops, 
including guayule and jojoba." 

Legislation also has been introduced in the Senate and House to begin 
a national effort to develop an American natural rubber industry. This ac­
tion followed the release of BOSfID' s report that recommends the use of the 
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guayule plant as a source of native latex rubber. This legislation would 
establish a teclmology developnent and transfer effort withln the Agricul­
tural Research Service in the Department of Agricultme. Authorization of 
$60 million during the next five years is also provided under the measure. 
About 6,500 copies of the report have.been distributed. 

Tropical Legumes: A Resource for the Futme 

Of all plants used by man, only the grasses are mre bnportant than 
the legumes. However, while enor111>us resources have been expended in recent 
decades on grasses like rice, wheat, com, sorghum, and barley, anmg the 
legumes only soybeans and peanuts (gromdnuts) have received llllch attention. 
Yet it is the family Leguninosae that shows mst promise for the vastly in­
creased supplies of vegetable protein that the world will need in the near 
futme. In developing comtries especially, cultivation of legumes is the 
best and quickest way to augment the production of food proteins. 

Leguminous plants are fomd throughout the world, but the greatest 
variety grows in the tropics and subtropics. Because tropical botany has 
been relatively neglected, there are thousands of promising species that 
await research and study. Of the 18,000 known legumes, less than 20 species 
are used extensively as food today. The remaining varieties are little 
used as yet, and many of them are allll>st unknown to science. 

This project, initiated in 1976 at the request of AID's Office of 
Agriculture and Office of Science and Teclmology, had as its objective a 
delll>mstration of haw little-known legumes can contribute to the economies 
of developing comtries. A list of 150 neglected and seemingly promising 
legumes was mailed to plant scientists throughout the world. F.ach recipient 
was asked to ''vote" for the species mst worthy of inclusion in the report to 
be produced by an expert panel. More than 130 scientists responded, and, at 
the same time, naninated an additional 250 species for consideration. In a 
total of about 400 species, allll>st 200 received top ranking fran at least 
one reviewer. Further111>re, as the study progressed an additional 200 species 
with promise came to light. From this wealth of candidates the panel at its 
August 1976 meeting in Kahului, Maui, Hawaii, selected the species that are 
included in the final report. 

Criteria for selection included: 

the plant's potential to help improve the quality of live in devel­
oping comtries; 

a lack of recognition of the plant's potential; and 

a need for greater attention to the plant by researchers and fann­
ers, and for increased investment by organizations that fund re­
search and development projects. 

Other considerations were: Does the plant improve the lot of the rural poor? 
Can the plant yield mre than one product useful to a developing comtry? Can 
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it be grown in habitats where other plants grow poorly (for example, arid 
areas, swamps, slopelands, toxic soils)? If introduced to a new region, is 
the plant likely to become a pest? Little consideration was given to how 
nu:h is known about the plant--if a species showed the requisite promise, 
it was included in the book even if it had been little studied in the past. 

The panel's report provides a brief introduction to the plants selected. 
It is intended neither as a textbook nor a comprehensive survey of tropical 
botany. Most of the plants are presented in separate chapters, with each 
chapter in the following general order: 

Description of the plant and of its advantages 

Limitations and special requirements 

Research needs 

Selected readings (significant reviews and general articles) 

Research contacts (individuals or organizations known by the panel­
ists to be involved in relevant research and who have agreed to 
provide advice and perhaps small amounts of seed to bona fide re­
searchers) • 

The book is divided into six sections : root crops, pulses, fruits, 
forages, timber and wood products, and a final section on ornamentals; sun­
hemp; gums; green manure, soil reclamation, and erosicm. control. 

Legume seeds are second only to cereals as a source of human and ani­
mal food. Nutritionally, they are 2-3 times richer in protein than cereal 
grains. A mvement similar to the "Green Revolution" in cereals is needed 
for legumes to help eliminate the widespread protein malnutrition found in 
underdeveloped countries today. 

Other legumes less widely known are the ornamentals and the timbers. 
Many of the beautiful tropical flowering plants are legumes, as are several 
tinbers which are valued for cabinet work and carving. 

Legumes are crucial to the balance of nature, for many are able to con­
vert nitrogen gas fran the air into anmonia and nitrates, fonns in which ni­
trogen is readily utilized by plants. While a few other plant families in­
clude species with this ability, legumes produce a great mass of biologically 
fixed nitrogen. Even today, cultivated legume crops add mre nitrogen to 
the soil worldwide than do fertilizers. Legumes use nitrogen-fixing bacteria 
to meet their needs for nitrogen without requiring fertilizer. Since energy 
is no longer cheap nor abmdant, and neither is fertilizer, especially nitro­
gen fertilizer, planting of legumes could increase food production without 
using large quantities of fertilizer. 

Ten thousand copies of this report will be printed in late 1978 for 
distribution to researchers, govermnental organizations, universities, fund­
ing agencies, and intelTlational organizations. 
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Leucaena: Promising Forage and Tree Crop for the Tropics 

Of all tropical legunes, leucaena probably offers the widest assort­
ment of uses. Through its many varieties, Leucaena can produce nutritious 
forage, firewood, timber, and rich organic fertilizer. Its diverse uses 
include revegetating tropical hillslopes and providing windbreaks, fire­
breaks, shade, and ornamentation. Although individual leucaena trees have 
yielded extraordinaty mootm.ts of wood--indeed, moong the highest annual to­
tals ever recorded--and although the plant is responsible for some of the 
highest weight gains measmed in cattle feeding on forage, it remains a 
neglected crop, its full potential largely unrealized. 

Inasnuch as the varieties with exceptional size, vigor, and other de­
sirable qualities have been discovered or developed only during the past two 
decades, experience is still limited and literature sparse. Moreover, leu­
caena 's reputation has suffered in sane areas due to an aggressive variety 
that has become a weed. Further, leucaena' s development has been retarded 
because its foliage contains an 1.DlCcmoon amino acid, m:inDsine, which is 
toxic to nonnmrlnants at levels of about 10 percent in the diet. 

Leucaena usually has large and prolific nodules and requires little 
or no fertilizer nitrogen, because the Rhizobillll alone provides nitrogenous 
conpomds in moounts adequate for nonna.1 grOWth. This permits leucaena to 
thrive in some soils where nitrogen levels are inadequate to sustain the 
growth of JOOst other crops. 

The nodules occm on rootlets in the aerated surface soil layer, but 
leucaena develops a taproot that penetrates deep soil layers and exploits 
water and minerals below the root zone of many agricultural crop plants. 
This, too, helps it to grow where other plants fail. 

Tne report of the study details the plant's values, but experience with 
leucaena is limited, in JOOst cases, to a few sites. Many tests, trials, and 
developnen.t studies are still needed. 

Specific recomnendations made are as follows: 

- - An abtm.dant supply of high quality leucaena seeds should be estab­
lished. 

-- In conjl.DlCtion with the establishment of a seed supply, extensive 
trials should be initiated, aimed at conparing perfonnance of each 
of the foost promising leucaena varieties. 

-- Research should be conducted in areas where present tm.certainties 
about leucaena cultivation will hinder its widespread use. 

-- Pastme-crop specialists and animal nutritionists throughout the 
tropics should include leucaena trials and research in their programs. 

-- Throughout the tropics, forestty research programs should include 
trials with Salvado-type leucaena. 
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-- Where deforestation and erosion are severe, trials with leucaena 
should be begun inlllediately. 

Pilot-size plantations for production of firewood, fuelwood, and 
charcoal should be established. 

Leucaena's value in shifting cultivation and other uses also merits 
testing and research. 

Leucaena researchers should undertake to publish four docunents 
about the plant--newsletter, planting guide, annotated bibliogra­
phy, and a monograph on the genus Leucaena. 

Seven thousand copies of the report were printed and distributed world­
wide. Interest in the report continues, and a second printing of 5,000 
copies has been made. 

Firewood Crops: Bush and Tree Species for Energy Production 

Recently, the firewood shortages in developing countries have received 
international attention. fbwever, because few, if any, clear solutions to 
this problem have yet been advanced, a study was undertaken to identify those 
plant species with the ioost prondse of becoming fuelwood crops. Some atten­
tion was given to species suitable for fueling small industrial factories, 
electricity generators, and driers for crops like tobacco. Fri.mazy emphasis, 
however, was given to the problems of providing firewood for individual fam­
ily needs, which possibly can be met by low-growing, dense, woody shrubs ra­
ther than forest trees. 

As an initial step, botanists and agronondsts were canvassed worldwide 
for suggestions for plant species that have yet unrealized potential to be­
cane iqlortant firewood crops throughout the developing world. Special em­
phasis was given to such features as: 

-- species adapted to tropical highlands; 

-- nitrogen-fixing species; 

fast-growing species; 

species with high caloric value; 

multiple-purpose plants that have uses in addition to firewood 
(sources of food, raw materials, erosion control, etc.); 

species that coppice (regrow after 01tting); 

species that require little care and can be grown in village envi­
rorunents; 
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species for difficult enviromnents such as steep hillslopes, low 
nutrient or toxic soils, arid zones. 

The report, which is scheduled to be published in late 1978, will be 
distributed free to decision makers in government, technical assistance 
agencies, research institutions, mti.versities, development banks, etc. Data 
on the species selected will be presented in the following fomat: 

Description 

Advantages 

Limitations 

Research needs 

Selected readings 

Sources for gem plasm 

lhderexploited Microbial Processes of Potential Economic Value 

In 1977, an AID official reamnended that ACT! undertake a study on 
foods produced by fermentation--foods such as fish sauce, soysauce, soycake, 
and yogurt. Fermentation teclmiques are well known in developing cmmtries: 
they can be scaled for small-scale use in rural areas; they produce palatable, 
often highly Jllltritious, foods. Fermentation is an age-old technique that 
maximizes use of indigenous materials and skills. Often it is a way of pre­
serving foods and reducing food losses without the use of expensive equipnent. 

Microorganisms can, however, help developing cotm.tries in many more 
areas than in food production. They are crucial for fixing nitrogen from 
the air, and they can be used to produce fuel, industrial raw materials, and 
phannaceuticals. A wealth of microorganisms that can improve the quality of 
life in developing cotm.tries is available. Many of them are little known 
or little appreciated by persons other than microbiologists; some are used 
in one part of the developing world but are unknown elsewhere; some that were 
made obsolete by cheap petrole\Dll may now be competitive once again. 

The study has the following objectives: 

to identify neglected but seemingly useful bacteria, ftmgi, and 
algae; 

to select the ones that show the most pranise for wider exploitation 
throughout the developing world; and 

to indicate the requirements and avenues for research that would 
develop the selected microorganisms to their fullest potential. 
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Practical uses and the latest knowledge of fennentation technology will be 
emphasized. The topics to be covered in the report are: 

Fuel and energy 

Foodstuffs (human and animal) 

Industrial raw materials 

-- Waste utilization 

-- Bioinsecticides 

- - Antibiotics 

-- Vaccines 

Nitrogen fixation 

Cellulose degradation 

Rhizobia and related organisms. 

This report, to be published in late 1978, will be addressed to those 
govel'11J'IEnt administrators, technical assistance personnel, and researchers 
who are concerned with helping developing col.Ultries achieve a mre efficient 
and balanced exploitation of their biological resources. The report will 
have a brief introduction to the organisms selected, and each organism will 
be presented in a separate chapter arranged to describe: 

The Organism, its Production, and Use 

Limitations and Special Requirements 

Research Needs 

Selected General and Research Reading 

Research C.Ontacts and Genn Plasm Sources. 

Copyright © National Academy of Sciences. All rights reserved.

Programs of the Board on Science and Technology for International Development:  Summary of Activities, 1970-78
http://www.nap.edu/catalog.php?record_id=20018

http://www.nap.edu/catalog.php?record_id=20018


SPECIAL SWDIF.s/ ADVISORY PANELS 

Copyright © National Academy of Sciences. All rights reserved.

Programs of the Board on Science and Technology for International Development:  Summary of Activities, 1970-78
http://www.nap.edu/catalog.php?record_id=20018

http://www.nap.edu/catalog.php?record_id=20018


-130-

East Pakistan Land and Water Development as Related to Agriculture 

In 1970, BOSTID was requested by AID's Near East and South Asia 
Bureau to mdertake a study and evaluation of an $800 million multiyear pro­
gram, proposed by the International Bank for Reconstruction and Development, 
to support water resource and agricultural development in (then) F..ast Pak­
istan. This program was proposed for support by the multinational Aid-to­
Pakistan Consortium, of which the United States was a merrber. The exami­
nation of this proposal was mdertaken by an ad hoc comm:i ttee of BOSTID 
corrq:>osed of nine agricultural and water resource experts familiar with East 
Pakistan, mder the chainnanship of Dr. Dean Peterson of Utah State Univer­
sity. It was carried out in the broader context of a review of factors in­
hibiting the economic and social development of East Pakistan. The commit­
tee's report, "East Pakistan Land and Water Development as Related to Agri­
culture," advised AID on ordering of priorities relating to water resource 
and agricultural development in East Pakistan, and included an assessment 
of the World Ban.k's proposal. 

Since the objective of the panel's study was a review of the World 
Ban.k's proposal to AID, a sunma.ry of the recamnendations in the absence of 
a detailed presentation of the World Bank's proposal would not be of value. 

Shortly following transmittal of this report to AID, two catastrophes 
hit East Pakistan--a severe typhoon and the outbreak of civil war. As a 
result, the implementation of this project was not possible. 

International Development Institute 

Undertaken in 1970 at the request of the White House Office of Science 
and Technology (OST) and AID, this study was to parallel a study by an inter­
agency task force mder the chainnanship of the OST deputy director. The 
committee was convened by ll>STID and charged with considering the character, 
purposes, and functions of the Intemational Development Institute (IDI) pro­
posed by the President of the United States in his Septerrber 15, 1970 message 
to Congress, "to bring U.S. science and technology to bear on the problems 
of development," as a key element in a reorganized foreign aid program. 

The report prepared by this comm:ittee endorsed the concept of such an 
institute, and expressed the hope that it would be established as a landmark 
institution through which the people of the United States can cooperate with 
the peoples of the developing comtries in devising solutions to critical world­
wide human problems. It was felt that this task would require an institution 
with the capacity to mobilize the resources of U.S. tmiversities, research in­
stitutions, industrial and service organizations, and the nation's managerial 
and tecmical skills to work with and help improve the institutions and human 
resources for developing comtries. The conmi ttee believed that what we do 
not know about development is far greater than what we do know and that, with­
out greater knowledge and the ability to apply it wisely and effectively, the 
problems of poverty, illiteracy, disease, malnutrition, and the pressures of 
rapid population growth may have even more tragic consequences for most of man­
kind. 
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The essentials of the panel's reccmnendations were that the Interna­
tional Development Institute should: 

1. ~unt intensive attacks on knowledge gaps in a limited mmber of cri­
tical high-priority problems--such as hunger and malnutritim, unem­
ployment, and rapid populatim growth--whose solutim would have a 
beneficial int>act on the developing world as well as on danestic so­
ciety. In its mission to generate new knowledge, the IDI should 
(a) identify a small mmber of key, clearly defined, and potentially 
attainable goals; (b) formulate a systematic strategy for working 
with the developing comtries to attain those goals, encarpassing ac­
tivities along the entire continuum of research-developmen.t-demonstra­
tion-diffusion; and (c) mobilize U.S. resotn'Ces to cany out that stra­
tegy. It should collaborate with interested developed and developing 
cotmtries as well as international bodies. 

2. Respond to initiatives from individual comtries and to needs for tech­
nical assistance in areas outside the IDI's priority concerns. Where­
ever these ad.di tional purposes are to be served, the IDI should condi­
tim its assistance on the establishment of a jointly organized and 
managed fomdation-type instrumentality. 

3. Have assured continuity of adequate ftmding by means of a special ftmd 
that coobines biennial ccngressional appropriations and rep~t of 
past loans. This ftmd should be authorized initially at a $1 billion 
level, with periodic review of the authorization ceiling. 

4. Operate essentially as a management and ftmding agency marshalling in­
temediate organizations to cany out the bulk of programs as stated 
above. 

5. Have freedom to arrange tmique and tmconventional ioodes of operating 
with intemediate institutions. Institutions receiving IDI grants and 
contracts might include tmiversities, federal agencies, technical and 
voltmtary service organizations, and private enterprises, both here and 
abroad. 

6. Have a small, top quality staff capable of (a) providing strong policy 
and program direction; (b) analyzing problems, defining programs, and 
assenbling program elements; (c) s\4)ervising and coordinating inplemen­
tation of these programs; and (d) providing follow-through for evaluation 
and utilization. of results. 

7. Have at its comnand a first-rate Jll.lltidisciplinary facility for develop­
ment research and analysis. This should be primarily policy-oriented, 
but also should be able to include some experimental research capabili­
ties if these are lacking elsewhere. 

Unforttmately, shortly following transmittal of the report of this study 
to AID, interest in the smject at the highest policy levels waned. Nonetheless, 
the mdel outlined in the report has wide relevance to efforts to transfer tech-
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nological capabilities fran developed to developing countries; therefore 
elements of the report have been incorporated in a number of proposals deal­
ing with this subject including those of the Conunission on U.S.-Latin American 
Relations, chaired by Sol Linowi tz. 

Solar Energy in Developing Countries: Perspectives and Prospects 

In response to a request by AID, an ad hoc panel convened by BOSfID 
considered the present state of development of processes for using solar 
energy, its present applications, and possible future developments in solar 
processes, all in the context of energy needs in developing countries. The 
panel also considered the desirability of establishing an Inteniational Solar 
Energy Research Institute in North Africa. 

Based on these considerations and on the experiences of its menbers, 
the panel drew several general conclusions : solar energy is widely available 
in areas with energy needs in developing countries; useful applications of 
solar energy are now being made; other applications are in various stages of 
experimental development; knowledge of energy needs in developing countries 
is inadequate and nrust be improved; and research and development programs to 
meet these needs should include, but not be limited to, consideration of 
solar energy. The panel concluded that solar energy is a resource that has 
the capability to meet energy needs substantially beyond the applications now 
being made, and that this potential can be realized only with further research 
and development. 

The panel considered that the essential problems are energy, not solar, 
problems, and that solutions to these energy problems require consideration of 
alteniative sources of energy. From this the panel evolved, and reconmended 
to AID, the concept of regional energy research and development centers, which 
would study energy needs and means (including solar) by which these needs might 
be met. The suggested International Solar Energy Research Institute in North 
Africa, if expanded in scope to include other energy sources and with ftmctions 
described below, was envisioned to be one such regional center. 

The panel noted that the solar processes now useful, or that could be 
brought to a stage of development in which they could produce useful results 
in the shortest time, are evaporation, drying, distillation, and water heat­
ing. More extensive development of processes for refrigeration, new methods 
of solar drying, heating, cooling, and thennal design of buildings should 
make some of these uses practical within the decade. Applications of solar 
power will require substantial development of new technology. 

The panel reconmended systematic approaches to energy resource and utili­
zation programs for developing countries or regions. The following approaches 
were included: 

detailed studies of the energy needs of the given region or country 
as a basis for selecting the most useful energy processes to be de­
veloped; 

Copyright © National Academy of Sciences. All rights reserved.

Programs of the Board on Science and Technology for International Development:  Summary of Activities, 1970-78
http://www.nap.edu/catalog.php?record_id=20018

http://www.nap.edu/catalog.php?record_id=20018


-133-

thorough tmderstanding of the objectives to be achieved by the 
supply of energy; 

an examination of the possible energy supply alternatives, which 
would include solar energy but would not be confined to it; 

a detailed set of criteria for measuring the desirability of actions; 

studies of the costs and merits of the available options of energy 
supply to meet lmown needs; 

surveys to detennine the investment and manufacturing capability 
required; and 

the development of strategies to bring about desired action from 
S\4)pliers and users, such as manufacturing in the appropriate loca­
tion, suitable distribution, education of users, etc. 

If this systematic approach is followed, then the question arises of 
how the needed infonnation base can best be generated and the research and 
development proceed. 

In the tmani.Joous judgment of the panelists, the establislunent of re­
gional energy R&D centers was a valuable concept to consider for perfonning 
the above tasks. The panel felt strongly that the tasks could best be per­
fonned in situ, and that the regional centers should be staffed mainly with 
people rran the region, if possible, and augmented by experts from developed 
nations. Staff would then deal with the practical energy problems of their 
regions and, at the same time, exchange infonnation and experiences with other 
regicnal centers, in o~r to avoid wasteful duplication and to maximize the 
gains to the developing cotmtries from their efforts. They would also be 
aware of and ready to take advantage of advanced tecimology from developed 
com.tries that could be transferable to their regions. 

The regional centers would be responsible for: 

generating an infonnation base on energy needs in the region; 

carrying out the needed research and development to meet regional 
energy needs; 

field testing and providing feedback from users to the centers in 
order to int>rove energy processes and evolve useful solar (or other) 
processes; 

-- acting as information, education, and training centers in cooperation 
with local tmiversities; and 

' 
-- maintaining close contact with scientific and engineering developments 

and energy applications in other centers and in industrialized cotm­
tries. 
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The panel recognized that the concept of regional energy R&D centers 
deserved further in-depth study. In particular, the relationship between 
national energy programs and a regional center would have to be considered 
in detail. 

The 
Africa was 

The report of this study, published in 1972, was distributed widely in 
both developing and developed cmmtries • Requests from U.S. agencies and in­
stitutions concerned with solar energy research and development and from 
govenunent agencies and research institutes abroad concerned with technical 
assistance to developing cotmtries continue to arrive despite the fact that 
the report has been out of print for several years. There has been a partic­
ularly large number of requests for copies of the report and for further in­
formation regarding solar energy research from research institutes in the de­
veloping cotmtries them5elves. The infonnation contained in this report has 
been superceded with the more recent BOSTID publication, Energy for Rural 
Development. 

Scientific and Technical Infonnation for Developing Cotmtries 

In response to a request from AID, an ad hoc advisozy panel was con­
vened tmder BOSTID to study the problem of transfer of scientific and tech­
nical infonnation to developing c0tmtries and to make reconmendations on 
appropriate activity and program; for technical assistance. 

The panel tmdertook the following tasks in carzying out its study: 

1. To identify the capabilities of lesser developed cotmtries that need 
to be developed or strengthened to enable them to acquire and dissemi­
nate scientific and technical infonnation more effectively; 

2. To identify the types and sources of scientific and technical infonna­
tion, particularly in the fields of natural resources, industrial tech­
nology, and the scientific and technical disciplines, pertinent to the 
needs of developing cotmtries; 

3. To define and assess approaches and mechanisms that should be developed 
by AID to expand the flow of information to and between developing 
cotmtries; 

4. To develop a rationale for technical assistance in scientific and tech­
nical information that will provide AID with policy, programming, and 
priority guidelines; 
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S. To reconmend specific projects and programs with respect to scientific 
and teclmical infonnation that might be mdertaken by AID. 

The panel of 10 was caiposed of information specialists and develop­
ment experts. It met three times and was aided in its deliberations by a 
n\llber of individuals from institutions in the United States and other aid­
donor COlD'ltries, as well as from regional and international organizations. 

The essentials of the reCOJJ111eJ1dations of the panel are as follows : 

In the overall technical assistance effort of the United States, 
high priority should be given to assistance programs that inprove 
the transfer of appropriate scientific and technical information 
to developing comtries. 

This assistance should give primary attention to developing and 
strengthening appropriate information infrastructures of these com­
tries. Progrmmning should be directed toward developing such flmc­
tianing infrastructures before major technical assistance programs 
are phased out. 

-- Assistance should serve to stimulate the developing comtries to 
give greater attention to the problem of scientific and technical 
infomation, including articulation of national policies in this 
regard and callllitment of indigenous financial and human resources 
to needed action programs. 

- - Assistance activities should not take the form exclusively of spe­
cially designed projects for the trans· fer of scientific and techni -
cal info111Btion, but should also constitute a significant cooponent, 
wherever relevant, in other AID sector- or problem-oriented programs. 
In progranming infonnation-type assistance activities, all fonns of 
aid should be utilized: technical assistance loans, U.S. surplus 
property, research :fm.ds, instituticnal grants, and use of foreign 
currencies obtained from the sale of U.S. surplus conmodities. 

-- An organizaticnal entity should be established within AID to inple­
ment scientific and technical information assistance activity. It 
should make use of an external advisory panel for policy and program 
guidance. AID-sponsored assistance should be coordinated with that 
of other donor comtries as well as regional and international agen­
cies engaged in similar or related efforts. 

With the increased worldwide attention being given to scientific and 
technical infomation, particularly as it relates to economic development, 
there has been a great interest both by developed and developing comtries in 
the reCOJJllleJldaticns in this report. The report has also been requested by or­
ganizations in other developed comtries concerned with technical assistance 
to developing comtries. 

In association with the Naticnal Teclmical Information Service of the 
U.S. Department of r.onmerce, AID has mdertaken a multi-faceted technical in-
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fonnation exchange program that reflects in many respects the reconmendations 
and proposed program activities in the BOSTID report. 

Science and Technology in Sao Paulo's Development 

In November 1971, officials of the AID mission to Brazil met with staff 
menbers of the Office of the Foreign Secretary to discuss a new approach for 
utilizing science and technology for economic development of the State of Sao 
Paulo. Before proceeding further with the project, which was expected to be 
partially ft..mded by a $25 million soft loan from AID, AID officials sought a 
critical and objective outside review of the project's concepts and the pos­
sible mechanisms of implementation. The NAS was requested to establish an ad 
hoc conmittee to perfonn this ftnlction. 

The main objectives of the Brazilian project were: 

1. to improve the scientific and technological resources in the State of 
sii'o Paulo, particularly as they relate to key areas on the industrial 
development of the state; 

2. to encourage industry to utilize indigenous manpower capabilities and 
to develop new, or adopt imported, technologies that would accelerate 
development of new domestic products and processes or reduce production 
costs; and 

3. to increase the state's capacity to train scientists, engineers, and 
technicians for pure and applied research. 

To reach these objectives, the Brazilian project proposed: 

1. to develop an advisory group to plan and evaluate programs in science 
and technology within the state's Ministry of Planning; 

2. to enhance the resources to train scientists, engineers, and teclmicians 
in the tmiversities and centers of technology through provision of scholar­
ships, research grants, and the institution of exchange programs; and 

3. to provide risk capital for ft..mding research and development projects 
for industry. 

The AID mission in Brazil believes the Sao Paulo project to be the first 
of its kind in that it utilizes a systems approach to harness science and tech­
nology for economic development. The project intends to concentrate on in­
creasing the capacity of centers of research, i.e., t..miversities, institutes 
of technology, and industrial research organizations, to train conpetent indi­
viduals and to conduct in-house research. These centers will be coupled to 
industry through the provision of risk loans to support research based on in­
dustrial needs. Significant emphasis will be placed on the development and im­
provement of services such as science infonnation, standards, patent banks and 
protection laws, and financing institutions to support the research program. 
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Six major reconmendations are quoted below from the report of the NAS 
panel: 

First: The CET (Cotmcil of Science and Technology)/BADESP (Banco 
de Desenvolvimento de Estado de Sao Paulo) Ftmd loans should be 
praJ1>ted for and directed to research projects that have a deJIK)Il­
strable comnercial inportance. Accordingly, most of the loans 
should go to the projects of finns susceptible to breaking into 
the EDR (engineering, development, and research) cycle. Corre­
spondingly, we reccmnend that projects proposed and initiated by 
government institutes and tmiversities should be financed from 
the Ftmd only if 20 - 30 percent of the total cost will be borne 
by one or more industrial or agricultural enterprises that would 
ultimately benefit from the work. 

Second: The initial projects selected for financing from the Ftmd 
for SCience and Technology should be used for a relatively few, 
generally large-scale, deJIK)IlStration projects, which will have 
high visibility and thus lend credibility and impetus to the ef­
fort to promote the utilization of research and applied technology 
in Si'o Paulo industiy. To ens me this result, extraordinary Sl.4>­
port- - technological, managerial, and financial--for the design 
and execution of these deJIK)IlStratiai projects should be mobilized 
in Brazil and abroad. 

Third: The CET and BADESP should be supported with highly conpe­
tent staff to perfonn· the key coordinating and policy and program 
decision making ftmctians in the use of the Ftmd and in mobilizing 
resources to 

- Encourage projects in export areas of economic and 
technological significance; 

- Assist in policy fonuulation, and in the review and 
JIK)Ilitoring of projects from the perspective of the adequacy of 
the scientific-technological preparations for the projects as 
well as the possibilities of successful execution; 

- Bring to bear on the selectiai of project proposals-­
and in the design of project proposals--judgrnents o~ a substan­
tial marketing and research carpetence; and 

- Assure that projects have as their objective tangible 
product and process development, the key pmpose of the entire 
program. 

The CET and BADESP also should tmdertake to assure the establish­
ment in such institutions as the Instituto de Temologia de Ali­
rnentos (ITAL) and the Ins ti tuto de Pesquisas Temologicas (IPT) , 
of a strong capability for market research and project evaluation 
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so that these institutions can make a strong contribution to 
the purposes of the Project. 

Fourth: Since the proposed Project is only one part of the 
state's program in science and technology, it is essential 
that the state give concomitant and substantial budgetary sup­
port to the research institutes and mrl versi ties. More specifi­
cally, the state should strengthen the capacities of these in­
stitutions to contribute to the Project by correcting such ftm­
damental problems as low salaries at the institutes and the pro­
hibition on consultation with industry by mrlversity faculty and 
staff. 

Technical assistance, to support the roles in the Project envis­
aged for the research institutes and the tm.iversities, should 
take the following fonns: 

- For the research institutes: Resources should be 
provided for sending technical specialists from the United States 
to work with staff in the Si"o Paulo research institutes to help 
these institutes develop and strengthen their capabilities in 
such fields as project evaluation and market research, product 
and process development, standardization and quality assurance, 
and infonnation systems. In certain circumstances, it may be ad­
vantageous to send institute staff to the United States for train­
ing in these fields. 

- For the tmiversities: Resources should be provided 
for sending yotmg educators from U.S. tmiversities to the tmiver­
sities in sao Paulo to initiate or strengthen educational programs 
in, for example, research and engineering fields related to the 
project, research management, and marketing. U.S. postdoctoral 
students could be rost usefully engaged in this task. Correspond­
ingly., support should be provided for Brazilian students to enroll 
in U.S. tmiversities for doctoral training in similar fields so 
they will be able to assume these educational responsibilities in 
the Si"o Paulo mrlversities in due course. 

Fifth: Technical assistance provided by USAID should be deployed 
so as to have significant impact on the project in two ways: first 
in the use of ftmds; and second, in the administration of the use 
of resources by USAID itself. 

Concerning the proposed use of ftmds, the proposal at present 
suggests that $10 million be allocated for hardware, and $15 mil­
lion for other fonns of technical assistance. We believe there 
was insufficient justification for the hardware and that most of 
the equipment required by the Project can be made available from 
other existing sources, such as state and federal agencies. 

We believe, further, that some of the other fonns of technical 
assistance described in the Project are not fully responsive to 
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certain major needs of inchlstry. Teclmical assistance should 
support the marketing, evaluation, and technical-service efforts 
that are s1.1111Jarized in the third and fourth reccmnendations, as 
well as the projects approved by the C.OlDlcil of Science and Tech­
nology. This would suggest a major emphasis on technical assis­
tance of a practical type, except in such specialized areas as 
certain research and engineering fields related to the Project, 
infonnation systems, standardization, and development of new 
university education programs. In any case, U.S. advisors in 
~o Paulo should have ready access to institutional S\4)port in 
the United States. 

The other major contribution of USAID will be throusdi the activ­
ities of the staff it enlists to administer the technical assis­
tance support for the Project. The quali~ of this administrative 
effort, especially in mbilizing other hi -quality resources for 
the Project, will be a key factor in the entire process. Since 
this is an extraordinary role, it requires extraordinary talent. 

To offer less than excellence in the management of USAID's con­
tributory role could seriously handicap this promising initiative 
in economic development; to provide outstanding advice, co\D'lSel, 
and technical help through this Project could tangibly demonstrate 
the will and ability of the United States to mbilize its best 
resources to help Brazil achieve its major national objective. 

Sixth: The entire Project, as revised, should have an tl)lemen­
tation plan and prosram. SUch a plan and program shoul e the 
principal responsibility of the CET Project director and staff; 
it should be coordinated with the Government of Brazil and USA.ID 
as the other major participants in the program; and it should en­
conpass activities outside sao Paulo, in the United States, and 
possibly, Europe and Japan which could aid in mobilizing EDR re­
sources, facilitating access to appropriate technologies, and in 
creating a network of institutional relationships that would back­
stop the S§'o Paulo engineering, R & D, and information-systems 
efforts. A deliberate, well-coordinated, and perfonnance-oriented 
inplementation program, possibly involving further assistance from 
the National Academy of Engineering, could be vital in moving the 
Project fran an original, exciting concept to the realization of 
a mdel effort by Brazil to become an "outwardly oriented" indus­
trial cotm.try in the shortest possible time. 

The opportunity exists; the neans are at hand; and Brazil and Si'o 
Paulo have already demonstrated the national will and regional dy­
namism that can make this effort succeed. 

In submitting its report, the panel chainnan emphasized the following 
points: "first, the inportance of having the Sao Paulo Project focus on those 
efforts in science and teclmology that can inprove the capacities of Brazilian 
inchlstries to conpete successfully in world markets; second, the potential im-
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portance of the Sl'o Paulo Project as a model for demonstrating SOllE of the 
significant ways by which science and technology can cmtribute to economic 
development; and third, the need for a plan and program of i11¥>lementation 
that can better assure the successful operation of the Sao Paulo Project as 
a viable model for Brazil and other developing cotmtries." 

The proposal for the Sl'o Paulo project, partly as a result of the 
panel's deliberations, was significantly modified prior to resubmission to 
AID for subsequent approval. 

The ~o Paulo project, as of 1975, was an ongoing $40 million project 
having long-tenn contracts with six major U.S. institutions (MIT, Vanderbilt, 
Stanford Research Institute, Denver Research Institute, National Bureau of 
Standards, and COOO'f, a consortiun of the tmi versi ties of Washington, Cali­
fornia, Wisconsin, Rhode Island, and Michigan State). 

Outside Brazil, there appears to be considerable interest in the Sio 
Paulo project as a possible means for the effective organization of science 
and technology for economic development. 

Research Management and Technical Entrepreneurship: 
A U.S. Role in Ifl¥>roving Skills in Developing Comtries 

AID requested this study on the reconmendation of BOSTID, which was 
cmvinced, after several workshops on industrial research, that the absence 
of properly trained R&D administrators was a serious obstacle to the growth 
of industry-oriented, applied research in developing comtries. The work­
shops have reconmended that training programs in research managerent be de­
veloped. 

An ad hoc panel of 15 persons, drawn from U.S. government laboratories, 
industrial finns, contract research organizations, and graduate management 
schools, addressed the following directives: 

-- To identify elerents and characteristics of alternative training 
programs for research management and senior staff that U.S. organi­
zations might mdertake in the host cmmtty, or in the United States; 

To assess the interest and potential contributions of U.S. tmiver­
sities and govenunent and industrial laboratories and research in­
stitutions in such programs; 

To reconmend to AID steps for setting up training programs. 

The following is a sunrnaty of principles the panel felt should guide a 
U.S. program for i11¥>roving technical management in LDCs. 

1. New ideas penneating development thought--on mobilizing science and 
technology for solving development problems, on selecting and using 
technologies that will minimize hann to the environment, on realigning 
policies to promote efl¥>loyment through better utilization of technology, 
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on helping the poorest grotps in LDC societies--will give rise to 
programs requiring LDCs to have vastly iq>roved competence in tech­
nical management. That the present deficit in teclmical management 
is a limiting factor to development should receive explicit recogni­
tion within the entire U.S. aid program. 

2. Given the still rudimentary experience in organizing comprehensive 
technical management training programs for LDCs, the approach to be 
followed in program development should be gradual and selective, giving 
first emphasis to pilot experimentation. 

3. The single most important goal of teclmical management training should 
be to institute technological entrepreneurial qualities in the par­
ticipants, be they from the research institute or from industry. 

4. A major objective should be to implant within selected LDCs a cadre 
of persOimel, institutional resources, and other means adequate to 
sustain an ongoing, indigenous action for the improvement of teclmical 
management. 

5. Until LDCs achieve this capability, the United States should conmi.t 
itself to an effort endCMed with assured continuity and coherence. 

6. Several advanced industrial countries have great COl!l>etence in areas 
of technical management and have an inl>ortant contribution to make in 
assisting LDCs. The United States should actively encourage their 
interest and participation in this endeavor, which will meet the cri­
tical need only by conmitment of resources and coordination of effort 
on the widest nrultilateral basis. 

7. Several LDCs that have achieved an intennediate level of development 
and have acquired institutions or established practices of recognized 
quality should also be encouraged to participate. Their experience 
and their proximity to other LDCs in the region may help facilitate 
the organization of training programs on a larger scale and at a lower 
cost than possible in the United States or other advanced countries. 

8. Programs should be designed to take into account, and to adapt to, 
the profound variations in local and regional conditions. 

RECXHmNDA.TIONS TO nIE U.S. AGENCY FOR INTERNATIONAL DEVELO™ENT 

1. To provide a focus within AID, it is desirable that the Office of Sci­
ence and Technology establish a position with clear responsibility for 
promoting and coordinating technical management training programs, 
filled by a staff officer with experience in industrial technical manage­
ment and familiarity with industrial conditions in LDCs. The office 
would IIDilitor projects in technical management training contracted with 
qualified institutions. 

2. The proposed key elements of the program to be undertaken, either with­
in AID or through contracted services , are as follows : 
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a. An infonnation clearinghouse should be maintained on U.S. and 
third-cotmtry sources of assistance* in management training 
and development. 

b. U.S. efforts in technical management training and development 
should be coordinated with those of inte111.ational and bilateral 
agencies concerned with, or engaged in, similar programs, among 
other things to identify gaps in present training activities 
in order to fonnulate specific training activities to fill them. 

c. Clearinghouse data should be based on a systematic canvass of 
U.S. government laboratories, contract research organizations, 
and industrial finns. 

d. A series of carefully designed specific training projects in 
the United States and the LDCs for technical management should 
be developed on a pilot basis. 

RECl»mNDATIONS TO LDCS 

1. To secure a better balance, the panel urges LDCs to recognize and pay 
special attention to aspects of technology policies that are distinct 
from those bearing on scientific and educational development but per­
haps sensitive to domestic and international economic stinruli. A sotmd 
national technology policy nn.JSt provide for aggressive development of 
indigenous technical management capability. 

2. No adequate plan for developing technical management can be fonnulated 
without an objective assessment of resources in trained manpower and 
the capabilities of technical institutions, as well as their potential 
for iJ1¥>roved perfonnance, to help to meet national goals. Methodologies 
for making such surveys have been developed in the United States and 
elsewhere; assistance would be available from contract-research organ­
izations and tmiversities for collaborative assessments of physical and 
human resources for technological development. 

3. Preferential policies to aid small- and mediun-size enterprises, the 
backbone of the industrial sector in LDC economies, should be adopted. 

4. To stinrulate the measures just listed, LDC governments should provide 
fiscal incentives to industry for R&D not only to inlJrove products or 
processes, but also to upgrade the technical and management coI11Jetence 
of staff. Such incentives could be provided through cost-sharing or 
tax relaxation. 

See U.S. Department of State; 
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S. An inportant factor in the inprovement of U.S. teclmical management 
has been the organization of groups for discussion and study of conmen 
managerial problems and for arrangements for training of present and 
prospective managers. Similar groups have been established in Westelll 
Europe and Japan. Fonning such groups requires local initiative and 
leadership, and deserves official support. Leadership in the creation 
of such associations should properly come fran LDC technological insti­
tutes, but development banks, govenunents, and industiy should contri­
bute to their support. 

U.S. International Finns and R, D and E in Developing Cotm.tries 

Inproving the efficiency and effectiveness of industrialization pro­
grams has become of increasing concelll. not only to economic planning author­
ities in less developed com tries, but to political and opinion leaders as 
well. The reasons for this heightened concelll. with types and teclmiques of 
production include: 

the desire to save foreign exchange and other scarce resom-ces by 
developing a more efficient range of industries that produce goods, 
primarily for sale in the domestic market, that would otheIWise be 
imported; 

the desire to earn more foreign exchange by efficiently producing 
goods that can be sold on world markets; and 

the development of a greater sensitivity than ever before to the 
need for reducing tm.enployment and tm.derenployment, upgrading skills, 
distributing incane more equitably, and having available an array 
of products suitable for purchase by law-income groups as well as 
the more affluent citizens of the comtiy. 

The implications of these developments for U.S. finns interested in 
selling to, or manufactm-ing in, LDCs are far reaching. Governments of LTlCs 
want foreign enteiprise to assist them in (1) developing indigenous capability 
to adapt technology to their particular needs, (2) training research and en­
gineering personnel to perfonn a wide range of adaptive engineering, and (3) 
enabling entetprises in LDCs to acquire, control, and use more industrial 
technology. 

Tne role played by U.S. finns in strengthening research, development, 
and engineering in LDCs has varied greatly, depending on coiporate philosophy, 
the "systems dependence" of the coiporation' s product or products, and the 
hospitality of the local environment for research, development, and engineer­
ing work. Size of market and stage of industrial development of the host 
countiy are also important elements. 

At the request of the Agency for Intelll.ational Development, BOSTID con­
vened a panel of experts to examine the past and potential role of U.S. finns 
in strengthening the R, D, & E capabilities in developing cotm.tries, and to 
identify the principal factors tending to pr0J1Dte or inhibit such a contribu­
ticn. 
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The panel approached its task fully aware that the questions before 
it could not be viewed apart fran the increasingly tense relations between 
the international investor comnimity and the less developed comtries. Be­
cause these tensicns i.npinge so forcefully an corporate attitudes and plans, 
both the panel and the consultants gave them careful consideration. In its 
efforts to respond to the demands and aspirations of developing comtries, 
the panel had to be guided by what collective international experience has 
shown to be achievable and mutually beneficial to host comtry and investor 
coopanies alike. Its insistence on ''workability"--a characteristic of suc­
cessful industry perfonnance--helped assure realism in assessing the limits 
of private sector action, and within these limits, the potentials for present 
and future action. 

The panel can.eluded that U.S. international finns in some cases already 
have played, and in more cases could play, a major role in the transfer to 
and i.nprovement of technological capabilities in LDCs. The panel's conclu­
sicns and reconmendations are presented mder three headings: (1) actions by 
U.S. international finns, (2) actions by host comtries, and (3) actions by 
international agencies and agencies of developed comtries. Following are 
the key points: 

1. All parties concerned need to recognize that R, D, & E is a conplex, 
time-constnning, and costly activity that requires a stable, long-tenn, 
and open relationship between the host nations and the investor. 

2. U.S. finns should relate their affiliates' activities to host comtries' 
development goals, priorities, and strategies. 

3. Host comtries should encourage this process and establish mechanisms 
that foster consultation and interaction anDng the government, the 
scientific sector, and the productive sector. 

4. Govenunents of LDCs are urged to i.nprove the ties between their local 
research services, including 1.miversities and institutes, and the private 
productive sector. 

S. U.S. finns are urged to explore a range of activities that could be 
mdertaken within the limits of a local, profitrnaking enterprise, such 
as close analysis of local development needs and resources as a guide 
for selective R, D, & E activities; an active collaboration with local 
miversities and research institutions; strengthening of local affili­
ates' persoIUlel in R, D, & E; deliberate programs to implant technologi­
cal capability; and expansion of programs in adaptive teclmology. 

6. The panel reconunended further actions that U.S. finns could take, if 
externally fmded, in applying their resources to joint R & D efforts 
with local governments and with other industries, foreign or domestic; 
projects for training local research personnel, and for gathering and 
disseminating technological infonnation useful to the LOCs were also 
suggested. 

7. To facilitate these and other R, D, & E activities, the panel reconmended 
that international organizations and aid agencies of developed comtries 
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provide a range of financial incentives. 

The report has been widely distributed to the U.S. industrial cC111111-
nity through individual mailings and through institutional channels. Bulk 
quantities were fmnished to the U.S. Oianber of Conmerce for dissemination 
to relevant constituent mrl.ts, and to the Council of the .Americas for its 
entire menbership. The report also served as a basic reading document for 
the June 1975 Conference on the TransNational Corporation sponsored jointly 
by the Comicil on Religion and World Affairs and the Aspen Institute Program 
in International Affairs, and attended by 70 senior business executives. The 
AID-State Department Latin America Bureau found the report useful for the 
fonnulation of a program position for U.S.-Latin American cooperation in sci­
ence and teclmology following Secretazy Kissinger's camnitments at the 1974 
Foreign Ministers' Conference in Mexico. 

Meeting the Oiallenge of Industrializaticn: A Feasibility Study 
for an International Industrialization Institute 

Industrialization is a critical challenge facing developing and de­
veloped countries alike in the decades ahead. Increases in population, food 
production, and mobility carbine to present oveIWhelming needs for jobs, im­
proved income distribution, and city-regional balance; these can be met only 
by new and better use of the world's resources, both human and natural. Ef­
fective industrialization is vital to efficient resource utilization. 

Several seminars, held under the auspices of the U.S. Agency for Inter­
national Development, considered the prospects and problems of international 
industrialization and reached the following tentative conclusions: 

1. The contribution of industrialization to fulfilling national goals, 
incluling enployment, is caiplex; it requires an understanding of in­
dividual national factor endowments, such as natural resources, capi­
tal, labor, and infrastructtn"e, and of alternative paths for their use 
and development. 

2. Existing knowledge of the industrialization process is too limited, 
localized, and unsystematic, and its applicability to current and 
emerging needs too unexplored, to provide an adequate basis for effec­
tive industrialization policies or programs. 

3. Although several international institutes have been organized "CO study 
ways of enhancing agricultural productivity, and another is being con­
sidered to study the social and economic effects of agricultural growth, 
no such institute exists to study industraalization. 

4. To assist in evolving i.nproved decisions on industrialization, the for­
mation of a new nultinational institute that would examine and illuni­
nate these interacting forces could be of distinct value. 

In view of these hypotheses, the Board on Science and Technology for 
International Development was requested by the Agency for International De-
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velopment to mdertake a study of the need and demand for an International 
Industrialization Institute. The organizational structure and possible pro­
gram was also studied. To detennine whether the proposed institute would 
duplicate or significantly add to existing institutional resources, the 
study was to include a review of current programs of international assis­
tance to industrialization. 

It was recognized at the outset that any such stuly must include large 
inputs from representatives of both industrial and industrializing nations. 
Likely users of its studies and other outputs should participate in the evalu­
ation, design, and development of the institute if they are to believe in the 
utility of the institute and its findings. 

The study was conducted in two phases. Phase one, designed to furnish 
a preliminazy assessment, was based on interviews with knowledgeable persons 
in organizations located in the United States, such as the United Nations , 
f01m.dations, the World Bank and its affiliated mits, and other assistance 
agencies. This phase culminated in a two-day meeting in April 1972 of a 
specially appointed NAS-NAE panel conq>osed of U.S. and LDC specialists. The 
panel recOJJ111ended an in-depth study, with extensive canvassing of infonned 
opinion, in developing comtries and appropriate development-oriented organi­
zations and institutions in other parts of the world. These inquiries were 
conducted in the stmner of 1972, and the results--as well as a draft report-­
were submitted to the orginal panel, which reconvened in Noveni>er. Addi­
tional interviews were held; drafts of the report were prepared in the fol­
lowing months; and a final report was sent to AID in August 1973. 

The panel reconmended that the International Industrialization Institute 
be organized as a research body devoted to enhancing knowledge of the in­
dustrialization process. The aim would be to help both developing and de­
veloped comtries maximize the contribution of industrialization to their 
economic and social development, and to share equitably in its benefits. 

The institute will be constructed to ensure autonomy and perceptive 
awareness of critical industrialization issues. It will be governed by an 
independent, self-perpetuating board of trustees drawn equally from developing 
and developed oomtries. The institute will have a core staff of about 40 
professionals from various nations who are expert in a variety of disciplines, 
including industrial economics; physical and social sciences ; engineering; 
international economics and trade; and industzy location, marketing, and man­
power develOJJ111ent. 

The institute's interdisciplinary work program will not duplicate that 
of any existing agency. Program activities will be carried out in close col­
laboration with other research groups at national, local, and international 
levels and with industrial and financial institutions. Location of the in­
stitute for maxinun use of hunan and infonnation resources will be determined 
by the board of trustees in consultation with prospective host comtries. 

The program of the institute will emphasize applied research to create 
new linkages aroong policy, the market mechanism, and technology, thereby help-
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ing to guide industrial decisiais mre effectively toward development goals. 
The initial program focus would be directed toward: 

selection of industries and teclmologies by countries of varied 
cirClDJlS tances ; 

identification of policies to promote the growth of the selected 
industries; and 

increasing adjustability in advanced economies to accelerate de­
sirable shifts of industries to new locales. 

Initially after pt.i>lication of the report, the International Development 
Research Qmter (IDRC) of Canada provided some sq>port to cover follow-up im­
plementation costs. However, in September 1975, Secretary of State Kissinger's 
speech, delivered through .Anbassador Daniel Patrick Moynihan, to the Seventh 
Special Session of the United Nations General Asseni>ly proposed the establish­
ment of the International Industrialization Institute. Because the speech was 
sufficiently well received, the State Department and AID have now established 
an office to proceed with the founding process. As a part of this process, a 
cmtract was given to the Foreign Secretary's Office of the National Academy 
of F.ngineering to work with the AID office to detennine the viability of the 
proposed institute. 

International Development Programs of the Office of the Foreign Secretary 

This review covers science cooperation programs undertaken from 1961 
to 1971 in 12 African, Asian, and Latin American countries. Primarily a 
self-evaluation, the sttrly based many program results, favorable and unfa­
wrable, on reports by counterpart organizations, AID missions, and other ap­
propriate sources. The main appendices contain descriptive sUD111aries of 
programs and projects, project reports and publications, and an extensive 
list of U.S. and foreign participants who have engaged in the activities cov­
ered by the report. 

The "analysis" attenpts to identify the factors influencing the success 
of projects. Generally speaking, factors influencing success were: attitudes 
of AID; leadership of host institutions; availability of funding for workshop 
development and follow-up; quality of staff and panelists--especially in re­
gard to sensitivity, knowledge, and COJllllUllication ability; and frequency and 
quality of camamications between the NAS and host institution. Posing ques­
tions on the effectiveness of programs points up the difficulty of obtaining 
accurate program infoniiation. 

Critical factors for workshop prograrmning evolving fran the analysis are: 

1. the :inportance of working with a viable counterpart organization; 

2. the need for open, joint discussion of objectives; 

3. agreement among participants on the limitations of the exercise, so that 
the fonn and content of the program fit the local situation; and 
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4. avoidance of a pedagogic or a patronizing attitude. 

Continuity is extremely iJ11>ortant to the success of the bilateral 
programs and is influenced by several factors, including changes of govern­
ment, changes in the administration of the host organization, and changes in 
the political relations between the two cotmtries. Other factors influencing 
program success include the thinly spread local manpower in science and tech­
nology, the local AID mission's indifference toward the program, AID' s short 
institutional memory, and lack of follow-up by NAS staff due largely to lack 
of ftm.ds. 

1he analysis makes clear that the optimal arrangement for AID-ftmded 
efforts is to have AID/Washington provide the basic ftmding and AID cotmtry 
missions provide the local program costs. 

Among its reconunendations the report calls for: 

1. An in-depth study of the Brazil and Taiwan programs, two of the most 
successful BOSfID activities, to obtain more insight into factors that 
influence program quality and success 

2. A built-in evaluation of all major projects; 

3. More follow-up activity to workshops and studies arranged with cotmter­
part institutions; 

4. Evaluation of special studies by an ad hoc conunittee; 

5. A study of factors influencing scientific and teclmological development 
in cotmtries where the NAS has not been involved (such as Mexico) in 
contrast to cotmtries in which NAS science cooperation programs have 
taken place--to see whether any differences are discemable. 

The analysis concludes that the role of the NAS should be to work joint­
ly with developing cotmtries in applying science and teclmology to their de­
velopment needs, serving in an advisory capacity and realizing that the iJ11>le­
mentation of reconrnendations must be carried out by the host cotmtry. The 
bilateral programs could be improved by finding more private ftmding (to per­
mit greater flexibility and rore follow-up), by careful :program selection, 
(so that OOSTID resources would not be spread too thinly) , and by improved 
identification and selection of panelists and inclusion of more social scien­
tists. 

This review involved the issuance of two reports. The first report was 
rore specific and went into considerable detail regarding the evaluation of 
programs , the results, and the reasons for them. This publication was for 
limited distribution to AID and within the NAS. The second publication was 
mre general and deleted any negative conclusionss so that it could be made 
available to the general development coJlllll.D1ity overseas as well as within the 
United States. 
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Role of Science and Technology in International 
Development in the 1970's 

One of the activities carried out by NAS staff in the latter part of 
1970 was planning and preparation for a study on the role of science and 
technology in development. The broad objectives of the study incltded: 

identificaticn of development problems most susceptible to scien­
tific and technological solutions; 

recarmendations on ways of assisting developing cotm.tries to create 
or expand their own capability to develop and use science and tech­
nology; 

consideration of contributions that the scientific and engineering 
connn.mities of the industrialized cotmtries are particularly qual­
ified to make to the solutions of development problemc;; 

identification of new developments in science and teclmology that 
show promise for economic and social development; and 

fonnul.ation of guidelines that will assist administrators of tech­
nical assistance organizations in using science and technology most 
effectively to cope with the development problems of the next decade. 

MAJOR ACTIVITIF.S 

In the spring of 1971, OOSTID was engaged in planning the initial phase 
of the study. A steering group met in Washington in Januaiy 1971 and in 
c.ambridge, Massachusetts, in March 1971. It was agreed that the first major 
activity should be an internaticnal seminar that would provide a forum for 
a broad assessment of the major issues concerning science, teclmology, and 
development. 

The seminar was convened at Woods Hole, Massachusetts, August 15- 21, 
1971. It was coq>osed of an interdisciplinaiy groq> including representatives 
of the social and natural sciences, and of developing as well as industrialized 
cotmtries. In addition to the United States, participants came fran Argentina, 
Canada, England, Ghana, Mexico, the Philippines, and Uruguay. International 
and technical assistance organizations were represented including the World 
Banlc, U.N. Development Program, U.N. Industrial Development Organization, 
Organization of American States, Agency for International Development, and the 
International Development Research C.enter. Universities, research institutes, 
financial institutions, and international industrial corporations were all 
sources of participants. 

The deliberations of the conference were organized arotmd plenary ses­
sions on the first, second, and sixth days, and meetings of three working 
groups on the third through fifth days. The topics addressed by the working 
groq>s were: 
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the capacity of developing countries to generate science and to 
generate, adapt, and initiate technologies (Groq> l); 

the capacity of developing countries to use technologies effective­
ly (Groq> II); and 

the role of AID, corporations, scientific and technological groq>s, 
and private institutions in strengthening science and technology 
in developing cot.mtries (Group III). 

Che of the conclusions reached at the Woods Hole Conference was that 
there seemed to be merit in considering a study that would address in greater 
detail the issues raised at the conference, but in a holistic framework, and 
that would use specific developing cot.mtty cases to illustrate the problems 
associated with science, technology, and development as well as possible solu­
ticns and opportt.mities. Three people were selected fran each conference 
working group to serve as an ad hoc advisoty conmi.ttee to consider the next 
steps in the proposed study. 

'The ad hoc advisoty conmi.ttee met in Cani>ridge, Massachusetts, on 
November 26, 1971. At that meeting, a ntlllber of suggestions were put foIWard 
relating to the sli>stantive content of the proposed study. Consideration was 
also given to the mechanisms and tinting appropriate to such a study. 

Following the suggestions of the ad hoc advisoty conmittee meeting at 
the end of 1971, BOSTID staff worked with selected conmi.ttee meni>ers during 
the early IOOilths of 1972 to develop a more detailed conceptual framework for 
the study. The framework and timetable suggested consisted of drafting of 
case stulies by conmissioned authors dming the balance of 1972; review of 
the drafts by meni>ers of the fonnal study conunittee in early 1973; a second 
Woods Hole conference to be held in the second half of 1973 to enable the 
study cormrl.ttee and authors to make an extensive joint critique of all can­
missioned papers; and final revision and preparation of reccmnendations during 
late 1973 and early 1974. It was proposed that the final report of the study 
should consist of two voltunes--one, a sunmaty and presentation of conclusions 
and recomnendations, and the other, the conmissioned case studies. 

Copies of the papers that reached the stage of a full draft were: 

"Agricultural Mechanization Technology for Tropical Asia," by 
.Amir U. Khan. 

"The M>demization of Brazilian Agriculture," by G. Edward Schuh. 

"A Study of the Role of Science and Technology in Taiwan," by 
Bruce H. Billings. 

"'The Role of Scientific Research in Agricultmal Innovation in 
Israel," by Shaul Katz and Joseph Ben-David. 

During the period in which several papers were being cormrl.ssioned and 
drafted, further meetings of meni>ers of the ad hoc advisoty cormrl.ttee took 
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place: March and May 1972, cant>ridge, Massachusetts; July 1972 and January 
1973, Washington, D.C. At these meetings, the conceptual framework of the 
study was discussed further, suggestions for additional conmissioned papers 
were made, and names were considered for a list of possible members of 
the fonnal study conmittee. 

As work on the study progressed, it became increasingly apparent that 
two external developments had sti>stantial inplications for the study--the 
evolution of :OOSTID's overall program and the increasing attention by various 
international institutions to the interaction among science, teclmology, and 
development. 

As the OOSTID programs with developing countries expanded and diversi­
fied, they increasingly addressed aspects of science and teclmology that were 
included among the issues to be explored by the study on the role of science 
and teclmology in international development. The other BOSTID programs, more­
over, were able to address these issues at a level of specificity and detail 
not possible in a single broad study. The identification of development pro­
grams susceptible to scientific and teclmological solutions and, conversely, 
the identification of new developments in science and teclmology that shCM 
promise for economic and social development were being addressed by other 
studies. 

When the possibility of an NAS study on science, teclmology, and de­
velopment was first discussed in 1969 and 1970, the topic had not yet been 
given significant attention in the literature of that period. As the Academy 
study began to Jll)ve foiward, however, interesting new studies began to emerge 
fran organizations such as UNESCD, ECAFE, OECD, UNCTAD, the Conunittee on Sci­
ence and Tedmology for Economic Development (CDSTED) of the International 
r.ouncil of Scientific Unions, the U.N. Advisory r.onmittee on the .Application 
of Science and Teclmology to Development, and the University of Sussex Science 
Policy Research. Unit, 8Jll)Jlg others. 

By the middle of 1973, the advisory conunittee on the NAS study had some 
doti>ts that the sttdy was as timely and as likely to be influential as they 
had originally believed, and felt that its broad scope tended to diminish the 
prospect of developing actionable reconmendations. The fonnulation of help­
ful reconmendations and programs related to teclmical assistance seemed Jll)re 
feasible in COIUlection with BOSTID's workshops and studies on particular prob­
lems and issues. After conmittee discussion with the Foreign Secretary, the 
chainnan of the Board on Science and Teclmology for International Development, 
and others, this view was conmtmicated to AID, along with the reconunendation 
that the balance of unexpended funds allocated to the study would be more ef­
fectively used if spent for other Ba:>TID projects. 

Copies of the working papers as well as the conmissioned papers were 
foiwarded to AID for their infonnation. 

African Agriculttn'al Research. Capabilities 

In 1970, following the 1968 Abidjan r.onference on Agriculttn'al Research. 
Priorities sponsored by NAS, AID requested a caiprehensive study of African 
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research capabilities in the agriculttn"al sciences. 

This project was mdertaken by the NAS Agricultural Research Board, 
111der the auspices of BOSTID. The conmi ttee worked mder the following 
tenns of reference: 

-- to review, analyze, and establish, if necessary, the priorities 
in research and education that will enable agriculture to make its 
max:i.nun contribution to the development goals of Africa as identi­
fied in such recent national and international studies as the FAD 
Indicative World Plan for Africa and the NAS-organized 1968 Abidjan 
Conference on Agriculttn"al Research Priorities; 

to specify the institutions and system; of agriculttn"al research 
and research-related education--intemational, regional, and na­
timal--needed to achieve the goals; 

to detennine the most appropriate roles and modes of operation, 
and, where advisable, the subject areas and locations for nm­
African agencies to provide coordinated support for agricultural 
research and education in Africa, taking into accomt the developing 
cmtributions of African institutions; 

to suggest appropriate channels of cOl1111111i.cation and cooperation 
among nations, institutions--inside and outside Africa--in agricul­
tural research and educatim; 

to outline the means by which research and education can be applied 
most effectively to African agricultural development; and 

to make a broad assessment of the scientific manpower needs related 
to the proposed research system(s) and institutions reccmnended by 
the camtl.ttee and assess the African scientific pers0IU1el available 
at the present time, identify scientific manpower gaps and needs, 
and establish priorities. 

The camtl.ttee met twice in Washington, D.C.; in Addis Ababa in 1971 at 
the ti.me of the first general cmference of the Association for the Advance­
ment of Agricultural Sciences in Africa (MASA); in Bellagio, Italy; and in 
Dakar, Senegal for its final meeting. The following general cmclusions and 
reconmendations are excerpted from the report: 

This study prestunes that, for the foreseeable future, Africa will 
rely llDSt heavily on the agricultural sector for lifting the stan­
dard of living of its peoples in the face of population growth rates 
ranging from 2. 3 to 2. 6 percent per annum and of increases in the 
absolute ntmi>ers of people living on fanns. 

In detennining priorities in agricultural development, national de­
cision makers need the help of research to predict the consequences 
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of alternative courses of action whether at enteiprise, whole 
fann, conm.mi ty, sector, national or regional level. 

The C.Onmittee reconmends that all efforts be made to bring nat­
ural and social scientists to work closely together in conducting 
researcll that will help national decision makers predict the con-
s uences of alternative colll'Ses of action in detennin' rior-
ities in agri tura ve opment. 

The Ccmnittee points to three broad problem areas as key ones 
urgently in need of solution in Africa: 

1. int>roving standards of nutrition and raising the level 
of food production to satisfy rapidly increasing market 
demands (i.e., to int>rove standards of living while pro­
viding a constant, more rapid flow of raw materials for 
natimal industries, substitutes for agricultural im­
ports and crops for export); 

2. helping to alleviate the meven development that takes 
place between fann and nonfann sectors of the rapidly 
growing economies of African natims; and 

3. ensuring that agricultural research contributes proper­
ly to a sotmd national agricultural policy and that 
agricultural policy itself plays its appropriate role 
in natimal and international science policy. 

Toward these ends, the Ccmnittee recoJI1I1ends that, in teclmical and 
related socioeconomic areas the priorities for strengthe!!i:!:!g re­
searcll capabilities be in the areas of fanning systems, fooacrops 
and livestock inJ>rovement in that order • 

.Agricultural development reinforced by strong agricultural research 
requires an adaptable infrastructure for policy. Regulatory prac­
tices dealing with quarantines and with pesticides will need changing 
as new pests and diseases cross borders and as information m host­
parasite relationships develops. Advisory cotmcils for govenunent; 
conm.mication networks that interlace scientist, government offi-
cial and farmer; agricultural experiment stations; and faculties of 
agriculture--all need cmstantly to adjust to the kaleidoscopic 
changes that agricultural development in Africa, or elsewhere, brings. 

The Ccmnittee recOITlllends that ongoing nrutually croductive cooperative 
efforts of fonninscUlpropriate scientific councils or other adVisoiy 
hOdies to put fi!ri tural researcll results to work be intensified, 
not mly for t inmediate benefits that will accrue to the nations 
of Africa but also for the potential advantages that result from a 
general expansion of knowledge in the area of advisory relationships 
between science and govennnent. 
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Detailed reconmendations are also grouped tmder farming systems, 
ccmnodities, quarantine, pesticides, institutions, manpower, 
and inplementation. 

The English version of the report has been distributed widely by AID. 
A French version was also published and circulated. 

The Peace Corps: Perspectives for the Futm-e 

At the request of ACTION, NAS-NRC established an Advisoiy Conmittee 
on Development Assistance Opporttmities in the Next Decade for the Peace 
Corps. The Peace Corps was fo1111.llating a three- to five-year program strat­
egy for submission in 1974 to the Office of Management and Budget and the 
Congress. Working grotps within the Peace Corps were reviewing Peace Corps 
policies and operations as backgrotmd for program strategy, but the agency 
also wished to have a separate, external grotp--such as the advisory cOllllli.t­
tee--consider future prospects and opporttmities for the Peace Corps. 

The 21 individuals who served on the cOllllli.ttee represented a wide 
range of appropriate experience: past services as a voltmteer or staff 
member of the Peace Corps; knowledge of and service in development and 
technical assistance activities; familiarity with voltmtary service in the 
United States and overseas; and training and distinguished achievement in 
the natural and social sciences. In addition, six menbers of the conunittee 
were themselves from developing comtries. 

The tenTIS of reference gave the cOllllli.ttee a broad mandate: 

to reexamine the objectives and progrmns of the Peace Corps in 
light of changes in danestic and world affairs; 

to consider alternative strategies for a U.S. voltmteer agency 
in the context of development assistance opporttmities in the 
next 10 years; and 

to examine in more detail technical assistance opporttmities in 
selected sectors and areas. 

The cOllllli.ttee concentrated on the futm-e development of the Peace Corps 
and did not try to judge or rigorously assess the Peace Corps' record over 
the past 12 years. 

The c0l1llli.ttee's responsibilities were organized along two parallel lines 
of activity. The conmi.ttee as a whole concentrated on a broad assessment of 
trends and opporttmities for the period ahead and the policy, program, and 
organizational implications of those trends. At the same time, panels were 
created to examine in greater depth, and primarily from a professional view­
point, priority needs and special opporttmities in agriculture, health and 
nutrition, and natural resom-ces and enviromnental quality. These sectors 
were chosen, by agreement between the Peace Corps and the Academy, as spe­
cialized areas in which the experience of the Academy made its advice partic­
ularly appropriate. 
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The main theme of the cOJmrl.ttee's conclusions was that the Peace 
Corps idea is still relevant and potentially beneficial for the decade 
ahead. The following s1.m11arized recarmendaticns represent the cOJmrl.ttee's 
views on future development assistance opporttuti.ties for the Peace Corps 
and how it can respond to them more effectively. 

1. The Peace Corps should adhere to its distinctive character as a 
volt.m.teer program supplying middle-level manpower to help other com­
tries and to promote international t.m.derstanding. 

2. The Peace Corps should mdify its recruitment, training, and place­
ment procedures to enhance the effective use of the generalist volt.m.­
teer. 

3. In geographical scope, the Peace Corps program should continue to 
focus on the less-developed c0t.m.tries--with special attention to the 
poorest areas--including, where feasible, those having no fonna.l diplo­
matic relations with the United States. 

4. In operating style, the Peace Corps should strive to remain flexible 
in its danestic and overseas operation and in the use of volt.m.teers, 
and should eamark a significant portion of its resources for experi­
mental and prototype programs. 

5. In the sectoral areas of agriculttn"e, health and nutrition, and natural 
resources and enviromnental qua.Ii ty, the Peace Corps should review and 
tpdate program objectives, provide more adequate professional and in­
stitutional stpport, and relate more effectively to the career interests 
of volt.m.teers with specialized training in these areas. 

6. The Peace Corps should make continuing use of expert advisory panels 
for program sectors with a high tedmical content; broaden its contacts 
with relevant technical and professional bodies , as well as organiza­
tions engaged in development assistance; and JOOilitor its own processes 
and activities to obtain reliable program data. 

7. The concept of binatimalisrn--sharing responsibility for planning and 
management of the program with host cot.m.tries--should remain a corner­
stone of Peace Corps policy. 

8. The Peace Corps program should remain basically bilateral. Some realis­
tic possibilities exist for making particular projects multilateral, 
but this can usually be done best by the individual host countries. 

9. Given the availability of volunteers in the United States and the needs 
and opporttuti.ties for service abroad, the Peace Corps should seek to 
grow significantly larger in the years ahead. 

10. The Peace Corps should remain a goveI1D11eJ1tal or qua.si-goveI1D11eJ1tal 
agency, largely dependent on government financing and capable of devot-
ing a significant portion of its resources to the private voluntary sector, 
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but it should have a high degree of independence and should be in­
sulated from any utilization as an instrument for the achievement 
of intelligence, security, or short-tenn foreign policy objectives. 

Advisory Panel on Arid Lands of Sub-Saharan Africa 

At the request of AID, the NAS appointed an advisory panel on Arid 
Lands of sub-Saharan Africa late in 1973 to "advise AID with respect to the 
critical medium- and long-tenn natm-al resom-ce management problems of the 
drought-stricken region of West Africa, and to provide assistance in the 
design and implementation of U.S. participation in an international collab­
orative scientific effort being organized to address the emergency situa-
tion." · 

The panel met fonnally five times and held special meetings to consider 
particular topics such as the future climate of the Sahel region. In late 
October 1974, a gro~ of panelists met with other international scientists 
and planners familiar with the Sahel at the Rockefeller Fol.Dldation Study and 
c.onference C.enter at Bellagio, Italy, to discuss strategies for the long-tenn 
development of the Sahel region. Panel members met individually with a wide 
range of people knowledgeable about the Sahel, and visited the area during 
the period covered by the panel's report. The panel provided an overview to 
AID in reviewing proposals AID received, in responding to questions raised 
within AID, and in helping AID conceptualize strategies that will assist the 
Sahel col.Dltries in ultimately achieving economic self-sufficiency. 

The highlights and conclusions of the panel's work are noted below: 

1. A discussion of AID's mid-tenn (1974-75) program of activities for the 
Sahel col.Dltries took place, which enabled AID officials to reassess the 
problems associated with some of the large proposals such as tsetse fly 
clearance and provision of large areas of grazing reserve. In line with 
the panel's suggestions, AID has now reallocated its resources with re­
spect to these problems. 

2. A critique of the draft report of the gro~ at MIT with which AID con­
tracted to produce alternative strategies for the long-tenn development 
of the Sahel. Since the decision to 1.Dldertake the MIT study antedated 
the establishment of the NAS panel, and since the conclusions and recom­
mendations of the final report by MIT were not available to the NA.5 panel 
before it carpleted its work, a critical review was not possible. Panel­
ists' concerns about the methodology of the study, however, were conveyed 
to AID and MIT representatives and perhaps cmtributed to a revised ap­
proach to the study. The final MIT report was distributed to panelists 
for individual conment. 

3. A special meeting on the futm-e climate of the Sahel convened by the 
panel brought together a large gro~ broadly representative of U.S. 
climatologists. Opinion was divided as to the atmospheric conditions 
that cause severe drought, and as to man's ability to predict when they 
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would occur, and whether or not future droughts will be nDre frequent 
and severe than those of the past. l-t>re infonnation is necessary to 
inprove our ability to predict drought, and attention is being given 
to this problem. Drought is, tmfortm.ately, an inescapable feature 
of the Sahel region; planning JlllSt take into accotmt and cope with the 
severe droughts that may be expected to occur periodically. 

4. An internatimal meeting of NAS panelists, scientists, and administra­
tors fran Africa, Europe, and international agencies was convened to 
discuss strategies for the long-term development of the Sahel region. 
This meeting, held in collaboration with the Rockefeller Fomdation 
at the Fotmdation's Study and Conference r.enter at Bellagio, Italy, 
provided a tmique opporttmity for participants to exchange viewpoints 
and perceptions of drought-related problems. The panel's report of 
the Bellagio meeting and a Bellagio Working Paper prepared by the Rocke­
feller Foundation will be circulated widely to disseminate the con­
clusions and recoomendations on opporttmities for long-tenn Sahelian 
development. The conclusions and recarmendations emphasized: (a) the 
need for a systems approach to the utilization of available resources, 
and (b) the need for an institutional mechanism in the region (a "Sahel 
institute") that would provide systems research and development to sup­
port the long-tenn development effort. Within these cm texts efforts 
should be tmdertaken to: 

q>grade the nomadic-pastoral livestock system; 

inprove the predictive capacity of meteorological services; 

inprove the sq>ply of infonnation m soil and water resource 
development to fanners on a fann scale; 

accelerate food production, both crop and livestock, as the 
basis for food security for the region, which will permit and 
sq>port long-range econanic diversification including such 
things as small-scale agro-industry; 

improve tmderstanding of the econanics of marketing at the fann­
level, within and between cotmtries; 

inprove infrastructure, roads, and camamications in the area; 

ensure that in developing large-scale water resource projects in 
the great river basins of the area, opporttmities for small-scale 
water resource development (such as described in BOSTID's More 
Water for Arid Lands) are not neglected; and --

above all, improve the level of education of the people of the 
region, adults as well as children, by all methods (fonnal and 
otherwise) as the main basis on which long-tenn change can be ef­
fected in the area and on which all other development activities 
will depend. 
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At the panel's final meeting in December 197 4, members felt that the 
original mandate of the panel had been accomplished, and it was agreed that 
therefore the panel, as then constituted, should be dissolved. However, it 
was also agreed that the following inlJortant tasks , which might require a 
different panel or other mechanisms, should be 1.Dldertaken: 

1. Collecting, collating, and analyzing the recent drought experience. 
A great deal of infonnation has been derived from the recent drought, 
which should be systematically collected (before it is irretrievable) 
and analyzed for the lessons that should be preserved to reduce the 
iq>act of the next drought. 

2. Providing a focus for U.S. scientific and technological inputs for 
problems of long-tenn self-sufficiency in arid lands arotm.d the world, 
particularly in Africa. 

3. lq>lementing the ideas outlined in the Bellagio report. To do this, 
it was proposed that AID should consider establishing working groups 
to address the specific problems areas, e.g., upgrading the nomadic­
pastoral livestock system. These working groups should not 1.Dldertake 
studies of the problems per se, but rather design products and programs 
for donor agency financing and iq>lementation to remove the critical 
constraints towards progress in development. Each working group should, 
of course, include African participants from the Sahel col.D1.tries. 

Following completion of the report, an infonnal proposal was circulated 
to a variety of individuals and agencies in the U.S., Africa, and elsewhere. 
It suggested the convening of an organizational meeting of representatives 
of institutions carrying out research into the Sahel drought experience, par­
ticularly those institutions in the region itself. This meeting was to discuss 
the coordination, collation, and collection of infonnation relating to the 
drought. The particular focus would be to identify gaps in the research and 
develop a plan for an international conference at which the information could 
be discussed and reconrnendations fonnulated for the govenunents of the region 
so they could deal ioore effectively with drought in the future. 

The proposal generated a great deal of favorable support, but fl.D1.ding 
has not yet been secured. However, it was discussed by an AID-supported 
meeting of African social scientists on adaptive strategies for the Sahel, 
sponsored by the Nigerien Institut de Recherche in Sciences Ifumaines, which 
took place in late Jl.D1.e 1975. 

The UNDP has sent a feasibility study group (including one participant 
in the Bellagio meeting) to visit the Sahelian col.D1.tIY govenunents to discuss 
the concept of a Sahel Institute. Preliminary reports indicate that the idea 
of an institute with a very limited core administration, working primarily 
through existing institutions in the Sahel countries, is being favorably re­
ceived. 

A new contract has been negotiated with the Africa Bureau in AID for a 
two-year period beginning August 31, 1977. The objective of this project is 
to assist AID in designing long-tenn development interventions in the Sahel 
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Region generally and specifically in cooperation with the Ecology and 
Forestry and Adaptation of Teclmology working groups of the Club du Sahel. 

Ad Hoc Meeting on the Development of an AID Tedmical 
Assistance Strategy in the Field of Energy 

In 197 4, AID' s Off ice of Science and Technology was asked to prepare 
position papers on U.S. policy alternatives for teclmical assistance to 
LOCs in the areas of energy conservation, improved utilization of indigenous 
energy resources, and progra.TIL5 of research and teclmology development relevant 
to these policies. Because of the conplexities of the energy problems in a 
diverse set of developing col.Dltries, coupled with the short time provided for 
response, AID asked the Academy to convene infonnally a panel of experts to 
review the policy and program options available to the United States and to 
make suggestions for alternatives based on the panelists' experience and ex­
pertise, as well as to conment on feasibility, costs and resources, timing, 
and other factors affecting the selection and implementation of policies and 
progra.TIL5 • 

A panel of approximately 10 persons met. Per agreement, no written 
report was issued. HCMever, attendance and participation of AID officials 
allowed them to obtain the panel's thinking and suggestions regarding the 
various matters discussed. 

Role of U.S. Engineering Schools in Teclmical Assistance 

Discussions between AID and the NAS-NAE in 1970 revealed a COJlllK)Jl de­
sire to see U.S. engineering schools play a more active and relevant role in 
overseas tedmical assistance efforts, a role COJlllarable to that of agriculture 
schools and experiment stations of U.S. land-grant miversities. AID subse­
quently asked the NAS-NAE to l.Dldertake a study of the subject. 

The panel's tenns of reference were as follows : 

To identify interests and capabilities of U.S. engineering schools 
relevant to developing col.Dltries' needs, such as curriculum refonn, 
training and orientation of teachers, and development of indigenous 
institutions. 

To reconmend needed changes in U.S. engineering school curricula to 
orient training of engineers more directly to the problems of de­
veloping col.Dltries. 

To examine means of relating research interests of U.S. schools to 
specific developing col.Dltry problems and reconmend ways in which AID 
can mobilize U.S. schools for their role. 

To assess the interest and capabilities of U.S. engineering schools 
in acting as intennediate contract organizations in implementing de­
velopment proj.ects. 
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An eight-member ad hoc advisory panel, fonned tmder the auspices of 
BOSTID with the advice of NAE, met in May 1971. The panel met again in Sep­
tenber 1971 and produced a draft report of its recOITlllendations. At a third 
meeting in January 1972, in conjtmction with the International Division of 
the American Society for Pn.gineering Education, the draft recOJT111endations 
were discussed with the engineering COJllilUD.ity attending the meeting. 

In reviewing the draft, it became apparent that the study should be 
broadened to address additional questions: the implications of changing 
concepts and priorities in economic development policy for the engineering 
education coomunity and its LOC-oriented activities; the concept of the 
"development technologist" as a new professional category, combining high­
level competences in engineering and development economics; and the curric­
ulun inplications required for training such professionals. Moreover, other 
inportant questions on the potential role of engineering schools had emerged 
in the meantime, and the NAS proposed to AID that the study be extended into 
a second phase that would permit, with a change in the composition of the 
panel, a more extensive consideration of the subject. A report encompassing 
both phases was published in 1976, which stated that the 100st important role 
U.S. tmiversities can play in present and future development is that of facili­
tation. They should seek innovative ways whereby their faculty and resources 
can perfonn this role and expedite the transfer of technology through LDC in­
stitutions and industries. To do this, the tmiversities need assistance; 
therefore, any of the following rec011111endations were directed toward sponsoring 
agencies. 

RESEARCH 

AID and other technical assistance agencies should find ways, es­
pecially by new ftmding, to increase applied resaarch on I1lC develop­
ment problems at both U.S. and LOC institutions, and particularly 
at regional graduate research centers. 

AID should strengthen institutional capability by such means as its 
211 (d) program, including extension of this kind of support to addi­
tional engineering colleges. 

aJRRICULUM ThfPRO\TfMENT 

Ftmding is needed to iJlllrove courses and programs at selected U.S., 
LDC and regional graduate centers for graduate students interested 
in economic development. 

Innovative work-study programs are needed for students at both U.S. 
and LOC institutions. 

U.S. colleges of engineering technology, together with ftmding agen­
cies, should test the potential for this type of technical education 
in the LDCs. 
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TErnNOLOGY TRANSFER 

The concept of establishing engineering/industrial extension ser­
vices to facilitate the transfer of teclmology, especially in rural 
areas of LOCs, should be explored as to feasibility and applicability. 

U.S. schools should seek to expand their contract services to offer 
additional special education in development-related subjects to LDC 
govenunent and industrial managers. 

Programs should be generated to encourage U.S. faculty menbers to 
take short-term assignments abroad in advisory and consulting capa­
cities and to instruct other teachers. 

To upgrade LDC faculties and to keep LDC faculties and students 
abreast of new teclmological developments, U.S. schools should de­
velop short courses, workshops, and seminars. 

EVALUATION 

Past programs involving "sister" schools and consortia of U.S. 
schools that assist LOC institutions should be evaluated against 
original objectives and new priorities in order to design better 
support arrangements in the future. 

Future programs should specify an evaluation phase, coq>lete with 
clearly stated objectives. 

Consideration should be given to providing criteria and means for 
the evaluation of U.S. faculty perfonnance in development assistance. 

Two thousand copies of this report have been printed and distributed 
worldwide. 

Systems Analysis and Operations Research: 
A Tool for Policy and Program Planning 

Use of systems analysis by the most advanced of the developing cmmtries 
is expanding as the demands for planning at various levels and in different 
sectors becane JJDre conplex and highly trained personnel and facilities such 
as conputers becOJIE JJDre available. Although elements of a systems analysis 
capability are beginning to be present in an increasing munber of cotmtries , 
the effective use of such internal resources remains limited, and local needs 
continue to be met substantially by foreign consultant services. There is 
growing interest among many of these cotmtries, however, in building up indig­
enous analytical capabilities and in applying them to a widening range of prob­
lems. International aid agencies are actively fostering this demand by their 
insistence on receiving well-fonnulated project proposals that assure effective 
use of external resources within a framework of sectoral planning. 
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As a result, in 1974 AID asked BOSTID to study the feasibility and 
character of a technical assistance program aimed at strengthening the systems 
analysis capabilities of developing cotmtries. AID and development specialists 
view systems analysis as an inportant methodological tool with which developing 
cotmtries are inadequately proficient. A significant number of these cotmtries 
are at a point in their development where local carpetence can be institution­
alized and where a high level of self-reliance can be achieved. 

Th.is study encarpassed the following subject areas with recoJllllendations 
as appropriate: 

-- exposition of systems analysis methodology and its limitations 
with ent>hasis on the plarm.ing aspects and the practical nature of 
the results sought; 

illustrative applications of systems analysis in public and private 
sector decision making with particular reference to LDC problems 
and needs; 

requirements for establishing and operating a systems analysis groq> 
and variety of organizational modes suited to LDC conditions ; 

training processes and criteria for producing COJ11>etent systems 
analysis persOlUlel; and 

technical assistance inplications and opporttmities for AID. 

A summary of the panel's findings indicates that: 

Systems analysis/operatimal research (SA/OR) is a demonstrated 
technique for assisting administrators and other decision makers. 

It is of particular value when limited resources nrust be used to 
maxinrum effectiveness. 

Its application is within reach of JlDSt developing countries. 

It can be developed and carried on by local scientists and techni­
cians. 

1he industrialized cotmtries can assist LDCs with the training of 
SA/OR persOlUlel and the development of the SA/OR operation. 

SA/OR is not a panacea for the problems of the LDCs; its limitations 
must be taken into accotmt. 

1he sU11111arized recOJllllendations of the panel for the attention of developed 
cotmtries are: 

Set up a prototype SA/OR group that will report to an administrator 
cOJllllitted to its success. 
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Exercise caution in selecting specialists as advisors and using 
conpeti.tive sources and the advice of experienced SA/OR practi­
tioners. 

Encourage tmiversity courses in the practice of SA/OR and related 
subjects. 

Sponsor conferences to familiarize business and govenunent execu­
tives with SA/OR. 

Sponsor scholarships, at home or abroad, for potential SA/OR practi­
tioners. 

Over 7,500 copies of the report of this study were published and dis­
tributed to appropriate individuals in both developed and developing cotmtries. 
From this, two overseas activities resulted, one in Korea and one in Tt..misia • 

.Appropriate Technologies for Developing O:>tmtries 

This study, initiated in 1971 tmder the title, "Labor-Intensive Tech­
nologies for Developing Cotmtries," was broadened in 1972 to include a wider 
range of topics in the choice of technologies for agriculture and industry. 
A treatment of technological choice in the broad context of technology trans­
fer to developing cotmtries must deal with scientific, technical, economic, 
social, organizational, and political questions. The NAS study included: 

1. A general consideration of the interaction between technology and de­
velopment in tel111S of a historical overview and the present setting 
of the problem. 

2. The relationship of technological parameters to social and economic 
choices such as: 

a. availability of technologies through patents and licensing, 
"tied" transfer of technology, questions of access to infonna­
tion, substitutability of material, quality control standards of 
the market, etc; 

b. economic factors such as the economies of scale, monopoly power 
or fil111S and/or labor, foreign exchange restrictions, local taxes, 
etc; 

c. administrative constraints such as tariffs, market entry restric­
tions, balance-of-payments questions; and 

d. social objectives of the cotmtry such as capital - vs. labor­
iJitensi ve processes, enployment restrictions, income distribu­
tion, regional vs. national growth, urbanization, etc. 

3. O:>J1¥>arison of special questions of technology choice in the industrial 
and agricultural sectors. 
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4. Consideration of a U.S. role for assisting in the choice of appropri­
ate technologies. 

Activities tmder the NAS-NAE appropriate technologies study have in­
cluded: 

Publication by the Overseas Development Cotmcil of Washington of a 
review paper and a selected bibliography entitled, "Economically 
Appropriate Technologies for Developing Cotmtries - A Survey." 

Convening three ad hoc panels of economists, engineers, and general 
development specialists to define parameters and specific tenns 
of reference for technological choices as they affect social and 
economic development. 

Establishment of an Academy panel to direct the study and prepare 
a report for AID and other development assistance agencies. 

Convening with the .American Association for the Advancement of 
Science a session at its 1974 annual meeting (February, San Fran­
cisco) on possible U.S. efforts to enhance the choice of technolo­
gies for development. 

Conmissioning backgrotmd papers, or case studies, to examine in 
more detail specific problems including (a) appropriate chemical 
technologies in developing cotmtries, (b) a survey of research 
trends for appropriate technologies in housing, (c) economic­
technological behavior in metalworking industries, (d) appropriate 
technologies in iron and steelrnaking, and (e) technology transfer 
and research in agriculture. 

A survey-questionnaire of experience in the acquisition, adaptation, 
and development of technologies moong a sample of decision makers 
in LOCs. 

The experience of the panel and the extensive literature on technology 
choice have been assembled into a report. The report discusses appropriate 
technology from the viewpoint and needs of the decision maker in a developing 
cotmtry (both private entrepreneurs and government polic makers). F.qually 
important, it makes reconmendations to AID, to other supporting agencies, and 
to developing cotmtries on steps that can assist in the process of linking 
technology mre effectively to the development process. 

The report has been published for sale by NAS and free copies have been 
distributed to appropriate recipients in developing cotmtries. 

Discussion Seminar on Systems .Analysis-Operations Research 

An infonnal advisory SA/OR conmittee was convened on October 29, 1976 
to consider means by which NAS might assist LDCs in inl>lementing the reconmen­
dations of its publication, Systems .Analysis and Operations Research: A Tool 
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for Poli£ and Program Planning for Developing Cotmtries. This was intended 
to provi general gui.dalice to Dr. Philip Morse in his forthcoming talks in 
1\misia where support for a program by the local AID mission appeared likely. 

The cormnittee concluded that BOSTID should establish a panel tmder its 
auspices to: 

1. Follow up on requests from LDCs, such as the <me from 'l\misia. 

2. Perfonn the ftmctions of an SA/OR Fellowship Board, i.e., to prepare 
a catalog of SA/OR training capabilities in the United States to be sent 
to all AID missions in LDCs; seek AID (and other) financial support for 
LDC students to study SA/OR in the United States; advertise the avail­
ability of SA/OR fellowships; receive applications from LDC students 
for referral to appropriate U.S. institutions for their consideration; 
seek assistance and cooperation from business enterprises that have 
SA/OR in-house groups with regard to providing on-the-job training 
for LDC students; and encotn"age the preparation of specialized SA/OR 
training programs for LDC students in U.S. tmiversities, as well as in 
tmiversities in LDCs. 

3. PrOJIDte and participate in conferences and seminars on SA/OR in LDCs. 

4. Build support for SA/OR activities in LDCs from industrialized cotmtries. 

Resource Sensing from Space: Prospects for Developing Cotmtries 

The primary base for the economic development of most developing nations 
lies in their natural resources. Yet these nations, on the whole, do not know 
enough about the nattn"e, quantity, and location of their resources to harvest 
them effectively for the welfare and progress of their people. 

Much of the developing world is still inadequately mapped. Many cotmtries 
have yet to detennine the extent and condition of their arable land, forests, 
rangeland, and water resources to identify promising areas for mineral explora­
tion. Vitally important, at a time of world food and energy shortages and of 
spreading envirorunental deterioration, is the need to JTK>nitor the char~ing con­
dition of their natural domain--to forecast crop yields, to detect land ero­
sion and water pollution, to recognize alterations in land use, and to give 
early wanrlng and assess damage of natural disasters, and to observe many other 
aspects of environmental change. 

At the request of AID's Office of Science and Teclmology, the National 
Academy of Sciences established a conmrl.ttee whose purpose was: 

to provide an assessment of the reri ts and effectiveness , if any, of 
remotely sensed data for resource managerent and envirorunental moni­
toring in developing cotmtries; 

to fonnul.ate advice on a possible long-tenn AID role in fostering its 
use; and 
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to consider such other issues evoked by the technology of rerote 
sensing that might affect its dissemination and use for developing 
c01mtries. 

The scope of the study was: 

1. To assess the state-of-the~art in spacebotne renDte sensing (including 
the complementary role of airbotne remote sensing) with particular 
reference to applications relevant to the development needs of LDCs. 
Consideration should include the probable character and effects of 
inproved remote sensing systems that might be available within the 
next 10 years. 

2. To identify and evaluate the data requirements of LDCs for resource 
management, in light of their developmental objectives, with attention 
to specific infonnation needs that might be met through rerote sensing 
technology. Qmsideration should include cm-rent progress to disseminate 
knowledge of rerote sensing applications technology. 

3. To look upon use and dissemination of remote sensing technology for 
LDC application within the overall context of technical assistance/coop­
eration activity involving: 

a. AID/OST (Office of Science and Technology, Bureau for Technical 
Assistance); 

b. AID regional bureaus in the use of remote sensing as a progam 
element; 

c. Other suppliers of space-derived imagery, and other bilateral 
and multilateral aid-granting agencies; and 

d. LDC cotmtries either as buyers of the technology or as aid 
recipients. 

4. To focus study on the relevance of remote sensing to the specific needs 
of the developing world, with case studies of selected LDCs at different 
levels of development, and considering various institutional means and 
requirements for the acquisition, processing, distribution, and analysis 
of rerote sensing imagery. 

The r.armittee recorrmended that the U.S. through AID and through multi­
lateral bodies, where possible, engage in a sustained, long-tenn, systematic 
effort over the next decade to transfer to interested developing cotmtries the 
capability to utilize rerote sensing technology from space. An AID program 
of technical cooperation in resource sensing from space should be increased at 
least tenfold and should include the following elements: 

Pilot cotmtry profY!iij to help establish in a selected number of 
cotmtries exenpli mg a variety of conditions a broad indigenous 
capability to analyze and utilize rerote sensing data. 
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DeJJl)nstration projects to show pl3llll.ers and resotn"ce managers how 
the tediiioiogy workS in individual resotn"ce sectors, and to translate 
the accumulating experience into methodological principles. 

Research projects to address problems peculiar to the developing 
cotmtries OWlllg to tropical conditions, special data needs, and new 
application opporttmities. 

Infonnation and training arovams to help developing cotmtries tmder­
stand the capabilities an limitations of the technology and acquire 
over time the pool of technically proficient personnel they will need. 

ui ioont infonnation and rocurement assistance to promote more 
CM ge e acqw.si tion practices an , w ere necessary, to facili­

tate acquisition of essential major equipment iteJIL5 through loans 
or grants. 

-- Ren>te sensing data in AID-sponsored l>rof ects to strengthen the 
Agency's inte111.al project design and imp ementation capabilities and 
cmCtn"rently those of the recipient cotmtry. 

-- Assistance to regional centers in cooperation with other bilateral 
and riiiltiiateral development agencies, to help the centers get estab­
lished and to enable them to perform their data dissemination, train­
ing, and technical advisory services effectively. 

Coordination initiative to enstn"e that the diverse assistance flows 
in reJJl)te sensing are complementary and reinforcing, and endow re­
cipient cotmtries with a pennanent, institutionalized capability to 
apply the technology to their needs. 

Over 10,000 copies of this report were printed and distributed world-

World Food and Nutrition Study 

The World Food and Nutrition Study Steering Conmittee was established 
in response to President Ford's December 1974 request to the Academy to organize 
"a major effort to lessen the grim prospect that future generations of peoples 
arotmd the world will be confronted with chronic shortages of food and with the 
debilitating effects of malnutrition." Specifically, the President asked the 
Academy to ''make an assessment of this problem and develop specific recarmenda­
tions on how our research and development capabilities can best be applied to 
meeting this major challenge." The Steering Conmi.ttee's activities were pri­
marily funded by a consortiun of government agencies, through a contract be­
tween the National Science Fotmdatian and the National Academy of Sciences. 

An interim report was submitted in Novenber 1975 to respond to the gov­
enunent's request for early reconnnendations on actions that could proceed with­
out waiting for findings fran the full study. The focus of the final report 
is on hCM the U.S. can best contribute to the limited but extreiooly inportant 
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goal of building the research base to avert mass htmger for future decades. 
It examines all discernible lines of research and development on world food 
supply and nutrition that could open the way to major inprovements. 

The Colllni.ssion on International Relations was responsible for this 
study. I-k:lwever, the study director, Dr. Joel Bernstein, asked BOSI'ID to pro­
vide staff assistance for the following study teams: 

Study Team 8: Infonnation ~sterns. Study Team 8 considered R&D to 
strengtherithe contribution of inonnation gathering, storing, and disseminat­
ing teclmologies to inprove food supply and nutrition. The team considered 
both fonnal infonnation systems and less fonnal means of maintaining effective 
two-way infonnation flows between the fann level and governmental and ccmner­
cial program and policy levels, within and between cotmtries. Consideration 
of fonnal systems examined ways to develop capabilities for making use of re­
mote sensing, c~uter teclmology, and related infonnation and canmunications 
systems. 

Stu~ Team 9: Nutrition. This study team viewed global, national, 
and local ood systems from a nutritional standpoint (covering the whole se­
quence from the development of seeds and other inputs through production, 
marketing, and bodily absorption of nutrients), and identified the most criti­
cal intervention points (agricultural and nonagricultural) at which new op­
tions opened by R&D could substantially reduce the incidence of serious mal­
nutrition arotmd the world. The team noted the most inportant R&D areas to 
inprove these intervention possibilities, suggested overall planning and 
management programs to combat malnutrition, and reconmended what might be 
done to strengthen this R&D. 

St 1 . This team ranged freely 
over possi i i ties or ig re rou in e means of supplying world food 
needs that are not receiving adequate attention, and the R&D needs to realize 
these possibilities. The team's orientation was primarily long tenn, i.e., 
R&D to ease the prospects of tripling world food supply over the next 30 to 40 
years (ass'lllling a need for about a 3 to 3 1/2 percent average annual increase 
to keep pace with population and income rise). 

Stu Team 12: New roaches to Alleviation of Hun er. This team's 
brainstonm.ng ocuse on at • • mig t to open up major new approaches 
outside the food production sphere to reduce world hunger. The search for 
high priority R&D included social engineering as well as teclmology, with ap­
propriate mixes of the two: the stress was on socio-political approaches (in­
cluding selective income augmentation) and therefore on social science inputs. 
Like Team 11, this group looked for relatively tmconventional or neglected 
means of alleviating htmger with strong long-tenn potential, such as new ap­
proaches to food distribution problems or other ways to achieve better use of 
food supplies (healthier, less wasteful, lower cost, etc.). This included pos­
sibilities for specially prepared nutritious foods for mass, low-cost distribu­
tion tmder public auspices (or private auspices if feasible) to populations 
chronically tmdernourished. And it considered R&D to expand national options 
for the poor cotmtries and those augmented by international involvement. 
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Discussion Seminar an Tropical Meteorology 

In the past, BOSTID has organized several infonnal seminars on new 
program areas or issues of interest to AID as an experiment in providing AID 
with infonned viewpoints while avoiding the considerable length of time fre­
quently required to prepare and review fonnal Academy reports. Thus no fonnal 
reports are prepared in order to maintain lively discussion and to pennit AID 
staff members the opportunity to question the participating specialists as 
points are made. 

In December 1976, the director of AID's Office of Science and Technology, 
Mr. Henry Arnold, asked BOSTID to organize a seminar on tropical meteorology. 
As described by Mr. Arnold, the seminar would: 

1. Review the state-of-the-art of applied tropical meteorology and clima­
tology and reasonable prospects for near-tenn advances, including appli­
cations to weather prediction, disaster prediction,, and agro-meteorology 
and agro-climatology. 

2. Examine the problems of the users of meteorology and climatology infonna­
tion in developing countries, including needs related to agriculture, 
hydrology, natural disasters, and other areas. 

3. Analyze ways to strengthen the capability of developing countries to 
apply tropical meteorology and climatology, including needs in training 
and education, data collection and analysis, and institutions and facil­
ities. 

4. Discuss needs for further research that would increase the practical ap­
plication of meteorology and climatology in developing countries. 

5. Exchange views on nontechnological constraints bearing on the application 
of meteorology and climatology in tropical countries. 

The seminar was held at the National Academy of Sciences on May S-6, 1977. 
Ten participants, representing a variety of appropriate disciplines and experi­
ence, were invited to take part in the discussion and were joined by staff 
meni>ers from AID and the World Bank (which also had expressed an interest in 
the seminar). 

During the seminar, a number of ways in which AID might assist developing 
cotultries in activities related to tropical meteorology and climatology were 
suggested: 

1. Explore programs that would help developing countries make better use of 
existing meteorological and climatological data. Such programs might in­
clude activities ranging from provision of training to provision of facil­
ities. 

2. Develop programs related to the ~e of satellite receiving stations. 
These programs might involve providing new readout stations and using 
existing satellite data to improve weather prediction. 
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3. Strengthen .AID's internal capabilities to use meteorological and cli­
matological data. Upgrading these capabilities could require hiring 
appropriate staff or consultants and giving short training courses for 
exising staff in the related disciplines of agriculture, hydrology, etc. 

4. ~fonitor the world food situation with the help of meteorological informa­
tion. 

5. Perform applied site-specific research on micro-agricultural relation­
ships to weather, including the use of windbreaks, reflectants, sur­
factants, intercropping, etc. 

6. Support a World Climatic Data C.enter at the National Weather Records 
C.enter, .Asheville, N.C. Such a center could help create a world histor­
ical base of climatic data which can be very inportant. 

7. Establish a program to use existing satellite data accunrulated over the 
past one or two decades to inprove rainfall prediction. AID could sup­
port such a project, which should be done in the developing cotmtries 
themselves and would involve relatively small professional staffs. 

8. Finally, inplement the ideas raised in this seminar by surveying what 
the developing cotmtries themselves envisage as their needs in meteorology 
and climatology. 

U.S. Science and Technology for Development: 
A Contribution to the 1979 U.N. Conference 

In late October 1977, the Natimal Research Cotmcil agreed to conduct 
a study for the Departnent of State which would assist ll.S. preparations for 
the U.N. O:>nference on Science and Technology for Development, to be held in 
August 1979 in Vienna, Austria. This study was to provide specific suggestions 
for initiatives that the United States could propose to better mobilize U.S. 
and worldwide science and technology in support of development. 

Sunmarized below are 22 initiatives--both tmilateral and collaborative-­
which were given the most enphasis among the many initiatives suggested in this 
report. The first 16 initiatives relate to specific clusters of development 
activities, and the remaining would help strengthen the general abilities of 
developing cotmtries to make use of science and technology for national pur­
poses. 

INCREASING FOOD SUPPLIES 

1. Reducing Postharvest Food Losses. U.S. expand own activities and en­
courage formation of an International Coordinating Cotmcil on Postharvest 
Food Losses to foster coordination of activities presently scattered 
worldwide (illustrative types of Cotmcil activities are suggested). 

2. Soil and Water Management at the Farm Level. U.S. indicate willingness 
to make fUller use of its strmg capabilities to help developing cotm­
tries inprove management systems for sustained crop production on tropi­
cal soils, and develop suitable technologies for farm-level management 
of irrigation and other aspects of water management. 
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3. Plant and Animal Protection. Intensify work with developing comtries 
on individiiil tediriologies and integrated pest management systems (re­
search, training, and extension), paying special attention to reducing 
environmental effects of pesticide use. Support this by building world­
wide collections of genn plasm for crop varieties that possess mique 
resistances to specific pests, and of organisms injmious to crops and 
livestock. 

4. Overcomin Biolo ical Limits to Plant Productivi • Expand work on in­
creasing iological 1xat1on o nitrogen or ma.3or world crops, in­
creasing the photosynthetic efficiency of crop plants, and developing 
rore powerful tools for genetic manipulation of plants. 

HEAL1H AND RELATFJ) NEEDS 

s. 

6. 

7. 

8. 

Delive~ of Primary Health Care. Encourage and support expanded pro­
grams-~ilateral and international collaboration--to test and detennine 
large-scale systems for low-cost delivery of primary health, nutrition, 
and family planning services to whole populations, and to do backup 
research. ~hasis would be on preventive services, relatively simple 
technology, and extensive use of paraprofessionals. 

Pure Water and Waste Treatment. Offer to expand work with individual 
developing comtries and international programs to provide adequate 
quantities and quality of water for human use in rural and urban areas, 
at acceptable costs. ~basis on methodological and plarming assistance 
for water system design, technology selection, and operational manage­
ment, including waste disposal. 

Controllin Infectious Diseases in the Tr ics. Create new, highly 
vis1 e • . program to ocus government, m try, and academic re­
search. Could be lodged either in a New National Institute for In­
fectious Diseases at NIH, with suitable arrangements for balance be­
tween work in developing comtries and in U.S. 

Irnproved Contraceptives. Support expanded international collaboration 
orihigh priority research to improve available methods of contraception, 
at roughly the levels recoJ1111ended by the 1976 Conmi ttee on Reproduction 
and HLunan Welfare sponsored by the Ford Fmmdation. 

URBANIZATION AND INIIJSTRIALIZATION 

9. Improving Urban Settlements. Propose and support series of activities 
to improve access of people in urban settlements of all sizes and loca­
tions to jobs, shelter, land, water, sanitation, health services, and 
education. Includes promotion of and participation in international 
support for integrated COilllllD1.ity-building programs through new U.N. 
Habitat C.enter in Nairobi; special international loan ftmd for this pur­
pose; U.S. grants program to deIOOnstrate new applications of science and 
technology in smaller cities to meet basic human needs ; and an inter­
national research, infonnation, and training network led by the U.N. 
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Research and Training Progranune in Regional Development. Strengthen 
the capabilities of relevant U.S. institutions for international parti­
cipation. 

Planninf Transl'ortation Systems. Offer broad U.S. support for inter­
nationa activities that woUld improve transportation infrastructure 
in developing cotmtries, while at the same time producing insights 
into U.S. transport problems. Propose R&D network, sponsored by the 
World Bank or other concerned international agency, to focus on im­
proving planning of transport systems, resource- conserving transport 
solutions, training and joint experimental work to build developing 
country capabilities for transport planning and design, and analysis 
and dissemination of infonnation and experience worldwide. Strengthen 
the capabilities of relevant U.S. institutions for international parti­
cipation. 

Building Capabilities for Creating and Using Industrial Technology. 
Offer support for developing cotmtry initiatives to strengthen: their 
industrial research organizations; centers conducing R&D, extension, 
and training for small industries, particularly in rural areas; ''pro­
ductivity centers"; and engineering and management institutions. Could 
draw on specialized parallel U.S. institutions, and possibly on extended 
IESC program (the "technology corps" concept). Complement this by 
stimulating curricultun development, teaching, research, and technical 
assistance programs, in some U.S. engineering schools, that are oriented 
to developing country needs. 

International Research on the Industrialization Process. Propose sup­
port bY national and international sotn"ces (private and governmental) 
for a high quality, apolitical program of research and researd1 train­
ing on the relationships among industrial growth and technology choice, 
national development, and world production and trade patterns. Three 
organizational options are: an international fotmdation, with a nrulti­
national board and diverse internaticnal :ftmding, to manage a program 
of grants and contracts to existing research institutions worldwide; 
a private international research center, financed by governments and 
private sources and governed by a board of directors representing them­
selves (i.e., on a nonpolitical basis); or a new research center or 
program within an existing international institutions such as the World 
Bank. 

MANAGB.ffiNT OF RFSOURCES 

13. 

14. 

DevelfOment and Use of Energy. State U.S. intent to lend major new sup­
port or lUib related to developing cotmtry energy problems. Nine types 
of action are proposed, with emphasis on use of renewable energy soucees 
and decentralized technologies that can be used effectively in rural 
areas not served by central generating systems. 

Remote Sensino and Other 
• • intent to continue 

lications of Satellite Technolo • Declare 
ve opment o remote sensing te o ogies useful 

Copyright © National Academy of Sciences. All rights reserved.

Programs of the Board on Science and Technology for International Development:  Summary of Activities, 1970-78
http://www.nap.edu/catalog.php?record_id=20018

http://www.nap.edu/catalog.php?record_id=20018


-173-

to developing cotmtries and offer increased access to U.S. data, 
facilities, training, and joint experimentation through a variety 
of collaborative schemes. 'Ih.is includes using satellites for locat­
ing and assessing natural resowces, assessing weather and crop pat­
terns, mapping generally, and educational and informational purposes. 

15. Sustained, Multiple Use of Forest Resources. Foster a nBJch expanded 
researdl effort on sustained, Imiltiple use of forest resowces in 
developing comtries through support for: establishing or designating 
two of three first-class regional institutes in developing cotmtries, 
patte111ed after the inte111ational agricultural research institutes 
and oriented toward different ecological zones; strengthening de­
veloping comtry research and experiment stations and integrating 
their programs with those of the regional institutes, which would help 
train specialists for national programs; supporting the related ser­
vice :ftmctions of the newly created Inte111ational Cotmcil for Research 
on Agroforestry. In addition, U.S. should respond to developing cotmtry 
requests for technical assistance on forest planning and policy. 

16. Research on the Marine Environment. ~clare U.S. readiness to support, 
through tile u.s. sea Grant Program, training for developing cotmtry 
scientists, extension services to developing cotmtry institutions, and 
cooperative research on the marine environment, especially estuarine 
and coastal areas. Latter would conce111 management of these areas to 
achieve the ioost productive, sustained use. (Involves interactions of 
coastal fisheries, distribution or urban and industrial wastes, off­
shore mining, marine transport operations, recreational activities, 
and the enhancement of marine biological resowces, taking accotmt of 
interactions between ocean and coastal shelf circulation.) 

GENERAL INITIATIVES* 

17. Stre thenin Scientific and Tedmolo ical Poli • U.S. offer to: 
expan s ort-tenn eXi anges o groups o senior scientists, engineers, 
and managers to discuss ways to bring local scientific and technological 
expertise to bear on development policies; train and maintain a cadre of 
U.S. experts for consultations in this field; collaborate with developing 
cotmtries on exploring ways that govenmients can i.nprove linkages among 
R&D organizations and between them and individual enterprises and other 
users. 

18. Information Sharing. Offer assistance (particulars specified) for help­
ing developing cotmtries build their own capabilities to gather, orga­
nize, disseminate, and use data and information to support development, 
and for pranoting greater access to U.S. information resowces. Various 
types of specialized training are featured. Support appropriate ex­
pansims of specialized information system5 in major development sec­
tors (agriculture, energy, etc.) and strengthening of information sys­
tems tied to R&D networks on priority problem5. 

These affect all sectors. Specific proposals in each category below appear 
throughout the recoomendations for particular subject areas. 
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Education in the United States. .Annotm.ce series of U.S. initiatives 
to improve relevance of U.S. education (tm.dergraduate and graduate) of 
students from developing countries to tasks and situations that they 
face when they go home: induce greater proporation of scholarship, 
fellowship, and research grants in shortage fields; expand courses or 
conponents geared to developing cotm.try situations; expand opportuni­
ties for graduate students to do thesis programs and research on prob­
lems that are important in their own cotm.tries, and to do research in 
developing cotm.tries. 

Short-tenn, Nonde:flee Training. .Annotm.ce broadening of U.S. government 
training grants (D and other) to include more scientific and teclmical 
training, and as nruch as possible in developing cotm.tries, with a 
conplementary expansion of support for developing country training in 
vocational and teclmical support skills. Mobilize international corpora­
tions, professional associations, and other U.S. governmental and non­
govennnental organizations to help organize and conduct more short-tenn 
training programs and to sustain professional contact between developing 
cotm.try professionals trained in the U.S. and their U.S. colleagues. 

Continuing UniversiB: Interchange. .Annotm.ce strengthening of lT.S. sup­
port for working co!aboration and exchanges between U.S. universities 
and other research organizations, and their counterparts in developing 
cotm.tries. Possible devices include acceleration of activities tm.der 
Title XII of the Foreign Assistance Act and extension of the same con­
cept to other fields, and establishment of modest ftm.ding to catalyze 
collaboration and exchange by helping to cover some overheads or other 
special costs. 

Incentives for Development-Related Research in the United States. 
Aririotm.ce U.S. plans to increase the incentives of domestic research 
managers, in fields that overlap major developing cotm.try problems, to 
strengthen the internation~l dimensions of their work through collabora­
tion and exchanges with counterpart organizations and scientists in de­
veloping cotm.tries. Incentives could include new legislative mandates, 
such as Sec. 1458 of the Food and Agricultm-e Act of 1977; adm.inistra­
ti ve decisions to allocate more research, fellowship, and scholarship 
funds for cooperative international activities; and even special prizes 
and honors for distinguished achievement in science and teclmology for 
development (preferably from international sources). 

Postharvest Food Losses in Developing Countries 

In coruiection with the World Food and Nutrition Study, BOSTID organized 
an ad hoc group in mid-1975 to consider the problem of food losses and their 
iDJ>act on world food supply. This groq> concluded that the situation was 
serious enough to warrant a comprehensive four-stage study. Following dis­
cussions with AID' s Office of Agriculture, BOSTID was asked to tm.dertake the 
first stage of this study, an identification of research priorities for crit­
ically needed quantitative information on food losses and methodologies for 
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obtaining the infonnation. AID also requested suggestions for practical 
intervential.S that could be lDldertaken to reduce losses while the critically 
needed infonnation was being gathered. 

A second ad hoc meeting on May 23-24, 1976 was held to discuss defini­
tions of loss and identify points in the food system where losses occur. 
This group reconmended a broad- gauged study of methodologies to estimate 
food losses, and to evaluate the efficacy of methods of reducing food losses, 
with particular reference to their econanic value, which should lead to 
reconmendations for appropriate actions by governments and technical as­
sistance agencies in developing colDltries. In addition, a survey of pub­
lished and l.Dlpublished infonnation on the extent of food losses should be 
conducted. 

With flDlding from AID's Office of Agriculture, BOSTID established a 
Steering COJllllittee for a Study on Postharvest Food Losses in Developing ColDl­
tries. The COJlllli ttee, whose menbers had e:xperience with both the teclmical 
aspects of postharvest food conservation in developing colDltries and the 
broader scientific, social, and economic context, met JlDle 8-9, 1977 in 
Philadelphia to outline the study and identify key issues. With these guide­
lines established, compilation of a bibliography was beglD1 and infonnation 
solicited from large m.nnbers of e:xperts. 

The objectives of the study were: 

1. to sl.Dllllarize existing work and infonnation on food losses; 

2. to discuss some of the inportant social and econanic factors involved 
in food loss and food conservation; and 

3. to identify needs for food loss assessment and food conservation, and 
to suggest alteniatives for food conservation policy and programs for 
developing colDltries and development assistance agencies. 

On October 31 - Noveni>er 3, 1977, an inteniational working group of ex­
perts was convened to examine the key issues and the roughly assembled study 
mterial. On the basis of these discussions, a final draft was prepared by 
the BOSTID staff for discussion at the third Steering Coillilittee meeting, held 
February 14-15, 1978. 

The final study report enqlhasizes the need to ensure an adequate food 
sq:>ply for the world's growing population, and details the contribution that 
reduction of food losses between harvest and constD11ption can make to this ef­
fort. Programs for reducing these losses must be based on reasonable esti­
mtes of the losses, as must evaluations of program effectiveness. Yet it is 
very difficult to estimate postharvest food losses with precision due to their 
inherent variability, and due to cultural and economic factors that frustrate 
the smoth, efficient flow of food through the postharvest system from producer 
to consuner. 

The study Sl.Dllllarizes existing work about losses of the major food crops, 
discusses some of the econanic and social factors involved, and identifies 
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needs and suggests alteniative policies and programs for developing co1..D1-
tries and technical assistance agencies. 

The study does not prescribe conservation projects or practices ap­
plicable to all developing co1..D1tries, since remedies nrust depend on each 
co1..D1tty' s particular circumstances and priori ties. Rather, it reviews 
alternative possibilities for reducing losses, presenting them in a way 
that may help decision makers to 1..Dlderstand more fully the possible con­
sequences of various comses of action. 

The report is aimed primarily at the decision maker who is responsible 
for resomces that might be allocated to food conservation and who seeks a 
conprehensive overview of the postharvest system in developing co1..D1tries. 
It includes backgrotmd and basic teclmical, socioeconomic, and cultural in­
formation. The report also serves as a basic introduction for the technical 
person not familiar with the field, and includes references and suggested 
reading to indicate further sources of infonnati<n. 

In developing cotmtries enonnous postharvest losses of food result 
from spillage, contamination, attack by insects, birds and rodents, and 
deterioration in storage. Conservative estimates indicate that a minimum 
of 107 million tonnes of food were lost in 1976; the losses in cereal grains 
and legumes alone are an amotmt that would provide more than the armual 
minimum caloric requirements of 168 million people. 

Billions of dollars have been invested to help developing cotmtries 
produce food, but this has not been matched by investment- -or by an aware­
ness in developing cotm.tries of the need for it--either to detennine what 
could be done to reduce losses, or to initiate measures to reduce loss. 

Increased food production causes strain on present methods of handling, 
storing, and processing crops, and increased food losses will result tmless 
developing co1..D1tries and donors of economic assistance (a) establish and 
maintain adequate harvesting, storage, and handling practices, particularly 
in rural areas, and (b) create efficient policy and administrative infra­
structures. 

The conclusions above lead to the committee's specific recrnmnendations 
for i.rrplementing food conservation programs throughout developing co1..D1tries. 

Institutional Arrangements, Policies, and Mechanisms 

The ConDn:i.ttee recOlllllends that the following essential institutional ar­
rangements and mechanisms be established in developing cotmtries to deal 
with postharvest food losses: 

a national policy body; 

a nati<nal i.rrplementing agency or postharvest food conservation 
m.it; and 
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-- a mechanism to facilitate cornnn.mication among plarm.ing agencies, 
decision makers, and villagers. 

C.Ollectively, the policy and operating bodies would be responsible 
for assessing the national food loss situation and developing a national 
plan of action; tmdertaking rapid assessment of potential points of severe 
loss; examining national policies with respect to pricing and the role of 
marketing boards and other financial agencies ; provide effective quality 
central in government cOJllOOdity purchasing; supporting priority research in 
both technical and socioeconomic areas; and, ultimately, reconmending policy 
options on food conservation to the decision makers. 

Postharvest Loss Estimation 

The camrl.ttee recamnends more systematic approaches to loss estimation 
in developing cotmtries by: 

adoption of standard loss estimation methodology; 

development of guidelines for loss estimation of perishables; 

consideration of socioeconomic sspects of food loss ; and 

integration of loss estimation conservation activities. 

International C.Ooperation Mechanisms 

An organization should be created to give international focus to the 
neglected area of loss in perishable staples. 

The Conmittee, which includes several members of organizations that 
belong to GASGA, believes that this organization has made an excellent be­
ginning in international cooperation and coordination of efforts to reduce 
postharvest grain losses. Similar efforts are necessaiy in areas not covered 
by GASGA, particularly for the perishable staples. An organization created 
to deal with problems of perishable staples should receive support additional 
to that airrently provided to GASGA and grain loss reduction generally, and 
staples should not be part of an expanded GASGA. 

Informaticn on Postharvest Food Losses 

In view of the inportance of iqlroving the quality and availability of 
pti>lished information on postharvest food losses, the international teclmical 
assistance agencies should cooperate to strengthen and expand postharvest food 
loss documentation services. 

Specifically, the following steps should be taken: 

PAO should be supported with ftmds to ensure that the AGRIS biblio­
graphic reference service section on postharvest teclmology is ade­
quately strengthened and continually updated. 
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-- Support should be provided for a microfiche service of the AGRIS 
publications (through FAO or other agency) to national or regional 
institutions engaged in postharvest food conservation research, 
education, or extension. 

Developed-com.try institutions should be supported in cooperating 
with FAO to provide assistance in selecting postharvest entries for 
the reference service (GASGA menbers, their equivalents for the 
perishable staples, and national agricultural library systems). 

Education, Training, and Extension 

Priority attention should be given to training programs to remedy acute 
personnel shortages at all levels of the postharvest food system. 

Sp~ifically, training efforts are reconmiended at the following levels: 

Training programs in postharvest technology for agricultural colleges 
and similar institutions for extension workers, fann men and women, 
and others working in agriculture and fisheries. 

Comses and in-cotmtry training programs for other personnel in the 
postharvest food system, including: 

1. lower cadres of marketing agencies involved in procurement, 
quality control and pest control, warehouse management, and 
drying, handling, and processing of foods; 

2. managers of both government and quasi-government marketing, 
storage, and processing organizations who should be given suf­
ficient technical knowledge to increase their awareness of the 
problems involved in their decisions; and 

3. cotmtry representatives of technical assistance agencies who 
should be familiar with postharvest loss problems. 

Teaching skills and materials developed at tmiversities, colleges 
and research institutions for instructing fishennen and fanners. 
1here is also need for graduate-level training in technical areas 
to increase the professional staff for teaching and research pro­
grams; technical assistance agencies and govenunents should assist 
this training both in-com.try and by providing scholarships to over­
seas institutions. The establishment of programs to deliver post­
harvest conservation infonnation to rural people should be given an 
educational priority co-equal with manpower training. 

Research and Development 

The camni ttee reconmends, as basic to fonnulation of national- level 
food loss reduction policies, intensive research on socioeconomic factors, 
general postharvest technologies, and crop-specific technologies. The bulk 
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of this research should be developed by the national postharvest tmi.ver­
sities, the research institutes of ministries, and the private sector. 
These research needs, which should be concentrated at the rural level, are: 

1. Socioeconomic Research. Substantial refinement of knowledge about 
economic cost-benefit factors in postharvest food loss reduction is 
needed. Plans for food conservation should be supported, meanwhile, 
by knowledge of the effects of social and cultural factors on the intro­
duction of technological change. 

2. General Research and Development Needs. 

Development of low-cost cooling systems for food preservation in 
developing cotmtries. 

Research on insecticides, f1m.gicides, and rodenticides, with par­
ticular reference to their safety for use in foodstuffs, their en­
viromnental consequences, and their use in integrated systems of 
pest management. 

Fundamental research on tropical food crop deterioration and its 
relationship to environmental conditions. 

Research on storage characteristics, or other qualities of crops 
that affect their postharvest fate, as one aspect of breeding and 
selection programs. 

Socioeconomic studies of the problems of introducing centralized 
storage in rural areas, with iJl¥>lications for technology design, 
costs, responsibility and management essential fo facilitate this 
process • 

.Adaptive research on small-scale storage technologies, including 
developing of cheap rodent- and insect-resistant containers that are 
properly ventilated or sealed as well as resistant to moisture and 
rainfall. 

Rodent surveys and greater enphasis on rodent control in both agri­
cultural and health extension services. 

CDnllDc:li.ty-Specific Research Priorities 

The following research areas illustrate the kind of work that needs to 
be done with individual conmodities and do not comprise a full list of prior­
ities. 

1. Rice. 

Economic drying of wet-season rice, including particularly natural 
ventilation methods, and use of preservatives for short-tenn preser­
vation. 
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-- lllq)roved design of threshing, parboiling and milling equipment. 

2. Maize. 

In¥>roved low-cost dlj'ing and storage cribs. 

lllq)roved village-level processing equipnent. 

3. Millets and SorghtmJS 

!Dqlroved traditional storage and fumigation methods. 

Inproved village-level processing equipment. 

4. legunes. 

Illq)roved milling equipment. 

Ways to avoid loss of cooking quality during storage. 

S. Roots and Tubers. 

Detennination of optinun storage teqlerature, huni.dity, and ventila­
tion for different varieties. 

Better box and claJII> design. 

Storage of cassava chips, flour, and pellets. 

Use of sprouting and rot inhibitors. 

6. Fruits and Vegetables. 

Low-cost controlled-envirorunent storage, including waxing, storage 
mder plastic sheeting, gas absorbents, rot retardants, etc. 

Better low-cost packaging. 

Damage control dming storage and movement, and in the market. 

7. Fish. 

Better drying, smoking, and salting methods. 

lllq)roved on-board storage and use of by-catch. 
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III. :ooARD &JPPOIU, EVAUIATION, PROGRAM DEVELO™ENr 
AND FOLLCJ\1-UP, AND :ooARD-RELATFD ACTIVITIES 
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BOARD SUPPORT 

All the programc; described earlier have been developed 1..Dlder the 
guidance and approval of the NAS/NRC Board en Science and Teclmology for 
International Development. This Board, currently composed of 16 members 
(see Sectien V) representing a broad range of scientific and teclmical dis­
ciplines and development experience, meets fonnally two or three times a 
year to set program guidelines, review current activities, and approave an­
nual program plans. In additien, panels of the Board meet as required to 
ccnsider specific opportl..D1ities and program possibilities in the areas of 
biomedicine and public health, natural resources, industrialization, and 
technical educatien. 

In addition to their regular meetings, individual Board and panel 
meni>ers participate in specific programc;; provide advice to the staff; re­
view, on behalf of the NAS/NRC, all reports of Board activities; and respond 
to infonnal requests on science, teclmology, and development fran AID and 
other pt.Elie and private agencies. At the request of AID, Board represen­
tatives and staff members have participated in advisory activities to AID/ 
Washington and to AID missicns in the field, including the following: 

Board members and staff have provided advice and infonnation, on 
an infonnal basis, to osr staff and osr contractors--such as 
FORGE, Southwest Research Institute, Denver Research Institute-­
as well as to other parts of AID. 

A OOSTID staff member spent 6 weeks in Dacca in 1971 at the request 
of osr and the AID missien to advise on (a) the feasibility of using 
ferrocement to rebuild East Pakistan's devastated fishing fleet, 
and (b) possible soluticns to the water hyacinth problem. 

-- A OOSTID member and a staff person visited Chad in 1974 to advise 
the Lake Chad Basin Conmdssien en water resources. 

The professional staff of the Board comes from a broad backgrol..D1d of 
natural and social sciences and engineering. All have had ccnsiderable ex­
perience with development matters abroad and with private and public institu­
ticns concerned with science, teclmology, and development. Under the guidance 
of the Board, the staff has respcnsibility for program development and imple­
mentation of the entire range of activities described earlier. An administra­
tive and clerical staff provides essential sq:>port ftm.ctions for the Board 
programc;. 

So that the Board and its staff have access to the reference materials 
necessary to conduct its programc;, a small reference collection is maintained 
with a part-time research librarian. This service has proved invaluable not 
only to the Board and staff, but also to representatives of AID and other 
instituticns. 

As discussed earlier, the work of the NAS/NRC is carried out al.Joost en­
tirely by voll..D1teers from the scientific and technical collllllDlity at large. 
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Identifying appropriate and highly qualified participants for the extremely 
broad range of international development activities is a conplex and time­
constmi.ng task. In an effort to widen the network of voltmteers and to 
make the search process mre efficient, a roster (Kardex) of individuals 
identified by scientific and teclm.ical expertise, international knowledge 
and experience, previous participation in NAS/NRC activities, foreign lan­
guage capability, and general biographical backgrotmd is maintained. This 
resource has been essential for the successful selection of program partici­
pants and also for responding to AID requests for infonnation. 

EVAUIATION 

In Jme 1975, OOSTID' s program was reviewed through an in-depth AID 
evaluation. The evaluation concluded that :OOSI'ID program was a valuable con­
tribution to AID' s program objectives, providing a tmique source of scientific 
and teclm.ical advice not only to AID but the developing cotmtries theJJL5elves. 
It reconmended a continuation of the AID/NAS relationship with sane mdifica­
tions, particularly as related to cooperative programs in the developing cotm­
tries. The evaluation felt that closer consultation with AID and LDC cotmter­
parts in project definition and design should be attenpted. 

In this regard, three program development trips were arranged in 1976 
to Asia, Africa, and C.entral America to develop inputs into OOSI'ID's future 
program, not only from the point of view of defining concrete programs, but 
also fran the point of view of considering possible new mechanislJL5 for program 
inplementation, follow-up, and evaluation. A similar program development trip 
to Latin .America is being planned in 1978. 

In order to have a continuous in-house assessment of programs, BOSTID 
plans to establish an Advisory Conmittee on Evaluation to reconmend specific 
policies and procedures for the evaluation of all studies and bilateral activ­
ities. A :OOSI'ID staff member will be assigned responsibility for coordinating 
the evaluation effort. 

PROGRAM DEVELOPMEm' AND FOLLOW-UP 

Both the Board and its professional staff play an essential role in the 
follow-up to specific program activities. Al though follow-up takes different 
forms, the Board and staff maintain continuing contact with their cotmteiparts 
and govenuoont officials both in the United States and abroad, reviewing pro­
gress with respect to specific reconmendations emerging from the activity, cm­
sidering mechanislJL5 for inplementation, identifying related new activities, and 
suggesting possible relationships to activities of other natimal or inte111a­
timal organizations. These follow-up efforts have asslDiled an increasing part 
of the OOSI'ID activity. 

Frequent contact with cotmteiparts in developing cotmtries is essential 
to the development of clear objectives and methodologies for :OOSI'ID programs, 
and enhances the likelihood that relevant and practical results will occur. 
Although travel occasionally is tmdertaken exclusively for program development 
pmposes, program development visits generally are made in camection with other 
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overseas activities. 

BOARD-RELATED ACTMTiffi 

In direct response to requests from the Department of State and Agency 
for International Development, the Board has convened several infonnal meet­
ings to discuss with U.S. officials specific matters relating to science, 
technology, and development activities. These meetings, frequently dealing 
with urgent matters, have been convened an such subjects as the U.S. role in 
enviromnental inplications of development or in science and teclmology in the 
United Nations system. In 1972, the NAS organized a seminar to critique the 
draft U.N. World Plan of Action for the Applicatim of Science and Teclmology 
to Development. In 1974, the State Department, through 05r, requested NAS 
advice on the U.S. role at the second meeting of the U.N. Conlnittee on Science 
and Technology for Development, and ways in which the United States might 
enhance its capability for dealing with science and teclmology issues in the 
U.N. system. 

In the International Council of Scientific Unions (Ic.su), OOSTID has 
served as part of the U.S. national ccmni.ttee for the Conlnittee for Science 
and Teclmology in Developing Countries, and has played a substantial role 
in activating other groq:>s within !CSU to interact with developing countries. 

In view of their extensive experience, OOSTID staff meni>ers often are 
asked to participate in seminars, conferences, special ccmni.ssions, and ad­
visory bodies convened by both govennnent and private institutions. F.xanples 
include the following: 

In 1974, the Department of State, responding to initiatives by Dr. 
Henry Kissinger and the foreign ministers of the Latin American 
states, created an interagency working groq:> to explore questions 
of science and the transfer of technologies to Latin America. 
BOSTID was asked to assign a staff person as a liaison menber to 
each subgroq:>--U.S. resomces for technology transfer, mbilization 
of interregional transfers in Latin America, and creation of new in­
stitutional mechanisms for technology transfer. Considerable time 
and effort were given to working with the TN05r staff coordinator 
(Robert Goeckermann) on the project. Background papers were prepared 
and strategies discussed whereby the United States might meet re­
quests of the Latin countries more efficiently and mre canpletely. 
Because of an abrupt interrupticn of U.S. -Latin American discussions 
due to political considerations, the project was indefinitely post­
poned in Deceni>er 1974. 

BOSTID staff have infonnally assisted in the development of scientific 
and technical aspects of bilateral agreements with Latin American 
countries and with binatianal ccmni.ssian activities in the Middle F.ast. 
Staff menbers have served as infonnatian resource persons at U.S.­
Brazil, U.S.-Mexico, U.S.-Egypt, and U.S.-Iran meetings in Washing­
ton. Materials have been asseni>led and presentations made detailing 
activities and services available under 005rID programs with AID. 
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-- At the request of AID, BOSI'ID staff attended the ACASr regicnal 
meeting in Africa in 1971, the ''Niamey Dialoque" on the Sahel in 
1974, and the first and seccnd general conference of the Associa­
tion for the Advancement of .Agricultural Sciences in Africa. 
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OVERSFAS PROGRAMS 

Africa 

GHANA 

Research Priorities and Problems in the Execution of Research in Ghana. 

Part 1. Surrmazy, Proceedings of Joint NAS-CSIR Workshop with Univer­
sities of Ghana, held in Accra, Ghana, Januazy 1971. 

Part 2. Scientific Research in Ghana: Full Report. 

(NAS Staff) Report of a Workshop on Research Priori ties and Problems in the 
Execution of Research in Ghana. Sponsored by NAS and Ghanaian CSIR 
with cooperation of Ghanaian Universities, held in Accra, Ghana, 
Januazy 18-22, 1971. 

Report of the Joint U.S.A./Ghana Ccmn.i.ttee on Agricultl.ll"al Extensim and 
Research. Sponsored jointly by NAS, CSIR, University of Ghana, 
Septeni>er 27 - October 8, 1971. 

Workshop on the Role of the Council for Scientific and Industrial Research in 
Determining Science Policy and Research Priorities, held in Accra, 
Ghana, March 18-31, 1973. Organized jointly by CSIR, lhiversity of 
Ghana, and NAS. 

Report of the Joint Ad Hoc Ccmn.i.ttee for Scientific and Teclmical Cooperation, 
held in Washington, D.C., July 1-3, 1974. Sponsored by CSIR/Ghana, 
Universities of Ghana and NAS. 

NIGERIA 

Science and Nigerian Development. Report of workshop, August 19-25, 1965, 
Bellagio, Italy. Sponsored by .ASB of NAS/NRC in cooperation with Rocke­
feller Foundation and AID, Washington, D.C. 

Staff Sunrnary Report: Regional Workshop on }quatic Weed Management and Utiliza­
tion in the Nile Basin, Khartoum, Sudan, Novenber 24-29, 1975. Sponsored 
by National Council for Research/Agricultl.ll"al Research Council, Sudan, 
and NAS. 

Aquatic Weed Management: Some prospects for the Sudan and the Nile Basin. 
Report of a Workshop held Novenber 24-29, 1975, Khartoum, Sudan. Spon­
sored by National Comcil for Research/Agricultl.ll"al Research Council, 
Sudan, and NAS. 
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TANZANIA 

Staff Sunlna.ry Report: Workshop on Solar Pnergy for the Villages of Tanzania, 
Dar es Salaam, Tanzania, August 11-19, 1977. Sponsored by Tanzania 
National Scientific Research Co\D'lcil, Tanzania, and NAS. 

Workshop on Solar Pnergy for the Villages of Tanzania (Proceedings). Held 
in Dar es Salaam, Tanzania, August 11-19, 1977. Sponsored by Tanzania 
National Scientific Research Co\D'lcil, Tanzania, and NAS. 

ZAIRE (FORMERLY DlMJCRATIC REPUBLIC OF THE OONGO) 

(NAS Staff) SllllDal'Y Report on Workshop on the Role of Science and Teclmology 
in the Economic DevelopDEllt of the IleJOOcratic Republic of the Congo 
dl.ll"ing the 1970s. Held in Kinshasa, J\D'le 7-11, 1971. Sponsored by 
CMID, Congo-Kinshasa, and NAS. 

U.S. - Zaire Science Cooperation Program: Report of the Joint Study Group on 
Ilelll>graphic Training and Research in the Republic of Zaire. Held in 
Kinshasa, Zaire, Januaiy 24-28, 1972. Jointly sponsored by ONRD (Zaire) 
and NAS. 

NAS-CMID Science Cooperation Program: Report of the Joint Study Grott> on 
Geological Training and Research in the Republic of Zaire. Held in 
Kinshasa, Zaire, July 20 - August 1, 1972. 

Staff Sunnaiy Report: Program Plmming Workshop on Futme NAS/IRS Cooperation 
in the Field of Agricultural Research and Integrated Rural Development, 
lwiro, Kiw, Republic of Zaire, Noveni>er 24-27, 1976. Sponsored by 
Institute for Scientific Research (IRS), Office of the Presidency, 
Republic of Zaire, and NAS. 
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Asia 

OllNA, REPUBLIC OF (TAIWAN) 

Report on Progress of Sino-.Anerican Science Cooperation. Taipei: China 
Conmittee on Sino-.Anerican Science Cooperation (Academia Sinica), 
January 1965. 

Oceanography Report. By I. E. Wallen (for China r.amdttee), 1966. 

Report on the Progress of Sino-.Anerican Science Cooperation. Taipei: China 
Comni.ttee on Sino-.Anerican Science Cooperation (Academia Sinica), 
March 1967. 

Third Joint Conference for Sino-.Anerican Science Cooperation. Held at 
Washington, D.C., April 5-7, 1967, sponsored by Academia Sinica and 
NAS. 

Progress Report, China Conmittee on Sino-American Science Cooperation. 
Taipei: Academia Sinica, February 1968. 

Fourth Conference on Sino-American Science C.Ooperation. Held at Hsinchu and 
Taipei, .August 26-30, 1968. 

Part 1. Reconmendations. 

Part 2. Industrial Development of Taiwan (Agenda and Participants 
only). 

Progress Report, China Camnittee on Sino-.Anerican Science Cooperation. 
Taipei: Academia Sinica, Septeni>er 1969. 

Report on the Sino-.Anerican C.Olloquiun on Ocean Resom-ces. Sponsored by 
Sino-.Anerican Science r.ooperaticn Conmittee (Academia Sinica and NAS), 
held at Taipei, Republic of China, April 28 - May 6, 1971. 

Report en Graduate Centers in Engineering and Science. Joseph B. Platt (for 
China Conmittee), May 1971. 

Scientific and Teclmical Information Needs and Resources in the Republic of 
China (Taiwan): Report on the Sino-U.S. Workshop. Held in Washington, 
D.C., April 25-27, 1973, Washingtcn, D.C. 

Report of Workshop on Industrial Product Imovation. Held in Taipei, Taiwan 
.August 11-18, 1975. Sponsored by Natimal Science C.Ouncil, Republic 
of China, Joint Conmittee on Sino-American Science Cooperation, Academia 
Sinica and NAS. 

Report of the Advisory Conmittee for Review of Science Industry Park Qmcept, 
helu in Teipei, Republic of China, January 16-28, 1977. Sponsored by 
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National Science Council, Republic of atlna, and NAS. 

Report of Sino-American Workshop on Land Use Plamting. Held in Taipei, 
Taiwan, January 4-12, 1978. Sponsored by National Science Cotmcil, 
Republic of Cltina, Joint C<mnittee on Sino-American Science Coopera­
tion, Academia Sinica, and NAS (in preparation by National Science 
Council). 

INDIA 

Report of the Indo-U.S. Workshop on the Management & Organization of Indus­
trial Research. Held at Baroda, India, March 2-6, 1970. 

(NAS Staff) Sunmary Report of Workshop on Water in Man's Life in India. Held 
in New Delhi, India, Septenber 13-17, 1971. Sponsored by INSA. (India) 
and NAS. 

INimFSIA 

Report on the LIPI-NAS Workshop on Food. Held at Djakarta, Indonesia, May 1968. 

Vol. 1. Overall Findings and Reconmendations. 
Vol. 2. Reports of the Working Groups. 
Vol. 3. Keynote Address, List of Participants, Background Papers. 

Report of the LIPI-NAS Workshop on Industrial and Teclmological Research. Held 
in Djakarta, Indonesia, January 25-30, 1971. 

Vol. 1. Overall Findings and Reconmendations. 
Vol. 2. Plenary Sessions and Working Groups Report. 
Vol. 3. Program Design. 

(NAS Staff) Sunmary Report of an Indonesia-U.S. Workshop on Industrial and 
Teclmological Research. Held at Djakarta, Indmesia, January 25-30, 
1971, sponsored by NAS and LIPI (Indonesia). 

(NAS Staff) Sunmary Report of the NAS- LIPI Workshop on Natural Resources in 
Indonesia. Held in Djakarta, Indonesia, Septenber 11-16, 1972. Spon­
sored by LIPI (Indonesia) and NAS. 

Report on the LIPI-NAS Workshop on Natural Resources. Held in Jakarta, Indo­
nesia, September 11-16, 1972. 

Vol. 1. Overall Findings & RecOJlllleildatims, Working Group Reports. 
Available in two foms. 

Vol. 2. Keynote Addresses, List of Participants, List of Background 
Papers, and Materials, etc. 
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KORF.A 

The Future of U.S. Teclmical Cooperation with Korea: A Report to AID by a 
Panel of BOSTID. Washington, D.C., 1969. 

Staff Sl.llmaiy Report of Activities of the Naticnal Academy of Sciences .Ad­
visory Panel to the M:i.nist-ry of Science and Teclmology, Republic of 
Korea, January 10-12, 1972. 

First Meeting and Workshop of the Korea-U.S. Joint Continuing Conmittee for 
Scientific Cooperation: Staff Sunmaiy Report. Held in Seoul, Korea, 
November 12-16, 1973. Jointly sponsored by Ministry of Science and 
Teclmology, Korea and NAS. 

(NAS Staff) Sunmaiy Report: Seminar on Industrial Energy Conservation and 
Seminar on Solar Space Heating and Cooling. Held in Seoul, Korea, 
Noveni>er 13-15, 1974. National Academy of Scineces (U.S.A.) - Ministry 
of Science and Teclmology (Korea) Joint Conmittee for Scientific 
Cooperation. 

Staff Smunary Report: Third Annual Meeting, Korea-U.S. Conmittee on Scienti­
fic Cooperation, Seoul, Korea, October 10-11, 1975. Jointly sponsored 
by msr (Korea) and NAS. 

Staff Sunrnary Report: Guidelines for a Korea Science and Engineering Fo\D'lda­
tion, Report of a Ministry of Science and Teclmology {MJsr) and NAS, 
U.S.A., Joint .Advisory Team. Held in Seoul, Korea, May 31 - J\D'le 6, 
1976. 

Sunrnary Minutes, Fourth .Annual Meeting, msr-NAS Joint Camrl.ttee for Scientific 
Cooperation, held in Seattle, Washington, Novenber 4-5, 1976. 

Staff Sunrnary Report: Workshop on Systems Development. Seoul, Korea, 
July 12-15, 1977. Sponsored by Ministry of Science and Teclmology, 
Republic of Korea, and NAS. 

PAKISTAN 

Staff Sunrnary Report: Workshop on Science and Teclmology Policy in Pakistan-­
Plarming and Inplementation. Held in Peshawar, Pakistan, October 19-27, 
1976. Sponsored by Ministry of Science and Teclmology and Pakistan 
Science Fo\D'ldation, Islamic Republic of Pakistan, and NAS. 

PHILIPPINES 

Philippines-U.S. Workshop on Scientific and Teclmological Cooperation and De­
velopment. Held at Manila, Novenber 22-26, 1965, conducted by NAS-NRC 
(U.S.A.), NSDB-NRC (Phil.). 
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(NAS Staff) Report: Philippines-U.S. Workshop on Scientific and Teclm.ological 
C.Ooperation and Development. Held at Manila, Novenber 22-26, 1965. 

Part 1. Report of Workshop. 
Part 2. Appendices. 

Report of the Second U.S.-Philippines Workshop on r.ooperaticn in Science and 
Teclm.ology. Held at Pacific Grove, California, November 6-10, 1966, 
by OPS, NAS, and NSDB in cooperation with Office of Teclmical C.Ooperation 
and Research, AID. 

Report on Reccmnendation V: r.ooperaticn in Oceanography and Fisheries Re­
search. Second Philippines-U.S. Workshop, Asilomar (California) and 
Washington, D.C., Novenber 6-10, 14-17, 1966. 

Philippines-U.S. Workshop on Fisheries and Oceanography. Held at Manila, 
December 4-9, 1967. 

Philippines-U.S. Workshop on Industrial Research. Held at Baguio City (Phil­
ippines), Janaary 26 - February 1, 1969. 

Part 1. Sunmary Report. 
Part 2. Working Papers. 

Workshop on F.ducation and Training Needs for Philippine Bnviromnental Pro­
grams. Held in Manila, May 27-31, 1974. Jointly sponsored by National 
Science Development Board, Philippines, and NAS. 

(NAS Staff) Sunmary Report: Workshop on Education and Training Needs for 
Environmental Programs in the Philippines. Held in Manila, May 27-31, 
1974. Jointly sponsored by Naticnal Science Development Board, Philip­
pines and NAS. 

SINGAPORE (RF.GIONAL) 

Regicnal Workshop on Water Resources, Bnviromnent, and National Development. 
Held at Singapore, March 13-17, 1972. Sponsored by Science Council of 
Singapore and NAS. 

Vol. 1. SUmnary of Proceedings. 
Vol. 2. Selected Papers. 

(NAS Staff) Sunmary Report of a Regional Workshop on Water Resources, P.nviron­
ment, and National Development. Held in Singapore, March 13-17, 1972, 
sponsored by Science C.Otmcil of Singapore and NAS. 

SRI LANKA 

Natural Products for Sri Lanka's Future. Report of a Workshop Jtme 2-6, 1975, 
C.Oloni>o, Sri Lanka. Sponsored by Naticnal Science Council, Sri Lanka 
and NAS. 
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'lllAILAND 

Report an Protein Food Promotion Seminar. Held in Thailand, Noveni>er 22 -
Deceni>er 1, 1970. Bangkok: Kasetsart University, Institute of Food 
Research and Product Development, 1970. 

Part 1. Contributed Papers. 
Part 2. Report. 

(NAS Staff) St111Dary Report an Seminar on Protein Food Promotion. Held in 
Bangkok, Thailand, November 22 - Decenber 1, 1970. Sponsored by AJ.D/ 
Thailand and Thai Institute of Food Research and.Product Development 
and Thai Department of Health. 

Workshop on Science Planning and Policy in Thailand, July 3-6, 1972: Final 
Report. 

(NAS Staff) Summy Report of the NAS-NRC Workshop an Science Planning and 
Policy in Thailand. Held in Bangkok, Thailand, July 3-6, 1972, spon­
sored by NRC, Thailand, and NAS. 

Ferrocement, a Versatile Construction Material: Its increasing use in Asia. 
A Report of the Workshop on Introduction of Teclmologies in Asia-­
Ferrocement, A Case Study. Novenber 5-8, 1974, Bangkok, Thailand, 
Sponsored by Asian Institute of Teclmology, Thailand, and NAS. 
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LATIN AMERICA 

ARGENI'INA 

Report of the Argentine-U.S. Workshop on Science and Teclmology in Econanic 
Development. Held in Mar del Plata, Argentina, July 28 - .Augu;t 1, 
1969, sponsored by NAS and QUCT. 

Argentine-U.S. Panel an Scientific Infonnatian: Report of the First Meeting. 
Held in Washington, D.C., August 24-25, 1970, sponsored by NAS and 
CNICT. 

Preliminary assessment of Sane Problems of the Hudrogeology of the Dry 
Panpas in Buenos Aires Province, Argentina. Trip Report prepared by 
Stanley Davis and Jolm Winslow tmder auspices of NAS and CNICT, 1970. 

Report of the Argentine-u.s. Study Gro\4) on Food Teclmology: Interim Report. 
Washington, D.C., NAS, 1971. 

NAS-CDNICET Science Cooperation Program, Staff Stmnary Report of Activities, 
.Augu;t 15, 1970 - Decenber 31, 1972. Sponsored by Consejo Nacianal 
de Investigaciones Cientificas y Tearlcas, Argentina, and NAS. 

NAS-CDNICET (Argentina) Science C".ooperation Program. Science Information 
Programs: I. The Argentine Telex Network for Scientific and Tech­
nical Infonnation II. Conputer-Based Information Services for Science 
and Technology; Report of Activities, August 15, 1970 - Decenber 31, 
1972, and Brief Sumiary of Follow-on Activities 1973-1975. Sponsored 
by Consejo Nacional de Investigaciones Cientificas y Tearlcas, Argentina, 
and NAS. 

BRAZIL 

Backgromd Infonnation for Brazil-U.S. Workshop an Science, Teclmology and 
Development. Washington, D.C., 1966. 

Science and Brazilian Development: A Workshop on the C.Ontribution of Science 
and Teclmology to Development. (First workshop) held in Itatiaia, 
Brazil, April 11-16, 1966 by NAS and CNPq. 

Part 1. Report. 
Part 2. Contributed Papers. 

Report of the Joint Group to Study Standards, Tests, and Weights and Measmes 
in Brazil. Restricted edition, Rio de Janeiro, (Mlq, 1968. 

Science and Brazilian Development: Report of the Second Workshop on Contribu­
tiCllS of Science and Teclmology to Development. Held in Washington, D.C., 
February 5-9, 1968, by NAS and CNPq. 
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Industrial Research as a Factor in Econanic Development: Report of the 
Joint Study Grott> on Industrial Research, U.S.-Brazil Science Coopera­
tion Program, Washington, D.C., NAS, Septeni>er 1968. 

Report of a Trip to Evaluate Possibilities for a Joint NAS-CNPq Program in 
Conputer Sciences, Washington, D.C., NAS, Septerrber 1968. 

Science and Brazilian Development: Report of the Third Workshop on Qmtribu­
tion of Science and Teclmology to Development. Held in Rio de Janeiro, 
Brazil, .April 7-11, 1969, by NAS and CNFq. 

Science and Brazilian Development: Report of the Fomth Workshop on Qmtribu­
tion of Science and Teclmology to Developrent. Held in Washington, D.C., 
Nobember 1-5, 1971, by NAS and CNPq. 

RecOJllllen.dations for Inproving C'.onl>uter-Science Education in Brazil: Sunmaty 
Report of the NAS-CNPq Study Grott> of Conputer Science Education in 
Brazil. (First Report). Meeting held in Rio de Janeiro, December 10-
15, 1971. 

Inproving Conputer-Science Educaticn in Brazil: Second Report of NAS-CNPq 
Study Grott>. Washington, D.C., NAS, August 1972. 

Study for Agricultural Engineering Development in Brazil: Report of the Joint 
Study Grott> on Agricultural Engineering in Brazil, U.S.-Brazil Science 
Cooperation Program. Held in Rio de Janeiro, July 24 - August 12, 1972. 

NAS-CNPq Science Cooperatim Program. Staff SumJary Report of Activities, 
February 1968 - Deceni>er 1972. Washington, D.C. 

NAS-CNPq Program for Brazilian Developrent of Postgraduate Teaching and Re­
search in Cllemistry. Progress Reports by staff covering the following 
periods: May - December 1969; Januaty - Jtme 1970; July - Deceni>er 1970; 
Januaty - Jtme 1971; July - Deceni>er 1971; January - December 1972; 
Januaty - Deceni>er 1973; Januaty - December 1974; January - Decenber 1975. 
Final evaluative project report in preparation. 

NAS-CNPq Science Cooperation Program in Brazil. Staff Sunmaty Report of 
Activities, Januaty 1973 - Deceni>er 1976. Washington, D.C. 

Staff Sumary Report: NAS-CNPq Scientific Advisory Ccmni.ttee; report of 
a meeting held Jtme 28 - July 2, 1976, Rio de Janeiro, Brazil. Spon­
sored by CNPq and NAS. 

Staff Smmary Report: NAS-CNPq Scientific Advisoiy Camnittee, Subcamdttee on 
Humid Tropics. Meeting held Deceni>er 6-10, 1976, Manaus, Brazil. Spon­
sored by CNPq and NAS. 

Annual Report, June 1976 - Jtme 1977, U.S. Participaticn in an International 
Program of Cooperation in Training and Research in Nitrogen Fixation in 
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the Tropics. Sponsored by CNPq, P.rrpresa Brasileira de Pesquisa 
Agropecuaria (IMBRAPA) , Brazil, and NAS. 

International Seminar an Climatology of the Southern Hemisphere: 1. Drought 
and Frost Research in Brazil; 2. Studies and Recamnendations of Tech­
nical Grotps. Meeting held Septeni>er 5-10, 1977, Qmpinas, Brazil. 
Sponsored by CNPq and NAS. 

CENTRAL AMERICA (RF.GIONAL) 

Conservacion del Medio .Ani>iente Fisico y el Iesarrollo. Primer Saminario, 
.Antigua, Guatemala, July 25-30, 1971. Guatemala City, ICAITI. 

(NAS Staff) Report on the Central .American Workshop an the Envir<JlJDent and 
Ievelopnent. Held in .Antigua, Guatemala, July 25-30, 1971. Washington, 
D.C., NAS, 1971 • 

.An Envirornnental and Econanic Study of the Consequences of Pesticide Use in 
Central .American Cotton Production. Result of NAS-ICAITI study group. 
Published by ICAITI, January 1977. 

Staff Su11111a:iy Report: .An Envi.r<JlJDental and Economic Study of the Consequences 
of Pesticide Use in Central .American Cotton Production, 1974-1976. 

ClilLE 

Work perfonned by Central .American Research Institute for Industry 
(ICAITI) with funding from United Nations Enviromnental Progranme 
(UNEP), in collaboration with NAS. 

(NAS Staff) Sumnary Report of the Workshop on the Qmtribution of Science 
and Technology to Ievelopment. Held in Santiago, Chile, January 11-15, 
1971, sponsored by NAS and CDNICYT. 

CDJD.fBIA 

Institutions of Higher :Education, Research, and Plaillling in Colooi>ia: Back­
grotmd InfoI111atian for Colanbia-U.S. Workshop on Science and Technology 
in Ievelopment. Washington, D.C., NAS, 1968. 

Report of the Colanbia-U.S. Workshop on Science and Teclmology in Ievelopment. 
Held in Pusagasuga, Colcmbia, February 26 - March 1, 1968, sponsored by 
Coloni>ian Ministry of :Education and NAS. 

Vol. 1. Report and Recomnendatians. 
Vol. 2. Qntributed Papers. 

Seminario Sobre Ciencia y TeCJ.ologia para el Iesarrollo. Held in Pusagasuga, 
Colanbia, February 26-29, 1968, Bogota: Ministry of F.ducaticn, 1968. 
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Report to the AID Mission in Colombia. Prepared by Jay Davenport, Washington, 
D.C., NAS, 1969. 

Seminario Sohre Adndnistracion de la Investigacicn Cientifica, Sede: Urlver­
sidad de Atioquia, Medellin, 4 al 14 de agosto de 1969. Medellin: 
Instituto de Integracion CUltural & OOLCIENCIAS, 1970. 

Programa. de Inpulso a la Investigacicn y a los Estudio de Posgrado en las 
lhiversidades Colombi.anas - Infonne de la Mision de Quimica. Held in 
Bogota, Coloni>ia, 22- 27 Pebrero 1971. 

Report of a OOLCIENCIAS-NAS Panel Study of Graduate Education and Research in 
Chemistiy in Colombia; (NAS Staff) S1.11111aty Report. Held in Bogota, 
Coloni>ia, Febn.Jaty 22-27, 1971. 

Programa de Impulso a la Investigacion y a los Estudios de Posgrado en las 
lhiversidades Coloni>ianas - Infonne de la Mision de Matematicas, 
Bogota, Coloni>ia, 15-20 Marzo 1971. 

Report of a OOLCIP..NCIAS-NAS Panel Study of Graduate Education and Research in 
Mathematics in Coloobia: (NAS) Staff Sumaty. Held in Bogota, Colaii>ia, 
March 15-20, 1971. 

Programa. de Impulso a la Investigacion y a los Estudios de Posgrado en las 
lhiversidades Colonbianas - Infome a la Mision de Ingenieria, Bogota, 
Colonbia, 14- 25 Pebrero de 1972. 

(NAS Staff) Sumaty Report of the Coloni>ia-U.S. Study Panel on the Potential 
for Graduate Education and Research in Engineering, Pbrsics, and Ap­
plied Geology in Colonbia. Held in Bogota, Coloobia, February 14-25, 
1972. 

Programa. de Inpulso a la investigacion y a los Estudios de Posgrado en las 
Urlversidades Colombianas - Informe de la Mision de Biologia, Bogota, 
Colonbia, 30 Mayo - 13 Jtmio de 1972. 

General Report of the Colombia-U.S. Study Group on the Potential for Graduate 
Education and Research in the Biological Sciences in Colaii>ian Urlver­
sities. Held in Bogota, Colonbia, May 29 - Jme 13, 1972. 

Program for the Inprovement of Graduate Education and Research in Colonbian 
lhiversities in the Sciences and Engineering, Febn.Jaty 1971 - October 
1972: Final (NAS Staff) Sumnary Report. 

IDfiNICAN REPUBLIC 

Staff Sumr.J.ry Report: Workshop on Agro- Industrial Development in the Ibminican 
Republic, held in Santo Domingo, Dominican Republic, October 18-22, 1976. 
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Sponsored by Dominican Institute of Teclmological Research (INOOTEC), 
Dominican Republic, and NAS. 

GUYANA 

.Aquatic Plants: Management and Utilization. (NAS Staff) StDllDaty Report of 
a Workshop held in Georgetown, Guyana, March 15-17, 1973. Sponsored by 
the National Science Research Cotmcil of Guyana and NAS. 

Sane Prospects for .Aquatic Weed Management in Guyana. Workshop on .Aquatic 
Weed Management and Utilization, Georgetown, Guyana, March 15-17, 1973. 
Sponsored by National Science Research Cotmcil of Guyana and NAS. 

An International c.entre for Manatee Research. Report of a Workshop held in 
Georgetown, Guyana, Februaiy 7-13, 1974. Sponsored by the National 
Science Research Cotmcil, Guyana; the International Development Re­
search c.entre, Canada; and NAS. 

(NAS Staff) Smmnazy Report: An Internaticnal c.entre for Manatee Research 
Workshop. Ield in Georgetown, Guyana, February 7-13, 1974. Sponsored 
by the National Science Research Cotmcil, Guyana; the International De­
velopment Research c.entre, Canada; and NAS. 

PERU 

Basic Data and Backgrotmd Infonnation for the Workshop on the Role of Science 
and Teclmology in Peruvian Economic Development. Washington, D.C., 
N."5, 1966. 

Report of a Workshop on the Role of Sciences and Teclmology in Peruvian Economic 
Development. Held in Paracas, Peru, April 17-22, 1966, by NAS and ad hoc 
Peruvian groq>. 

Organization de la Investigacion Cientifica, Lima: Canite del Grl4>0 de 
Paracas, Septeni>er 1966. 

Second Peru-U.S. Workshop on Science and Teclmology in Economic Development. 
Held in El Bosque, Peru, Novenber 20-24, 1967, by NAS and ad hoc Peru­
vian group. 

Vol. 1. Report. 
Vol. 2. Contributed Papers. 

La Ciencia y la Tecnologia en el Desarrollo. Retmion de An.cm, 28 Novieni>re -
2 Dicieni>re 1968. Lima: Consejo Nacional de Investigacion, 1968. 

(NAS Staff) Smmnazy Report on Workshop on Industrial Research Progranming and 
Management. Held in La Granje Azul, near Lima, Peru, Januazy 25-29, 1975. 
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Jointly sponsored by Institute for Technological Research and Standards 
(ITINTEC), Peru and NAS. 

VENEZUELA. 

Ciencia y Te01ologia para Los Barrios Urbanos (lh Taller de Trabajo). Report 
of a workshop held in Caracas, Venezuela, March 6-12, 1977. Jointly 
sponsored by Plmdacion Habitat de Venezuela, Plmdacamm, Venezuela 
and NAS. 
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Middle East and North Africa 

Preliminaiy staff report of Egypt-U.S. workshop on Science and Teclmology 
Policy, Planning and Management in the Arab Republic of Egypt. Joint­
ly sponsored by Egyptian Acadent7 of Scientific Research and Teclmology 
and Naticnal AcadeJit7 of Sciences/National Science Fotmdation. Held 
in Cairo, May 3-8, 1975. 

Science and Teclmology Policy, Research Management and Planning in the Arab 
Repmlic of Egypt. Report of a Synposi1.111 on Science Policy Planning 
held in Cairo, April 30 - May 1, 1975, and a Workshop on the Management 
and Planning of Research held in Cairo, May 3-8, 1975. Sponsored by 
Acade:nv of Scientific Research and Technology, Arab Republic of Egypt, 
and the National Academy of Sciences and the National Science Fotmda­
tion, U.S.A. 

TUNISIA 

Staff Stmnary Report: Workshop on Systems .Analysis and ~erations Research. 
Held in Tunis, Tunisia, May 23-26, 1977. Sponsored by Secretariat 
General of the Govenunent, Office of the Prime Minister, Repmlic of 
Tunisia, and NAS. 
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ADVISORY mMITIEE 00' TECllNOLOGY INK>VATIONS (ACTI) STIJDIES 

Ferrocement: Applications in Developing ColDltries. A report of an ad hoc 
panel of ACTI, BOSTID. Washington, D.C.: NAS, February 1973. 

Mosquito Control: Some Perspectives for Developing ColDltries. Report of 
an ad hoc panel of ACTI, BOSTID. Washington, D.C.: NAS, March 1973. 

Food Science in Developing ColDltries: A Selection of Unsolved Problems. 
Compiled by the ACTI, OOSTID. Washington, D.C.: NAS, 1974. 

Roofing in Developing CO\.Dltries: Research for New Technologies. Report 
of a Special Advisory Conmi ttee of the Building Research Advisory 
Board, Division of Engineering, NRC, conmissioned by the BOSTID. 
Washington, D.C.: NAS, 1974. 

More Water for Arid Lands: Pranising Technologies and Research Opportwri.ties. 
Report of an ad hoc panel of ACTI, BOSTID. Washington, D.C.: NAS, 1974. 

Expansion des ressources en eau dans les zones arides: Techniques promet­
teuses et possibilites de recherches. (French version of More Water 
for Arid Lands: Promising Tedmologies and Research Opportmi ties) 
Washington, D.C.: NAS, 1977. 

Underexploited Tropical Plants with Promising Economic Value. Report of 
an ad hoc panel of ACTI, BOSTID. Washington, D.C.: NAS, 1975. 

Winged Bean: A High-Protein Crop for the Tropics. Report of an ad hoc 
panel of ACTI, BOSTID. Washington, D.C.: NAS, 1975. 

Energy for Rural Developnent: Renewable Resources and Alternative Technol­
ogies for Developing Countries. Report of an ad hoc panel of ACTI, 
BOSTID, Washington, D.C.: NAS, 1976. 

L' energie et le developpement rural: Ressources renouvelables et options 
techniques pour les pays en developpement. (French version of Energy 
for Rural Developnent: Renewable Resources and Alternative Technol­
ogies for Developing Countries) Washington, D.C. NAS, 1977. 

Methane Generation from Human, An:imal, and Agricultural Wastes. Report of 
an ad hoc panel of ACTI, BOSI'ID, Washington, D.C. NAS, 1977. 

Making Aquatic Weeds Useful: Some Perspectives for Developing Cotmtries. 
Report of an ad hoc panel of ACTI, BOSTID. Washington, D.C.: NAS 1976. 

Guayule: An Alternative Source cf Natural Rubber. Report of an ad hoc panel 
of the Board on Agriculture and Renewable Resources, Conmission on 
Natural Resources, and ACTI, BOSTID, Conmission on International 
Relations. Washington, D.C.: NAS, 1977. 

Tropical Legumes: A Resource for the Future (in draft) 
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Leucaena: Promising Forage and Tree Crop for the Tropics. Report of a 
study conducted jointly by the Philippine Council for Agriculture 
and Resources Research, Republic of the Philippines, and NAS. 
Washington, D.C.: NAS, 1977. 

International Consultation on Ipel-Ipel Research, Papers and Proceedings. 
Jointly sponsored by Philippine Council for Agriculture and Resources 
Research, Republic of the Philippines, and NAS. Manila, Philippines: 
Philippine COWlCil for Agriculture and Resources Research, 1977. 

Firewood Crops: Bush and Tree Species for Energy Production (in draft) 

Underexploited Microbial Processes of Potential Economic Value (in draft) 
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SPECIAL STIJDIES/ADVISORY PANELS 

East Pakistan Land and Water Developnent as Related to Agriculture. Report 
of an ad hoc panel of OOSTID. Washington, D.C.: NAS, 1970. 

International Aspects of Man's Effect Upon the F.nviroment. Ad hoc advisory 
panel report, Washington, D.C.: NAS, 1970. 

The International Developnent Institute. A report cf an ad hoc conmittee of 
BOsrID, Washington, D.C.: NAS, July 1971. 

Solar Energy in Develop~Cowitries: Perspectives and Prospects. Report 
of an ad hoc panel of BOSTID. Washington, D.C.: NAS, March 1972. 

Scientific and Technical Information for Developing Cowitries. A report 
of an ad hoc advisory panel of OOSfID, Washington, D.C. : NAS, 1972. 

Science and Teclmology in sac Paulo's Developnent: A Review and Critique 
of a Proposed Program to Utilize Science and Technology for the 
Economic Developnent of the State of S4o Paulo, Brazil. By an ad hoc 
panel of BOSfID in cooperation with Council of Science and Technology 
for the State of Sao Paulo. Washington, D.C.: NAS for the AID Brazil 
Mission, July 1972. 

Research Management and Teclmical Entrepreneurship: A U.S. Role in Improving 
Skills in Developing Cowitries. A report of an ad hoc advisory 
panel of BOSTID. Washington, D.C.: NAS, September 1973. 

U.S. International Finns and R, D & E in Developing Cowitries. A report 
of an ad hoc panel of BOSTID. Washington, D.C.: NAS, May 1973. 

Meeting the Challenge of Industrialization: A Feasibility Study for an 
International Industrialization Institute. Report of a special inter­
national panel of BOSTID. Washington, D.C.: NAS, August 1973. 

International Developnent Programs of the Office of the Foreign Secretary. 
Staff Study by Harrison Brmm and Theresa Tellez. Washington, D.C.: 
NAS, 1973. 

Staff Stmll8ry of Role of Science and Technology in International Developnent 
in the 1970's. Working papers of Woods Hole Meeting, 1971, plus comnis­
sioned papers. (Study tenninated.) 

African Agricultural Research Capabilities. Report of the Conmittee on 
African Agricultural Research capabilities, Board on Agriculture and 
Renewable Resources, Conmission on Natural Resources, and BOSTID, 
Conmission on International Relations, Washington, D.C.: NAS, 1974. 

Persp~ctives de la Recherche Agronomique en Afrique. (French version of 
African Agricultural Research Capabilities) Washington, D. C.: NAS 
1976. 
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V. PAIUICIPANTS: lDARD MIMBFRS, STAFF 
AND PANELISTS. 

The list that follows contains the names of Board 
members, staff, and panelists who have participated 
in the activities described in section II. Foreign 
participants are also included. care has been taken 
to ensure that participants' names am affiliations 
are correct as of the time of their actual participa­
tion. (A few listings are incomplete because primary 
sources were not available am further verification 
was impractical.) 
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Advisory c.omnittee on Developnent Assistance Opportunities in the Next 
Decade for Peace Corps: Interim Letter Report. Prepared by Waldemar 
Nielsen, Chainnan. Washington, D.C.: NAS, 1 March 1974. 

The Peace Corps: Perspectives for the Future. Report of the Ad Hoc Ccmnit­
tee on Developnent Assistance Opportunities in the Next Decade for 
the Peace Corps, BOSI'ID. Washington, D .c. : NAS, August 197 4. 

Arid Lands of Sub-Saharan Africa. (NAS Staff) Progress Report on an 
Advisory Panel to the BOSTID. September 1973 - June 1974. 

Arid Lands of Sub-Saharan Africa. (NAS Staff) Final Report on an Advisory 
Panel to the BOSfID. July 1974 - March 1975. 

The Role of U.S. Engineering Schools in Developnent Assistance. Report of 
Panel on the Role of U.S. Engineering Schools in Developnent Assis­
tance, NAS-NAE. Washington, D.C.: NAS, 1976. 

Systems Analysis and Operations Research: A Tool for Policy and Program 
Planning for Developing Cowitries. Report of an ad hoc panel of 
BOSTID. 

Appropriate Technologies for Developing Cowitries. A report prepared by 
Richard S. Ecl<aus, Massachusetts Institute of Technology, for the 
Panel on Appropriate Teclmologies for 'Developing Cowitries, BOSTID. 
Washington, D.C.: NAS, 1977. 

Resource Sensing from Space: Prospects for Developing Cowitries. Report 
of c.omnittee on Remote Sensing for Developnent. Washington, D.C.: 
NAS, 1977. 

World Food and Nutrition Study: The Potential Contributions of Research. 
Report of the Steering Conmittee, NRC Study on World Food and Nutrition, 
Conmission on International Relations, NRC (with staff assistance from 
BOSfID). Washington, D.C.: NAS, 1977. 

U.S. Science and Technology for Developnent: A Contribution to the 1979 
U.N. Conference. Prepared for U.S. Coordinator, 1979 United Nations 
Conference on Science and Technology for Developnent as an i.nplt to 
the U.S. national paper for the Conference. 

Study on Postharvest Food Loss, Minutes, Steering Conmittee Meeting, June 8-9, 
1977, Philadelphia, Pennsylvania. 

Postharvest Food Losses in Developing Cowitries: Staff Sunmary Report of 
an International Working Group Meeting, October 31-November 3, 1977, 
Washington, D.C. 

Study on Postharvest Food Loss, Minutes, Steering Ccmnittee Meeting, February 
14-15, 1978, Washington, D.C. 

Postharvest Food Losses in Developing Cowitries. Final Report, Study on 
Postharvest Food Losses (in press). 

Bibliography, Postharvest Food Losses in Developing Cowitries. (in preparation) 
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BOARD ~ SCIENCE AND TEOOOl.DGY FOR INI'ERNATIONAL DEVELOPMENI' 

Menbers 

ROGER REVELLE1, Chainnan, 1969 - 72, Director, Center for Population Studies 
Harvard lh1vers1ty, Menber 1969 - 74. 

CARL llJERASSI1' 3 Chainnan, 1972 - 75, Chemistry, Stanford lhiversity; Menber, 
1969 - 75. 

DAVID PIMENTEL, Chainnan, 1975 - , P.ntomlogy, Cornell lhiversity; Menber, 
1975 -

HARRISCW BRDWN1, ex officio, Foreign Secretary, National Academy of Sciences , 
1969 - 74. -

*GF.ORGE S. JW.M>ND1, ex officio, Foreign Secretary, Naticnal Academy of 
Sciences, 1974 -

nDfAS F. MALONE1, ex officio, Foreign Secretacy, National Acadenv of Sciences, 
1969 - 74; Forugn secretary, 1978 -

BRUCE S. OLD2, ex officio, Foreign Secretacy, National Academy of Engineering, 
1969 - 74-. 

RUI'H .AfW.5, Acting Editor, The Bulletin of the Atomic Scientists, 1973 - 77. 

C. ARl()LD ANDERSON, Anthropology, lhiversity of Chicago, 1971 - 72. 

*EIMARD S. AYENSU, Director, Endangered Species Program, Smithsonian Institution, 
1976 -

JOHN D. BALDESCllWIELER1, Chemistry, California Institute of Technology, 
1974 - 76. 

*PEDRO BA.ROOSA., P.ntomlogy, lhiversity of Massachusetts, 1977 -

JACK N. BEHIM\N, International Business, lhiversity of North Carolina, 1973 - 75. 

IVAN L. BENNE'IT, JR. 3, Medicine, New York lhiversity, 1971 - 76. 

NYLE C. BRADY', College of Agriculture, Cornell lhiversity, 1970 - 71. 

*OOGHI' S. BRCYIHERS, CDnsultant, Concord, Massachusetts, 1976 -

LFSTER R. B~, President, Worldwatch Institute, 1974 - 75. 

*JOHN H. BRY.AN'f3, Director, School of Public Heal th, Colllli>ia lhi versi ty, 
1976 -

1 - Menber, NAS 2 - Member, NAE 3 - Menber, ICM 
* CmTent Board Menber 
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*GOORGE BlXJLIARELID, President, Polyteclmic Institute of New York, 1972 -

*ELIZABE'IH a>LSON, Anthropology, lhiversity of califomia, Berkeley, 
1977 -

Cl-IARLES DENNI~, Consultant, New York City, 1972 - 77. 

*BREWSTER C. DENNY, Dean, Graduate School of Pli>lic Affairs, lhiversity of 
Washington, 1976. 

*HERBERT I. FUSFELD, Director of Research, Kermecott Copper Corporation, 
1977 -

*MARTIN GOLAND2, President, Southwest Research Institute, 1977 -

*JAMES P. GRANT, President, Overseas Development Council, 1977 -

D. MARK HEGSI'ED1, Nutrition, Harvard llliversity, 1970 - 72. 

GOORGE R. HERBERT, President, Research Triangle Institute, 1978 -

WILLIAM R. HEWLEIT2, President, Hewlett-Packard Conpany, 1974 - 75. 

WILLIAM N. llJBMRD, JR., President, Upjolm Conpany, 1978 -

I.ADY BARBARA WARD J~, Econanics, Colllli>ia University, 1971 - 72. 

WILLIAM A. W. KREBS, Arthur D. Little, Inc., 1969 - 77. 

ROBERT N. KREIDLER, Executive Vice President, Alfred P. Sloan Foundation, 
1969 - 74. 

FRANKLIN A. IDNG1, Program on Science, Technology and Society, Cornell 
University, 1974 - 76. 

ROY L. LOWORN, State Research Service, Department of Agriculture, 1969 - 72. 

JOHN J. McKBLVEY, JR. , Agricultural Sciences, The Rockefeller Foundation, 
1969 - 72. 

*FREDERICK T. MX>RE, International Bank for Reconstruction and Development, 
1976 -

*W. HENRY K>SLEY, Director, Cholera Research Laboratory, Dacca, Bangladesh, 
1977 -

ErMIN MJNGER, Geography, califomia Institute of Technology, 1969 - 71. 

*ROmEY W. NIODLS, Vice President, Rockefeller lhiversity, 1977 -

1 - Menber, NAS 
* Current Board Menber 

2 - Menber, NAE 3 - Meni>er, ICM 
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IWUEL A. O~, Sanitary F.ngineering, lhiversity of North C8rolina, 1978 -

JOSEPH PETirr2, President, Georgia Institute of Teclmology, 1972 - 77. 

JOSEPH B. Pl.ATI', President, Harvey Mudd College, 1969 - 77. 

JAMES B. ~INN, Aloostuck School of Business Administraticn, Dartnl>uth 
College, 1977 -

HELEN RANNEY1• 3, Medicine, lhiversity of California at San Diego Hospital, 
1974 - 77. 

*PRISCILLA C. REINit«;, Intemati<11al Science, .American Association for the 
Advancement of Science, 1978 -

*RALPH W. RIClfARn.Cim, JR. , Natmal F.nvirmmental Sciences, The Rockefeller 
Foundation, 1977 -

H. F. ROBINSCJi, Prowst, Pm-due lhiversity, 1969 - 72. 

SI'EFAN H. ROOOCK, Graduate School of Business, Colllli>ia lhiversity, 1969 - 72. 

*FREDERICK SEITZ1, President, Rockefeller lhiversity, 1978 -

H. BURR STEINBACll, Oceanic Foundation, 1969 - 72. 

Alf. GUYFORD STBVER1•2, Consultant, Washington, D.C., 1978 -

ROBERT M. WALKER1, Physics, Washington lhiversity, 1974 - 77. 

CLIF!m lfiAR.lm, President, Michigan State lhiversity, 1969 - 1970. 

GILBml' F. WHITE1, Geography, lhiversity of Colorado, 1972 - 75. 

CARROU. L. WILSON, Management, Massachusetts Institute of Tedm.ology, 
1969 - 72. 

SI'ERLOO l'DR'IMAN, Vice President, The Rockefeller Foundation, 1972 - 76. 

1 - Menber, NAS 
* Current Board Meni>er 

2 - Menber, NAE 3 - Meni>er, ICM 
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BOSfID Sub-Panels 

Advisory Ccmnittee en International Health 

Advisory Ccmnittee on Teclmology Innovaticn 

Korea-u.s. Joint Continuing Ccmnittee for 
Scientific Cooperation 

Advisory Ccmnittee on Evaluation 

Continuing Conmi.ttee for Sino-American 
Science Cooperation 

Joint Consultative Comnittee NAS-.ASRT 
(Egypt) Applied Science and Technology 
Research Program 

-- Jolm H. Bryant, Chainnan 

-- George Bugliarello, 01.ainnan 

-- Brewster c. Denny, Chaiman 

-- Rodney W. Nichols, Chaiman 

-- Frederick Seitz, Chairman 

-- H. Guyford Stever, 01.ainnan 
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BOARD ON SCIENCE .AND TBClH>WGY Fm INl'ERNATIOOL DEVEU>PMENT 

Professional Staff 

WIIJ..IAM L. EILERS, Staff Director, 1969-70; Head of Bilateral Programs, 
1970-71 

*VIC'IUR RABOOWITOI, Staff Director, 1969; (February 1969 - March 1970, 
State l.hiversity of New York); Staff Director, 1970 -

~AMP.SER BANNIGAN, Professional Assistant, 1969-70; (Novenber 1970 -
July 1971, overseas travel); Assistant to the Director, 1971 -

*rRBSA A. BA$, Staff Assistant, 1975 -
ROBEIU BRAINARD, Professimal Associate, 1970-71 
mRMAN L. BROWN, ProfessiCllal. Associate, 1970-75 
B. K. WESLEY CDPELAND, Professimal Associate, 1969-78 

*JAY J. DAVENPORT, Professimal Associate, 1969 -
*DIOSIWlA. Del.EVA, Librarian, 1971 -
'\f. G. C. J.t:OONALD OOW, (Dec:eni>er 1968 - Septeni>er 1972, Haile Selassie I 

lhiversity), Deputy Director for Overseas Programs, Septemer 1972-77; 
Deputy Director, 1977 -

*.Rll.IEN ENGEL, Deputy Director, 1969-72; Deputy Director for Special Studies, 
1970-77; on secondment to Organization of Economic r.ooperation and 
Develq>ment (OECD), Paris, 1977-78 

tt.fARY JANE ~ST, Staff Assistant, 1975 -
*JOON G. HURLEY, Professional Associate, 1970 -
JANE LEClll', Editor, 1971-74 

*AIGJSTUS NAOOTII, JR. , Professimal Associate, 1977 -
I.ORE'ITA PO'ITS, Librarian, 1970-71 

*F. R. RUSKIN, Editor, 1974 -
1HERESA TELLEZ, Head, Latin .American Affairs, 1967-70; Professional Associate, 

1970-75 
*NJEL D. VIE'IMEY'ER, Professional Associate, 1970 -
JUDY WERDEL, Professimal Assistant, 1970-74 
AOOLPH WILBURN, ProfessiCllal. Associate, 1970-71 
EARL YOllll, Professimal Associate, 1970- 71 
JAMES 1.AVISIDSKI, Professimal Associate, 1970-72 

Part-Time Borrowed Staff 

WINFRED E. BERG, Executive Secretary, Comnittee on Remte Sensing for Earth 
Resource Sunreys, Comni.ssim on Natural Resources, National Research 
ColUlcil, 1976-77 

Current Staff 
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JOHN R. FOWLER, Executive Secretary, Conmittee on Transportation. and BART 
Inpact Program Advisory Conmittee, Asseni>ly of Pn.gineering, National 
Research Council, 1977-78 

HUGH MILLER, Executive Secretary, Office of the Foreign Secretary, National 
Academy of Engineering, 1971-75; 1977-78 

OONNA W. SHIPLEY, Assistant Editor, Conmission on Natural Resources, Nation.al 
Research Council, 1976 

BETSY S. WRVENE, Editor, Academy Fonn, National Academy of Sciences, 
1976-77 

Tenporary Appointments 

ROBERT E. ASHER, Professional Associate, 1972 (Study on the Role of U.S. 
Finns in Strengthening R, D, & E Capabilities in Developing Countries) 

JOEL BERNSTEIN, Study Director, 1977-78 (Study for 1979 U.N. Conference on 
Science and Teclmology in Develq>ment) 

SABRA BISSETI'E, Professional Assistant, 1977-78 (Study for 1979 U.N. Conference 
on Science and Teclmology in Development) 

PA'IRICIA W. BLAIR, Professional Associate, 1970-71 (Study on International 
Development Institute) and Deputy Study Director, 1977-78 (Study for 
1979 U.N. Conference on Science and Teclmology in Development) 

JENNIFER S. :OOND, Staff Associate, 1975 (Study on Rerote Sensing for De­
velopment) 

MARCIA A. IIJNr.AN, Research Assistant, 1977 (Study on Lesser-Known Micro­
organisms) 

JOHN Mc01NNAUGHEY, JR., Research Assistant, 1972 (Study on Appropriate Tech­
nologies for Developing Countries) 

ROBERT F. l>DRRIS, Research Associate, 1977 (Study on Postharvest Food Losses 
in Developing Countries) and Research Associate, 1977-78; (Study for 
1979 U.N. Conference on Science and Teclmology in Development) 

RIOIARD MJRSE, Professional Associate, 1972 (Study on International Industriali­
zation. Institute) 

RUSSELL SCARATO, Professional Associate, 1972 (Study on International Industrial­
ization. Institute) 

JOSE VILLAVICENCIO, Research Assistant, 1972-73 (Study on Appropriate Tech­
nologies for Developing Countries) 
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OVERSEAS PROGRm; 

Africa 
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GHANA 

Workshop on Research Priorities and Problems in the Execution of 
Research in Ghana, Accra, Jamrary 18-22, 1971 

U.S. PARTICIPANTS 

JCliN J. t.t:KELVEY, JR., Chainnan, Agriculture, Rockefeller Foundation 
DAVID E. APTER, Political science and Sociology, Yale University 
DOOALD BARTON, Agriculture, Cornell University 
HARRI5rn BROWN, Foreign Secretary, National Academy of Sciences 
JAMES P. CAIUER, Pediatrics and Nutrition, Vanderbilt University 
WALTER H. LEWIS, Missouri Botanical Garden 
JAMES W. K>YER, Xyzyx Infonnation Corporation, Reseda, California 
ARTI-IUR N. PRATER, Consultant on Foods, Encino, California 
ROGER REVELLE, Center for Population Studies, Harvard University 
IBA.YER SCUDDER, Anthropology, California Institute of Teclmology 

GIANAIAN PARTICIPANTS AND OBSFRVERS 

Ministers and Ministry Representatives 

A.E.K. ASHIAGBOR, Ministry of Finance and Econanic Planning 
J .s. EOOO, Ministry of Trade, Industries and Tourism 
HENRY HOPP, Ministry of Agriculture 
A.A. I.ARYFA, Ministry of Agriculture 
JCl'ffiS OIDRI-ATIA, Ministry of Finance and Economic Planning 
R.A. QUARSClHE, Minister of Trade, Industries and Tourism 
K. SAFO-AIXJ, Minister of Agriculture 
C.E. TAOOE, Ministry of Agriculture 

Council for Scientific and Industrial Research 

M. OOWUONA, Chainnan, National Council for Higher Education 
M.A. ADANSI , Crops Research Institute 
F.W. ADOO-ASHONG, Director, Forest Products Research Institute 
W.K. AGBLE, Director, Crops Research Institute 
YAW ASANTE, Building and Road Research Institute 
E.J.A. ASCJ.fANING, Director, Cocoa Research Institute 
NII BOI AYI-BCYI'ELEY, Water Resources Research Unit 
A.J .E. BUCKNOR, Animal Research Institute 
R.J.G. BUTLER, Institute of Standards and Itdustrial Research 
M. r.AURIE, Food Research Institute 
ST. JCliN A. CLOTI'EY, Food Research Institute 
J. W. S. DE GRAFT-JC.liN5m, Director, Building and Road Research Institute 
W.D.G. ERBYNN, Crops Research Institute 
A.E. KPEKATA, Institute of Aquatic Biology 
E. I.ARTEY, Director, Institute of Standards and Industrial Research 
VERONICA A. MAIUINSON, Cocoa Research Institute 
H.B. OBENG, Officer-in-Charge, Soil Research Institute 
LETITIA E. OBENG, Director, Institute of Aquatic Biology 
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E.D. OFFORI, Animal Research Institute 
C.S. OFORI, Soil Research Institute 
A. OFOSU-ASIEOO, Forest Products Research Institute 
A.A. OOSU, Institute of Standards and Industrial Research 
P.O. RIPLEY, Agricultural Research Coordinator 

University of Ghana, Legon 

D.K. ~YE, Department of Crops Science 
E.K. AGYEI, Department of Physics 
D.A. BEKOE, Department of Chemistry 
E.BORTEI-OOKU, Department of Agricultural Economics and Fann Management 
G. C. CLERK, Department of Botany 
W. Z. COKER, Department of Zoology 
J .A. DADSON, Department of Agricultural Econanics and Farm Managanent 
D. W. EWER, Head, Department of Zoology 
J.A. HAIZEL, Department of Crops Science 
J.K.M. lDMSI, Department of Zoology 
A.A. KWAPONG, Vice Chancellor 
S. LA.-ANYANE, Dean, Faculty of Agriculture 
E. LA.IN;, Department of Botany 
G.W. LA.~, Head, Department of Botany 
A.N. MAY, Head, Department of Physics 
E.N.W. OPPOOG, Department of Animal Science 
J.A.K. ~' Department of Chanistry 
E.J. 'lllJ.fi>Srn, Department of Crops Science 
F.G.T.O'B. TORTO, Head, Department of Chemistry 

University College of Cape Coast 

E.A. BOATENG, Principal 
B.A. DADSON, Department of Chemistry 
K.N. EYESCN, Department of Zoology 
J. YANNEY E\\\JSIE, Dean, Faculty of Science 
M.M. K>SNY', Head, Department of Zoology 
R. are«;, Head (Acting) , Department of Physics 

University of Science and Tedmology, Kumasi 

E. EVANS-ANFCl4, Vice Chancellor 
E.P. DZOORNOOH, Department of Physics 
F.A. ICUFOOR, Head, Department of Chemistry 
E.B. KWAKYE, Pro Vice-Chancellor, Electrial Engineering 

Other Goverrment Agencies 

T. ACKQ.f-MENSAH, Ghana Industrial Holding Corporation 
P.E. AK>AH, Ghana Industrial Holding Corporation 
J.E. ClJDJOE, Geological Survey 
ERIC KWEI, Officer-in-Charge, Fishery Research Unit 
M.A. MENSAH, Fishery Research Unit 
G.T. ODOOYE, National Cmmcil on Higher &iucation 
TWlN-BARIMA, Chainnan, Cocoa Marketing Board 
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Joint U.S. -Ghana Comni ttee on Agricultural 
Extension and Research, 1971 

U.S. PARTICIPANTS 

OONALD W. BARTON, Co-Chainnan, Agriculture, Cornell University 
ROBERT M. HAGAN, Agriculture and Water Science, University of California 
GIDRGE HYATT, JR., Agriculture, North Carolina State University 
LErnARD F. MILLER, Agricultural Economics and Extension, University of 

Ibadan 
JCEN W. SPAVEN, Corrmunication, University of Vermont 

GJANAIAN PARTICIPANTS 

C.E. TAOOE, Co-Chainnan, Agricultural Developnent Ministry of Agriculture 
W.K. AGBLE, Crops Research Institute, CSIR, JlDll8.si 
A.E.K. ASilABOR, Bank of Ghana, Ac.era 
E.J.A. ~ING, Cocoa Research Institute, CSIR, New Tafo 
E. BORI'El-OOKU, Agricultural Economics and Fann Management, University 

of Ghana 
J.S. KANKAM, Crop Production, University of Science and Technology, Kmasi 

Joint U.S.-Ghana Comnittee on the Role 
of the Council for Scientific and Industrial 
Research in Detennining Science Policy and 

Research Priorities 

U.S. PARI'ICIPANrS 

GEORGE S. HAMtVND, Co-Chainnan, Vice-Chancellor - Sciences, University 
of California 

OONALD W. BAR10N, Agriculture, Cornell University 
DAVID Z. BECKLER, Office of Science and Technology, Executive Office of 

the President, White House 
L. BOORD KLEIN, Mansanto Companay, St. Louis, Missouri 
JCEN HENRY SUNlOO, Engineering, Tufts University 

GfANAIAN PARI'ICIPANTS 

D.A. BE.KOE, Co-Chainnan, Chemistry, Pro-Vice Chancellor, University of 
GJiiiia 

W.K. AGBLE, Director, Crops Research Institute 
R.A. BASOAH, Director, Economic Planning, Ministry of Finance and 

Economic Planning 
R.G.J. BUTLER, Institute of Standards and Industrial Research, Ac.era 
J.E. OJDJOE, Director, Geological Surveys 
D.M. GIDIGASU, Building am Road Research Institute 
EBENEZFR. LAING, Botany, University of Ghana 
S.O.A. ~YNrn., Forest Products Research Institute 
J. SACKAH-ADOO, Chainnan, National Investment Bank 
J. YANNEY-EWUSIE, Botany, Pro-Vice Chancellor, University of Cape Coast 
ROBERT DODOO, JR. , (Joint Secretary) , Assistant Secretary, CSIR 
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NAS-CSIR Ad Hoc Comnittee, Washington, D.C., July 1-3, 1974 

U.S. PARI'ICIP.ANTS 

GEORGE s. HAM«>ND, Co-Chainnan, Foreign Secretary, National Academy of 
Sciences 

JACK J<JINSON, Director, Office of Arid Lands Studies, University of Arizona 
DAVID Z. BECKLER, Assistant to the President, National Academy of Sciences 
DONALD BARIUN. Director, New York State Agricultural Experiment Station, 

Cornell University 

GIANAIAN PARl'ICIP.ANTS 

A.N. TACKIE, Co-Chainnan, Executive Chainnan, CSIR 
FMANUEL LARTEY, Chiinnan, CSIR Natural Resa.irces Conmittee 
QUAIUEY-PAPAFIO, Deputy Director for Services, Agricultural Ministry 
ROBERT DOIXX>, JR. , Secretary, Natural Resources Conmi ttee, CSIR 

NIGERIA 

Workshop on Science and Nigeria Developnent 
Bellagio, Italy, August 19-25, 1965 

U.S. PARl'ICIP.ANTS 

HARRISCll BROWN, Foreign Secretary, National Academy of Sciences 
C.W. DE KIOOBT, American Co'llllcil of Education 
WILLIAM O. JONES, Food Research Institute, Stanford University 
FREDERICKC. LINDVALL, Engineering, California Institute of Teclmology 
JCHN J. t.t:KELVEY, JR. Agriculture, Rockefeller Foundation 
~N S. MJKIBR, Geography, California Institute of Technology 
W.M. MYERS, Agriculture, Rockefeller Fo'llllda.tion 
LINCOLN R. PAGE, U.S. Geological Survey 
FREDERICK D. PATI'ERSON, Phelps-Stokes Fund 
HAROLD E. nDfAS, U.S. Geological Survey, Menlo Park 
nlCM\S H. WELLER, Tropical Public Heal th, Harvard University 

NIGERIAN PARl'ICIP.ANTS 

OKOI ARIKPO, Secretary-General, National Universities r.omnission 
A.A. AYIDA, Pennanent Secretary, Ministry of Econanic Developnent 
OUEF G. AKIN DEKO, African Representative of FAO, Accra 
JOSEPH C. EDOZIEN, Dean, Medical Faculty, University of Ibadan 
T.A. LAMBO, Psychiatry, Neurology, Neurosurgery, University of Ibadan 
G.E.A. LARDNER, Natural Resources Division, Econanic Comnission of Africa, 

Addis Ababa 
ENI NJOKU, Botany, Michigan State Unviersity 
BIDE OKIGBO, Agricultural Biology, University of Nigeria, Nsukka 
G.E. OKIY, Pennanent Secretary, Ministry of Research and Natural Resources 
H.M.A. ONITIRI, Head, Nigerian Institute of Social and Economic Research, 

University of Ibadan 
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SUDAN 

Regional Workshop on Aquatic Weed Management 
and Utilization in the Nile Basin, Khartmlll, 

November 24-29, 1975 

U.S. PARI'ICIP.ANTS 

JAMES F. HENTGES, Chainnan, Animal Science, University of Florida 
LARRY O. BAGNALL, AgTiciiltural Engineering, University of Florida 
B. DAVID PERKINS, Research Entomlogist, Agricultural Research Center, 

U.S. Department of Agriculture, Fort Lauderdale, Florida 
BILL C. WOLVERTON, Enviromental Systems Developnent Team, National 

Space Technology Laboratories, National Aeronautics & Space 
Administration, Bay St. Louis, Mississippi 

RICIWID R. YID, Research Botanist, U.S. Department of Agriculture, 
University of California at Davis 

REBECCA~' (observer), Environnental System Developnent Team. 
National Space Technology Laboratories, National Aeronautics 
and Space Administration, Bay St. Louis, Mississippi. 

SUDANESE PARI'ICIPANTS 

KJWr.mn OBEID, Botany, lhi versi ty of Khartot.Dn 
SAYED HASSAN ABBAS, Director, Plant Protection Administration, Khartoum 
MIRGIANI TAG EL SEED, Hydrobiological Research Unit, University of Khartom 
KAMIL BF.SHIR EL TIGANI, Head, Waterhyacinth Control Section, Plant Protection 

Administration, KhartO\.lll 
HUSSEIN EL SAYED~' Animal Production, Universitycf Khartot.Dn 
ASIM L. EL MAGRABY, Hydrobiological Research Unit, University of Khartoum 
ALI KIIAYAD BANNAGA, Director, Agricultural Research Council, National 

Council for Research 
SAYED SOGIA~ EL ZEIN, Chainnan, Board of Directors, Public Corporation 

of Irrigation Works and Earth M>ving, Khartot.Dn 
lOJN.f.mD EL MAHDI BBSHIR, Agricultural Reseilrch Corporation, Wad Medani 
A. RAlf.fAN EL TAYIB A. HAH!EZ, lk>rticulture, University of Khartoum 
G.A. EL HAG, Agriculture, University of Khartoum 
A. K>NEIM KARAR, Head, Locust Control Section, Plant Protection Administration 
SAYED KAMAL MAHGCXJB, Inspector, Waterhyacinth Control Section, Plant Protection 

Administration, Malakal 
SAYED EL FADIL EL RESHID, Senior Inspector, Waterhyacinth Control Section, 

J. Aulia 
A.AZIZ SAAD, Entomologist, Plant Protection Administration 
AKASHA MJIAMED ALI, Waterhyacinth Control Section, Plant Protection Adminis­

tration, KhartO\.lll 
T. T. GEORGE, Agriculturist, Fisheries and Hydro biological Research Section 
SAMIR YANNI Ml~GI, Acting Head, Fisheries and Hydro biological Research 

Section 
ABDALLA. M. HAttmJN, Weed Specialist, Agricultural Research Corporation, 

Wad Medani 
:U.W.I EL KHIDIR, Crop Protection, University of KhartOllll 
MAGZWB CJ.fAR BF.SHIR, Crop Protection, University of KhartO\.lll 
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SUDANESE-~ WATERHYACIN'IH CONTROL PROJECT P.AKI'ICIPANTS 

W. KOCH, Abteil\D'lg fur Herbologie, Stuttgard-MJhringen, West Gennanay 
\\OLICHART LEFFLER, St.danese-Gennan Waterhyacinth Control Project, Khartoum 
K. MARTIN UTIH, St.danese-Geman Waterhyacinth Control Project, Khartol.lll 
F. BISODF, Abteilung fur Herbologie, Stuttgart-MJhringen, West Germany 

EGYPl'IAN P.AKI'ICIPANTS 

K>USI'AFA IMAM MAIDJD, Natural Resources, Institute of African Studies, 
Cairo University 

MAIMXJD A'GAWI ZAHRAN, Botany, Mansoura University, Mansoura 
MJW.NED KAMAL ZAHRAN, Ministry of Agriculture, Cairo 
HAMDI A'ZIZ KlJRSY, National Research Centre, Dokki, Cairo 
JEAN KAMIL ABDEL SEED, Ministry of Irrigation, Cairo 

E1HIOPIAN P.AKI'ICIPANTS 

W.O. GUERRA GEBRIMASCAL, Head, National Water Resources Conmission, Laboratory 
Division, Addis Ababa 

ADEFRIS BELLEW, Regional Director, Desert Locust Control Organization, Addis 
Ababa 

INOONESIAN P.AKI'ICIPANI 

MJHAM.mD SOERJANI, Director, Program for Tropical Biology, BIOTROP, Bogar 

K>ZAMBIQUE P.AKI'ICIPANT 

NANCY COE, Lake Cabora Bassa Weel Control Project 
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TANZANIA 

Workshop on Solar Energy for the 
Villages of Tanzania 

Dar es Salaam, August 11 - 19, 1977 

U.S. P.ARI'ICIPANTS 

JAMf.S lllWE, Chainnan, Senior Fellow, Overseas Develo:pnent Cowteil 
NO~ L. BIDWN, International Affairs, Energy Research and Developnent 

Administration 
TI-DIAS A. LAW.AND, Brace Research Institute, t.k:Donald College, McGill 

University 
PRISCILLA C. REINING, International Science, American Association for 

the .Advancement of Science 
BROWN F. WILLIAMS, Electro-Optics Laboratory, RCA Laboratories 
J. RICHARD WILLIAMS, Engineering, Georgia Institute of Teclmology 

TANZANIAN P.ARI'ICIPANTS 

P. N'DfBELA, Chainnan, Tanzania National Scientific Research Council 
S.J. MMi\N, Tanzania National Scientific Research Council 
ARNT BAKKEN, Civil Engineer, B. R. U. 
H.F. BITANYI, Tanzanian National Scientific Research Council 
P. BWAnK>NDI, Zoology, University of Dar es Salaam 
P. c.APPELEN, Architect, Building Research Unit 
J. IIJWE, Prime Minister's Office 
VINCENT T. OONIJm, Electrical Engineer 
M.A.M. GUJARATI, Mechanical Engineering, University of Dar es Salaam 
K.N. HIRJI, University of Dar es Salaam 
R. IDDI, Building Research Unit 
R.C. ISHENCD1A, Agriculture and Forest, t.brogoro 
D.J. KAVISHE, Mechanical Engineer i/c, Mali Asili na Utalii 
M.M. KHALFAN, Capital Develo:pnent Auth>rity 
S.J. KIMARYO, Assistant Manager Operations, TANESCO 
R.T.M. KIVAISI, Physics, University of Dar es Salaam 
D.H. LEE, Capital Developnent Authority 
R.B. MABELE, Director, Economic Research Bureau 
A.M. MACHAGGE, Ministry of Education 
T.M. MAKALLA, Capital Develo~nt Authority 
D.E. MASANJA, Prime Minister s Office 
AOOLF C. MASCARENHAS, Director, BRAUJP, University of Dar es Salaam 
C.N. ~YIGE, Physics, University of Dar es Salaam 
Y .B. MJUlGJ, Physics, University of Dar es Salaam 
E.G.K. MtfARI, Meteorology 
A.J. MREMA, Tanzania National Scientific Research Council 
P.A. MSAFIRI, Meteorology 
P .M. MRliALA, Agriculture and Forest, t.brogoro 
~nUAS MUSCliALIK, Civil Engineer, Townplanning, C.D.A. 
A. MZEE, Ministry of Water Energy and Minerals 
JAMES o. NGANA, University of Dar es Salaam 
H.M. NWLI, Tanzania National Scientific Research Council 
U.S. NICCM\, Physics, University of Dar es Salaam 
S.R. NKONOKI, Institute of Develo:pnent Studies, University of Dar es Salaam 
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A.A. NNKO, Physics, University of Dar es Salaam 
P. T. PALLANGYO, Mechanical Engineer, SIOO Headquarters 
MA'IH.5 PRAG, Architect, Building Research Unit 
R. REICliEL, Engineering 
M.L. SIKAWA, Daily News 
R.J. Sl'ANLEY, Project Coordinator, Arusha Appropriate Teclmology Project 
H. Y. TIMJ, Meteorology 
CLOOPHAS G. TIBANYENDA, Meteorology 
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ZAIRE (FORMER DIMlCRATIC REPUBLIC OF nm CDND) 

Role of Science and Teclmology in the Economic Development 
of the Congo During the 1970's 

Kinshasa, Jtme 7-11, 1971 

U.S. P.ARTICIPANI'S 

HARRIOON BRJWN, Foreign Secretary, National .Academy of Sciences 
CARL WERASSI, Chainnan Chemistry, Stanford University 
JCllN J. t.tKELvEY, JR. , Vice-Chairman, .Agriculture, Rockefeller 

Fotmdation 
JAMES CARTER, Pediatrics and Nutrition, Vanderbilt University 
PAUL DYBCZA, Dean of Engineering, Tuskegee Institute 
CARL K. EICHER, Agriailtural Economics, Michigan State University 
J. DAVID WCKARD, Botany, University of Maryland 
ERNSI' R. PARISER, Nutrition and Food Science, Massachusetts Insti-

tute of Teclmology 
WILLIAM M. RIDE<ln', JR. , Education, Florida State University 
ROBERT WFSI', Fletcher School of Law and Diplomacy, Tufts University 

ZAIRIAN P.ARTICIPANI'S 

JOSEPH ILF.O, Chainnan, President, Office Nationale de la Recherche et 
du Developpement (ONRD) 

P. AN'IUN, Minerals and Geology, Lovanitun University 
CllRISI'IAN BAJIKA, Official University of the Congo, Lununbashi 
GP.QRGE BAZA, Economics, Lovanium University 
A. DE BOOT, Biology, Lovanitun University 
J. DEHASSE, CotmSelor, Ministry of Education 
IM4ANlJEL DJIMBI, Chemistry and Agricultural Industries, Free Univer­

sity of the Congo 
ErM>ND PAI.LAH, Center for Industrial Research in Central Africa 

(CRIAC) 
N. GERLAGH, Agricultme, Free University of the Congo 
N. HERNU, Center for Industrial Research in Central Africa 
S. KABEYA, Institute for Scientific Research in Central Africa 
F. KAMA, CotmSelor to the President 
P. KUNDA, Electrical Engineer, National Electricity Corporation 
P. I<IJNKEL, Institute for Scientific Research in Central Africa 
N. LCMA, Ministry of .Agriculture 
IIJBERT LUKINil4., VJnistry of Education 
A. MAI.ANDA, Office Nationale de la Recherche et du Developpment 
FELIX MAUJ, Applied Sciences, Lovanitun University 
A. MBURANJMWE, National Congolese Institute for the Conservation 

of Nature 
JCJW) MJILANBWE, Ministry of Education 
LOONARD MJKENDI, Secretary General, Ministry of .Agriail tme 
N. MJTETA, Official, University of the Qmgo 
N. NORRO, Economics and Social Sciences, I.ovanitun University 
LIDN PHAKA, Comselor, Ministry of Social Affairs 
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EI<DFO SODIBE, Eccnomics, Director, IRS r.enter, Lwiro 
PHANDI NKIAMA, .Anthropology, Administrative Director, IRS Center, 

Lwiro 
YUNGA -di- NKAnJ, Medicine 
GASANA NOOLI, Zoology, Head, Earthworm Laboratory, IRS, Lwiro 
BAVUKAHE RUGENOO, Geology 
L1JYEYB MADIMBA, Zoology, Head, IRS Station, Uvira 
IDFOLI U>BANGA, Director, Geology, ORS, Lwiro 
KA'l'SmGO SAWA-SAWA, Mathematics 

INERA Representatives 

NGONOO MJJUN(ll), Agricultural Engineering, Delegue General a l' INERA 
MJZINGA, Agricultural Engineering, Regional Director, Kiw 
MZUNIXJ, Agricultural Engineering, Scientific Director 
MIASWEmfA NKUSU, Agricultural Engineering 
ALIYA ClIIBINGA, Rural Sociology and Agriculture 
KABF.NGA wa KABENGELE, Agricultural Engineering 
M>SSOU> SAKA, Agricultural Engineering 
f.tlANZA, Engineering 
r.mIKAYI NKONIQJ, Agricultural Engineering 

Department of Public Health Representatives 

PHAKA MBtMBA, Nutrition, Department of Public Health 
KABAMBA NKAMANY, Nutrition, Department of Public Health 

L'UNAZA Representatives 

llTfSANA BU-NIANGA, Physics, Dean of Sciences 
MJNY.ANGANIZI, Agricultural Sciences 

Department of Agriculture Representatives 

GAF.SF.NG, Division Head 
f.IJKENA BAN'1U UJKlMA, Agricultural Engineering 

ERTS/Zaire Representatives 

MBUNGU, Electrical Engineering 
tn.YERA ROY, Geological P.ngineering 

USAID/Kinshasa Observers, USAID/Kinshasa 

GARVEY, Agricultural Economics, USAID/Kinshasa 
SOI<DW UJBANZADIO, Electrical Engineering, USAID/Kinshasa 
IlJIMBI, Pediatrics, UNAZA, and consultant to USAID/Kinshasa 
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REruBLIC OF OIINA. (TAIWAN) 

U.S. M™BERS 

Continuing Ccmmittee on Sino-American Cooperation 
with Republic of China (Taiwan) 

*FREDERIC SEITZ, Chainnan, President, Rockefeller University, 1978- ; member 1977-
JOSEPH B. PLATT, Chiinnan, President, Harvey MJdd College, 1965-77. 
BRUCE H. BILLINra, The Aerospace Corporation, 1973-76 
WILLIAM G. DAUBEN, Chemistry, University of California, 1973-75 
WILLIAM L. EILERS, Enviromnental Sciences, Smithsonian Institution, 1973-75 
H. BURR SI'EINBAOI, Marine Biological Laboratory, Woods Ible, 1964-74 
I. EUGENE WALLEN, Enviromnental Sciences, Smithsonian Institution, 1967-73 

*HERBER!' YORK, Physics, University of California at San Diego, 1976 -

CHINESE MIMBERS 

WANG SHilI OIIEH, Chainnan, Director F.meritus, Institute of .American Studies, 
Academia Sinica 

PAUL L.C.HAO, Director, Union Industrial Research Laboratories 
OIIEN SHIH LIANG, President, Academia Sinica 
K. T. LI, Minister of Finance 
Y.S. TSIANG, Minister of Education 
WANG CHI WU, Director, Division of International Programs, National Science 

ColUlCil 
WU TA YOU, Science Advisor to the Prime Minister 
C.S. YEN, Fonner Minister of F.ducation 

First Joint Meeting, Sino-American Science Cooperation 
Program, Nankang, April 14-20, 1964 

U.S. P.ARrICIPANTS 

WALTER G. WHI'IMAN, Chainnan, Professor Emeritus, MIT 
H. BURR SI'EINBACli, ZOOlogy, University of Chicago 
M.H. TRYTl'EN, Director, Office of Scientific Personnel, NAS 

OIINBSE PAIUICIPANTS 

gjilI-OIIEN WANG, Chainnan, President, Academia Sinica 
gjffi-LIANG CHIEN, Vice Chairman, President, National Taiwan University 
K.T. LI, Vice Chainnan, COiiiiCil for International Econanics Cooperation and 

Developnent (CIECD) 
KO-OIOO OIEN, Acting President, National Tsing Hua University 
HUI HSIEH, Director, Union Industrial Research Institute 
VIEClD C. JUAN, Director General, Acadenia Sinica 
S.M. LEE, Electronic Research Institute, Chiao-tlmg University 
Oii LI, Director, Institute of History and Philology 
HSIEN-WEN LI, Director, Institute of Botany, .Academia Sinica 
flJNG-HSUN LING, Chainnan, Chinese Petroleum Corporation 

Current :mesli>er 
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Y. S. TSIANG, Qmnissioner, Joint Conmi.ssion for Rural Reconstruction 
(JCRR) 

HlD-Y.AO WEI, Dean, College of Medicine, National Taiwan University 
C. C. YAO, Vice Minister, Ministry of Education 
OIP.N-HSING YF.N, President, Cheng Ktmg University 

Second Joint Meeting, Sino-American Science Cooperation 
Program, Washington, D.C., February 23-27, 1965 

U.S. PARTICIPANTS 

JOSEPH B. PIATT, Ch.ainnan, President, Harvey Mudd College 
HARRY C. KEU.Y, PliYsics, North Carolina State lhiversity 
GEORGE P. M.JROOCK, Anthropology, lhiversity of Permsylvania 
R. A. PIIlIJ..IPS, Physiology, U.S. Navy 
H. BURR SI'EINBAOI, Zoology, lhiversity of Chicago 
M. H. 1RY'ITEN, Director, Office of Scientific Persormel, NAS 

CHINESE PARTICIPANTS 

SHIH-LIANG OOEN, Ch.ainnan, President, Natimal Taiwan lhiversity 
UJ-ODN; HAO, Secreta?X, Vice President, China Petroleum Cozporation 
arr LI, Director, Institute of History and Philology, Academia Sinica 
HSIEN-WEN LI, Director, Institute of Botany, Academia Sinica 
TA-YOU WU, Physics, State lhiversity of New York, Alb8Ilf 
OIEN-HSING YEN, President, Cheng Ktmg lhiversity 

Third Joint Sino-American Science Cooperation Program, 
Washington, D.C., .April 5-7, 1967 

U.S. PARTICIPANTS 

JOSEPH B. PIATT, Ch.ainnan, President, Harvey Mudd College 
HARRISON S. BIU'lN, Foreign Secretary, NAS 
RALPH E. CLELAND, Botany, Indiana University 
H. BURR SI'EINBAOI, Zoology, lhiversity of Chicago 
M. H. 1RYTTEN, Director, Office of Scientific Persormel, NAS 
I. EUGENE WALLEN, Oceanography and Linmology, Smithsonian Institution 

OONF.SE PARTICIPANTS 

SHIH-OOFR WANG, Ch.ainnan, President, Academis Sinica 
SHIH-LIM{; OOEN, President, Natimal Taiwan lhiversity 
PAULL. C. HAO, Secretary, Vice President, Ch.ina Petroleum Cozporation 
HSIEN-WEN LI, Director, Institute of Biology, Academia Sinica 
TA-YOU WU, Physics, State University of New York, Buffalo 
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Fourth Joint Sino-American Science r.ooperatim Program 
(Workshop on the Industrial Developnent of Taiwan: 

Science, Teclmology and Management) , Taipei, 
August 26-30, 1968 

U.S. PARTICIPANTS 

BRUCE H. BILLING.S, Co-Cluti.man, Special Assistant for Science and Teclmology 
to the U.S. A11f>assad0r, Taiwan 

JOOEPH B. PIATI, Co-Cluti.man, President, Harvey Mudd College 
RAY HAROLD BCJJNIJY', Vice-President (retired), Daw Olemical Conpany 
RO.BERT WILLIAM BUOJHEDf, North .American Rockwell Corporatim 
AR.rnIJR. BUSH, Energy Studies, Detroit F.dison Conpany 
MIOIAEL FERF.NCE, JR., Vice-President, Ford M>tor Conpany 
GEORGE RIOJARD HERBBU, President, Research Triangle Institute 
WILLIAM A. W. KREBS, Vice-President, Arthur D. Little, Inc. 
LELAND S. L!At(J, President, Textile Marketing Associates 
BOR SHIUN UJH, Food Technology, University of California, Davis 
GLF.NN ALBEIU NESIY, Vice-President, Allied Chemical Corporation 
GIDRGE c. SPONSLER, Exeartive Sectrtary, Division of Engineering, National 

Academy of Sciences (NAS) 
C. EUGENB SUNDERLIN, Special Assistant to President, NAS 
DP.AN ALLFN WATKINS, Cllaiman, Watkins-Johnson Conpany 

ClilNF.SE PARTICIPANI'S 

SHIH-OIIFJI WANG, Cllaiman, President, Academia Sinica 
SHIH-LIANG arr EN, Vice-Chaiman, President, Natiaial Taiwan University 
K. T. I~I, Vice-Cllainnan, Oitmcil for International Economic Cooperation and 

Developnent (CIErn) 
R. W. BELT, Representative, International Executive Service Corps 
KUANG-SHIH ~. Vice President, Chl.nese Petroleum Corporation 
MING-am ~. Cllainnan, Industrial Research COlDlcil, Ministry of P.cmanic 

Affairs 
KO-OIJNG OIEN, Preszdent, National Tsinghua University 
VICIUR C. H. OIJH;, Exeartive Secretary, Atanic Energy Research Institute 
SHIH-arr arr, General Manager, Metal Industry Development Center 
TSU-NIEN arrN, College of Engineering, National Taiwan University 
I<DW-IG«HJ CHXlNG, College of Engineering, National Clliao-tlD'lg University 
CHANG OOW, .Administration and Management, Fu Jen University 
I.AN-JEN mu, Engineering Sciences Research Center 
KUN-IDJ LI, Cluti.man, Board of Directors, Taiwan Atlas Corporation 
TING-SHIHJ LIN, President, Tatung Engineering Corporation 
YUN-PIN 10, President, Provincial Clleng Kung University 
arrH-LIN LOH, Plant Production, JCRR 
CHAO-Fe«; MIAO, Electronic Industry, CIECD 
J. H. MDRE, Engineering Advisor, CIECD 
ROBERT B. SHEEKS, President, East West Conputer Corporation 
TSU-HSIN SHHN, Vice President, USI Far East Corporation 
arrRJ-HWA SUN, Institute of Chinese Mining and Metallurgical P.ngineers 
ClIANG-MlJ TIEN, Camdttee for Science Developnent (NSC) 
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WIU.INGTON Y. W. TSAO, CIECD 
1UNG TSENG, Director, Food Research Institute 
YIEN-SI TSI.ANG, Vice Oiainnan, Ccmnittee for Science Development, NSC 
TSU-KAI TSUI, CIECD 
TA-YOU WU, Oiainnan, Conlni.ttee for Science Development, National Security 

Council (NSC) 
TSU-PING WU, President, Taiwan Pulp and Paper Cotporation. 
rnEN-ffiING YEN, Minister of Education. 
HUNG-OOEN YUAN, Director, Union Industrial Research Institute, Ministry of 

Economic A-fairs 

Fifth Joint Meeting, Sino-American Science r.ooperation. 
Program, Washingtm, D.C., October 27, 1969 

U.S. P.ARTICIPANI'S 

BRUCE H. BIU.INGS, Special Assistant for Science and Teclmology to the 
U.S • .Anbassador, Taiwan 

JOSEPH B. PIATT, President, Harvey Mudd College 

ClIINESE P.ARTICIPANI'S 

SHIH-ClIIEH WANG, Oiainnan, President, Academia Sinica 
TA-YOU WU, Oiainnan, National Science r.ouncil 

Sixth Joint Meeting, Sino-American Science r.ooperatim 
Program (Colloquiun on Ocean Resources), Taipei, 

April 28 - May 6, 1971 

U.S. PARTICIPANTS 

JOHN P. CRAVEN, Oiainnan, Marine Affairs, University of Hawaii 
JOSEPH B. PIATT, President, Harvey Mudd College 

Marine Geology and Physical Oceanography 

KENNE'IH O. !MERY, Senior Scientist, Woods Hole Oceanographic Institute 
M. GRAN!' GROSS, Marine Sciences, State University of New York at Stony Brook 
P. KIUD PARK, Oceanography, National Science Foundation. 
FRANK F. H. WANG, Marine Geologist, U.S. Geological Suruey, Menlo Park 
WARREN S. lmSTER, Scripps Institution. of Oceanography, I.a Jolla 

Marine Biology and Fisheries 

WIU.IAM I. ARON, Director, Oceanography and Limnology Program, Smithsonian 
Institutim 

JOHN E. B.AR.llA.Cll, Natural Resources, University of Michigan 
HARVEY R. BULLIS, JR. , National Marine Fisheries Service, Interior Department 
WCIUS ELDPIDGE, Marine Biology, University of Guam 
RIOJARD GRIGG, Marine Biology, Hawaii Institute of Marine Biology 
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ROBERT JONF.S, Marine Biology, University of Guam 
IRA RIJBOOFF, Zoology, Smithsonian Tropical Research Institute, Canal Zone 
H. BURR STEINBA.Cll, Zoology, Woods Hole Oceanographic Laboratory 
I. EUGENE WALLEN, Envirorunental Sciences, Smithsonian Institution 
:OORMAN J. WILIMJVSKY, Institute of Animal Resource Ecology, l.hiversity of 

British Columbia 

ClilNESE PARTICIP.ANrS 

TSU-YOU OiU, Chainnan, Director, Institute of Oceanography, National Taiwan 
l.hi versi ty (IONru) 

Marine Geology and Geophysics 

ClilNG-rnANG BIQ, Director, Taiwan Geological Survey 
LI-00 ClfANG, Senior Geologist, Taiwan Geological Survey 
Sf.ANLEY S. L. rnANG, Geologist, Orlnese Petroleum Coiporation 
OON OffiN, Visiting Scientist, IONTU 
JU-ClilN OIEN, Geochemistry, IONIU 
nDiAS W. C. HILDE, Visiting Scientist, IONIU 
OIUN-SUN 00, Senior Geologist, Taiwan Geological Survey 
P. T. HSIAO, Geologist, Orlnese Petroleun Cotporation 
S. H. HSIEH, Geologist, Orlnese Petroleum Cotporation 
ClilN-Cl-IFNG HU, Geologist, Chinese Petroleum Cotporation 
OIJN-KIANG ~' Oiainnan, Geology Department, NIU 
VEIODW C. JUAN, Geology, Nati<nal Taiwan University (N'IU) 
OiAO-Clil LIN, Geology, NIU 
TING-YING H. MA, Geology, NIU 
C. Y. MENG, Oiief Geologist, Oiinese Petroleun Ccmpany 
YUH-SHENG PAN, Geophysicist, Orlnese Petroleum Qmpany 
YUAN WANG, Geology, NIU 
T. P. YEN, Senior Geologist, Taiwan Geological Survey 

Marine Biology and Fisheries 

KUN-HSIUNG awl;, Research Fellow, Institute of Zoology, Academia Sinica 
1UNG-PAI CllEN, Chief, Fisheries Division, JCRR 
YOONG-MENG ClilANG, Research Fellow, Institute of Zoology, Academia Sinica 
TSU-OWll flJNG, Ecology, ION'IU 
Yl.JN-SHENG LIMr;, Zoology, NIU 
I-OOU LIAO, Director, 'I\mgkang Marine Laboratory 
HSI-ClilANG LIU, Marine Biology, NIU 
Y. C. LIU, Chainnan, Fisheries Development Conmi.ttee, Ministry of Econanic 

Affairs 
SHIH-OIIEH SHEN, Fishery Biology, NIU 
JOOG-ClilNG SU, Director, Institute of Zoology, Academia Sinica 
IID-ID TENG, Director, Provincial Fisheries Research Institute 
WEN-YCXJtl; TSENG, Specialist, Provincial Fisheries Research Institute 
NGANSIDJ WAI, Director, Institute of Oiemi.stry, Academia Sinica 
RO?«l-TSZOOG YANG, Marine Biology, NIU 
TAO-YI YAO, Head, Taiwan Provincial Fisheries Bureau 
PO-WlH YUAN, Senior Specialist, Fisheries Division, JCRR 
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Sino-American Science Cooperation Conmittee 
Republic of China 

WAtl; SHIH-OOFR, Chairman, Orl.na Conmittee for Sino-American Science 
Cooperation 

PAUL L. C. HAO, Director, lhion Industrial Research Institute (UIRI) 
K. T. LI, Minister of Finance 
Y. S. TSI»l;, Secretary General, Executive Yuan 
Clll-WU WANG, Deputy Secretary-General, National Science Com.cil 
C. S. YEN, President, NIU 

Seventh Joint Meeting, Sino-.American Science Cooperation 
Program (Sino-U.S. Workshop on Scientific and Technical 

Infonnation Needs and Resources in the Republic of 
Cltlna (Taiwan)), Washingtm, D.C. 

April 25-27, 1973 

U.S. P.ARTICIP.ANl'S 

ROBER!' M. HAYES, Cltairman, School of Library Science, l.hiversity of C.alifornia 
at Los Angeles 

SCDTT ADAMS, Senior Staff Scientist, Biological Sciences r.onmmication 
Project of the George Washington University 

ANDREW A. AINF.S, Senior Staff .Associate, Office of Science Infonnation Service, 
National Science F01m.dation 

EDWARD L. BRADY, .Associate Director for Information Programs, National Bureau 
of Standards 

RlTil-1 M. DAVIS, Director, Institute for Carputer Sciences and Teclmology, National 
Bureau of Standards 

BART OOIM, Infonnation Services Division, E. I. duPont de Nemurs and Co. 
H. WILLIAM KOCH, Director, .American Institute of Physics, New York City 
JOlfl W. KJROOCK, Chl.ef, Information Systems Section, Battelle Memrial Institute 
RUSSEIL SH\NK, Director of Libraries, Smithsonian Institution 

ClllNESE PARTICIPANI'S 

TA-YOU WU, Chairman, National Science Comcil 
PING-CJIAO CHEN, Librarian, Cl11mg-shan Institute of Science and Teclmology 
PAUL HAO, Director, lhion Industrial Research Institute 
FRANK F. HSIFR, Cllendst, Kaohsil.Ul.g Oil Refinery, Chl.nese Petroleun Corporation 
WCY TE-aru LEE, Head Scientific DoCllDelltatim Division, Science and Teclmology 

Infonnation Center, National Science Comcil 
OJAO-YANG LIN, Supervisor, Tatung Co., and Dean of Studies, Tattmg Institute 

of Teclmology. 
OilNG-ffiIEN MA, Librarian, Joint Conmission on Rural Reconstruction Technical 

Library 
WERNER NING, Director, National Bureau of Standards, Ministry of Economic 

Affairs 
TSENG-OIEE SHEN, Director, Science and Teclmology Infonnation Center, National 

Science Council 
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YU-SUNG, Director, Planning Division, Oumg-Sh.an Institute of Science and 
Teclmology 

00-WU WANG, Director, International Programs , National Science O>uncil 

Eighth Joint M!eting, Sino-American Science Cooperation Program, 
Taipei, August 17-24, 1974 

U.S. PARI'ICIPANTS 

JOSEPH B. PIATT, Chainnan, President, Harvey M.Jdd College 
BRUCE H. BILLINGS, Tue Aerospace Cotporatim 
WILLIAM G. DAUBEN, Cllemistty, l.hiversi ty of califomia 
WILLIAM L. EILERS, Environmental Sciences, Smithsonian Institution 
H. BURR STEINBACH, Marine Biological Laboratoty, Woods Hole 

OONESE PARI'ICIPANTS 

WU TA YOO, Oiairman, Science .Advisor to the Prime Minister 
Y. S. OWi;, Minister of Education 
WANG SHIH OOFR, Director, I2neritus, Institue of .American Studies, Academia 

Sinica 
CIIlEN SHIH LIA~G, President, Academia Sinica 
SHEN TSENG OIEE, Director, Science and Technology Infonnation Center, 

National Science Council 
PAUL L. C. HAO, Director, l.hion Industrial Research Laboratories 
WANG Oil WU, Director, Division of International Programs, National Science 

Comcil 

Ninth Joint Sino-American Science Cooperation Program 
(Workshop on Industrial Imovation and Product Development 

Taipei, August 11-18, 1975 

U.S. PARTICIPANTS 

Jl\VID B. I.ANCMJIR, Cllairman, Director of Research Plaming (Retired), 
'IRW Systems COtporation 

BRUCE H. BILLINGS, Vice President and Washington Representative, The Aerospace 
Cotporation 

P. Will.ARD CRANE, Vice President (Retired) , Cincinnati Milling Machine Catpany 
WILLIAM E. HANFORD, Vice President (Retired), Olin Cotporation 
NIODIAAS LEYIB, President and General Manager (Retired) , Bruant Grinder 

Cotporation 
RIOIARD ORnI, Vice President and General Manager (Retired) , Varian Associates 
NAT C. ROBERTSON, Senior Vice President and Director, Air Products and 

Chemicals, Inc. 
RALPH G.. H. SIU, Consultant on Management Strategy, Washington, D.C. 
GORim K. TFAL, Vice President for Cotporate Development and Cllief Scientist 

(Retired), Texas Instnnnents, Inc. 
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cmNFSE PARTICIPANI'S 

S. S. SHJ, Chainnan, National Science Coml.cil 
au- I ~tor, Precision Instrument Development Center, NSC 
M. C. ~' Vice Chainnan, National Science Council 
P. Y. ~' Plmming Manager, USI Far East Corporatim 
S. D. OJAfl;, Vice President, Taiwan VQ.f Corporation 
PINE H. M. CHEN, Chief Engineering, Fonoosa Plastics Corporation 
JEN CllEN, .A.5sociate Professor, National Chiao Tung Universitv 
S. H. OIEN, Teclmical Comnercial Manager, Phillips Taiwan Ltd. 
P. S. OIEN, General Manager, Yung Jiin Machineiy Co., Ltd. 
l«XJDROW H. T. OIEN, President, TDC Industries, Inc. 
OIIA-HAO OIENG, Director, Division of P.ngineering and Applied Sciences, 

National Science Council 
ANmEW OIEW, Vice President, Taiwan Solid State Electronic, Inc., Taichung 

Export Processing Zone 
SHIH-cm cm, President, Metal Industrial Development Center 
a-JARLES H. OIU, Industrial Developnent Bureau 
ax.;ENE c. Y. OOH, President, Orient Semiconductor Electronics, Ltd. 
T. C. FEI, President, Chung Tai Chemical Industries Corporation 
F. C. FENG, Chainnan, Department of Cllemical Pn.gineering, National Taiwan 

University 
PAULL. C. HAO, Director, Union Industrial Research. Laboratoiy, I'IRI 
IRVING T. ID, Electrical P.ngineering, National Taiwan University 
T. I. I-D, Director, Teleccmmmication Laboratories, MlCA 
JOHN flJVE, Teclmical Advisor, Industrial Teclmology Research. Institute 
HAN-MING HSIA, President, Taiwan Provincial Kaoshiung Institute of Teclmology 
W. T. HSIEH, Vice President, Liao Ho Mach.ineiy Corp. 
OIIA-MING HSU, Chief Engineering, Ta Ming Machine Conpany 
D. H. ID, Deputy Director, Electronics Industiy Research. Center, I'IRI 
S. C. ID, Director, Dept. of Manufacture, Chinese Petroleun Corporation 
SHIH-OJAfl; ID, Metal Industrial Development Center 
T. H. HUANG, Vice President, Taiwan Fertilizer Co., Ltd. 
WAN-LIN KIANG, Management, California State University, U>ng Beach 
FAN LIANG UJNG, Industrial Development Bureau 
C. J. LI, Chainnan, Industrial Chemistiy, National Tsing Hua University 
SHJ-HSIUNG ill, .A.5sistant Chief of Machine Tools, Metal Industrial Research. 

Institute 
MIN-HAN REI, National Science Council 
M. J. SHAW, Executive Secretaiy, Taiwan Electric Appliance Manufactmers 

.A.5sociation 
DICK T. H. SHEN, President, USI Far East Corporation 
STAN C. C. SHIH, Vice President, Qualitron Industrial Corporation 
Snoi SZE, National Taiwan University 
VEE C. TSIEN, President, Electro Magnetic Devices, Inc. 
S. F. nJNG, President, China Petrochemical ~velopnent Corporation 
C. C. WANG, President, Industrial Teclmology Research Institute 
F. Y. WANG, 1'lmg Hsin Electronic Inc. 
K. S. WEI, Deputy General Designer, Ta Tung Conpany 
.AlM)ND T. C. tEH, Quality Control Manager, RCA Solid State Division 
K. S. YANG, King Kong Irai Works 
T. L. YU, Deputy Director, Industrial Development Bureau, IDFA 
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Tenth Joint Meeting, Sino-American Science Cooperation Program 
(Advisory Conmi ttee for Review of Science Industry Park 

Concept) Taipei, January 16-28, 1977 

U.S. PARTICIPANTS 

GEORGE R. HERBERT, Chainnan, President, Research Triangle Institute 
WILLIAM C. EDWARDS, International Department, Wachovia Bank and Trust C.O. 
WILLIAM R. RAMOO, Engineering, Stanford thiversity (retired) 

CONI'ACTS/DISCUSSANI'S IN REPUBLIC OF OONA 

ROBERT W. BELT, Director of Operations, Taiwan, International Executive 
Service C.Orp. 

D. C. BJ.Ds.5ER, Vice-President, Manufacturing, GTE Taiwan Teleconmmications 
Ltd. 

BRUCE M. BRENN, Vice-President, First National City Bank 
M. C. CHANG, President, National Tsinghwa thiversity, and other thiversity 

academic officials and faculty 
K. S. QWI;, Vice Minister, Ministry of Economic Affairs 
LID ClJA.\TG, President, Consolidated Marketing C.Orporation 
H. C. OilA, Director, Foreign Exchange Department, Central Bank 
JOEFFREY CIU, advisor, National Science C.Otmcil 
J. G. C. DE GAST, Plant Manager, Philips Electronics Industries (Taiwan) 

Ltd. and other Philips managernent personnel 
WALTER FEI, Minister of inance 
PAUL HAO, Director, Union Industrial Research Laboratories, Industrial 

Technology Research Institute, and selected senior UIRL staff 
TING I. ID, Director, Telecamn.mications Laboratories, Ministry of C.OJllll..Uli­

cations 
JOSEPH B. KYLE, C.Ounselor for Economic and Conmercial Affairs, Enbassy of 

the thited States 
K. F. KU, Vice-President, Industrial Teclmology Research Institute, and 

Selected Senior ITRI Senior Staff 
JOHN l.ANOON, General Manager, DuPont Taiwan, Ltd. 
I. T. LI, Minister without Portfolio 
ROBERT C. T. LEE, Chainnan, Joint Conmi.ssion on Rural Reconstruction 
GFN. LI, Deputy Comnander, Air Force General Logistics O:mnand, Republic of 

China Air Force 
B. S. LU, Deputy Director, Bureau of Higher Education, Ministry of Echication 
K>SFS LOOG, Long International 
JIH-CllEN MA, Engineering, Director, Tjing Ling Industrial Research Institute, 

National Taiwan thiversity 
PAUL C. MA, Managing Director, Food Industry Research and Development Institute, 

and Selected Senior Staff 
HSUAN MENG, Division of International Programs, National Science C.Omcil 
WEN-YUAN PAN, Advisor, Ministry of Ccmnunications 
Y. Y. PAO, Director, Bureau of Internatimal Cultural and Educational Relations, 

Ministry of Education 
OOUGLAS K. RAMSEY, First Sectretary, Enbassy of the thited States 
C. L. SHE.-lG, President, National Clrlaotmg University, and selected academic 

officials and faculty 
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S. S. SHI, Chainnan, National Science Col.D'lcil 
YU SUNG, Science Attache, Republic of China Eni>assy, Washington 
T. K. TSUI, Secretary-General, Economic Planning Council 
Oil-WU WANG, Director, Division of International Programs, National Science 

ColD'lcil 
WILLIAM WEI, Director-General, Bureau of International Development, Ministry 

of Economic Affairs, and other Bureau staff 
CHARLES WU, President, CCM>:EQ Manufacturing Conpany, Ltd. 
NELSON YU, President, International Comnercial Bank of China 

Eleventh Joint Meeting, Sino-American Science Cooperation Program 
(Workshop on Land Use Planning) 

Taipei, January 4-21, 1978 

U.S. PARTICIPANTS 

ROLAND J. FUCliS, Coordinator, Geography, University of Hawaii at Manoa 
RICHARD L. BARROWS, Agricultmal Economics, University of Wisconsin 
BRUCE BILLINGS, President, Thagard Process Conpany 
OORO'IllY L. BCMBERGER, Institute of Electrical and Electronic Engineers 
JOHN R. OOROIERT, Urban and Regional Planning Studies, University of 

Minnesota 
SI'ERLI?(l BRUBAKER, Senior Fellow, Resources for the Futme, Inc. 
WILLARD TIM OOW, Regional Planning Program, University of Hawaii at Hanoa 
GIDRGE J. DEMKO, Goography, The Ohio State University 
IDRTON S. GINSBURG, Geography, University of Clrlcago 
rnANG- I IIIA, Urban and Public Affairs, Carnegie-Mellon University 
SHELLEY MARK, Land Use Coordination, U.S. Environmental Protection Agency 
JOHN M. SI'REET, Geography, University of Hawaii at Manoa 
J.AMF.S S. WERSIDW, Food and ResOlU'ce Economics, University of Florida 
AROilBALD \\OODRUFF, Vice-President, Lincoln Institute of Land Policy 

OilNESE PARTICIPANTS 

OIEN SUN, Coordinator, Vice Chainnan, Col.D'lcil for Economic Planning and 
Development 

UJNG-SHENG CHANG, City Planning, Col.D'lcil for Economic Planning and Development 
SEN-OOU QJA1(l, Geography, University of Hawaii 
TSU-SUAN ~' Director, Housing and Urban Development, Col.D'lcil f.or Econanic 

Planning and Development 
WEI-I CHANG, Director, Land Administration, Ministry of Interior 
WU-OIENG OIEN, Transporation Engineering, Ministry of Conm.mications 
YUAN-HSI UJANG, Consultant, Joint Ccmmission on Rural Reconstruction 
AN-MING FU, Consultant, Joint Contnission on Rural Reconstruction 
LIEN-arr HSI, Plant Industry Division, Joint Contnission on Rural Reconstruction 
FDNG-HSI HSU, Water Resources Planning Conmission, Ministry of Econanic Affairs 
TA-ClD.J HlIA1(l, Agricultural Extension, Natimal Taiwan University 
OIIN-CllA.O KOH, Deputy Secretary General, Joint Contnission on Rural Recon-

struction 
TENG-HUI LEE, Minister without Portfolio 
JUI-LIN LI, Urban Planning Institution, National Oiung-Hsing University 

Copyright © National Academy of Sciences. All rights reserved.

Programs of the Board on Science and Technology for International Development:  Summary of Activities, 1970-78
http://www.nap.edu/catalog.php?record_id=20018

http://www.nap.edu/catalog.php?record_id=20018


-235-

Wffi-~ LI, Director, Bnviromnental Research Center, 'I\mghai lhiversity 
YI-fl)U LIN, Housing and Urban Development, Col.D'lcil for Econanic Plarming 

and Development 
PAUL K. C. Lru, Research Fellow, Institute of Econanics, Academia Sinica 
FEI-UJNG LUI, Graduate Institute of Public Adnnmistration, National Chengchi 

lhiversity 
YU-KAMJ MAO, Chief, Rural Econanic Division, Joint Conmi.ssion on Rural 

Reconstruction 
~-1YAN SIMJ, Bnviromnental Economics, National ChlD'lg-Hsing lhi versi ty 
JHI-TZENG SHIH, Research Fellow, Institute of Econanics, Academia Sinica 
ClllH-OJAO SU, Land Econanics, National Chengchi lhiversity 
FCII-TSRANG TANG, Associate Research Fellow, Institute of Econanics, Academia 

Sinica 
Al.BEU C. TSAO, Land Econanics, National Chengchi lhiversity 
Q\RSJN KUNG-HSIEN WU, Resource Econanics, National Chung-Hsing University 
'17.CHJ-SlilAN YU, Director, Institute of Econanics, Academia Sinica 

Cb servers 

SIMI-DEAN a-JAK;, Director, Urban Design and Bnviromnental Plarming Institute, 
Tamkang College 

OOFR-CllIEN OJAO, Transporation Planning Board, Ministry of Cormumications 
ffiIAO-llJNG NANCY CHEN, Ethnology and Sociology, National Chengchi lhiversity 
KlD-ClfANG OIEN, Geography, National Nonnal lhiversity 
laJIS R. Ot>W, Engineering, Tamkang College 
HAN-TING HUNI'ER EU, Housing and Urban Development, ColD'lcil for Econanic 

Plarming and Development 
YUEN-AN HANSEL FAN, Geography, National Taiwan lhiversity 
PI-FEN; Ill~, Farmers Service Division, Joint Ccmnissi<11. on Rural Reconstructi<11. 
l«lAN-arrAU HSOO, Chairman, Urban Plarming Institution, National Chung-Hsing 

lhiversity 
NORA c. Hl.WIJ, Geography, National Taiwan lhiversity 
YU-UJNG KIAtll, Sociology, 'l\mghai lhiversity 
CHANG LEI, Land Economics, National Chung-Hsing lhiversity 
PING-OJ' I LI, Director, Department of Urban and Housing Development, Ministry 

of Interior 
JEN-JEN LIU, Associate Research Fellow, Institute of Economics, Academia 

Sinica 
CHAO-ClffiNG MAI, Associate Research Fellow, Institute of Three Principles of 

the People, Academia Sinica 
CHIAN-KUAN NIU, Deputy Director General, Industrial Development Bureau, 

Ministry of Econanic Affairs 
ID-AN PIEN, Agricultural Resources and Forestry Division, Joint Conmi.ssion on 

Rural Reconstruction 
IDUGI.AS K. JW.5EY, First Secretary, U.S. Enbassy 
TSAI-TIIN SHIH, Geography, National Nonnal lhiversity 
BURIDN 0. WI'fllUiN, Geograpny, Edinboro State College, Pennsylvania 
MEI-HSIN WU, Urban Plarming, National Chenlamg lhiversity 
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INDIA 

Indo-U.S. Workshop on the Management and Organization 
of Industrial Research, Baroda, March 2-6, 1970 

U.S. PARTICIPANTS 

F. K. BURR, Fabric Research Laboratories, Inc. 
T. P. CARNEY, Research and Development, G. D. Searle and r.o. 
H. GER.SHIIDWITZ, Affiliate Faculty of Rockefeller University 
L. H. HATTERY, Government and Public Administration, .American University 
H. IDELSrnER, Dean, School of P.ngineering, Pittsburgh University 
V. D. UJDI1'CI'rn, Director, General Foods C.Orporation 
M. R. McCDRKLE, Anoour Industrial Olemical r.o. 
B. S. OLD, Sr. Vice-President, Arthur D. Little, Inc. 
G. F. TAPE, President, Affiliated Universities, Inc. 
G. K. ti:....AL, Vice-President and Chief Scientist, Texas Instruments, Inc. 

INDIAN PARTICIPANTS 

A. H. AMIN, Director, Reserrch, Alenbic Oiemical Works, Ltd. 
N. B. AMIN, Oiainnan and Managing Director, Jyoti Limited 
IR. ASUNDI, Sr. Vice President, National Institute of Sciences of India (NISI) 
N. B. BHATT, Scientific Advisor, Jyoti Limited 
K. R. OJAKRAVOR1Y, Fertilizer r.orporation of India 
C. J. DADAOJANJI, National Organic Oiemical Industries, Ltd. 
B. R. DIDLALIKAR, Human Resources and Organisational Development 
D. C. GAMI, Gujarat State Fertilizers Corporation, Ltd. 
R. R. HATTIMG\DI, Associated c.ement Conpanies, Ltd. 
A. G. JHINGRAN, National Institute of Sciences of India 
B. D. KALELKAR, Director General, Teclmical Development, Government of India 
J. D. KAPUR, Larsen and Toubro, Ltd. 
LAVRAJ KlMAR, Ministry of Petrolet111 and Oiemicals 
P. C. MEHI'A, .Ahmedabad Textile Industry's Research Association 
R. P. MiATRE, Indian Institute of Teclmology 
S. L. MUKHERJEE, Calico Chemicals and Plastics 
S. MJLL, National Institute of Sciences of India 
N. R. NADKARNI, Director, Sarabhai Research Centre 
B. D. NAGClWJIIIDR.I, Menber, Plmming CoDJnission 
B. K. NAIR, Cotncil of Scientific and Industrial Research (CSIR) 
V. G. PARANJPE, Director of Research, Tata Iron and Steel Co., Ltd. 
M. S. PATHAK, Oiainnan, Engineers India, Ltd. 
V. RAJAIHY'AKSHA, Oiainnan, Hindustan Lever Limited 
M. RAMAKRISHNAYYA, Ministry of Petrolet111 and Oiemicals 
A. S. RAO, Managing Director, Electronic Corporation of India, Ltd. 
GAUTAM SARABHAI, Oiainnan, Sarabhai Teclmological Development 
SUHRID SARABHAI, Sarabhai Teclmological Development 
A. SEETHARAMIAH, Sr. Advisor, Director General, Teclmical Development 
SHIV.ANAND SHAH, Director, Aniline Dyestuff and Oiemicals , Ltd • 
.AMAPJIT SlrGI, Director, Central Electronics Engineering Research Institute 
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GURPREET SINGH, Managing Director, Continental Devices Ltd. 
JAGJIT SINGH, Chainnan, Indian Drugs and Pha.nnaceuticals Ltd. 
V. SRINIVASAN, Director, Sarabhai Research Centre 
B. D. TU.AK, Director, National Oiemical Laboratoiy 
G. R. TOSHNIWAL, Chainnan, Toshniwal Brothers (P) Ltd. 
M. J. THIRlNALAOIAR, Superintendent, Research Hindustan Antibiotics, Ltd. 
D. M. TRIVEDI, Project Manager, Synthetics and Oiemicals, Ltd. 
S. VARADARAJAN, Research Director, Hindustan Lever Research Centre 
B. H. WADIA, Semiconductors, Ltd. 
G. R. S. RAO, Tedmical Director, Telerad Pvt. Ltd. 

Workshop on ''Water in Man's Life in India," 
New Delhi, Septeni>er 13-17, 1971 

U.S. PARTICIPANI'S 

ROGER REVELLE, Clutlnnan, Director, Center for Population Studies, Harvard 
MARTIN ALEXANDER, Agriculttn"e and Water Resources, Cornell lhiversity 
JOHN C. GEYER, Environmental Engineering, Johns Hopkins lhiversity 
PAUL IL JONES, Water Resources Division, U.S. Geological Survey 
1lDfAS MADOOCK, JR., Water ResOtn"ces Division, U.S. Geological Survey 
PERRY L. McC.ARlY, Bnviromnental Engineering, Stanford lhiversity 
DAVID PIMENTEL, Insect Ecology, Cornell lhi versi ty 
OONALD W. PRITOJARD, Oiesapeake Bay Institute, Johns Hopkins lhiversity 
GERARD A. ROfil..IOI, Water Resources Center, lhiversity of WiscC11Sin 
ROBERT L. OOnI, Civil Engineering, lhiversity of Kansas 
HAROLD A. nDfAS, Civil and Sanitaiy Engineering, Harvard lhiversity 
NATI-IANIEL 'WOil.MAN, Econanics, lhi versi ty of New Mexico 

INDIAN PARTICIPANTS 

P. G. ADYALKAR, Grotmdwater Division, Geological Survey of India 
P. R. AHlUA, Chainnan, Ttmgbhadra Board, Ministry of Irrigation and Power 
R. ANANIHAKRISHNAN, Indian Institute of Tropical Meteorology 
S. C. AWAS'llll, Geological Survey of India 
P. S. HARIHARAAYYAR, Director, Hydrometeorola,gy 
S. BANERJI, Cotmcil of Scientific and Industrial Research 
B. K. BAWEJA, Director, Geological Survey of India 
T. R. BHASKARAN, Teclmical Adviser, George Miller and Co. Pvt., Ltd. 
0. P. ClWJJA, Orl.ef, Irrigation, Yojana Bhavan 
R. N. ClJAKRABARlY, Principal Engineer, George Miller and Co. Pvt., Ltd. 
R. B. OIAKRAVARlY, Director, :tl.etropoli tan Water and Sanitation Autjiori ty 
S. K. OJANmA, Geology, Nehru lhi versi ty 
G. P. OJA'ITERJEE, Hindustan Steel, Ltd. 
M. C. OJA'IURVEDI, Senior Professor, Indian Institute of Teclmology 
J. M. DAVE, Ministry of Health and Family Planning 
D. D' CRUZ, Water Sq>ply and Sewage Disposal lhdertaking 
H. J. DESAI, Director, Central Water and Power Carmission 
M. V. DESAI, Adviser, Planning Ccmn:i.ssion 
D. S. DESavlJKH, Director, Geological Survey of India 
G. P. IUBEY, Director, Fisheries 
T. IlJRAIRAJ, Deputy Adviser, Ministry of Health and Family Planning 
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GAJENDRA GA.DAKER, Victoria Jubilee Teclmical Institute 
S. V. GANAPATI, Principal Investigator, M.S. University 
0. P. GARG, Ganga Basin Water Resources Organization 
R. S. HAMSA.GAR, General Manager, Hindustan Insecticides, Limited 
J. K. JAIN, Joint Conmissioner to Govenunent of India 
M. N. JAIN, Chief Engineer, Water Supply and Sewage Disposal Undertaking 
V. G. .nIINGRAN, Director, Central Inland Fisheries Research Institute 
I. P. KAPILA., Secretary, Central Board of Irrigation and Power 
G. N. KAlHPALIA, Director (Irrigation) Planning Conmission 
A. J. KIDWAI, Additional Secretary, Department of Science and Teclmology 
V. C. KULANDAI5WAMY, College of Engineering, Guindy 
C. V. KURIAN, Marine Biology and Oceanography, Emakulam 
A. KIJAL LAL, Chainnan, Delhi Mille Scheme, Government of India 
U. N. t.WIIDA, Member of Parliament 
N. MAJ MDAR, India Institute of Hygiene and Public Health 
B. L. MARWAHA., Project Officer, Delhi Administration 
P. KFSAVA MENON, Director, Joint Cipher Bureau 
G. J. M>HANRAO, Central Public Health Engineering Research Institute 
K. S. S. MURnIY, Meni>er Secretary, Irrigation Conmi.ssion 
P. NATARAJ.AN, Indian Institute of Teclm.ology 
T. K. NAT.ARA.JAN, Central Road Research Institute 
B. N. NIYOGI, Geologist (Senior), Geological Survey of India 
K. PAHADIA, OSD Insecticides, Ministry of Agriculture 
PIT.AMBAR P.ANI', Chainnan, Conmi.ttee on Human Environment 
T. K. PARTI-JASARnIY, Edi tor, Central Heal th Ewcation Board 
B. D. PA'llJAK, Geological Survey of India 
N. N. PILLA.I, Plmjab Engineering College, Chandigarh 
S. C. PILLA.I, Biochemistry, Indian Institute of Teclm.ology 
MATA PPASAD, F.N.A., Ex. Vice-Chancellor, Vikram University 
K. D. PURI, D. C .M. Chemical Works 
DR. RAMA, Tata Institute of Ftmdamental Research 
V. RAMAKRISHNA, Regional Adviser in Health Education, MD 
K. R. RAMANATI-IAN, Professor, Physical Research Laboratory 
C. RMASWAMY, Ex-Director, General of Observatories 
L. A. RAMDAS, F.N.A. Scientist Pmeritus 
N.A. RAMI.AH, Deputy Secretary, Sugar Industry Enquiry Conmi.ssion 
S. RANGASWAMI, Chemistry, University of Delhi 
A. V. S. PRABHAKAR.A RAO, Indian Institute of Teclmology 
N. U. RAO, Central Gromd Water Board, Ministry of Agriculture 
T. RAMAOIANDR.A RAO, Indian Comcil of Medical Research 
K. V. SREENIV.ASA. RAO, Water Resources, Central Water Power Conmi.ssion 
KAMI.ESH RAY, Comcil of Scientific and Industrial Research 
frfAYA PRASAD RAYOJAUDHURI, Chief .Agrmomist, Shriram Kb.ad PrograDIDe 
A. K. ROY, Chief Engineer, Local Self-Govermnent Engineering Department 
A. K. ROY, Director, Geological Survey of India 
T. C. ROY, Director, Fann Infonnation, Directorate of Extension 
H. RUDR.ASWAMY, Senior Civil Engineer, Synthetic Drug Township 
N. K. SAHA, Physics, University of Delhi 
PURAN SINGH ~' National Conmi.ssian on .Agriculture 
K. SEE'IHRAMIAH, Civil and Hydraulic Engineering, Indian Institute of Science 
B. R. SF.ShAOJAR, President, Indian National Science Acade~ 
B. R. SETII, Mathematics, Indian Institute of Teclmology 
T. D. SETH, Industrial Toxicology Research Centre 
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JAGJIT SIIGi, Indian Drugs and Phannaceutical Ltd. 
SARANJIT SINGH, Indian Institute of Technology 
M. M. SINGIVI, Executive Engineer, R.w.s.s. "(Health), Jaipur 
SUBRATA SINHA, Geologist (Senior), Geological Survey of India, Calcutta 
V. SUBRAMANYAM, Deputy Director General, Geological Survey of India 
V. K. SUD, D.C.M. Chemical Works 
R. K. SUNDARAM, Director, International Wing, Geological Survey of India 
K. R. SWAMINA.nJAN, Indian Agricultural Research Institute 
B. L. TANEJA, Indian Academy of Medical Science 
PARITOSH C. 1YAGI, Joint Director, Planning Conmission 
DR. UNAKUL, Regional Adviser in Environmental Health, Wll) 
B. P. VARMA, Planning and Development (Water S\4)ply), Delhi Administration 
C. K. VARSHNEY, Planning Conmission 
K. VENlmPAL, Mineralogist, National Comcil of Applied Econanic Research 
B. L. WA'ITAL, Deputy Director, National Institute of Conmmicable Diseases 

!NOONE.SIA 

Indonesia-u.s. Workshop on Food, Djakarta, May 1968 

U.S. PARTICIPANI'S 

FREDERICK SEITZ, Honoraiy Chainnan, National Academy of Sciences 
H. F. ROBINSON, Chainnan, Vice Chancellor, lhiversity System of Georgia 
R. H. ALLEE, Assocate, Agricultural Development Comcil 
J. E. BARDACH, Zoology, University of Michigan 
M. L. BARNE'IT, Associate, Agricultural Development Comcil 
H. W. BEERS, Center for Developmental Change, University of Kentucky 
IVAN L. BENNETT, JR. , Office of Science and Technology, Exeruti ve Office 

of the President 
0. G. BENTLEY, College of Agriculture, University of Illinois 
R. BRADFIELD, International Rice Research Institute, Los Banos 
R. F. CHANDLER, Director, International Rice Research Institute, Los Banos 
R. W. aMfil-IJS, Agricultural Sciences, The Rockefeller Fomdation 
EGBERT DEVRIES, International D lvelopment, University of Pittsburgh 
R. A. KRAUSE, Consultant on Science and Technology, San Francisco 
1X>NALD L. McaJNE, Agricultural and Chemical Development, Temessee Valley 

Authority 
A. H. M>SIMAN, Associate, Agricultural Development Council 
C. C. MURRAY, University System of Georgia 
A. C. ORVEDAL, Soil Conservation Service, U.S. Department of Agriculture 
A. W. P.AlJL, Regional Economic Adviser, The Asia FOl.Uldation 
DANIEL ROSENFIELD, International Agrirultural Sevelopment Service, U.S. 

Department of Agriculture 
V. W. RUITAN, Agricultural Economics, University of Mirmesota 
BROOKS RYDER, Ford Fomdation, Djakarta 
N. S. ~W, Nutrition and Food Technology, Massachusetts Institute of 

Technology 
J. I. SPCX>Nm., Seldom-Rest Fanns, Donalsonville, Georgia 
E. SPRAGUE, Agrirulture, Kasetsart University, Thailand 
G. F. SPRAGUE, Agricultural Research Service, U.S. Department of Agriculture 
H. L. WILCKE, Director of Research, Ralson Purina Co. 
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INOONFSIAN PARTICIPANI'S 

SALEH AFIFF, Agriculture, National Development Planning Board 
SOEGANillI SOERJO AMIDHAOO, Agricultural Extension Service, Ministry of 

Agriculture 
SJARIFUDDIN BAHARSJ.AH, Social Econanics, Bogor Agricultural University 
H. BASJARUDIN, Forest Development Service, Ministry of Agriculture 
M. DAHRO, Research Institute for Horticulture, Ministry of Agriculture 
SOEGENG DIRUJOSUBRO'IU, School of Veterinary Medicine, Bogor Agricultural 

lhiversity 
KARmm GUNAWAN, Institute of DeJIDgraphy, University of Indmesia 
LIE GOAN IDMJ, Nutrition Institute, Ministry of Health 
JANNFS H. HUTASOIT, Acting Rector, Bogor Agricultural University 
M. JOE1UID, Dean, Faculty of Agriculture, Gadjah Mada University 
M. JOHANNES, Director, Directorate of Geology, Ministry of Mining 
DARWIN KARJADI, Bogor Institute of Nutrition, Ministry of Health 
nJATIJANID KERTOSASTRO, Extension Service, Ministry of Agriculture 
SUI'ARDI MMnJNinJO, Ministry of Educaticn and Culture 
HARIMURTI MARTOJO, Animal Husbandry, Bogor Agricultural University 
WIJ01U MAR1UPUSPI1U, Water Resources, Ministry of Public Works 
M. MUBYAR1U, Faculty of Economics, Gadjah Mada University 
D. MULJADI, Director, Soil Research Institute, Ministry of Agriculture 
IlJlMADIAS ABU NAIN, Chief, Nutrition Education Service, Ministry of Health 
DRAilJ'AT D. PRAWI~, Nutritim Institute, Ministry of Health 
AUWmRA RAOf.fAN, Social Economic Studies, Ministry of Agriculture 
ISO REKSOHADIPROilJO, Agriculture, Gadjah :Mada University 
MEIN A. RIFAI, National Biological Institute, Indonesian Institute of 

Sciences 
HAMAMY Sl\AMAN, Ministry of Education and CUlture 
HASANUDDIN SAANIN, Research and Evaluation, Ministry of Maritlln.e Affairs 
SUSOID SA.ON:>, Soil Microbiology, Indonesian Institute of Sciences 
SETIJATI SASI'RAPRAilJ'A, Indonesian Institute of Sciences 
AOMAD M. SATAR!, Soil Sciences, Bogor Agricultural lhiversity 
AOMAD nJAENI SEDIAOET.AMA, Medical Faculty, University of Indonesia 
RIJOOLF SINA.GA, Faculty of Agriculture, Gogor Agricultural University 
B. H. SIWI, Ministry of Agriculture 
PEPET M. &JAFEI, Bogor Agricultural lhi versi ty 
POORM:> SOEDARM), Medical Faculty, University of Indonesia 
IRLAN SOE.JON:>, Fann Management, Bogor Agricultural University 
M. SOIM\RTOK>, Rice Mills Division, Ministry of Agriculture 
O'ITO SOIMARWOTO, Indonesian Institute of Sciences 
M. SOENARDI, EntOJOOlogy, Ministry of Agriculture 
IWIDJO SCM\A.'IMAilJA, Director, Chemical Research Institute 
SADIKIN SCM\A.'IMAilJA, Bogor Agricultural lhiversity 
B. A. B. SOPACDA, Badan Pinp:i.nan Unum, Mekanisasi Pertanian 
SOFMAR1UID SOSRCMARSOID, Econanic P.n.tOJOOlogy, Bogor Agricultural University 
IGNATIUS T.AIU\Ul'.JO, Academy of Nutrition, Ministry of Health 
AMI EN TJOKROSOESENO, Secretary General, Ministry of Agriculture 
KAMPTO UI'CM), Rural Sociology, Bogor Agricultural University 
A. WAZIR, Central Institute for Agricultural Research, Ministry of Agriculture 
KARTCM> WI".'tOSUHARilJO, Ministry of Education and Culture 
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PANELISI'S, RESJJRCE PERSONS ORO~ FRQ.f O'lllER CXXJNTRIES 
AND INTERNATIONAL ORGANIZATirnS 

G. OOUIDIS, Agricultural Teclmical r.ooperation Mission to Indonesia, 
Holland 

T. S. GILL, PAO Senior Agricultural F.conanist 
J. F. KEFRJRD, Camlmwealth Scientific and Industrial Research Organization, 

Canberra, Australia 
BHAKI UJSANANMNA, Asian Development Banlc, Bangkok 
JAMES McDMTT, Director, UNE&D Regimal C.enter for Science and Teclmology 

for Southeast Asia, Djakarta 
MAX MII.NER, Food C'mservation Division, United Nations Children's Ptmd 
T.AKF.SHI MJTOOKA, C.enter for Southeast Asian Sttdies, Kyoto lhiversi ty 
F. C. PALA, UNF.Sro Regimal C.enter for Science and Teclmology for Southeast 

Asia 
MAHENmA PRASAD, Acting lff) Representative 
GOORGE ROSEN, Asian Development Banlc, Bangkok 

Indonesia-u.s. Workshop on Industrial and Teclmological 
Research, Jakarta, Januaiy 18-29, 1971 

U.S. P.ARTICIPANfS 

HAROLD L. WILCm, Chairman, Director of Research, Ralson Purina r.o. 
J. FREDERICK BURIT, LOWell Teclmological Institute 
CliFSfER W. CLARK, ~search Triangle Institute 
JOHN GR.EHN, Patent Attorney, The George Washington University 
OONALD L. KATZ, Chemical :Engineering, University of Michigan 
ROBERT NAmANIEL LEHRER, Industrial Engineering, Georgia Institute of 

Teclmology 
WILLIAM M. MJELLER., Director of F.ducation, American Society for Metals 
MIL'Im E. NELSON, Research Advisor, !IT Research Institute 
ROBERT D. PAULEY, Research and Engineering, Weyerhaeuser Canpany 
X. NAGARAJA RAO, Program Officer, The Ford Fomdation 

INOONESIAN PARI'ICIPANfS 

ZAINAL ARIFIN ABBAS, Building Materials, Public Works and Power 
SASCHJKO S. ADISEMlJO, Dean, Faculty of Science, Padja.djaran University 
M. AFIAT, Chemical Industries, Department of Industiy 
IS~ ALISJ.AHBANA., Radio Telecamamication and Microwave, Bandung Institute 

of Technology 
SOTION ARnJMUJI, President Director, c.ement Gresik, State Conpany 
A. ARIS«JNANIWt, Power Research Institute, Public Works and Power 
AClM\D AZ, Basic Industries, Department of Industry 
WINAROO BROTO, Chief of R & D Bureau, Sandangi Industry State Qmpany 
B. SUPRAP'IU BROTOSISM>JO, Physics and Mathematics, Bandt.mg Institute of 

Technology 
SQENARJ(H) IW«>EllJO, Conputer Center, Public Works and Power 
ANWAR P. JWUJSSALAM, Industrial Research and Training Institute, Department 

of Industry 
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K. IlJELANI, Research and Development, Department of Defense and Security 
M. IlJOEW'ITO, Director, National Metallurgy Institute, LIP! 
LHM Hi\N GIB, .Assistant Director, National InstTl111elltation Institute, LIPI 
M. HANIXlJO, Vice Director, Arnrt Industries (PINDM>) 
FILINO HARAHAP, Mechanical Engineering, Bandl.Dlg Institute of Technology 
SllJADI HARilJ'O, Bogor Institute of Agriculture 
KAHAR HARJOPUSPITO, Chemical Industries, Department of Industry 
M. HART.ARTO, Chemical Industries, Department of Industry 
:fMAN JOGASARA, Basic Industry, Department of Industry 
NICD KANSIL, Chemical Industries, Department of Industry 
OO™ARJATO KAJA'IM), National Electronic and Electrical Institute 
M. MJIWt.fADI, Electrical Engineering, Bandung Institute of Technology 
WIBCH> MUROOI<O, Bandung Institute of Textile Technology 
ABDUL RAOf.fAN, Batik Research Institute, Department of Industry 
SUKAilJI RA.~, Economics, Gadj ah Mada University 
SANTOSA S. , Textile Industries, Department of Industry 
AllII SAPUI'RA, Staff' p. T. MANTRUsr (LTD) 
M. SARilJOKJ, Small Industries and Handicrafts, Department of Industry 
M. SASWINADI, JR., Chemical Engineering, Bandl.Dlg Institute of Technology 
M. SJ.ARIF, Snail Scale Industries and Handicrafts, Department of Industry 
A. SJORFAI, Foreign Relations, Department of Industry 
I<OENTORO SOEBIJARSO, Institute for Industrial Research and Training, 

Department of Industry 
GATOET OOEIXM>, Institute for Industrial Research and Training, Department 

of Industry 
TRISOERA OOEHARDI, Industrial Research and Training Institute, Department 

of Industry 
M. SOEI<AROO, Small Scale Industries and Handicrafts, Department of Industry 
M. SOERJOSOENARKO, Chemical Industries, Department of Industry 
M. SOEWARSO, Director of P.ANATRACD LTD. 
DARUJO SGfAA'IMAllJA, Bogor Institute of Agriculture 
BUDI SUDARSOKJ, National Atanic Energy Agency (BATAN) 
GARUJITO PRINGGO SUDIRUJO, Chemical Industries, Department of Industry 
PIETOYO SUKARBOl«), Leather Research Institute, Department of Industry 
ENDANG SUPRIJATNA, Academy of Chemical Analysis, Department of Industry 
SRI-EDI SWASOKJ, Econanics, University of Indonesia 
HAS TAMPUBOIDN, Small Scale Industries and Handicrafts, Department of Industry 
J. W. WA'ITIMENA, Chemical Industries , Department of Industry 
EDI WITOJO, Industrial Research and Training Institute, Department of Industry 

LIPI-NAS Workshop on Natural Resources, Jakarta, 
Septenber 11-16, 1972 

U.S. P.ARTICIPANI'S 

JOSEPH L. FISHER, Panel Chainnan, Resources for the Future, Inc. 
LBJNARD BERRY, GeograpfiY, Clark lhl versi ty 
ClJARLES S. DENNISON, (Retired) International Minerals and Chemicals Corporaticn 
JOHN M. KELLY, Petroleum r.onsultant, Washington, D.C. 
JOSEPH LINrZ, JR., Mackay School of Mines, University of Nevada 
HARRY PERRY, U.S. Atomic Energy Conlnission 
WILLIAM B. TOWELL, The .American Forestry .Association, Washington, D.C. 
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INOONF.SIAN PARTICIPANTS 

Land and Soil Resources 

IIll ABllJRACHIM, Geography, Teacher Trallrlng C.Ollege, Bandung 
KARlXH) DARMlJUMH), National C.OOrdinating Board for Surveys and Mapping 
IR. MJIJADI, Soil Research Institute, Ministry of Agriculture 
J.AaJB RAIS, National Camrl.ttee for Geodesy and Geophysics 
I. MADB SANDY, Director, Land Use, Ministry of Hane Affairs 
SUPARMAN SEN'IUI', Land Registration, Ministry of Hone Affairs 
ACHSAN SUNARTADIREDJA, ~ Topography Center 
IR. SUf.ARI'O, National C.OOrdinating Board for Stn"Ve}'S and Mapping 

Forest Resources 

HASAN MSJARUDIN, Forestry, Bogor Institute of Agriculture 
IR. ZUFRI HAMZAH, Forestry, Bogor Institute of Agriculture 
S. HARilJODIWIRJO, Forestry, Ministry of Agriculture 
SUDAR10{) HARilJOSOEDIRO, Forestry, Gadj ah Mada lhl:versi ty 
ROOUATI JOEOODIBRO'ID, Cellulose Research Institute, Ministry of Industry 
I<USWATA KARTAWINATA, Regimal Center for Tropical Biologi, Bogor 
C. H. l.J\l.DJRF.A.UX, National Biological Institute, LIPI 
A. L. McCXMB, UNDP Expert, Ministry of Agriculture 
MIF.N A. RIVAi, Herbarillll Bogoriense, National Biological Institute 
DIDIN S. SASTRAPRAD.JA, Executive Secretary, Indonesian Institute of Sciences 
SETIJATI SASTRAPRADJA, National Biological Institute, LIPI 
HATIN SOEDAIM\, Forestry, Ministry of Agriculture 
JON SUDICH>, Forestry, Ministry of Agriculture 
IR. SUNARJO, Forestry, Ministry of Agriculture 
SUD.Tom SUR.JO, Forestry Division for East Kalimantan 
ATF.N SUWANDA, P. T. Hutansari 
HARmK> sm«lNOO, Prognmning and Plamiing Research Division, State Gas 

Conpany 
R. SOEDI.ARI'O WARSOPRAOOOO, Forestry, Ministry of Agriculture 

Water Resources 

SUFFRANI A'IMAICUSlMA, Research and Plamiing, State Electricity c.onpany 
SOPJAN AZIS, Water Resources, Ministry of Public Works and Electric Power 
GILBERT W. CAinmAN, UNDP Expert, Ministry of Public Works and Electric 

Power 
SOENARYOK> DAmEilJO, Ministry of Pli>lic Works and Electric Power 
W. S. SROOERNI OOEUDfID, water Resources, Ministry of Public Works and 

Electric Power 
V. IlJNXLB, Bandung Institute of Technology 
INDRF.sWARY H. GURI'Im, Water Resources, Ministry of Public Works and Electric 

Power 
C. S. ll.JT.ASOIT, Ministry of Public Works and Electric Power 
surcM> JOYOSUPARm, Bandung Institute of Teclmology 
IR. MARilJCH), Water Resources, Ministry of Pli>lic Works and Electric Power 
MJI.JOK) M. PURBOHADOOnm.JO, Geological Survey of Indmesia, Bandung 
M. SOBPARTCM>, Ministry of Public Works and Electric Power 
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SUGANDAR Sl.MAWIGANDA, Hydraulic Engineering, Bandmg Institute of Technology 
IR. SURJOID, Forestry, Ministry of Agriculture 
DR. SUSANI'O, Meteorological and Geophysical Institute, Ministry of 

Conmmi.cation 
RAOMAT TIR'IUI'JONDRO, Water Resources Development, Ministiy of Public Works 

and Electric Power 

Ocean Resources 

SUJA'OO BIROl\U, National Institute of Oceanography 
MR. IMIPONGGO, Marine Fisheries Research Institute, Ministry of Agriculture 
ABll.JLGANI ILAHUDE, National Institute of Oceanography, LIP! 
A. JONES, FAD Team for Fisheries, Ministry of Agriculture 
KASIJAN ru:MOOHrARTO, National Institute of Oceanography, LIPI 
MJLIA M. SIIDABAT, Fisheries, Bogor Institute of Agriculture 
V. SOESANTO, Fisheries, Ministry of Agriculture 
SUBAGYO TAEPUR, Naval Hydrological Service 
DR. IDBB, PAO Team for Fisheries, Ministry of Agriculture 

Mineral Resources 

IR. AFIAT, Directorate General of Chemical Industry, Ministry of Industry 
IR. AGRA, Technical Faculry, Gadj ah Mada lhi versi ty 
Ig.mf rot, Geology, P. N. PERT.AMINA (State Oil Conpany) 
A. ARJg.nJNANDAR, Ministry of Public Works and Electric Power 
Cll. DEBA.TARAllJA, Association of Indonesian "Insinjurs" (Engineers), Jakarta 
ROOiADI GAPAR, Petroletml Engineering, Banchmg Institute of Teclmology 
FRED HEHUWAT, National Institute of Geology and Mining, LIP! 
R. 0. HUTAPFA, Oil and Natural Gas, Ministry of Mines 
M. KOE.WOO, Geology, Padjadjaran lhl.versity 
DR. KUSlMADINATA, Geology, Banchmg Institute of Teclmology 
.AMBYO MANGUNWIUJOJO, Mining, Bandmg Institute of Teclmology 
G. A. S. NAYOAN, Geologist , P. N. PERT.AMINA 
PRASI'Ol\U NAMBAR, Cliemical Teclmology, Bandtmg Institue of Technology 
SAIMAN PAIMANAGARA, Geological Survey of Indonesia 
IR. PULUNGGONO, P. N. PERT.AMINA, Ministry of Mines 
P. C. QUINE, Indonesian Petroletml Association, Jakarta 
LOEKITO REKSOSOOOTRO, Ministry of Mines 
SOETARJO SIGIT, Ministry of Mines 
MANGARA SIMANUJUNTAK, Department of Engineering and Production 
M. SIMATUPANG, P. N. TDWI (State Tin Conpany), Ministry of Mines 
CliRISfIAN SITIM>RANG, Bureau of Mining Development, Ministry of Mines 
.AMIN SOEKOFNI'O, Ministry of ·Mines 
BUDI SUDARSOK>, Deputy Director, National Atomic Fllergy Agency 
DR. SlIDJANADI, Ministry of Public Works and Electric Pa-rer 
IR. SUGIARTO, Technical Faculry, Gadj ah Mada lhi versi ty 
G. SUKAR.0000, Ministry of Plblic Works and Electric Power 
H. D. TJTA, lhl.versitas Kebangsaan, Kuala L1.11pur 
M. T. ZEN, Engineering Geology, Bandtmg Institute of Technology 
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Plenary and Panel Discussions 

SA.LEH AFIFF, Bureau of Agriculture, National Planning Board 
PRAOOTO MM>RO, National Coordinating Board for Surveys and Mapping 
K>H. ANWAR IBRAHJM, Chemical Industries, Ministry of Industry 
GRAHAM JONES, Consultant, LIPI 
JOHN A. KATILI, Deputy Cllaiman for Natural Science, LIPI 
MXHI'.AR KUSll.fM'IMAilJ'A, Rector, University of Padjadjaran 
BILL L. U>NG, Office of Science and Teclmology, Bureau for Tedmical 

.Assistance, AID 
A. S. UH.Il.JMA, Bureau of Coordination and Science Policy, LIP! 
K>CHI'.AR MAOIFUL, Ministry of Defense and Secmity 
M. L. MANU, Head, Bureau of Law, Ministry of Mines 
M. 1-1.JSTAnJI, Bureau of Legal Affairs and Patent, LIPI 
WINARTI P.ARTANillmAT, National Scientific Docunentation Center LIP! 
M. ROFS-llNAH, Ministry of Justice 
UNruNG SOEBROTO, Ministry of Industry 
DARllJO SCMAA'IMAnJA, Chemical Research Institute, Ministry of Industry 
IR. SlMANfRI, Deputy Chaiman for Teclm.ology, LIP! 
Tmro UTCM>, P. N. PERTAMINA, Ministry of Mines 
HASSAN WARGAKUSllWI, Legal Research Institute, University of Padjadjaran 
WAHJUDI WISAKSCH>, Indonesian Petroleum Institute, Ministry of Mines 

O'IHER CDUNI'RIFS 

Forest Resources 

J. A. R. .ANDERg)N (lm.ted Kingdan) , Forest Department 
AGUSTO BAI.WOT (Philippines) , Department of Agriculture and National Resources 
H. C. D. DB WIT (Netherlands), Herbarium Vadense 

Ocean Resources 

MASAO AKA.I (Japan) , Advisor for Fishery F.conomics, Department of Agriculture 
I. MJNRO (Australia) 

Mineral Resources 

KENNE'IH A. EWIMJ (Canada), Department of Energy, Minerals and Resources 
DAVID E. RONEY (Australia), Division of Mineral Chemistry, CSIRO 
51\NAM UENSIIJlONJ (Thailand) , Ministry of National Development 

Plenary and Panel Discussions 

M. C. Il1IT (Singapore) , Ministry of Science and Teclmology 
LDf EWE JIJCK (Singapore), Ministry of Laws and National Development 
J. McDMTT, UNFSOO Regional Office, Jakarta 
GHAZAL! BIN HA.JI ABilJL RAClf.fAN tMalaysia), University of Kebangsaan, Kuala 

11.mpur 
C. VOUI'E, UNESOO Regional Office, Jakarta 
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Study of the Future of U.S. Technical r.ooperation 
with Korea, 1969 

U.S. P.ARI'ICIP.ANTS 

WALTER ORR ROBERTS, Chairman, President, University Corporation for 
AtDK>spheric Reseal"Ch 

NIOOLAS J. J:DFF, Aeronautics and Astronautics, Stanford University 
FREDERICK W. RIGG.5, Canparative Public Administration, University of 

Hawaii 
HAROLD F. ROBINOON, Vice Chancellor, University System of Georgia 
HARRY E. WIUIEIM, Office of Latin America and the r.a.ribbean, the 

Ford Fmmdation 

Advisory Panel to Korean Ministry of Science and 
Tedmology, 1972 

U.S. P.ARI'ICIP.ANl'S 

BOGER REVELLE, Chairman, Center for Population Studies, Harvard Uni­
versity 

llJBEIU HEFFNER, Applied Physics, Stanford University 
FRANKLIN A. LCHJ, Director, Program on Science, Teclmology and Society, 

Cornell University 

NAS-MJsr (Korea) Joint Continuing CDnlllittee on 
Scientific Cooperation, 1973-

U.S. PARTICIP.ANI'S 

FRANKLIN A. LOMJ, Chairman, Science, Technology and Society, Cornell 
University, 1973-76. 

*BREWSTER C. DF.NNY, Chairman, 1977- , Public Administration, University 
of Washington, meilber, 1973-

AM. GRANT GROSS, Chesapeake Bay Institute, Jolms lbpkins University, 
1975-

*GEORGE R. HERBER!', President, Research Triangle Institute, 19 73-
*ROBERI' MARSHALL, Engineering, University of Wisconsin, 1977-
IDGER REVELLE, Population, Harvard University, 1973-74. 

KOREAN P.ARI'ICIPANTS 

ClDI SAtll-UP, Chaiman, Vice President, Sogang University, 1973-
KIM HI-CllJL, Dean, COllege of Engineering, Seoul National University, 

1973-

* Current Menber 
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JOSEPH D. PARK, President, Korea .Advanced Institute of Science, 1973-
Affi SE-HEE, Dean, Graduate School Yonsei lhiversity, 1973-
YOCfi YOONG-I<U, President, Korea Atanic Inergy Research Institute, 1973-
LEE IWiN-BEEN, President, Soong Jm lhiversity, 1973-
CH.N SANJ-mJN, Director General, Office of Policy and Planning, Ministry 

of Science and Technology, 1973-
CHlI JONG-WAN, Administrator, Industrial Advancement .Administration, 

Ministry of Conmerce and Industry, 1973-
IWW SANJ-JOON, President, Korea Institute of Science and Technology, 

1973-

First Meetmg and Workshop, NAS-K>sr Joint Continuing Comni ttee for 
Scientific C.ooperation, Seoul, November 13 - 16, 1973 

U.S. P.AIUICIPANI'S 

FRANKLIN A UNJ, Co-Chairman, Director, Program on Science, Teclmology 
and Society, Cornell lhiversity 

BREWSTER C. DENNY, Dean, Graduate School of Pli>lic Affairs, University 
of Washington 

DAVID E. R>RD, JR., Manager, Industrial Qmtrol Developnent, Allen-
Bradley CaJpany 

M. GRANT GROSS, Environmental Sciences, National Science Fomdation 
GIDRGB R. HBRBERI', President, Research Triangle Institute 
PHILIP N. PCMERS, Energy Engineering, Purdue lhiversity 
K>m.ft\N J. WILDDVSKY, Fisheries, University of British C.Oluni>ia 

I<DRF.AN P.AIUICIPANTS 

OOI SANJ-UP, Co-Chainnan, Vice President, Sogangy University 
KIM HI-am., Dean, College of Pngineermg, Seoul National University 
JOSEPH D. PARK, President, Korea .Advanced Institute of Science 
Alfi SE-HEE, Dean, Graduate School, Ymsei University 
YOON YruNG-I<U, President, Korea Atanic Inergy Research Institute 
LEE lWIN-BEEN, President, Soong Jm University 
CH.JN SANG-mJN, Director General, Office of Policy and Plarming, Ministry 

of Science and Teclmology 
CHlI JCJro-WAN, Administrator, Industrial Adwncement Administration, 

Ministry of Conmerce and Industry 
lWIN SANG-JOCll, President, Korea Institute of Science and Technology 
BAE SOON HXlN, Professor, KAIS 
BAEK YClJNG-HAK, Director, Program Development and Promotion Bureau, K>ST 
BANG SUlC M>K, Manpower Planning Directorate, K>ST 
OfANG sm KUK, Professor, Busan Fisheries College 
CH> BYONG HA, Professor, KAIS 
00 KYCHJ OIJI.., Professor, Yonsei lhiversity 
00 KYrnG K>K, Chief, Promotion Division, Program Developnent and Promo­

tion Bureau, K>5r 
CH>I CRH> ID, Deputy Director, Saemaule Project, Ministry of lbne Affairs 
CH>I OIHl MrutlJ, Assistant Minister for Resources, Ministry of Conmerce 

and Industry 
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001 IK SUNG, Director, National Fisheries, Research and Developnent 
Agency, Office of Fisheries 

001 KYU ~, Professor, College of Liberal Arts and Science, Seoul 
National University 

CHX> OIAI YANG, Vice President, rAERI 
OIJNG I<UN M>, Professor, Korea Advanced Institute of Science 
OWG T.AE SOO, Director, Academic Affairs C.OOrdinator' s Office, Bureau 

of Higher Education, M>E 
HAN lmK IXHJ, Cllief, Agricultural P.ngineerhlg Di vision, Institute of 

Agricultural Engineering and Utilization, Office of Rural Developnent 
HYUN ~ :OOK, Science Editor, The Seoul Shinlllm 
JF.oNG ~ S>U, Concilor for Science and Technology, K>S'I' 
JOHN YC>mG l'DN, Associate Professor, Seoul National University 
KANG 'M)(Nj-Kl, Professor, College of ·Science and Technology, Korea Uni­

versity 
KIM ClDNG m, Director, Meteorological Division, Office of Central 

Meteorology 
KIM CHHJ SUK, Director, Marine Geology Division, Geological and Mineral 

Institute, Ministry of Camlerce and Industry 
KIM OIJNG IIM, Professor, Korea University 
KIM WK HYUN, Councilor for Science and Teclmology 
KIM R>, Chief, Energy Developnent Division, tel 
KIM KJN SCJ-t, Chief, Oceanography Section, Hydrographic Office, Ministry 

of Transportation 
KIM YOON HYUNG, Senior Fellow, KDI 
KIM YOON KIE, President, Korea Federation of Scientific and Teclmological 

Societies 
LAH UNNY, Chief, Research Division, Korea Petroleun Industrial Development 

Center 
LEE BYOUNG WHIE, Director, Atmic P.Jlergy Bureau, M>ST 
LEE ClIANG KUN, Manager, Reactor Division, KAER! 
LEE ClDNG SOO, Press Officer, M>ST 
LEE mm. JOO, Professor, Yonsei University 
LEE OIJNG Cll, Professor, KAIS 
LEE IlJK Slfi, Resources Developnent Directorate, t.DST 
LEE JOHNG WHA., Investigator, Ocean Research and Developnent Institute, 

Korea Institute of Science and Technology 
LEE SHY BANG, Director, Bm-eau of Science Education, Ministry of Education 
LEE l'DN KOO, Chief, Technical Information Division, KAERI 
PAIK YOUNG HXlN, Director General, Korea Industrial Developnent Research 

Institute 
PARK BYONG OON, Investigator, Ocean Research and Developnent Institute, 

nsr 
PARK JOMJ I<UK, Director, B\ll'eau of Information, Ministry of Culture and 

Information 
PARK NJN HEE, Head, Chemical Process Development Laboratory, Kisr 
PARK YOUtlJ .AHN, Professor, Oceanography Department, Seoul National 

University 
RW ClIAE SHIK, Head, P.Jlvironmental Research Laboratory, KAER! 
SHIM JOtlJ SUP, Professor, College of Agriculture, Seoul Natilonal Uni­

vers;.ty 
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SHIM SlOO TAIIC, Managing Director, 1he Korea Science Pronl>tion Foundation 
SHIN KI JO, Vice President, Korea Electric Company 
YAtl; mu; RIN, Head, Radio Analytical Division, ICAERI 

Second Meeting of NAS-M>ST Joint Continuing 
Conmittee for Scientific Cooperation, 

Washington, D.C., September 15-16, 1974 

U.S. P.ARI'ICIPANl'S 

FRANKLIN A UHi, Chairman, Science, Tec:hnology and Society, Cornell 
University 

BREWSTER C. !ENNY, Pli>lic .Administration, University of Washington 
GIDRGE R. HERBERT, President, Research Triangle Institute 

mRP.AN PAIUICIPANl'S 

CH>I SANG UP, Vice President, Sogang University 
Alfi SE HEE, Dean, Graduate School, Yonsei University 
CHlf ~ TAHK, President, Korea .Advanced Institute of Science (KAIS) 
1Wfi SANG JOON, President, Korea Institute of Science and Technology 

(ICISI') 
KDf HI CllJL, Dean, College of Engineering, Seoul National University 
LEE IWfi BEEN, President, Soong-Jun University 
KDf HYlHi KI, Director, Teclmical Cooperation Bureau, Ministry of Science 

and Technology (M)ST) 
~ 'O KI, Direccorate of General Planning, Ministry of Scimx:e and 

Teclmology (M)ST) 
KDf YCINJ lO>IC, Director, National Computer Center, Ministry of Govem­

nmt Administration (M)GA) 

Seminar on Industrial Energy Conservation; 
Seminar on Solar Space Heating and Cooling; 

Seoul, Noveni>er 13-15, 1974 

U.S. PARI'ICIPANl'S 

JCEN H. GIBOONS, Oiairman, Director, Environmental Center, University 
of Tenne;tsee 

GIDRGE O.G. LOB, Civil Bngmeering, Colorado State thiversity 
~SR. SEIDEL, Economist, Office of the Chief Engineer, Federal 

Power Conmission 
IRVOO G. SNYDER, JR., Technical Manager, Teclmology Center Administra­

tion, Dew Oiemical USA 

I<DRFAN PARI'ICIPANl'S AND OBSERVERS 

KIM IP-SAM, Chairman, Vice President, The Korea Energy Management 
Association 
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BAE SQCN-Hl)N, Assistant Professor, The Korea Advanced Institute of 
Science 

FRANCIS G. BOU.O, Consultant, International Executive Service Corps 
RIOWID M. BROWN, Assistant Resident Representative, United Nations 

Development Program 
ClJAI NAM-ID, Manager, Production Department, Lucky, Ltd. 
Oil OONG-BlM, Managing Director, Hankuk Paper Manufacturing Company, 

Ltd. 
OD! JO~-WAN, Administrator, Industrial Advancement Administration 
OllNG 00-\\t)N, Chief, Planning Room, Kngwon Industrial Company, Ltd. 
aruNG TAE-500, Manager, Technical Department, Korea Pacific Chemical 

Corp. 
HA \'DN-500, Director, Saygyong Cement c.ompany, Ltd. 
HAN JmG-SUK, Director, Bureau of Energy Development, Ministiy of 

Conmerce and Industiy 
lDNG WAN-KI, Chief of Engineering Section, Lotte Qmfectionary c.om­

pany, Ltd. 
HWANG YONG-K'iUN, Manager, Engineeri.Dg Department, Sam Yang Foods 

Industrial Company, Ltd. 
JOO~ \\OC!i'-SOU, Senior ColDlSelor, Ministiy of Science and Technology 
KANG YONG-SIK, Professor, Engineering College, Chungang University 
KIM DAE-KI, Assistant Refineiy Manager, Hcnam Oil Refineiy Company, Ltd. 
KIM OONG-IL, President, Korea Petroleun Industrial Developnent Center 
KIM HYONG-SOP, President, Sinil Construction Conq>any, Ltd. 
KIM IN-DEUK, Chainnan, Hankuk Slate Company, Ltd. 
KIM KAK-am~, Vice-President, Kytmgbang Ltd. 
KIM KYONG-SHIK, Senior ColDlSelor, tl..inistiy of Science and Teclmology 
KIM MAN-HWAN, Chief, Technical Guide Center, National Federation of 

Meditm Industiy Cooperatives 
IDf SANG-YON, Chief, Power Generating Department, Korea Electric 

Conpany, Ltd. 
KIM sorn-HYUK, Managing Director, The Korea Energy Management Association 
IDf SUNG-HWAN, Chief, Planning Section, National Industrial Standards 

Research Institute 
KIM TONG-HEE, Vice-President, Chon Engineering Qmpany, Ltd. 
KIM YOON-KIE, President, Korea Federation of Science and Technology 

Societies 
IDf YOUNG-SAI~, Vice-President, Korea Engineering Company, Ltd. 
OON JUNG-WHAN, Chief, Business Promtion Department, Korea Chamber 

of Conmerce and Industry 
OON OH-500, Director, The Korea Energy Management Association 
LEE CllANG-KUN, Director, Atomic Pile, Korea Atomic Energy Research 

Institute 
LEE HEE-500, Professor, Yonsei University 
LEE JONG-RAK, Chief, Planning Room, Chosm Firebrick Industrial Company, 

Ltd. 
LEE KWANG-ID, Vice-President, Daehan CDal-Mines Association 
LEE YOUNG-I{), President, Daehan Chemical Machinery Manufactming 

Coq:>any Ltd. 
PAIK YON;-HX>N, President, Korea Industrial Developnent Research 

Institute 
PARK HAN-\\Ut.JNG, Director, Teclm.ical Infonnation Room, Korea Institute 
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of Science and Teclmology 
PARK MJN-HEE, Head, Chemical Process Development Laboratory, Korea 

Institute of Science and Teclmology 
GIDRGE D. RP.AOONJVER, Chief of Engineering, United States Agency for 

International Development 
RO SUNG-TACK, Professor, Pngineering College, Seoul National University 
SHIN YO:tll-BACK, Senior Consultant (PE), Korea Productivity c.enter 
SHIN YOUNG-500, Chief, Teclmical Section, Ilssin Ind. Co., Ltd. 
SOOG HBJN-TAEK, Director, Daehan Boiler Manufacturing Cc>q>any, Ltd. 
'Ol YONG-DAI, Director, Bureau of Quality Control, Industrial Advance-

ment Administration 
YANG SUL-HYUN, Director, The Korea Energy Management Association 

U.S. PARTICIPANI'S 

Third Annual Meeting, Korea-u.s. 
Conmittee on Scientific r.ooperation, 

Seoul, October 10-11, 1975 

FRANlCLIN A I.am, ChaiI1118Jl, Science, Teclmology and Society, Cornell 
University 

BREWSTER C. DENNY, Public Administration, University of Washington 
GIDRGE R. HERBERT, President, Research Triangle Institute 
lWWEY M. WAGNER, Management, Yale University 

I<DREAN PARTICIPANI'S AND OBSERVERS 

OOI SANG UP, Chainnan, Vice-President, Sogang University 
AHN SE HEE, Vice-President, Yonsei University 
LEE lWiN BEEN, President, Soong-Jwi University 
00 50rn TAHK, President, Korea Advanced Institute of Science (KAIS) 
QIJN SANG KIDN, Director-General, Office of Policy and Planning, 

Ministry of Science and Teclmology 
lWlN SANG Jorn, President, Korea Institute of Science and Teclmology 

(KISf) 
BAEK YBJ:tll HAI<, Director, Science Development and Promtion Bureau, 

Ministry of Science and Technology 
KIM YCXJ:tlJ \\UOK, Director, Bureau of Infonnation Systems Development, 

Ministry of Science and Teclmology 
OON l'l>N KI, Overall Planning Director, Office of Policy and Planning, 

Ministry of Science and Teclmology 
YOON CRJt«J HEUP, Director, Shipbuilding Industry Technical Services, 

Korea Institute of Science and Technology 
LEE B'YUNG Im, Director, Korea Ocean Research and Development Institute, 

Korea Institute of Science and Teclmology 
KIM IM.JtlJ MAN, President, Korea Institute for Url>an Development 
KIM ZAE KWAN, Director-General, National Industrial Standards Research 

Institute, Industrial Advancement Administration 
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NAS-llJST Joint Advisory Team for the Establishment 
of a Korea Science and Engineering Fotmdation 

Seoul, May 30 - Jtme 5, 1976 

U.S. PARTICIP.ANI'S 

JOHN D. BALDESCHWIELER, Co-Chainnan, Chemistry and Oiemical Engineering, 
Califoniia Institute of Tecliiiology 

M. GRANT GROSS, Director, Chesapeake Bay Institute, The Johns lbpkins 
University 

W. ROBERT MARSHALL, Engineering, University of Wisconsin 

KOREAN PARTICIPANTS 

CH)I SANG UP, Co-Oiainnan, Vice-President, Sogang University 
LEE HAHN BEEN, Presiderit, Soong Jtm University 
om SCX>N TAHK, President, Korea Advanced Institute of Science 
HAHN SANG JOON, President, Korea Institute of Science and Technology 
LEE CHAI SUNG, .Engineering, Seoul National University 

U.S. PARTICIPANTS 

Fourth Annual Meeting, Korea-u.s. 
Committee on Scientific Cooperation 

Seattle, Washine.tYton, November 4-5, 1976 

FRANKLIN A. l.DNC, Chainnan, Science, Teclmology and Society, Coniell 
University 

BREWSTER C. DENNY, Public Affairs, University of Washington 
M. GRANT GROSS, Director, Chesapeake Bay Institute, Johns lbpkins 

University 
GFDRGE R. HERBERT, President, Research Triangle Institute 

INVITED DISQJSSANI'S AND OBSERVERS 

W. IDBERT MARSHALL, JR., Engineering, University of Wisconsin 
rnw.D McKERNAN, Marine Sciences, University of Washington 
DAEL 'MJLFLE, Public Affairs, University of Washington 

KOREAN PARTICIPANTS 

LEE lW-IN BEEN, Chainnan, President, Soong Jtm University 
.AHN SE HEE, Vice-President, Yong-sei University 
HAHN SANG JOON, President, Korea Institute of Science and Technology 
KIM YOUNG GUL, Academic Dean, Korea Advanced Institute of Science 
LEE CliAI Sl.NJ, Engineering, Seoul National University 
LIM YONG KYU, Teclmical Cooperation Bureau, Ministry of Science and 

Teclmology 
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Workshop on Systems Development 
Seoul, Corea, July 12-15, 1977 

U.S. PARTICIPANTS 

Energy Systems 

PHILIP F. PAI.MEDO, National r.enter for Analysis of Energy Systems, 
Brookhaven National Laboratoiy 

Environmental Systems 

~IEL P. I.OOCKS, Environmental Engineering, Cornell University 

Transportation Systems 

RIOIARD DE NEUFVILLE, Teclmology and Policy Program, Massachusetts 
Institute of Technology 

KORF.AN PARTICIPANI'S 

Energy Systems 

IC1M YOOO HYUNG, Sectoral Planning Division, KDI 
KIM DAI YOONG, Senior Fellow, KDI 
JUHN POONG EIL, Senior Investigator, KAER! 
HWANG \\UN KOOK, Nuclear Engineering Division, Kaeri 
KIM ll>NG TAI, Systems Development Laboratoiy 
PARK DAI HEE, Seokang University 
CH MXN SCNG, Technology Econanics Group, KISf 
YOO KYUNG HEE, EDPS Labratoiy, KORSI'IC 
PARK 5000 DM., Industrial Engineering, Seoul National University 
LEE Oli\NG IDON, Engineering, Seoul National University 
PARK OIJNG HEE, Second Investment Planning Division, EPB 
KIM Yorn l<IJ, Energy Coordinating Division, :tel 
KIM YOONG KM>N, Engineering Development Department, Korea Electric Co. 
KANG BAK JWANG, ColD'lSelor, MJST 
PARK DEUNG SHIK, National System of Safeguards and International Coopera­

tion Directorate, M)Sf 

P.nviromnental Systems 

RfD CllAE SHIK, Environmental Research Laboratoiy, KAER! 
~ SOOK PYO, EnviroJU11ental Research, Yonsei University 
OON TAE Jorn, Environmental Studies, Seoul National University 
RflJ YUNG HEE, Environmental Studies, Seoul National University 
LEE SE YONG, Molecular Biology Lab, KA.ERi 
YUN TAIK KOO, Cancer Hospital, KA.ERi 
DllN SHIN HAN, Principal Researcher, KAER! 
LEE SHJ RE, Environmental Cllemistiy Lab. , KA.ERi 
SHIN EUNG BAI, Environmental Egineering Division, KISf 
KIM JUNG 'MX>K, Environmental Engineering Division, Kisr 
CllA CllJL HWAN, Medicine, Korea University 
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OOI EUI SO, Medicine, Korea University 
OOI YONG BAK, Medicine, Korea University 
H)ftlj SOON 'NJO, Natural Sciences, Seoul National University 
OOI SANG OIJL, Enviromnental Studies, Seoul National University 
CH MAN SHIK, Environmental Studies, Seoul National University 
KIM AN JAE, Environmental Studies, Seoul National University 
QllJNG YOMJ, YonSei University 
KIM JUNG IMJN, Enviromnental Pollution Control Bmeau, Ministry of 

Health and Social Affairs 
PYO SEI JIN, Chief, 4th Investment Program Division 
HWANG BYL'NG JU, Environmental Planning Division, Special City of Seoul 
PARK OIAE JOO, Seoul Metropolitan Government, Institute of Public Health 
KIM SE Kl\m, ColUlSelor, K>Sf 
KWAK YOUNG RX>N, City Planning, Hong-Ik University 
00 KWANG t.MJNG, Military Academy 
KIM OONG MIN, Seoul Industry College 
KOO YON CHANG, Law, K}'lD'lg Hee University 
KIM SUNG YUP, Bureau of Forest Administration, Office of Forestry 

Transportation Systems 

I-MANG KYU BOK, Transportation F.conomics Group, KISf 
AHN MJON SUK, KIST 
SONG BYUNG NAK, Regional Economics Division KDI 
LIM KANG \\UN, Enviromnental Studies, Seoul National University 
PARK lDON RIP, Kook Min College 
00 SUNG BIN, Civil Engineering, Myong-Ji University 
LEE SEUNG HWAN, Ajou Institute of Technology 
HAM SAM SHIK, Land Transport Division, Ministry of Transportation 
LEE KANG 'Ml>, Third Investment Program Division, Economic Plaming 

Board 
EUI l'l>N KIM, Urban Planning Bmeau, Ministry of Construction 
LEE CIIX>NG 'NJO, Transport Planning Division, The Special City of Seoul 
OON OOK KYUNG, Transport Division, The Police Bureau of Seoul City 
OJANG SEOK JUNG, Counselor, Ministry of Science and Technology 

PAKISf.AN 

Workshop on Science and Technology Policy in Pakistan-­
Planning and Implementation, Peshawar, Pakistan, 

October 19-27, 1976 

U.S. P.ARl'ICIPANI'S 

Food, Agriculture and Water Resources 

HAROLD E. DREGNE, Arid and Semi-Arid Land Studies, Texas Tech Univer­
sity 
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Industries and Minerals 

MARTIN OOLAND, President, Southwest Research Institute 

Physical Pl8Jllling and Housing and Environment 

KENNETH HEWITI, Geography, Wilfred Laurier University 
CLAUDE M:KINNEY, Architecture and Design, North Carolina State University 
J. CARREil. MJRRIS, Sanitary Oismistry, Harvard University 

Scientific Support Services 

JOfN M. I.DGSOON, Science, Teclmology, and Public Policy, The George 
Washington University 

Health 

GEORGE I. LY'IHXYIT, Chaiman, Associate Vice-Clumcellor, Center for 
Health Services, university of Wisconsin 

Transport, Electronics and Telecommmication, and 
Space Teclmology 

ARIBUR S. MEIMED, National Institute of Education, Department of Health, 
Education and Welfare 

Energy 

PHILIP F. PAIMEOO, Energy Policy Analysis Division, Brookhaven National 
Laboratory 

Observer 

'I1D4AS J. LEPINE, Office of International Activities, Enviromnental Pro­
tection Agency 

PAKISI'ANI PARTICIPANTS 

Food, Agriculture and Water Resources 

AMIR MJlWMAD KHAN, Vice-Chancellor, Agricultural University 
MJfw+fAD AFZAL, President, Pakistan Academr of Sciences 
ANIS .AfNAD, Secretary, Irrigation, Drainage and Flood Control Research 

ColDlcil 
.ASLAM GHA.YUR, Deputy Director General, Agriculture Research Comcil 
AMIR U. KHAN, Progranme Director, Irri-Pak Agriculture Machinery Programne 
MJHIUDDIN KHAN, General Manager, Master Planning and Review Division, 

WAPDA 
SAYYID fW.llD, Tedurlcal Director, Associated Consulting Engineers 
HYDER ALI OIAUDHRY, Rural Sociology, University of Agriculture 
mHAMtfAD ALIM MI.AN, Director, Soil Survey of Pakistan 
.ASGHAR ALI HASlf.fl, University of Agriculture 
AMJAD ODBfA., Watershed Managanent Officer, Pakistan Forest Institute 
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Industries and Minerals 

M. ASLAM, Member (Technology), Pakistan Cotmcil of Scientific and 
Industrial Research 

JAVID HAMID, Chief, Industries Section, PlaIUling Division 
S.A. BILGRAMI, Director, Resource Development Corporation 
RIAZ ALI SHAH, Director, Pakistan Cotmcil of Scientific and Industrial 

Research 
.ASRARULLAH, Deputy Director General, Geological Survey of Pakistan 
A.H. KAZ.MI, Chief, PlaIUling and Development, Pakistan Mineral Develop­

ment Corporation 
M.A. KHATI'AK, Principal Scientific Officer, Pakistan Mineral Development 

Corporation 
S.M.A. SIWI, Senior Research Officer, Pakistan Cotmcil of Scientific and 

Industrial Research Laboratories 

Physical PlaIUling and lbusing and Enviromnent 

M. ISLAM SHEIKH, Vice-Chancellor, University of Engineering and Tech­
nology 

Z.A. MIZAMI, Director, Master Development Plan, Karachi Development 
Authority 

KHA.WAJA ZAHEERUDDIN, Chainnan, Pakistan Environmental PlaIUling and 
Architecture Consultants Ltd. 

ASGHAR QURESHI, Officer On Special Duty, Environmental and Urban Affairs 
Division 

US.JAN SIWI, Chief, Physical PlaIUling and lbusing, Government of NWFP 
M. SULAIMAN, Building Research Station 

Scientific Support Systens 

M.M. QURESHI, Director General, Appropriate Technology Development Orga-
nization 

A.R. MJHAJIR, Director, PASrIC 
M.S.U. SIDDIQUI, Director, Zoological Survey Department 
ASLAM POPALZAI, Director, National Education Equipment Centre 
S. I. H. MJSAVI, Survey of Pakistan 
I<HAWAJA ALTAF HUSSAIN, Deputy Secretary (Retired) , National Equipment 

Development Centre 
AZRA SULTANA. AI-MAD, Pakistan Science Foundation 

Health 

M. I. BURNEY, Director, National Heal th Laboratories 
JAVID A. HASlf.ll, Director, Pakistan Medical Research Comcil 
SHEMIM BOKHARI, Institute of Hygiene and Preventive ~dicine 
MISBAHUDDIN A. SIDDIQUI, Pakistan Association for Scientists and Scien-

tific Professions 
A. QAYlM, Senior Research Officer, PCSIR Laboratories 
A'IHER DIL I<HAN, National Health Laboratories 
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Transport, Electronics and Telecamnmications, and Space Technology 

BAKHl'EYAR flJSSAIN, Advisor (Navigation), Conmmications Division 
HASAN ALI, Chief Research Officer, Pakistan Railways 
MALIKA. LATIF, Carrier Telephone Industries 
ASLAM, Head, Electronics Division, Pakistan Atomic Energy Comnission 
SHAFI Aff.fAD, Pakistan Space and Upper Atmosphere Research Camti.ttee 
SIKANDAR, Pakistan Space and Upper Atmsphere Research Conmittee 
ARSHAD M)ffAMvJAD KHAN, Principal Scientific Officer, Pakistan Institute 

of Nuclear Science and Technology 
M. RAZIUDDIN SIDDI~I, Secretary, Pakistan Academy of Sciences 
AH1'RAM ALI KHAN, Deputy Scientific Adviser, Scientific and Technological 

Research Division 

Energy 

A.H. Om'ANI, Manager, Hydrocarbon Development Institute of Pakistan 
N.H. <µmsm, Project Director, Energy Resom-ce Cell 
M.H. KHAN, Chief of Laboratories, Oil and Gas Development Corporation 
SWIID IKRAM, Appropriate Teclmology Development Organization 
MJW+fAD JAMIL, Principal Scientific Officer, Pakistan Institute of 

Nuclear Science and Tecimology 
M. ABilJLLAH, Engineering College 

PlilLIPPINES 

Philippines-U.S. Workshop on Scientific and Technological 
Cooperation and Development, Manila, November 22-26, 1965 

U.S. PARTICIPANTS 

J.C. WARNER, Ol.ai1111an, President Pmeritus, Carnegie Institute of 
Technology 

HARRISON BROWN, Foreign Secretary, National Academy of Sciences 
H.C. CDNKLIN, Anthropology, Yale University 
P. ~, Physical Acoustics, Carnegie Institute of Technology 
T. FRANCIS, JR., Public Health, University of Michigan 
J.H. JENSEN, President, Oregon State University 
K.B. KRAUSKOPF, Geology, Stanford University 
D.S. PAAJJtl, EcoJ¥>Illics, National Planning Association 
A.F. SPIUJAUS, Institute of Tecimology, University of Minnesota 

PHILIPPINE PARTICIPANTS 

J.S. SALCEOO, JR., Chainnan, National Science Development Board (NSDB) 
P.G. AFABLE, Philippine Atomic Energy r.amti.ssion 
C:M. ANCHETA, Office of National Planning 
B. BARRERA, Chainnan, Division of Medical Sciences, NRC 
A. CLBmNTE, Engineering and Industrial Research, NSDB 
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A.M. DALISAY, Chainnan, Division of Social Sciences, NRC 
F.M. FR!JfilA, CHainnan, Division of Agriculture and Forestry, NRC 
C.G. MANUEL, National Institute of Science and Tedmology (NIST) 
D.O. REYF.S, Office of International Science Relations, NSDB 
P. VALENZUELA, Executive Secretary, NRC 
G. Y. ZARA, President, Philippine Association for the Advancement of 

Science 
ANTCIUO ~ III, Division of Social Sciences, NSDB 
PEDRO LAUDENCIA, Agriculture and Natural Resources Research, NSDB 
CESAR NUGUID, Philippine Atomic Energy Ccmnission 
FAUSfINO ORILLO, Director, Philippine Coconut Research 
OONRAOO R. PASCUAL, Food and Nutrition Research Center, Nisr 
ROGELIO N. RELOVA, Medical Research Center, Nisr 
IOOCENCIO RONlUILLO, Philippine Fisheries Canmission 
D.Z. ROSELL, Chief, Division of Agriculture and Natural Resources 

Research, NSDB 
RIMEDIOS SUNIC.O, Programning and Evaluation, NSDB 

Second U.S.-Philippines Workshop on Cooperation in Science 
and Teclmology, Asilomar, California, November 6-10, 1966 

U.S. PARTICIP.ANI'S 

JOHN C. WARNER, Chairman, President Emeritus, Carnegie Institute of 
Teclmology 

HARRISCJ-J BROWN, Foreign Secretary, National Academy of Sciences 
PATRICK CONLEY, Physical Acoustics, Carnegie Institute of Technology 
FRED R. EGGAN, Anthropology, University of Chicago 
FRANK H. OOLAY, Southeast Asia Program, Cornell University 
J.AME.5 H. JEN.5EN, President, Oregon State University 
WILLIAM A.W. KREBS, Vice-President, Arthur D. Little, Inc • 
.KOORAD B. KRAUSI<DPF, Geochemistry, Stanford University 
GOORGE MILLER, Chainnan, House Conmittee on Science and Astronautics 
ROGER REVELLE, Science Organization Development Board, NAS 
A1llELSl'AN F. SPIUIAUS, Institute of Teclmology, University of Minnesota 
KENNETH L. IDRK, Agriculture, Cornell University 
I. :ax;ENE WALLEN, Oceanography and Limnology, Smithsonian Institution 

PHILIPPINE PARTICIP.ANI'S 

JUAN SALCEOO, JR., Chainnan, National Science Development Board (NSDB) 
AMANIX> CLIMENTE, crutlrinail, Division of Chemical Research, NRC 
ClUSTlOO LAZA.TIN, Science Attache, Philippine Embassy, Washington 
CANl1I'O G. MANUEL, National Institute of Science and Teclmology (NISf) 
JOSE MARCELO, Marcelo Enterprises 
ALEJANOOO MELODR, JR. , Presidential Economic Staff 
O.SOSCELFS P.ASClJAL, Undersecretary of Natural Resources 
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Philippines-U.S. Workshop on Fisheries and Oceanography 
Manila, December 4-9, 1967 

U.S. PARTICIPANTS 

H. BURR SI'EINBA.Cll, Chainnan, Zoology, University of Chicago 
JOHN E. BARDACll, ZoOlogy, university of Michigan 
WILBEIU McL. CHAPMAN, President, Van C.smp Fotmdaticn 
MAXWELL S. OOTY, Botany, University of Hawaii 
WILLIAM A.W. KREBS, Vice-President, Arthur D. LittJ.e, Inc. 
~ LILL, Corporate Developnent Planning, Lockheed Corporation 
JOHN C. MARR, U.S. Bureau of Ccmnercial Fisheries, lkmolul.u 
HARRIS B. STEWAKI', JR., Enviromnental Science Services Administration, 

Miami 
JAMES ALLEN Sl'ORER, Econanics, Bowdoin College 
RIOIARD C. VB'11'ER, Conmittee on Oceanography, NAS 
I. EUGENE WALLEN, Oceanography and Limlogy, Smithsonian Institution 

PHILIPPINE PARTICIPANTS 

JUAN SALCEOO, JR., Chaiman, National Science Developnent Board 
Fl.ORENTOO r.AYOO, JR., Inter-Island Deep Sea Fishing Operators Association 
OORNELIO V. CRUCIILO, Office of Foreign Aid C.OOrdination, NEC 
AMANOO DALISAY, National Research Col.DlCil of the Philippines 
RICAROO ESGUERRA, Developnent Bank of the Philippines 
FELIPE L. JOCMll, University of the Philippines 
~SfANCIO M. LEGASPI, Blll'eau of Coast and Geodetic Survey 
ANDRES M. MANE, r.onmissioner, Philippine Fisheries Comnission 
Cl.ARO MARTIN, Philippine Fisheries C'.onmission 
RICAROO MARTINEZ, Mari.man, Inc. 
ALF.JANDRO MELClDR, Presidential Econanic Staff 
REV. FR. DR. SERGIO, SeiSDK>logy, Manila Observatory 
ELVIRA O. TAN, Oceanography, Philippine Fisheries Conmission 
ALFREOO TROID, Ports and Harbors, Bureau of Public Works 
AGUSTIN UvfALL, National t.tlseum 
GREOORIO T. VELAS<pEZ, National Research Col.DlCil 
JOSE V. YAPOllONGCD, College of Fisheries, University of the Philippines 

Philippines-u.s. Workshop on Industrial Research 
Baguio City, January 26 - February 1, 1969 

U.S. PARTICIPANTS 

SEYMXJR W. HERWALD, Chaiman, Vice-President - Engineering, Westinghouse 
Electric Corporation 

RICliARD T. ARNOLD, Oiemistry, Southern Illinois University 
IDWARD E. MI.MAN, Director of Corporate Research, Pillsbury canpany 
E. FINLEY' CARTER, President (retired), Stanford Research Institute 
ROBERT L. HERSHEY, Vice-President (retired), E. I. DuPont de Nen>urs 

and Conpany 
JAMES H. INGERSOLL, Vice-President - Marketing, Borg Warner Cozporation 
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WIU.IAM A.W. KREBS, Vice-President, Arthur D. Little, Inc. 
JOSEPH M. PE'ITIT, Dean, Engineering School, Stanford University 
N. ALLFN RILEY, Executive President, Chevron Oil Field Research Conpany 
JOHN A. SWARTOUI', Vice-President, Union Carbide Coq>any 

PHILIPPINE PARTICIPANTS 

JUAN SALCEID, JR., Chainnan, National Science Development Board 
OOLIO ABEU.O, Chainnan, Council for Economic Development 
HELENA BENITEZ, Vice-Chainnan, Conmittee on the Advancement of Science 

and Technology, Philippine Senate 
JF.SUS CABARRUS, SR., Chainnan and President, Marinduque Mining and 

Industrial Corporation 
MJDESl'O OIJA, Cllemistry, Ateneo de Manila University 
.AMANOO CLIJ4PNI'E, Chairman, Division of Engineering and Industrial Re­

search, National Research r.cnm.cil 
JORGE G. DAVIDE, Esso Standard Fertilizer and Agricultural. Chemical 

Conpany 
CENON FI.DRCRUZ, Deputy General Manager, Philippine Sugar Institute 
VIC1UR GUEVARA, General Manager, Mabuhay Vinyl Corporation 
JAIME LAYA, Finance and Development, University of the Philippines 
VIC1UR LIM, President, Philippine Chamber of Industries 
nlJ.fA.S McHALE, Executive Vice-President, Victorias Milling Coq>any 
AURELIO MJNTINOLA, JR. , President, Republic Cement Corporation 
IGNACIO PABI.D, Director, Philippine Institute of Nutrition, Philippine 

Women's University 
IM1ANUEL PELAEZ, Chainnan, Conlnittee on the Advancement of Science and 

Technology, Philippine Senate 
SIX'ID K. ROXAS, President, Econanic Develapment F01.Uldation, Inc. 
~SANTOS, President, Philippine Appliance Corporation 
DAVID SYCIP, Vice Chainnan, Cotmcil for Economic Development 
FLORENCIO T.AMF.SIS, General Manager, Nasipit Lumber Co. , Inc. 
GERONOO VELASOO, President, Dole Philippines, Inc. 
CESAR VIRATA, Chainnan, Board of Investments 
MANUEL YLANAN, Proctor and Gamble Philippine Manufacturing Corporation 
I.DRENZO P. ZIALCITA, .m., The San Miguel Corporation 

Philippines - U.S. Workshop on Education and 
Training Needs for Philippine Environmental Programs, 

Manila, May 27-31, 1974 

U.S. PARTICIPANTS 

GERARD A. ROHLICH, Chairman, Environmental Engineering and Public Affairs, 
University of Texas 

JOHN D. CDSTI.OW, Director, Marine Laboratory, Me University 
GILBERT LEVINE, Agricultural Engineering, Cornell University 
GEORGE I. LY'IHCDTT, Urban and Camlmity Health Affairs, College of 

Physicians and Surgeons, Columbia University 
rnuz MATOS, Secretary of Natural Resources, Conroonweal th of Puerto Rico 
FJJGENE H. t.t:IAREN, SC:ience and Mathematics, State University of New York 
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ALAN E. SfIVEN, Ecology, University of North Carolina 
M.B. PESCOD, Enviromnental Engineering, Asian Institute of Technology, 

Bangkok, Thailand 
LEE M. TALBOT, Environmental Quality C.Ouncil, Executive Office of the 

President 
MAXWELL S. OO'IY, Botany, University of Hawaii 

PHILIPPINE PARTICIPANI'S 

FLORENCIO A. MEDINA, Chail'lllUl, National Science Development Board 
REYNALlX> M. LF.sACA, r.oniiiissioner, National Pollution Control c.on.nission 
PEPITO ABRAJANO, Olemical Design Superintendent, MER AL C 0 
FE AGrnCILID, Dean, C.Ollege of Education, Pamantasan ng Lungsod ng 

Maynila 
TEOFILO ASUNCION, Metropolitan Wateiworlc:S and Sewerage System 
RIJR> BEi.GAR, C.Ollege of Arts and Sciences, Pamantasan ng Lungsod ng 

Maynila 
RUFI?{) CDRONBL, Cement Association of the Philippines 
RAFAEL DAJAC, Base Metals Association 
BENEDICTO DE VILLA, Executive Secretary, Association of Coconut Desic-

cators of the Philippines 
ERNESI'O ESPIRinJ, Bureau of Public Works 
PURITA FESfIN, Managing Conslutant of EIRS, Economic Development Foundation 
FIWCISOO GARAY, Dean, School of Management and Industries Engineering, 

Mapua Institute of Teclmology 
BIFM'ENIOO N. GARCIA, Executive Officer, National Pollution C.Ontrol 

Conmission 
FELIX GCfiZALES, Director, Bureau of Fisheries 
MAURO GONZALES, Olief, Division of Education and Training, National Sci-

ence Development Board 
PONCIANO GUfIERREZ, Bln'eau of Fisheries 
OSCAR IUJSTRE, Metropolitan Waterworks and Sewerage System 
JOSE JULIANO, Soap and Detergent Association of the Philippines 
AMANOO KAP.ADAN, Ateneo University 
ANACLETO LAGAZO, Philippine Association of Flour Mills 
RENEE ABELLA-LIM, Enviromnental Center of the Philippines 
UNA I.ORIA, Land Transportaticn Conmission 
ERNESTO MARCELO, Vice-President, Philippine Association of Mechanical and 

Electrical Engineers 
LF.ANDRO MARIAN), National Economic and Developnent Authority 
CESAR MAIQJEZ, Manila Bay Metropolitan Region, Strategic Plan Project 
JOSE MlRALF.S, Chainnan, Metropolitan Manila Solid Waste c.oimdttee, 

Department of Health 
ALEJANDRO OJEDA, Philippine Society of Sani tazy Engineers 
FLORO ROIIUGUEZ, Bureau of Mines 
IGNACIO SALCEOO, Philippine Association of C.Olleges and Universities 
IDllNOO Sl\LITA, Dean, C.Ollege of Arts and Sciences, University of the 

Philippines 
ERNESI'O SAI.AGIT, Philippine Petroleun Institute 
ELVIRA TAN, Division of Agriculture and Natural Resources Research, 

National Science Development Board 
~NrIN TAN, Asian Institute of Management 
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FWER DE LYZ TORRES, Social Services Staff, National Economic and 
Development Authority 

FILOON URIARTE, Chairman, Department of Oiemical Engineering, 
University of the Philippines 

ERLINOO Vlll.AM)R, Textile Mills Association of the Philippines 
aJNCORDIA VI1UG, Social Services Staff, National Economic and Develop-

ment Authority 
EDGAROO F.Q. YAP, Philippine Sugar Association 
MARIO ZABAT, Institute of Public Health, University of the Philippines 
WILFRIOO VILLACDRTA, Department of Social Science Education, De La Salle 

College 

SI~RE 

Regional Workshop on Water Resources, Environment, and National 
Development, Singapore, March 13-17, 1972 

U.S. PARTICIPANI'S 

GERARD A ROlll.IClI, ~ad of Delegation, Enviromnental Engineering, Univer­
sity of Texas 

IXNUD W. ll)()D, Director, Institute of Marine Science, University of 
Alaska 

GENE E. LIKENS, Division of Biological Sciences, Cornell University 
RAYKJND C. I.DIJIR, Agricultural Engineering and Civil Engineering, Cornell 

University 
OONALD J. O'aJNNOR, Civil Engineering, Manhattan College 
DANIEL A. OICUN, P.nviromnental Sciences and Engineering, University of 

North Carolina 
JAMFS K. RICE, President and General Manager, Cyrus Wm. Rice Division, 

NUS Corporation, Pittsburgh, Pennsylvania 
CDIDm G. ROBECK, Water Supply Programs Division, U.S. Environmental 

Protection Agency, Cincinnati, Ohio 
GILBERT F. WHITE, Director, Institute of Behavioral Science, Univer­

sity of Colorado 
GF.ORGE F. \\ORTS, JR., Water Resources Division, U.S. Geological SUrvey, 

Carson City, Nevada 

INOONESIAN PARTICIPANTS 

JOHN A. KATILI, Head of Delegation, Deputy Chainnan, Indonesian Institute 
of Sciences 

W.S. SROOERNI OOEUDfID, Director General of Water Resources Development, 
Ministry of Public Works and Electrical Energy 

A. AZIZ SASvllTADIHARnJA, Directorate of Sanitary Engineering, Ministry 
of Public Works 
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MAIAYSIAN PARTICIPANI'S 

\\ONG LOCK SF.NG, Head of Delegation, Faculty of P.ngineering, University 
of Malaya 

ODlG KOON KEE, Director of Water Supply, Kuala l,.umpur 
OOH KIAM SENG, Drainage and Irrigation Engineer, Kuala Lumpur 
A. SEKARAJASEKARAN, Senior Public Health Engineer, Ministiy of Health, 

Kuala Lumpur 

PHILIPPINE PARTICIPANI'S 

PEDRO N. LAUDENCIA, Head of Delegation, Chief, Division of Agriculture 
and Natural Resources Reseaicll, National Science Development Board 
(NSDB) 

BIENVENIOO N. GARCIA, National Water and Air Pollution Control r.amri.s­
sion (NSDB) 

SEBASTIAN I. JULIAN, Water Management Project, National Irrigation 
Administration 

JOSE MJRALES, Envirorunental Sanitation, Bureau of Health Setvices, (NSDB) 

rnAI PARTICIPANrS 

PRADISI'H amosAKUL, Head of Delegation, Secretaiy-General, National 
Research C.Ouncil 

IlAMRA AMA'IYAKUL, Chief P.ngineer, Ministiy of Industiy 
Kl.JSUG I«M'.)LR!T, Water Supply and Water Pollution Control Engineer, Min­

istiy of Public Health 
TAVORN PONGSAPIPATI, R. T. N. , Chief of Oceanographic Di vision, Th.e Royal 

'Thai Navy 
SERMPOL RATASUK, Envirorunent and Ecological Research Institute, .Applied 

Scientific Research Corporation 

VIETNAMESE PARTICIPANI'S 

LE VAN TIDI, Head of Delegation, Chainnan, National Scientific Research 
Comcil of Vietnam 

NGUYEN SY TIN, Chief of Enviromnental Sanitation Service, Ministiy of 
Health 

PlW4 WANG HJ, Faculty of Science, Saigcn University 
PHAN nm TRAN, Facul. ty of Phannacy, Saigon University 

FRENOI PARTICIPANT 

CYRIL <D1ELLA., President and General Manager, SE'llJDE Engineering, Paris 

JAPANF.SE PARTICIPANr 

SIITGEHISA. IWAI, Sanitaiy Engineering, Iyoto University 

BRITISH PARTICIPANf 

P.J. OORRIS, Partner, Binnie and Partners C.Onsulting Engineer, London 
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SINGAPORFAN PARTICIPANI'S 

lilEW SIB\T NAM, Head of Deleftation, Director, Public Works Department, 
National Development uiiding 

ANG IDW GHEE, Chemistry, University of Singapore 
L.D.J. OIELLIAH, Senior Executive Engineer, Public Works Department, 

National Development Building 
OON KEE KEAN, Civil F.ngineering Department, University of Singapore 
CllXJ TAI CHX:lNG, Senior Engineer, Water Planning Unit, Public Utilities 

Board 
atlA P~ CHYE, Deputy Chief Planner, National Development Building 
OOH EWE I«K, Environmental Health Department, Public Health Division, 

Princess House 
IO:l>NG KIT SOON, Acting General Manager, Public Utilities Board, City Hall 
LYE THIM FATI', Senior Public Health Engineer, Ministry of Health 
SlH; TSOON:J nm, Superintending Engineer, Water Department, Public 

Utilities Board 

SRI LANKA 

NAS-Sri Lanka Workshop on Natural Products Development, 
Colanbo, Jtme 2-6, 1975 

U.S. PARTICIPANTS 

CARL WERASSI, Chairman, Chemistry, Stanford University 
EIMARD S. AYENSU, BOtany, Smithsonian Institution 
WILLIAM G. DAUBm, Chemistry, University of California 
OORMAN R. FARNOORTH, Pharmacognosy and Phannacology, University of 

Illinois Medical Center 
PAUL J. SCHIDER, Chemistzy, University of Hawaii 
RIClIARD E. SCJIJLTES, Botanical Mlseum, Harvard University 
ERNSI' T. THEIMER, Director (Retired), Research and Developrent, Inter­

national Flawrs and Fragrances, Inc. , New York 

CEYLONESE PARTICIPANTS 

L.A.C. ALLES, Chief Research Officer, Department for Development of 
Marketing 

B.A. ABEYWICKRFMA, Lecturer in Botany, Colombo Campus 
J. K. P. ARIYARATNE, Head, Department of Chemistzy, Vidyalankara Campus 
S.N. ARSECIJLERA'INE, Professor of Microbiology, Peradeniya Canpus 
S. BALASUBRAMANIAM, Senior Lecturer in Botany, Peradeniya Campus 
R.A.S. CHANDRARA.'INE, Natural Products Section, Ceylon Institute of 

Scientific and Industrial Research 
H. I. ClIANDRASEKERA, Medical Officer, Bandaranayake Memorial Ayurvedic 

Research Institute 
V.E. DALPADAOO, Agri01ltural Officer, Home Garden Division 
N.L. DASSANAYAKE, Lecturer in Chemistzy, Vidyalankara Caq>US 
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R.N. de R>NSEKA, Head, Department of Botany, Colonbo Canpus 
K. T.D. de SILVA, Dean, Faculty of Applied Sciences, Vidyodaya Qmpus 
L.B. de SILVA, Head, Natmal Products Cliemistry Section, Medical Re-

search Institute 
~ de SILVA, Scientific Officer, National Science Council 
D.S.T. FERNANDO, ResearchOfficer-tl..i.crobiology, Ceylon Institute of 

Scientific and Industrial Research 
WALTER FERNANDO, Assistant Director (Research), Department of Agriculture 
D.D. GANFSHANA1HAN, Deputy Director - Agricultmal Development, Ministiy 

of Agriculture 
A.A. LFSLIE GUNATILAKE, Lecturer in Chemistry, Peradeniya Campus 
S.P. GUNASEKERA, Chemistry, Peradeniya Campus 
H.M. W. HERAlli, Lectmer - .Agriculture, Peradeniya Campus 
E.R. JANSZ, Senior Research Officer - Microbiology, Ceylon Institute 

of Scientific and Industrial Research 
A. L. JAYAWARDENA, Research Officer - Natmal Products, Ceylon Institute 

of Scientific and Industrial Research 
E.E. JF:iA RAJ, Head, Industrial Microbiology Section, Ceylon Institute 

of Scientific and Industrial Research 
G.C.N. JAYASJRIYA, Secretary-General, National Science Co1.D1.cil 
D.M.A. JAYAWEERA, Retired Superintendent, Botanical Gardens 
M.V. JESUDASAN, Lecturer in Chemistiy, Colanbo Canpus 
E. KARUNANAYAKE, Chemist, Bandaranayake MenrJrial Aymvedic Research 

Institute 
K.S. Kl.JLARATNE, Research and Development Manager, Elephant lbuse 
T. KANDASAMY, Deputy Govenunent Analyst, Government Analyst's Department 
N.S. KIJ.fAR., Lecturer in Chemistiy, Peradeniya Campus 
V.K. KIJ.fAR., Lecturer in Chemistry, Peradeniya Canpus 
IRMA. IDRD, Research Officer - Natural Products, Ceylon Institute of 

Scientific and Industrial Research 
K. MAHADEVA, Medical Liaison Officer, Bandaranayake Memorial Aymvedic 

Research Institute 
M. t.WiENmAN, Lecturer in Chemistry, Colanbo Canpus 
S. MA.GESWARAN, Lecturer in Chemistry, Peradeniya Campus 
N.M. PIERIS, Research Officer - Microbiology, Ceylon Institute of Scien-

tific and Industrial Research 
N. PERERA, Assistant Factory Manager, Ceylon Plywoods Corporation 
K.D. PAIMAPERI.MA, Research Officer, Department for Development of Marketing 
S. PONNUCHAMY, Research Officer, Industrial Development Board 
L.S. RAJAPAKSE, Research Officer - Natural Products, Ceylon Institute of 

Scientific and Industrial Research 
K. RATNASINGHAM, Research Assistant - Natmal Products, Ceylon Institute 

of Scientific and Industrial Research 
V.U. RA'INAYAKE, Research Officer - Natural Products, Ceylon Institute of 

Scientific and Industrial Research 
D. RA'INAYAKE, Development Manager - Lever Brothers 
SEETHA RODRIOO, Scientific Officer, National Science Co\Dlcil 
A.S.B. RAJAGURU, Lectmer in Agriculture, Peradeniya Canpus 
D. RAJAPAKSE, Lectmer in Chemistry, Vidyalankara Canpus 
C. SA.TI<UNANAnJAN, Government Analyst's Department 
S. SEN'IHE SlWMXiANA.1HAN, Head, Biochemistiy Section, Medical Research 

Institute 
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S. SO'IHF.SWARAN, Senior Lecturer in Chemistzy, Peradeniya Campus 
A.E.K. TIS5EVERASI?Gm, Senior Assistant Conservator of Forest, Forest 

Department 
IRANGANIE 1HABREW, Scientific Officer, National Science CDuncil 
L.M.V. TILLEKERATNE, Lecttn"er in Chemistzy, Colonbo Campus 
R.O.B. WIJESEKERA, Head, Natural Products Section, Ceylon Institute of 

Scientific and Industrial Research 
W.B. WIJERA.TNE, Research Officer, Department for Development of Mar­

keting 
P. WICKREMANAYAKE, Research Officer, Department for Minor Export Crops 
G. P. WANNIGAMA., Acting Head, Department of Chemistzy, Peradeniya Campus 

1HAILAND 

Thailand Seminar on Protein Food Praootion, 
Bangkok, November 22 - Decenber 1, 1970 

U.S. PARTICIPANTS 

C.O. ClUOIESTER, Chainnan, Food and Resource Chemistzy, University of 
Rhode Island 

GERALD F. CXJ.m.5, Nutrition Program, Department of Health, Education and 
Welfare 

ROBERT J. DIMLER, Northern Utilization Research and Development Division, 
USDA 

FREDERIC W. HILL, Nutrition, University of California, Davis 
FIWCIS IDRAN, Director of Research, Archer Daniels Midland Company 
JOHN N. PERRYMAN, Executive Director, American School Food Service 

Associaticn 

1HAI PARTICIPANTS (only listing available) 

K. PFNGSRITONJ, Under-Secretazy, Ministzy of Public Health 
K. JALAVIClIARN, Deputy-Under-Secretazy, Ministzy of Agriculture 
M. llN.ANANMNA., Adviser to the Minister, Ministzy of Interior 
C. CHA.YAOONJSE, Deputy-Director, Bureau of the Budget 
S. BUNYAKUPT, Deputy-Secretary General, Board of Investment 

Workshop on Science Plarming and Policy in Thailand 
Bangkok, July 3-6, 1972 

U.S. PARTICIPANI'S 

Industzy and Engineering 

BREWSTER C. DENNY, Graduate School of Public Affairs, University of 
Washingtcn 

WILLIAM A.W. KREBS, Vice-President, Arthur D. Little, Inc. 
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Natural Resource Utilization 

HARRISJN S. BROWN, Foreign Secretary of the National Academy of Sciences 
WILLIAM LI'ITIJK)()D, Associate Director, Office of Science and Teclmology, 

AID, Washington 

Agricultural Prodl.l:tion 

ALBERT H. M>SEMAN, Director, Malaysian Agricul tmal Research Development 
Institute, Kuala LtJll1>tn", Malaysia 

Medicine, Public Health and Environmental Quality 

IDWARD A. MINNERS, National Institute of Allergy and Infectious Diseases, 
NIH 

JCllN P. P.llLTCN, Consultant, President's Advisory Panel on Timber and the 
Enviromnent 

Academic Sciences 

ARNOLD B. GKlll.fAN, Dean, Rutgers College, Rutgers University 
SimEY PASSMAN, Head, Science Policy Research Section, NSF 

1lIAI PARTICIPANTS 

Industry and Engineering 

PAKORN AIIJLBHAN, Systems Engineering and Management Division, AIT, Bangkok 
KASfl.f BAIAJIVA, Applied Scientific Research Corporation of Thailand (ASRCT) 
R.M. BELL, Science Policy Studies, ASRCT 
DEaJA BOONOIXXlWJY, Deputy Secretary-General, Office of the Board of 

Investment 
OJAI MJicrABHANT, Engineering, Chulalongkom University 
PRAPRIT NA NAGARA, Department of Science, Ministry of Industry 
CHAROON OONJITI', Teclmical and Planning Office, Ministry of National 

Development 
VIRA OSAT.ANANDA, Manpower Plaming Division, National Economic Development 

Board 
SUNT ~G, Department of Mineral Resources, Ministry of National 

Development 
1WOIA UIXJ.fSAKllll, Chemical and Teclmology Group, ASRCT 

Natural Resources Utilization 

CHJfiI OOOOYOBHAS, Deputy Director, Division of Working Plan, Royal 
Forestry Department, Ministry of Agriculture 

NIKCN CllANDRAVI1HJN, Labor Administration, Thanmasart University 
OOON INDRAMBARYA, Environmental and Ecological Research Institute, ASRCT 
NITIPAT JALIOIAN, Secretary-General, National Energy Authority, Ministry 

of National Development 
WflAENG SA.nIIRAKUL, Teclmical and Planning Office, Ministry of National 

Development 
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VIJA SE'IHAPUT, Under-Secretary of State, Ministry of National Development 
PISOOT SUDASNA. NA AYlITHY'A, Department of Mineral Resources, Ministry of 

National Developnent 
SANARM SUENSILPONG, Department of Mineral Resources, Ministry of National 

Development 
SUTHEP TINSABHAT, Royal Irrigation Department, Ministry of National 

Developrent 
SITIILARP VPSJVAT, Land Development Department, Ministry of National 

Development 

Agricultural Production 

SIRI:OONGSE BOON-I.DNG, Inspector-General, Ministry of Agriculture 
RAnI CIDLLI.MPE, Vocational Education, Ministry of Education 
NARONG OIMlIALCJ'l, Agricultural Products Research Institute, ASRCT 
D. lilSI.DP, Science Policy Studies Unit, ASRCT 
BOOIRD KHA.TIKARN, Dean, Graduate School, Kasetsart University 
liJAKDI LUSANANDANA, Department of Rice, Ministry of Agriculture 
PlilT PANYAIAKSHANA, Director-General, Ministry of Agriculture 
CHJR WONGSONGSARN, Department of Livestock Development, Ministry of 

Agriculture 

Medicine, Public Health and Enviromnental Quality 

NATIH BHAMARAPRAVATI, Pathology, Ramathibodi Hospital, Mahidol Univer­
sity 

OiAROEN CHAROENRAJAPARK, Meteorological Department, Prime Minister's 
Off ice 

PRAPIDRN CHARUOIANDR, Sanitary Engineering Divisim, Ministry of Public 
Health 

OOTI HIMACHUDHA, Ministry of Public Health 
PRASEKI' WHAVANIJAYA, Director, Center for Thai National Reference 

Collections, ASRCT 
M.G. McGARRY, Enviromnental Egineering, AIT 
CXM4ANDER DHAWEE MJN'IRIVADE, Meteorology Department, Prime Minister's 

Off ice 
AK>RN :OONDASUI'A, Chief Medical Officer, Ministry of Public Heal th 
JAJAVAL OSA'ffiANONDH, Faculty of Social Sciences and Hl.Dnanities, Mahidol 

University 
10NGCHAI PAPASARATIDRN, Dean, Faculty of Public Health, Mahidol Univer­

sity 
SAMLEE PLIANBANGCHANG, Division of Health Training, Ministry of Public 

Health 
YlTITANA SUKSAMITI, Director, Health Planning Division, Ministry of Public 

Health 
llJSANEE SUITAPRIYASRI, Faculty of Public Health, Mahidol University 
PRAKORB TIJOONDA., Department of Medical Science, Ministry of Public 

Health 
SAMAN VARDHANABHlJfI, Director, Biotechnology Group, Technological Research 

Institute, ASRCT 
PRAWASE WASI, Siriraj Hospital, Mahid.ol University 
OJARAS YAMARAT, Director, Institute for Population and Social Research 
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Academic Sciences 

RAWI BHA.VII.AI, Physics, Faculty of Science, Chulalongkom University 
VIROOL JDlNYASCMBAT, Mathematics, Chulalongkom University 
HENRY R. GLYDE, Science Policy Studies Unit, ASRCT 
SIPPANCHIIA KB'IUDA.T, Southeast Asian Ministers of Education Secretariat, 

(SP.AMES) 
PRASERI' NA NA.GARA, Deputy Rector of Academic Affairs, Kasetsart Univer­

sity 
TAWEESUKDI PITYAKARNOIANA, Marine Science, Chulalongkom University 

AIT-NAS Seminar on Ferrocement Technology 
Bangkok, Thailand, November 5-8, 1974 

U.S. PARTICIPANTS 

J.AMF.S RCMJALDI, Cha.innan, Transportation Research Institute, camegie­
Mellon University 

W.F. CHANG, Civil Engineering, University of Miami 
AMIR U. KHAN, Agricultural Engineering, The International Rice Research 

Institute 
HENRY J. LARSEN, JR. , Larsen and Ludwig Engineers and Architects 
R. BERNARD L. 001ll, Civil Engineering, University of Nairobi 

ASIAN PARTICIP.ANI'S 

Bangladesh 

YUSSUF ALI, Directorate of Fisheries, Government of Bangladesh 
ROB ODJIHJRY, Coordinator for Relief, Government of Bangladesh 
OOROON W. BIGGS, President, FEROCDf International Co., Ltd., Chittagong 

lbng Kong 

T.G. KOWAL.5KI, Civil Engineering, University of lbng Kong 

India 

J.S. SHARMA, Central Building Research Institute, Roorkee (U.P.) 
H.C. VISVFEVARAYA, Director, Cement Research Institute of India, New 

Delhi 

Indonesia 

KJSLIMIN NASUrION, Head of the Department for the Promtion of Rice 
Marketing Facilities 

WinJOJO NITISASTRO, BAPPENAS, Jakarta 

Malaysia 

ROBERT BRIDGE, Kuala Trengganu 
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nmAN LIG TIIH>, Public Works Department, Kuala Lmpur 

Pakistan 

S.M. Qureshi, Member, Pakistan Science Foundation, IslanBbad 

Philippines 

ALEJANm.O MELCHJR, Executive Secretary, Malacanang Palace, Manila 
GASTON Z. ORTIGAS, Asian Institute of Management, Makati 
ERNESTO TABUJARA, Engineering, University of the Philippines, Quezon 

City 
BISll)P PHILIP oorn, Jolo 

Republic of China (Taiwan) 

SHIEN-SIU SllJ, Oiainnan, National Science Council, Taipei 

Republic of Korea 

SUNG 00 JANG, Korea Institute of Science and Technology, Seoul 

Singapore 

CH1A PFNG CHYE, Planning Department, National Development Building 
P. PARAMASIVAM, Civil Engineering, University of Singapore 

Sri Lanka 

B.M.A. BALASOORIYA, State Engineering Corporation of Sri Lanka, Colanbo 

Thailand 

ROBERT R. STEVENS, General Manager, Colorado Eastern, Bangkok 
PONGSAK SARAKASHETRIN, Royal Thai Navy Shipyard, Bangkok 
VIROJ CHMllJENOIIT, Royal Thai Navy Shipyard, Bangkok 
NIWAT DARANANDANA., Civil Engineering, Oiulalongkorn University, Bangkok 
JACXµ:S Mf(Jf, Social Science Research Council, Oiulalongkorn Univer-

sity, Bangkok 
TIFM MUKARANCJID, Royal Thai Navy Shipyard, Bangkok 
OOnI KAMPIMPOOL, Director, National Building Research and Development 

Center, Applied Scientific Research Corporation of Thailand, Bangkok 
OPAS PHIOIRATANAPONGSE, Applied Research and Development Division, The 

Siam Cement Co., Ltd., Bangkok 
WSIT IDRl'ANAKORN, Market Development and Products Division, The Con­

struction Material Marketing Co., Bangkok 
SIRIPfDNGSE BOON-1.DNG, Inspector General, Ministry of Agriculture, Bangkok 
SIRICHAI NARIJ.iITREKAKARN, Research and Plarming Department, National 

Housing Authority, Bangkok 
SN4YCM RATNAWISHIT, Social Studies and Planning Division, Department of 

Public Welfare, Bangkok 
H.E. IDELSCHER, President, Asian Institute of Technology, Bangkok 
Z.C. K>H, Vice-President and Provost, Asian Institute of Technology, 

Bangkok 
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PAI<DRN AIXJLBHAN, Division of Industrial Development and Management, 
Asian Institute of Technology, Bangkok 

JOSEPH STEPANEK, Division of Industrial Development and Management, Asian 
Institute of Technology, Bangkok 

M.N. SHARIF, Division of Industrial Development and Management, Asian 
Institute of Technology, Bangkok 

PISIIlil KARASUIHI, Division of Stru:tural Engineering and Materials, Asian 
Institute of Technology, Bangkok 

nHiOIAT llHJLADAIDfP, Division of Stru:tural Engineering and Materials, 
Asian Institute of Teclmology, Bangkok 

RICAROO P. PAMA, Division of Stru:tural Engineering and Materials, Asian 
Institute of Technology, Bangkok 

S. K>RINO, Division of Structmal P.ngineering and Materials, Asian 
Institute of Technology, Bangkok 

VlnlX>L JERIO'IRM, Division of Structmal Engineering and Materials, Asian 
Institute of Technology, Bangkok 

PICHA! NIMITYCHlSI<IJL, Division of Structural Engineering and Materials, 
Asian Institute of Technology, Bangkok 

K.S. PARK, Regional Water Development and Management Officer, FNJ, Bangkok 
M. R. SUPANIVAT KASHtfSANT, Applied Research Department, The Siam Celllent 

Company, Ltd., Bangkok 
R. E. GAUL, RED/USCM, Bangkok 

Western Samoa 

0. GULBRANffiF.N, FNJ Fisheries .Advisor, Apia 

United Kingdaa 

S.B. WKIT, Water Resources Unit, National College of Agricultmal Engi­
neering, England 
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ARGF.NTINA 

Argentine-u.s. Workshop on Science 
and Teclmology in Econanic Development 
Mar del Plata, July 28 - August 1, 1969 

U.S. PARTICIPANfS 

fWm!SON BROWN, Foreign Secretary, National Academy of Sciences 
C. WAYNE CXX>K, Range Science, Colorado State University 
Sl'ANLEY N. DAVIS, Geology, University of Missouri 
CARL IlJERASSI, Chemistry, Stanford University 
JOHN GREEN, Patents, TradenBrks and Cbpyrights Research Institute, 

George Washington University 
Al.BEU G. HAIU, Economics, Colunbia University 
R.D. OWEN, Biology, California Institute of Technology 
ErtlARD SELTZER, Food Science, Rutgers University 
.ALR>NSO WILSON, Water Resources Division, U.S. Geological Survey 

ARGF.NI'INE PARTICIPAN1'S 

BERNAROO A. lWSSA.Y, Chainnan, National Council of Scientific and 
Teclmical ResearCh (CDNICHr) 

RAUL LUIS CARim, National Cmmcil of Science and Technology (CDNACYT) 
PEDRO J. c.ARRI~IRI:OORDE, Vice Chainnan, ~ICET 
PEDRO CATI'ANID, University of Buenos Aires 
VENANCIO IEn.oFm, National Academy of Exact, Physical and Natural 

Sciences 
BRNFSI'O GALIDU, President, National Academy of Exact, Physical and 

Natural Sciences 
JOSE S. GANOOLRJ, National Academy of Exact, Physical and Natural Sciences 
NIJEL MARZOCCA, National Agricultural Institute (INTA) 
FIWCISCD GARCIA OLANO, Naticmal. Academy of Exact, Physical and Natural 

Sciences 
JULIO H.G. OLIVERA, Economics, University of Buenos Aires 

U.S. PARTICIPAN1'S 

Argentine-U.S. Study Grotp on 
Grotndwater Hydrology, 1970 

Sl'ANLEY N. MVIS, Chainnan, Geology, University of Missouri 
JOffi D. WINSLCM', U.S. Geological Survey, Lawrence, Kansas 

ARGENTINE PAIUICIPANfS 

JOSE G. GANOOLFO, Chainnan, CONICEI' 
AMILCAR F. GALVAN, IW<Iroiogy, National Off ice of Geology and Mining 
OSC.AR RUIZ llJIOOBRO, Geology, University of Buenos Aires 
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Joint Argentine-u.s. Study Group 
on Science Information, 1970 

MELVIN S. DAY, Chainnan, Deputy Assistant Administrator for Tedmology 
Utilization, NASA 

VERN M. PINGS, Kentucky-Ohio-Michigan Regional Medical Library, Wayne 
State Medical Library 

FRED A. TATE, Assistant Director, Cllmical Abstracts Service 

ARGENTINE PARTICIPANTS 

IMILIO H. J.AIJRENGUI, Chainnan, Caiq>uter Center, University of Buenos 
Aires 

JORGE CllvfIN, Organic Chemistry, University of Buenos Aires 
RIQ\ROO A. GIETZ, Center of Scientific Doc\Dnentation, CXM:CET 

U.S. PARTICIPANTS 

Joint Argentine-u.s. Study Group 
on Food Tedmology, 1971 

C.O. OIIOIESTER, Chainnan, Food and Resource Chemistry, University of 
Rhode Island 

HAROLD E. CALBERT, Dairy and Food Industries, University of Wisconsin 
MAIUIN W. MILLER, Food Science and Technology, University of California 
GWRGE M. PIOOTI, Food Science, College of Fisheries, University of 

Washington 

ARGENTINE PARTICIPANI'S 

PEDRO CATIANID, Chainnan, Food Science, University of Buenos Aires 
ROOOLR> J. ER.TOLA, Industrial Microbiology, University of La Plata 
JUAN C. SANAllJJA, Food Science and Nutrition, University of Buenos Aires 
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BRAZIL 

First Brazil-U.S. Workshop on Contribution 
of Science and Technology to Development, 

Itatiaia, April 11 - 16, 1966 

U.S. PARl'ICIPANTS 

HARRISCl-l BROWN, Foreign Secretary, National Academy of Sciences 
Q\RL nJERA.$I, Chemistry, Stanford University 
W.D. JOlfiS'l'm, JR., Staff Geologist, U.S. Geological Survey 
RIOJMD C. JORDAN, Mechanical Engineering, University of Minnesota 
DIETER KOCH-WFSER, Coordinator, Public Health, Harvard University 
ROY L. l.DVVORN, Agriciilture am Life Sciences, North Carolina State 

University 
FRANKLIN A. NEVA, Tropical Public Health, Haward University 
STEFAN H. ROOOCK, International Business Studies, Indiana University 
OIARLES WAGLEY, Institute of Latin .American Studies, Colunbia 

University 

BRAZILIAN PARTICIPANI'S 

SYLVIO FROF.s ABREU, National Institute of Technology 
ANNIJW. ALVES BASI'OS, Geology, Ministry of Mines and Energy 
ANl'ONIO MJREIRA CCXJCEIRO, President, Conselho Nacional de Pesquisas 

(oo>q) 
OTACILIO ClJNHA., President, Brazilian Physics Research Center 
GERHARD JACOB, Physics, University of Rio Grande de Sul 
ARISTIDF.s A. PArnECO LP.AO, Vice-President, Brazilian Academy of 

Sciences 
HERALOO sruzA MA.TI'OS, Ministr.y of Education and Culture 
MANOEL FROTA MJREIRA, Qmselho Nacianal de Pesquisas 
WALTER B. MJRS, Centro de Pequisas de Productos Naturais 
WLADOOR LOBATO PARAENSE, University of Belo fbrizonte 
JOSE R. ANDRADE ROOS, National Department of Mineral Production (IMM) 
OSCAR SALA, University of~ Paulo 
HELIO ANTONIO SCARABOTOID, Ministr.y of Foreign Relations 
HP.NRI<µ! C.APPER DE &JUZA, Ministr.y of Planning 
GLAOCO PINI'O VIP.GAS, Agricultural Institute of Qmipinas 

Fourth Brazil-U.S. Workshop on Contribution 
of Science and Teclmology to Development, 

Washington, Noveni>er 1 - S, 1971 

U.S. PARI'ICIPANTS 

HARRISCl-l ~, Foreign Secretar.y, National Academy of Sciences 
GF.ORGE llJGLIARELLO, Engineering, University of Illinois 
Q\RL nJERA.$I, Chemistry, Stanford University 
BRUCE GILOIRIST, Executive Director, .American Federation of Infonna­

tion Processing Societies 
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RIOIARD C. JORDAN, Mechanical and Aerospace Engineering, University of 
Mirmesota 

ROBERT N. KREIDLER, Executive Vice-President, Alfred P. Sloan Fomdation 
ROY L. LOVVORN, Administrator, Cooperative State Research Service, USDA 
BRUCE S. OLD, Foreign Secretary, National Academy of Engineering 

BRAZILIAN PARTICIPANfS 

MIGUEL DE LIMA BOJD.l)LETZ, National Steel Industry Development CDuncil 
.AMADEU OJRY, Chainnan, CNPq Governing fDlDlcil 
JOHN M. DE .ALBlllUERQUE FORMAN, Chairman, Earth Sciences Programs, CM>q 
C.ARLOS A KRUG, Member, CNPq Governing Council 
C.ARLOS J. PEREIRA DE WCENA, Computer Science, Pontifical Catholic 

University 
MANOEL DA FROTA MJREIRA, Scientific Director, CNPq 
OSCAR SALA, Physics, University of Sib Paulo 
PERSIO DA SOUZA SANI'OS, Institute of Technological Research, University 

of 51ro Paulo 
PASOJJAL SENISE, Chemistry, University of sao Paulo 
CELSO RENNA E SClJZA, Computer Science, UFlU 

Joint Study Group on Application of 
Steroid Chemistry to Industry, 1966 

C.ARL WERASSI, Chemistry, Stanford University 
WALTER B. MJRS, Centro de Pesquisas de Productos Naturais, UFlU 

Joint Study Group on Industrial Research, 1968 

U.S. PARTICIPANfS 

RIOIARD C. JORDAN, Chainnan, Mechanical and Aerospace Engineering, 
University of Mirmesota 

WILLIAM BOLLAY, Mechanical Engineering, Stanford University 
IXlJGLAS H. GRAHAM, Economics, Vanderbilt University 
JESSE IDBSON, Head, Heald, Hobson and Associates, New York 
WILLIAM A.W. KREBS, Vice-President, Arthm D. Little, Inc. 
ANllDNY LEEDS, Anthropology, University of Texas 
ROBERT W. OLSON, Vice-President, Special Projects, Texas Instruments, 

Inc. 
EUGENE P. PFLEIDER, Mines and Metallurgy, University of Minnesota 
BERTRAM D. TID1AS, President, Battelle Meroorial Institute 
AR1HJR W. WEBER, Vice-President, Corning Glass Works 

BRAZILIAN MfMBERS 

PERSIO DE SOUZA SANI'OS, Chainnan, Institute of Teclmological Research, 
University of Sib Paulo 

J~IM FRANCISCO DE CARVAUD, Ministry of Planning 
RIM>I.D CIOLA, Chief, Research Center, Union Petroleum Refinery 
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JUVENAL OSCRIO CDfBS, National Bank of Economic Develop!Jellt 
~ C. GlTIHEIL, Director, Institute of Technology, Perto Alegre 
.ABRAfW.f IAOJAN, National Institute of Technology 
FRED W. LACERDA, Brazilian Institute of Metallurgy, s8o Paulo 
.ANTCJUO SF.ABRA K>OOI, Director of Research, Brazilian Oil, Inc. 

(PETROBRAS) 
GIDRGE scwm5 DE M>RAF.S, Managing Director, SINVAL, Governador Valadares, 

Minas Gerais 
ICURT POLITZER, National SC:hool of Ciemistry, UFRJ 
.ANDRE 1USELLO, Director, Food Technology Research Center, University of 

Qmpinas 

U.S. MIMBERS 

Joint Study Group on Nonns, 
Measurements and Testing, 1968 

RALPH A. SAWYER, Chainnan, Vice-President, Research, University of 
Michigan 

A. ALLAN BA.TES, Office of Standards Policy, National Bureau of Standards 
F. aw.fP'l'OO' FROST, Standardization Programs, U.S. Standards Institute, 

New York 
mBERT B. IDBB.5, Deputy Technical Director, U.S. Government Printing 

Office 
t.W.CDIM W. JENSm, Institute for .Applied Technology, National Bureau 

of Standards 
.ALVIN G. McNISH, .Assistant to the Director, National Bureau of Standards 

BRAZILIAN Me-tBERS 
.., 

GERAROO NUNES DA SILVA MAIA, Chaiman, Executive Secretary, Executive 
Group of Electrical and Electronic Industries 

.ALBERTO .AL~ ARANTES, Mechanical Engineering, Institute of Tech-
nological Research 

GIL'Ul DE AIMEIDA en.ms, Telefunken de Brazil, S.A • 
.ALBERTO SINA.Y NBVES, Standardization Manager, General Electric, S.A. 
WIZ CINTRA 00 PRAOO, Professor-at-Large, University of Sao Paulo 

Conputer Sciences Feasibility Study, 1968 

JP.AN-PAUL J.AroB, Ilf.f C.Onsultant to CNPq 
GILBERT Mer.ANN, California Institute of Teclmology 
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Advisory c.onmittee on Graduate Research 
and Teaching in Chemistry 

CARL DJERASSI, Cllairman, 1968-74, Organic Chemistry, Stanford Univer­
sity, 1968-75. 

ARC1'l KUPPERMANN, Chairman, Chemical Physics, California Institute of 
Teclmology 

FRED C. ANSON, Electroanalytical Chemistry, Chemistry and Chemical 
Engineering, California Institute of Technology, 1974-76. 

JOHN D. BALDES<l-IWIELER, Physical Chemistry, California Institute of 
Technology, 1968-76. 

RUSSELL A. ~' Physical Chemistry, Indiana University, 1968-
MIOIEL BOUDART, Physical Chemistry, Chemical Engineering, Stanford 

University, 1968-76. 
HARRY B. GRAY, Inorganic Chemistry, California Institute of Technology, 

1968-76. 
GEORGES. fW.M)ND, Organic Chemistry, University of California at 

Santa CI1lz, 1968-76. 
ROBEIU E. IRELAND, Organic Chemistry, California Institute of Technology, 

1968-75. 
WILLI.AMS. JOHNSON, Organic Chemistry, Stanford University, 1968-76. 
ROBERT N. KREIDLER, Executive Vice-President, Alfred P. Sloan Foundation, 

1968-76. 
JAMES A. MARSHALL, Organic Chemistry, Northwestern University, 1968-76. 
ClI.ARLES G. OVERBERGER, Organic-MacroJJl)lecular Chemistry, University of 

Michigan, 1968-76. 
SI'EN SAMSON, Inorganic and Physical Chemistry, California Institute of 

Technology, 1975-76. 
HENRY TAUBE, Inorganic Chemistry, Stanford University, 1968-76. 

BRAZILIAN MEMBERS 

ELOISA MANO, Polymer Chemistry, Mucleo MacroJJl)lecular, UFRJ 
LIBERO ANTONACCIO, Natural Products Chemistry, CNPq 
W. BRUCE KOVER, Organic Chemistry, Institute of Chemistry, UFRJ 
~EL DA FROTA MJREIRA., Science Administration, Science Director, CNPq 
WALTER B. MJRS, Natural Products Chemistry, Institute of Biomedical Sci-

ences, UFRJ 
PETER RUOOLF SEIDL, Catalysts, Institute of Military Engineering 
PA&K>.AL SENISE, Analytical Chemistry, Institute of Chemistry, University 

of Sia Paulo 
ERNFSfO GIESBREOIT, Inorganic Chemistry, ~nstitute of Olemistry, University 

of Si'o Paulo 
SIMAO MA.nrrAS, Organic Chemistry, Professor P.meri tus, University of Sio 

Paulo 
EilJAROO NEVES, Analytical Chemistry, Institute of Chemistry, University 

of Sat> Paulo 
EilI.AROO M.A. PEIXOI'O, Organic Chemistry, Institute of Chemistry, Univer­

sity of Sao Paulo 
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NIOOLA PETRAGNANI, Organic Chendstry, Institute of° Chemistry, University 
of Sib Paulo 

JOSE RIVEroS, Physical Chemistry, Institute of Chemistry, University of 
Sao PIW.o 

VICENTE TOSCANO, Photochemistry, Institute of Cllemistry, University of 
Sib Paulo 

Joint Study Group on Canputer Science, 1971 

U.S. PARl'ICIPANTS 

HARRY D. llJSKEY, Chaiman, Director of the Canputer Center, University 
of California 

BARRY W. :OOFJf.f, Rand C.Oiporation 
BRUCE GILCHRIST, Executive Director, American Federation of Infonnation 

ProCessing Societies, Inc. 
MIOIEL A. MELKANOFF, Computer Science, University of California 

BRAZILIAN PARTICIPANTS 

CARLOS JOSE PEREIRA DE WCENA, Coordinator, Rio Datacentro, Catholic 
University of Rio de Janeiro 

IENIS FRANCA LEITE, Director of the c.anputer Center, COPPE, UFRJ 
CELSO RENNA E SOUZA, Systems Engineering, CDPPE, UFRJ 
JOSE DI~ DE MELO TELES, Federal Data Processing Service (SERPR) 
OSWALOO FADIGAS F. TORRES, Director, Polyteclmical School, University 

of ~ Paulo 

Joint Study Group on Mineral Resources, 1968 

U.S. PAKI'ICIPANTS 

WILLIAM D. JOONSTON, JR., Foreign Geology Branch, U.S. Geological Survey 
MAX G. WHITE, U.S. Geological Survey, Rio de Janeiro 

BRAZILIAN PARI'ICIPANTS 

IRNACK CARVAUD 00 AMARAL, Ministry of Mines and Energy 
ANNIBAL ALVES BASTOS, Division of Geology, Ministiy of Mines and Energy 

Joint Study Group on Earth Sciences, 1970 

U.S. PARTICIPANTS 

RIOIARD H. JAHNS, Chainnan, Earth Sciences, Stanford University 
Cl.ARfNCE R. ALLEN, Geological Sciences, California Institute of Technology 
GOORGE A. PARKS, Mineral Engineering and Geochemistiy, Stanford University 
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BRAZILIAN PAKl'ICIP.ANT 

JOHN M. ~FORMAN, Chai11D811, Cdef, Geology Sector, CM>q 

Joint Study Group on Agricultmal Research, 1968 

U.S. PARTICIPANTS 

ROY L. IDVVORN, Chainnan, Agricultural Experiment Station, North Caro­
lina State tmiversity 

R.K. FREVERI', Director, Agricultural Experiment Station, University 
of Arizona 

H. REX nDfAS, Crops Research Division, USDI\ 

BRAZILIAN PARTICIPANTS 

AfJi RAUL DA. SILVA, Chaiman, Conselho Nacional de Pesquisas 
R>BEKI'O MBIREJJ,pg DE MIRANDA, Agricultmal School, Rm-al University 

of Brazil 
GLAUCD PINI'O VIEGAS, Agricultme, University of s8o Paulo 

Joint Study Group on Agricultural Economics, 1968 

U.S. PARTICIPANl'S 

G. EmfARD saum, Chainnan, Agricultural Economics, Purdue University 
D. l«X>DS nDfAS, International Programs in Agriculttn'e, Purdue ll'liver-

~~ty W. WITI, Agricultural Econanics, Michigan State ll'liversity 

BRAZILIAN PARTICIP.ANTS 

RUI Miu.ER PAIVA, Oiainnan, Fundacao Getulio Vargas 
VICTOR P~NI, Institute of Applied Econanic Research, Ministiy 

of Planning 
~SfANl'OO CARNEIRO FRAGA, Secretaiy of Agricultme, State of Sib 

Paulo 

Joint Study Group on Agricultmal Engineering, 1972 

U.S. PARTICIPANTS 

Q\RL W. HALL, Engineering, Washington State ll'liversity 
W.G. MATLOCK, Agricultmal Engineering, University of Arizona 

BRAZILIAN PARI'ICIP.ANTS 

SALASSIER BERNAROO, Agricultmal Engineering, Federal University of 
Vicosa 
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ANIVALOO P. CDBRA, Regional Agricul.tmal Pngineer, FAD, Santiago, 
Chile 

ANDRE 'IOSELLO, Food Technology, State University of Camp:inas 

Joint Study Group on Transportation, 1970 

U.S. P.ARI'ICIPANTS 

JOSEPH GUNWARD, Director, Economic and Social Development Studies, 
Brookings Institution 

AOOLPH D. MAY, Transportation Engineering, University of California, 
Berkeley 

BRAZILIAN PARTICIP.ANI'S 

IDBER'IO OORIA I.IDZINGER, Ciainnan, CDPPE, UFRJ 
JAfllUES DE MEDINA, COPPE, UFlt'J' 
IDfERO H. ROSA RANGEL, Director, Institute of Highway Research 

Workshop Planning Ccmnittee--li>rkshop on Science 
and Technology and the Use of Semi-Arid Land in Brazil, 

Brazil, March 4 - 9, 1974 

U.S. P.ARI'ICIPANfS 

D:EAN F. PHI'ERSON, Chairman, Utah State University 
1HADIS W. BOX, U~versity 
IDBERT H. SHAW, Iowa State University of Science and Technology 
GEORGE F. SPRAGUE, University of Illinois 

BRAZILIAN PARTICIPANTS 

ARISfIDES A. P.AOiECD I...EAO, President, Brazilian Academy of Sciences 
AZIZ NA.GIB AB'SABER, University of Sib Paulo 
DARDAMJ ANDRADE-LIMA., Federal University of Pemambuco 
lll\LCY ALBlQJERQUE, Director, National t.bsel.IIl of Rio de Janeiro 
MARIO CLAUDIO FAJ.rXJ IE ~C'A, National Research Col.Dl.cil 
JOSE MARIO FrnSECA Mla::QLIS, Secretariat of Planning (FINEP) 
~RO MIYASAKA, Secretariat of Planning (FINEP) 
JOSE PEUJCIO FERREIRA, President, Secretariat of Planning (FINEP) 
PAULO IMILIO VANZOLINI, University of Sib Paulo 
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Workshop on Science and Teclmology for the 
Use of Semi-Arid Land in Brazil 

Fortaleza, Brazil, Septeni>er 15 -22, 1974 

U.S. P.ARTICIPANI'S 

.ARnlJR T. M'.>SHER, Ourlnnan, Agriculture, University of Sri Lanka, 
Peradeniya, Sri taiiki 

ROBERT R. BRADFORD, Alabama A&M University 
lDYT C. llYITEL, Cltemical Engineering, Massachusetts Institute of 

Technology 
CYRUS M. M=KELL, F.nvironment and Man Program, Utah State University 
ClIARLES G. MARKHAM, Geography, California State University 
WILLIAM G. MATIOCK, Soils, Water and Engineering, University of 

Arizona 
ERNsr R. PARISER, Nutrition and Food Science, Massachusetts Insti­

tute of Teclmology 
K>Rll.AN J. ROSENBERG, lbrticul ture and Forestry, University of 

Nebraska 
GIDRGE E. ROSOOLLER, c.enter for International Programs, Michigan 

State University 
JOEL SCllECTER, Negev Arid Zone Research Institute, Beer Sheva, Israel 
ErMIN LAMAR OOTII, JR., Watershed Management, University of Arizona 

BRAZILIAN PARI'ICIPANTS -- No listing available 

NAS Members of International Steering Comnittee 
on Nitrogen Fixation, 1974 -

ROBERT H. BURRIS, Biochemistry, University of Wisconsin, 1975 -
HAROLD J. EVANS, Plant Nutrition, Biochemistry, Oregon State University, 

1974 -
Sf.ANLEY SOIANK, Cytogenetics, Plant Breeding, University of Florida, 

1974 - 1977. 
SHERI.IE WFSI', Plant Physiology, Agronomy, University of Florida, 1974 -

1977. 

Participants at an International Steering Comnittee 
Meeting on Nitrogen Fixatioo, 

Brazil, Novenber 18 ... 22, 1974 

F.J. BERGERSF.N, CSIRO, Australia 
WALTER BRAUN, UFPJ, Brazil 
R. ALV.AHYOO, UFPJ, Brazil 
J.M. DAY, Rothamstead Experiment Station, England (Working in Brazil) 
J. von BULLOW, UFPJ, Brazil 
J. OOBEREINER, IPP.ACS, Brazil, Cllaiman 
A. DROZIDIICZ, UFPJ, Brazil 

*H.J. EVANS,. Oregon State University 
MANI.IO S. FERNANDES, UFPJ, Brazil 
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A.A. FRANCD, !PEA.CS, Brazil 
R. I<Noo.ES, McGill University, Canada 
0. OO'ITI.IEB, UFRJ, Brazil 
GILBEIUO PESSANHA, UFRJ, Brazil 
IXJW;Y PESSOA JW.DS, UFRJ, Brazil 

As. SCliANK, University of Florida 
~.D.P. STEWAIU, University of Dlmdee, Scotland 

•s.H. WEST, University of Florida 

ANAS appointees 

Participants at the Second Intematimal. Steering 
Comnittee Meeting on Nitrogen Fixation, 

Brazil, July 25 - 27, 1977 

C.S. ANmEW, CSIRO, Australia 
F.J. BERGERSEN, C'SIRO, Australia 
V. BOTElH), CNPq, Brazil 

AR.H. BURRIS, University_ of Wisconsin 
P.A. DA EIRA., ™BRAPA, Brazil 
G. DE A. SANI'OS, UFRRJ, Brazil 
H. DE-POLL!, BIBRAPA, Brazil 
J. DOBEREINER, IMBRAPA, Brazil 
A. 00 NASCIMENTO, UFRRJ, Brazil 

AH.J. EVANS, Oregon State lkliversity 
A.A. FRANCO, ™BRAPA, Brazil 
R. OOWLES, McGill University, Canada 
A.D. MACHAOO, CNPq, Brazil 
J .R. MAFFIA, CNPq, Brazil 
C.A. NEYRA, CM>q, INBRAPA, UFRRJ, Brazil 

AS. SCliANK, University of Florida 
D.B. SCXYIT, CNPq, BIBRAPA, UFRRJ, Brazil 
W.D.P. STEWAIU, University of Dundee, Scotland 

As. WEST, University of Florida 

ANAS appointees 

Joint Ad Hoc Conmittee on Brazil Flora Project, 1976 

U.S. PARTICIP.ANfS 

JEAN LANGENHEIM, Chainnan, University of California at Santa Cruz 
RIOIARD S. CDlAN, Sliiit11Sonian Institution 
GF.ORGE ESfEBROOK, University of Michigan 
GlilLLF.AN T. PRANCE, New York Botanical Gardens 

BRAZILIAN PARTICIPANTS 

ALCIDES RIBEIRO TEIXEIRA, Chainnan, Brazilian Natimal. Research Cotm­
cil (oo>q) 
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EZIQJIEL DIAS, Federal Data ProCessing Service 
MARIO MAURICIO LOBO FIIII>, Brazilian National Research Comcil (CM>q) 
ANTONIO WIZ P. MF.SQUITA, Brazilian National Research Council (CM>q) 
GILBERTO PAEZ, Brazilian Agricul.tmal Research O>npany (IMBRAPA) 
HEA1H PAIMER, Brazilian National Research Council (CM>q) 
JOAO t.IJRC.A PIRES, Brazilian National Research Comcil (CM>q) 
ALFRED SARMENTO, Brazilian National Research Comcil (CM>q) 
CLAUDIO POLICE SPIEGEL, Brazilian National Research O>mcil (CM>q) 

Joint Study Group on the Campo Cerrado, 1975 - 1976 

U.S. PARTICIPANl'S 

JACKSON A. RIGNEY, Chaiman, North Carolina State University at Raleigh 
HALOORE HANSOO', Centro Internacional de ~joramiento de Maiz y Trigo 

(CDMYT) , Mexico 
ROY L. l.DWORN, Cooperative State Research Service, U.S. Department of 

Agriculture 
PEDRO A. SANOIBZ, Soil Sciences, North Carolina State University 
G. EIWlARD SCRJH, Agricultmal Economics, Purdile University 

BRAZILIAN PAIUICIPANI' 

JOHANNA OOBEREINER, !PF.ACS, Brazil (CNPq representative) 

U.S. PARTICIPANI'S 

c.NPq-NAS Scientific Advisoiy Conmittee 
(First meeting, Rio de Janeiro, Brazil, 

June 28 - July 2, 1976) 

GBJRGE S. lw+l>ND, Chaiman, Photochemistiy, University of California 
at Santa Cruz, and Foreign Secretaiy, NAS 

ALLEN W. CllBEVER, Assistant Chief, Lab. of Parasitic Diseases, National 
Institutes of Health 

JEAN 1.ANGF.NHBIM, Biology, University of California at Santa Cruz 
PARKER F. PRATI, Soil Sciences, University of California at Riverside 

BRAZILIAN PARTICIPANTS 

ARISfIDES LEAD, Chainnan, Neurophysiology, Brazilian Academy of Sciences 
ALBEIUO de ~eering, University of SID Paulo 
JOHN R>RMAN, Earth Sciences, University of Rio de Janeiro 
MMl>EL da FROTA K>REIRA., Biophysics, (M>q Staff Officer for Scientific 

Consultoria 
JOAO MEYER, Physics, University of S1to Paulo 
LClJRIVAL K>NACO, Agriculture, University of &'So Paulo (Canpinas) 
MAURICIO PEIXOTO, Mathematics, University of Rio de Janeiro 
ISRAEL \.ARGAS, Physics, University of Minas Gerais 
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NAS-CM>q Scientific Advisory Ccmnittee: 

U.S. PARl'ICIP.AN'I'S 

Fish Biology 

Subcomni ttee on lbnid Tropics, 
Mana.us, Brazil, Deced>er 6 • 10, 1976 

JOHN BAIUlt\OI, Marine Biology, University of Miami 

Water Buffalo 

llJGH POPOOE, Tropical .Agriculture, University of Florida 

Tropical Medicine 

ALLF.N W. CHEEVER, Parasitology, National Institutes of Health 

Plant Olemistry 

J.AttfF.S A. BASSJW.f, Chemical Biodynamics, thiversity of California at 
Berkeley 

JP.AN l.RIJENHEIM, Chairman, Biology, University of Califomia at 
Santa CtuZ 

BRAZILIAN PARl'ICIPANTS (affiliations not available) 

Fish Biology 

W. JUNK, Leader 
MIGUEL PE'i'kBKE, JR. 
HEOO )l)Imf.fANN 
ULRICll Sf. PAUL 
URICll WERDER 
H. TANAKA 
W. Sl'EIGER 
PETER PAYLEY 

Water Buffalo 

ALEJO ~ DE P.AHLEN, Leader 
.ACILOO 00 CA1M> CAN'IO 
w. JUNK 
W.E. KERR 
LillPOLIX> BRITO TEIXEIRA 
ausro NAZARE 

Tropical Medicine 

J. ARIAS, Leader 
UEENY GUIGL!AR> 
J. muwun 
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J. NUNES DE MEW> 
M. RABBANI 
HEI10R OOURAOO 
JACK HA.YES 
MAR.CDS BARROS 
K>BERT PINGER 
SINF.sIO TALAHARI 
WAI YIN K>K 
.AURELIA CASTELI.m 
OZORIO ~SECA 
lEREK CHARLl\OOD 
t.WJRO MARZOCllI 

Plant Chemistry 

GUilliERME MAIA, Leader 
K>BER.10 FIGLIOOW 
GHILLFAN PRANCE 
AYSSOR KXJRAO 
OiEN-FU HSU 
AMA1.00'ILDES NEVF.S 
AURA PUF.NTES DE DIAZ 
HELYDE~ 
MARIA NII.DE RIBEIRO 
WILLIAM K>DRIGUF.S 
~ FREITAS 
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International Seminar on Climatology of the Southern Hemisphere: 
1. Drought and Frost Research in Brazil; 

2. Studies and Reconmendaticns of Tedmical Groups. 
Canpinas, Brazil, September 5 - 10, 1977 

U.S. PARTICIPANI'S 

W.L. GATES, Oiairman, At:IOOspheric Sciences, Oregon State University 
IXlWJ) G. BAKER, Agricultural Research Service, U.S. Department of 

Agriculture 
REID A. BRYSON, Institute for Pnviromiental Studies 
M>R-fAN J. ROSF.NBERG, Agricultural and Natural Reso'LU'Ces, University 

of Nebraska 
CEEL V>N DEN BRINK, Advisory Agricultural Meteorologist 

BRAZIL!Nl PARTICIPANI'S 

LOORIVAL c.ARK> K>NMX>, Oiairman Agronomic Institute 
HILTON SILVEIRA PIN'OO, State iiilversity of Canpinas 
K>GERIO RIM> ALFCfiSI, Agronanic Institute 
GYLV>N MEIRA FIIK>, Institute of ~e Science 
JOSE ORIBE AP.AGl-0, Federal University of Pari.iba 
CID G.C. WREIRO, Joao Pinheiro Fotmdation 
HALLEY SJARES PINHEIRO, National Department of Meteorology 
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JOSE WIZ SILVEIRA, State University of Campinas 
WIZ RJBEKI'O ANGELOCCI, Agronanic Institute 
FRANCISCO ~, Agronanic Institute 
MARIO JOSE PEDRO, JR. , Agronanic Institute 

U.S. PARI'ICIPANTS 

CENrRAL .AMERICA 

C'.entral American Workshop on the 
Environment and Development 
Antigua, July 25 - 30, 1971 

EDWARD ACKERMAN, Executive Officer, Carnegie Institution of Washington 
HARRISW BROWN, Foreign Secretaiy, National .Academr of Sciences 
ANNE P. CARrER, Harvard Econanic Research Project, Harvard University 
tl>Kim GINSBURG, Geography, University of Clrl.cago 
CRUZ A. MATOS, Executive Director, Bnvironnental Quality Board, Office 

of the Governor, Ccmmmweal th of Puerto Rico 
fDWARD SHIRLEY, Information System Section, Battelle Memrial Institute 
FRANK H. WADSWORIH, Director, Institute of Tropical Forestry, U.S. 

Department of Agriculttn"e, Puerto Rico 

CEm'RAl. .AMERICAN PARTICIPANTS 

FRANCISCD AGUIRRE B., Deputy Director, C'.entral American Institute for 
Teclmological and Industrial Research (ICAITI) 

JOSE ANGEL ANDRADE, Secretaiy General, National Comcil on EconclJli.c 
Plarming, Guatemala 

JORGE ARIAS B., Division of F.ducation and Training, ICAITI 
MARIO DARY, Biology, University of San Carlos, Guatemala 
WARREN M. FORSY'lllE, Soil Scientist, Interamerican Institute for Agricul­

tural Sciences of the OAS 
CARLa> GRASSI, Interamerican C'.enter for Soil and Water Research, Venezuela 
JOSE GUEVARA CALDERrn, Plant Physiology Section, Ministry of Agriculture, 

Mexico 
SALVAOOR LOPEZ 501.0RZOO, Ccnsultant to the Techiiical Cclllnittee, National 

Plamrlng Office, Central Bank of Nicaragua 
V.ALIM'IN J. MENOOZA A., Executive Secretary, Council for Econanic Planning, 

Honduras 
MANUEL lDUEGA K>RALES, Director, ICAITI 
.ALFREOO BENJAMIN tt>YOLA, Tedmical Director, National Comcil on Economic 

Plarming, El Salvador 
JULIO OBIOLS, Advisor on Physical Integration, Secretariat for Economic 

Integration, Guatemala 
AN'lmIO M. PINCHINAT, Geneticist, Interamerican Institute for Agricul­

tural Sciences of the OAS, Costa Rica 
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ANA HERMANDEZ DE PE'li'I, Director, Social Planning Section, Plaming 
Office, Presidency of the Republic, Panama 

MARIANO RAMIREZ ARIAS, Director, University Plaming Office, University 
of Costa Rica 

LmNAROO SILVA KING, Cltlef, National Urban Development Plan, Office of 
National Planning, Costa Rica 

YOLANDA DE SUAZO TCME, Head, Research and Economic Development, Central 
American Bank for Economic Integration, Jbnduras 

JOSE MARIA URIBE, Division of Teclmical-Industrial Services, ICAITI 
BENJAMIN VIU.ANUEVA, Assistant to the Secretary General, Secretariat 

for Economic Integration (SIECA), Guatenala 

NAS-IC.AITI Joint Continuing Comnittee, 1972 

U.S. PARTICIPANTS 

EDWARD A. ACKERMAN (deceased), Executive Officer, Carnegie Institution 
of Washington 

Ilf\VID PIMENTEL, New York State College of Agriculture and Life Sciences, 
Cornell University 

CENTRAL .AMERICAN PARTICIPANTS 

MANUEL J.'()RIEGA MJRALES (deceased) , Director, Central American Research 
Institute for Industry, Guatemala 

FRANCISOO AGUIRRE B., Deputy Director for Teclmical Programs, Central 
American Research Institute for Industry, Guatemala 

GABRIEL DENGO, Deputy Director for Management, Central American Research 
Institute for Industry, Guatenala 

JORGE ARIAS, Director, Education and Training Programs, Central American 
Institute for Industry, Guatenala 

NAS-IC.AITI Executive Advisory Conlnittee for 
the Enviromnental Systems Study of Pesticides Use 

in Central American Cotton Production, 1973 

U.S. PARTICIPANTS 

WUIS A. FALCON, EntOJOOlogy, University of California 
DAVID PIMENTEL, Ecology, New York State College of Agriculture and Life 

Sciences, Camell University 

CENTRAL .AMERICAN PARTICIPANTS 

FRANCISOO AGUIRRE B., Biochemist, Central American Research Institute for 
Industry 

JORGE ARIAS B., Engineer, Central American Research Institute for Industry 
FERNANOO MAZARIEOOS, 01.emist, Central American Research Institute for 

Indu;try 

Copyright © National Academy of Sciences. All rights reserved.

Programs of the Board on Science and Technology for International Development:  Summary of Activities, 1970-78
http://www.nap.edu/catalog.php?record_id=20018

http://www.nap.edu/catalog.php?record_id=20018


-289-

ClIILE 

Ori.le-u.s. Workshop on the Contribution of 
Science and Technology to Development 

Santiago, January 11 - 15, 1971 

U.S. PARTICIPANTS 

HARRISON BRCMN, FOREIGN SECRETARY, National Academy of Sciences 
FORMAN S. ACTON, Electrical Engineering, Princeton University 
C.O. ClIICliESTER, Food and Resource Cllemistry, University of Rhode 

Island 
WILLIAM J. DARBY, Vanderbilt University School of Medicine 
HENRY S. FRA?i:IS, JR. , Naticnal Science Fomdation 
awu.ES V. KIDD, Association of American Universities 
WILLIAM F. MILLER, Association of American Universities 
ALBERT W. SCHLECTEN, C.Olorado School of Mines 
REINHARDT SCH.MANN, JR. , (retired) , School of Materials Science and 

Metallurgical Engineerllig, Purdue University 
WARREN S. l«X>STER, Scripps Institution of Oceanography, University of 

California 

OIILP.AN PARTICIPANTS 

Science Policy 

ENRI~ D'ETIGNY LY~, Oiai~ National Qmmission for Scientific and 
Teclmological Research r ICYT) 

EWAROO :OOBADILIA, Actllig Executive Secretary, OONICYT 
JOAQUIN CORWA SCM4ER, School of Engineering, University of Cllile 
JUAN DE OOS VIAL CORREA, Faculty of Cllemistry and Phamacy, University 

of Ori.le 
c.ARI.DS FORTIN CABEZAS, School of Political and Administrative Sciences, 

University of Ori.le 
BRIW GUN'lllER SOIAFFELD, Institute of Physiology, University of Ori.le 
JOAQUIN WCO VALENZUEIA, Neurophysiology, University of Cllile 
MARCELO ROBERT PRIElm, Head, Department of Studies, CCIUCY'r 
00\'ALOO SUNKEL WEIL, Institute of International Studies, University of 

Ori.le 

Marine Sciences 

ANELIO JG.JAYO LO:OO, Department of Oceanology, University of Ori.le 
NIBAJ.JX) BAlw.DIDES NAV.Atl), Hydrobiology, Natural History t.llsellll 
JOSE CASTELLA ARGUELLES, Department of Studies, cnucrr 
LISANDRO CHJECAS MJNOZ, Central Institute of Biology, University of 

Concepcion 
HPL'TOR IK>sm>ZA. VILLAGRA, Central Institute of Physics, University of 

Concepcion 
FERNANOO IDBI.ES GARCIA, Fisheries Research Development Institute 
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PATRICIO ~CHBZ, Institute of Biological Sciences, Catholic University 
of CU.le 

HELIMJI'H SIEVERS CZISCHKE, Oceanography, Naval Hydrographical Institute 
JOSE 5IUARDO BARRIA, Central Institute of Biology, University of Concep­

ci6n 

NutritiCD'l and Food Sciences 

AN'I'rnIO ARTEAGA LI.DNA, NutritiCD'l, Catholic University of CU.le 
FERNANOO MJNCKBBERG BARROS, Laboratory of Pediatric Research, University 

of Chile 
MAX RU1MAN SClJBO'INIK, Fisheries Research Developnent Institute, cau:o 
ALEX TRIER GABLER, Institute of Technology of Chile, CXJRR> 

Mathematics and Coq>uter Sciences 

ROLANDO CHUAQUI, Mathematical Sciences, Physics and Olemistry, Catholic 
University of Chile 

JNUQUE CANSAOO, Director, Inter-American Center for Teaching of Statis­
tics (CIENFS) 

JORGE ALVAREZ DE AP.A.YA, Institute of Mathematics, Catholic University of 
Chl.le 

JULIAN CORaJERA, Department of Studies, <DNICYT 
RENE PERALTA, Director, Coq>utation Center, Faculty of Science, Physics 

and Mathematics 

r.opper Technology 

C.ARLOS CAMPIOO, Center for PromtiCD'l of Uses of Copper 
IVAN CASANEGRA., Department of Studies, CONICYT 
Q\RLOS DIAZURIBE, Department of Mines, University of Chile 
JOSELIN ClfiZALES M. , F.ngineering .Administrator, Ventanas Refineiy (ENAMI) 
r.ARIDS LANOOLT, Center for Metallurgical Mining Research 
WIS SO'IU-I<REBS, Engineering Departnent, Technological Institute (INTEC) 
MATIAS 1URTLETAUB, Mechanical Engineering Department, INI'EC, CORFO 
C.ARLOS RUIZ FULLER, Institute of Geological Research 

U.S. PARTICIPANTS 

Colomia-u.s. Workshop on Science and 
Technology in Development 

Fusagasuga, February 26 - March 1, 1968 

OOGHT BROTHERS, Harvard Developnent Advisory Service, Harvard Univer­
sity 

IWUUSON BROWN, Foreign Secretary, National Academy of Sciences 
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51'ANLEY A. CAIN, Assistant Secretary, Department of the Interior 
CARL WERASSI, Chemistry, Stanford University 
KARL R>LKERS, President, Stanford Research Institute 
T. KEim GLF.NNAN, President, Associated Universities, Inc. 
HANS Ll\NlEBERG, Resources for the Future, Inc. 
GIDRGE WAGCDNER, Dean, College of Arts and Sciences, University 

of Kansas 
CARROLL L. WILSON, Sloan School of Management, MIT 

CDl..Q4BIAN PAKI'ICIP.ANTS 

Q\NlJl'O ~' Director, Coloni>ian Agricultlll'al. Research Institute 
TUI.IO MARULANDA, Executive Director, Institute of Nuclear Affairs 
OLIVERIO PlllLLIPS, Industrial Consultant 
JOAfPIN PINEl1DS, Executive Director, Camd.ssion for F.ducational Ex­

change 
GABRIEL PROVEDA, Teclmical Department, National Association of 

Industries 
JESUS RAMIREZ, S.J. , Director, Colanbian Andes Geophysics Institute 
DARIO SUESClJN, Director, Mineral Inventory and National Geological 

Service 
RAMIRO TO!Ol, Dean, Division of Sciences, Universidad del Valle 
N:>R.'lm YOUNG, Director, Institute of Teclmological Research 
ZVEN ZETHELIUS, Chemistry, National University of Coloni>ia 

Graduate Stmy Plannmg Gro~, 1970 

U.S. PARTICIPANI'S 

HARRIS<J.l BRJWN, Foreign Secretary, National Academy of Sciences 
AARON LIMIUCK, Dean of the Graduate School, Princeton University 
JCliN RODGERS, Geology, Yale University 

CDl..Q4BIAN PARTICIPANI'S 

OSCAR MARULANDA, lllnan Resources Division, National Department of 
Planning, Bogota 

ALBERTO OSPINA, Director, CDLCIENCIAS, Bogota 
JUAN FRANCISCO VILLARREAL, Director, ICFES, Bogota 

Joint Study Group on Cllemistry, 1971 

U.S. PARTICIPANTS 

W.D. CDOKE, Dean of the Graduate School, Cornell University 
BRYCE L. CRAWR>RD, Dean of the Gradt.ate School, University of Minne­

sota 
ERNEST L. ELIEL, Chemistry, University of North Carolina 
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CDUMBIAN PARTICIPANTS 

JAIME AYALA, Director, Scientific Affairs, CDLCIENCIAS 
WIS ALEHANDRO BARRF.RA, Higher Bducation Specialist, ICFES 

Joint Study Groq> on Mathematics, 1971 

U.S. PARTICIPANTS 

ALFONSO AZPEITIA, Mathematics, University of Massaclmsetts 
ClIARLES DE PRIMA., Mathena tics and Astronomy, California Institute 

of Technology 

CDl.Q4BIAN PARTICIPANTS 

EWAROO SILVA, Higher Education Specialist, ICFES 
ANTONIO VELEZ, Mathematics, University of Antioquia 

U.S. PARTICIPANTS 

Joint Study Group on Engineering 
Physics, and Earth Science, 19 72 

WILLIAM L. EVERITT, Chaiman, Dean P.meritus, C.Ollege of Engineering, 
University of Illinois 

JAMBS BRIAN ~INN, Coordinator, Business .Administration, Dartnl>uth 
C.Ollege 

RIClIARD L. ANDERSOO, Electrical Engineering, Syracuse University 
CAMDF.N A. CDBERLY, Engineering, University of Wisconsin 
VICTOR W. OOLDSOMIIJr, Mechanical Engineering, Purdue University 
llJGI D. GUI'HRIE, Clemical Engineer, Shell Oil Coq>any 
ALFRED C. INGER.SOLL, Engineering, University of California 
F.ARL M. IRVIlli, U.S. Geological Survey, Bogota 
JAMES E. LAWVER, Mineral Resource Research Center, University of 

Mirmesota 
GERALD L. PARK, Systems Engineering, Michigan State University 
ULRICH PETEROON, Geological Sciences, Harvard University 

CDl.Q4BIAN PARTICIPANTS 

HECTOR PRAllA., Chaiman, Industrial Engineering, University of the 
Andes 

E1llAROO ALDANA, Vice Rector, University of the Andes 
JORGE RIQ\RDO BERNAL, Director, Graduate Oiemical Enginee~ Program, 

National University 
ALVARO aJW., Consultant, Mechanical Engineering, Bogota 
ERNESl'O CDRREOOR, Geologist, Institute of Geology and Mines 
RAUL GCl.mZ, Mechanical Engineering, University of the Andes 
ARIH.JR INFANTE, Executive Director, National Ftmd for Development 

Projects, National Department of Plamrlng 
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ALBERTO ~. Executive Director, C.Oloni>ian Institute for Administra­
tion, Cali 

OORIS PLAZAS, Manager, Plazas and Conpany, Ltd. , Bogota 
RIC\ROO RINCDl, Director, Testing and Research Institute, National 

University 
EIXJAROO SILVA, Chief, Center for Metrology, National Service for 

Weights, Standards, and Quality Control, Bogota 

Joint Study Group on Biological Sciences, 1972 

U.S. P.ARI'ICIPANI'S 

EDWARD DEEVEY, Florida State J.tiseun, University of Florida 
KARL WILBUR, Zoology, Duke University 
CLINIUN N. l«X>LSEY', Neurophysiology, University of Wisconsin 

CDLCJ.fBIAN PARTICIPANI'S 

WIS ALFJ.ANDRO BARRERA, Department of Scientific Affairs, COLCIENCIAS, 
Bogota 

GABRIEL ~ PINlrn, National Institute for Special Health Programs 
(INPES) , Bogota 

JAIME GIDRGE ClJEVAS, Faculty of Sciences, Javeriana University 
ARtfANOO ~ZALEZ RF.NGIFO, Biological Sciences, University of the Andes 
~ RIVEROS CELIS, Institute for the Developnent of Renewable Natu-

ral Resources (INDERENA), Bogota 

U.S. P.ARI'ICIPANI'S 

Joint Evaluation Group on 
Graduate Study Review, 1972 

VICTOR RABDDIITOI, Chainnan, Board on Science and Technology for Inter-
national Development, National Academy of Sciences 

r.AMDEN CDBERLY, F.ngineering, University of Wisconsin 
ERNE5I' ELIEl., Chemistry, University of North Carolina 
KARL WILBUR, Zoology, Duke University 

CDLCJ.fBIAN P.ARI'ICIPAN'l'S 

PABLO OLIVEROS, r.o-Chaiman, Director, ICFES 
EFRAIM OTERO, r.o-Cllainnan, Director, CDLCIENCIAS 
HERNAN D. ~ademic Division, ICFES 
PEmO >MAYA, Office of Basic Studies, CDLCIENCIAS 
WIS ALBJANmO BARRERA, Department of Scientific Affairs, OOLCIENCIAS 
JAIME GIDRGE, Dean, Faculty of Sciences, Javeriana University 
OVIDIO CXJNnJIAN, Secretary General, CDLCIENCIAS 
EWAROO SILVA, Department of Physics, National University 
JAVIER 'I'RmOOSO, Department of Scientific Affairs, COLCIENCIAS 
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IDfiNICAN REPUBLIC 

Workshop on Agro- Industrial Development 
in the Dominican Republic, 

Santo Daningo, Daninican Republic, October 18 - 22, 1976 

U.S. PARTICIPANTS 

C.O. OUCllE5I'ER, Chairman, Vice President, The Nutrition Foundation, 
Inc. 

ERNF..5T J. BRISKEY, Vice President, Campbell Soup Conpany 
HAROLD E. CALBEKI', Food Science, t.miversity of Wisconsin 
.AMIHUD KRAMER, lbrticul.ture, University of Maiyland 
D.F. McMILLEN, Marketing Consultant, Webster International Coiporation 
T. NAKAYPMA, Food Science and Teclmology, University of Hawaii at 

Manoa 
ROBERT C. PEARL, Food Science and Teclmology, t.miversity of California 

at Davis 
nDfAS S. WP.A.VER, Resource Econanics, University of Rhode Island 
H.L. WILCKE, Vice-President (retired), Ralston Purina Company 
VIRGIL 0. \\UDICKA, Consultant, Food Technology and .Marketing 

IXJ4INICAN PARTICIPANTS 

AGUSl'IN N. ABREU, Chief, Division of Teclmical Services, INOOTBC 
DA.YSI AGUASIIVAS, Research Engineer, INOOTEC 
ENA DE ALVAREZ, Director, Food Laboratory, Universidad .Autonana de 

Santo Domingo 
FRANCISCO X. ARNEMi\NN, Marine Resources Studies, INOOTEC 
MIGUEL BARCELO, President, Barcelo Industries, Inc. 
MARIO J. CABRERA, Executive Vice-President, Industrias Lavador 
OSVALOO CABRERA, Economist, Universidad catolica Madre y Maestra 
ALTAGRACIA DE CASTILLO, Economist, State Sugar Council 
OLE G. DEVIK, Chief, Division of Research and Development, INOOTEC 
SRA. ESPAILLAT, Econanist, State Secretariat of Industry and Ccmnerce 
llJGO FENTON, Chief, Division of Project Praootion and Development, 

INOOTEC 
FRANCISCO M. <nlZALEZ, Deputy Secretary, State Secretary of Agricul­

ture 
JESUS MARIA HERNANDEZ, Assistant Executive Director, State Sugar 

Council 
ERNFSl'O J. fl>, Agri01ltural Specialist, Dominican Center for the Pro­

mtion of Exports (CEOOPEX) 
WILFREOO KASSE, Chief, Food Division, State Secretariat of Public 

Health 
CESAR DE LARA, President, Agroindustrial C'.anpany, Inc. 
K>DESTA DE MAROO, Biologist, Division of Analytical Services, INOOI'BC 
EJGENIO MIRANDA, Director, Department of Special Studies, Institute 

for Price Stabilization 
RAFAEL MURILLO, Chief, Analytical Services 
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rASOORO PINA, Chief, Quality O:mtrol, Portela Industries 
lDRACIO RAMIREZ, Chief of Production, Leche Rica, Inc. 
FRANCISCD A. TF.JADA, Director, International Department, C'.entral 

Bank of the Dominican Republic 
JOOE VALDEZ, Economist, State Secretariat of Industry and Conmerce 
VICTOR VINAS, Agricultural Economics, National University "Pedro 

Henriquez Urena" 

GUYANA 

Guyuna-U.S. Workshop on Aquatic Weed Management 
and Utilization, Georgetown, March 15 - 17, 1973 

U.S. PARTICIPANTS 

GERARD A. IUiLIOI, Chainnan, Civil P.ngineering, University of Texas 
LARRY O. BAGNALL, Agriciiltural Engineering, University of Florida 
FRED D. BENNEIT, Bntomlogist, Comoonweal th Institute of Biological 

Control, Curepe, Trinidad, West Indies 
DANIEL S. HAR1MAN, Crystal River, Florida 
JAMES HENTGF.S, Animal Science, .University of Florida 
OONALD F. LJVER.DRE, Mechanical Engineering, University of Wisccnsin 
RIOJARD R. YID, Botany, University of California 
VBRNJN MYERS, Advisor, Aquatic Weed r.ontrol, Florida Game and Fresh 

Water FislllDiiiiirssion 

GUYANF.sE PARl'ICIP.ANTS 

D.H. IRVINE, Chainnan, National Science Research C.OlUlCil, Vice· 
Clumcellor, university of Guyuna 

J.P. BATES, Bookers Sugar Estates Ltd. 
H.A.D. CHESNEY, Ministry of National Development and Agriculture 
A. V. OOWNER, Central Agricultural Station 
c. EIMARDS, Ministry of National Developnent and Agriculture 
P. FERNANDES, Ministry of National Development and Agriculture 
U.P. GIBSCll, Guyana Water Authority 
H. HARRICliARAN, Livestock Project Division, Bank of Gurana 
W. HERNANDEZ, Allied Mills Inc. , Trinidad, West Indies 
N. R>LDER, Ministry of National Developnent and Agriculture 
D. JAIOOO, Ministry of National Development and Agriculture 
C. lWW>:OO, Bookers Sugar Estates Ltd. 
J. McCAIMJN, Fisheries Division 
J.J. NILES, University of Guyana 
CJ.WllALE, University of Guyana 
P. ROBINSON, Bookers Sugar Estates Ltd. 
F.M. SCHNEI~, CIBA-GEIGY' 
S. SHERIFF, Dimoond Estate 
C. VEERAfW.NY, Guyana Stockfeeds Ltd. 

Copyright © National Academy of Sciences. All rights reserved.

Programs of the Board on Science and Technology for International Development:  Summary of Activities, 1970-78
http://www.nap.edu/catalog.php?record_id=20018

http://www.nap.edu/catalog.php?record_id=20018


-296-

V. YCXNJ-I«Hl, Guyana Sugar Experiment Station 
VIOLA BURNfW.f, Wife of Prime Minister of Guyana 

Workshop on an International C'.enter for 
Manatee Research, Georgetown, February 13 - 17, 1973 

BRAZILIAN P.AKI'ICIP.ANTS 

P.AlJID DE AIMEIDA MAOIAOO, Director-General, Instituto Nacional de 
Pesquisas tl.anaus 

PAULO E. V.ANZOLINI, Director, Zoology ~llse\111, University of Sao Paulo 

C.ANADI.AN P.AKI'ICIP.ANTS 

W.H.L. ALLSOPP, Co-01.ainnan, Fisheries, International Developnent 
Centre 

KBI1H :RmALD, Dean, College of Biological Science, University of 
Guelph 

CDl.Q4BI.AN PARTICIPANTS 

ALONZO RAK>S, Associate Professor, Fish Culture, University of Caldas 

WY.ANESE PARTICIPANTS 

DENNIS H. IRVINE, Co-Chaiman, National Science Research CotmCil, and 
Vice-Oumcellor, university of Guyana 

JOHN BATE.5, Senior Agricultural Officer, Bookers Sugar Estates Ltd. 
G.E. BURNlw.f, Deputy Director, t.llseum and Zoo 
LAWRENCE G. CHARLES, Drainage and Irrigatian and Sea Defense, Ministry 

of Works 
ELSIE CROAL, Curator, Botanical Gardens 
ANADA DHARRY, Drainage and Irrigation, Ministry of Works and Camamica-

tions 
HENRY OOLPHIN, Queenstown 
ALFRED V. DCHiER, C'.entral Agricultural Station, Mon Repos 
PETER FERNANDES, Ministry of National Developnent and Agriculture 
ALLAN FOX, Ministry of National Developnent and Agriculture 
lil..RIC GIBSm, General Manager, Guyana Water Authority 
DA.TA.KARAN JEBTLAL, Bushlot, West Coast, Berbice 
FRANK MHJUL, Ministry of Health 
G. NURSE, Ministry of National Development and Agriculture 
CMAWALB, Dean, Faculty of Natural Sciences, University of Guyana 
B.R.B. PERSAUD, Department of Biology, University of Guyana 
POPE DF.O PERSAUD, Ministry of National Development and Agriculture 
J.AMPS RI~. Georgetown Sewerage and Water Ccmnissioners 
J.B. RIT5m, Head, World Bank Livestock Project 
NERLE ROBEIU5m, C'.entral Agricultural Station, Mon Repos 
ERNEST SfANFORD, Central Agricultural Station, Mon Repos 
BAI.RAM SINGH, Taxidennist, Guyana Muset.111 
IDB VEERASAt+IY, Free-lance Biologist, Georgetown 
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TRINIIW>IAN PARTICIPANT 

lDIMAN E. WILL~, Livestock Science, University of the West Indies, 
St. Augustine 

BRITISH PARTICIPANTS 

E.C. AMJROSO, Agricultural Research Council, Institute of .Animal Phy­
siology, Brabaham, canbridge 

G. CDLIN L. BBRI'RAM, St. Jolm' s College, Canbridge 
ALAN S. PARKF.5, Contributor, Medical Research Council and Chainnan, 

Galton Fo~ 

U.S. PARTICIPANTS 

~ s. FARNER, Co-Chainnan, Zoology, University of Washington 
RlJ'lH .AMMS, Executive secretary, .American Civil Liberties Union, 

Illinois 
Cl.ARF.NCE B. ~. Anbnal Science, University of Florida 
CARLTON G. OIAPMAN, Miami Seaquariun 
DANIEL S. HAR'IMAN, West Forks, Maine 
K>NALD K. MEYER, Wisconsin Regional Primate Research C'.enter, University 

of Wiscmsm 
C.ARLETON G. RAY, Pathobiology, Jolms Hopkins University 
VICTC!l B. SCHEFFER, Chainnan, Marine Manmals Conmission 

VF.NEZUELAN PARTICIPANT 

l'RANZ WEIBBZAHAN, Contributor, Director, Biology School, University of 
Central Venezuela 

INTERNATI~ ORGANIZATION PARI'ICIPANT 

BARRY NESl'BL, Associate Director (Animal Science), International 
Development Research Center, Bogota, D.E., Colombia 

PERU 

First Peru-U.S. Workshop on Science, Teclmology and 
Development, Paracas, April 18 - 22, 1966 

U.S. PARTICIPANTS 

GBlRGB FJUCKSF.N, Coordinator, U.S. Geological Survey 
HARRISOO BlOlN, Foreign secretary, National Academy of Sciences 
RAYK>ND EWELL, Vice-President for Research, New York State University 

at Buffalo 
ABNER :t.t:GEHEE HARVEY, Medicine, Jolms Hopkins Hospital 
ll!\.VID B. KING, Forestry, University of Minnesota 
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&ACY MAY, Economics (retired) , Wellfleet, Massachusetts 
RALPH W. RICllARDSON, JR. , Agricultural Sciences, the Rockefeller 

FOl.Uldation 
MILNER B. SOJABFER, Institute of Marine Resources, University of 

California, La Jolla 
HERBEU F. YORK, Physics, University of California at San Diego 

PERUVIAN PARTICIPANl'S 

.AN'lmIO BACIGAUJPO, Institute of Applied Nutrition and Food Teclmol-
ogy, Agrarian University 

VICTOR VENAVIDF.S, Chief Geologist, International Petrolel.111 Co., Ltd. 
JW.DN FERREYRA, Botany, Muse\Dll of Natural History 
ALFREOO FREYRE, Director General, Instituto del Mar 
ALBERTO GIESECKE M., Geophysics Institute of Peru, Ministry of 

Development 
HECTOR MARTINEZ, Peruvian Indigenist Institute, Ministry of Labor 

and Indigenous Affairs 
Q\RWS KHlE C., Peruvian University of Medical and Biological 

Sciences 
Q\RWS KHiE M. , Advisor for Indigenous Affairs, Ministry of Labor 

and Indigenous Affairs 
MARIO SAMAME B., Faculty of Mining Engineering, National tm.versity 

of Engineering, LinB 
TIDOORICD TERRY, Agrarian Research Service, Ministry of Labor 
JOSE TOLA P. , President, National Academy of Exact Physical. and 

Natural Sciences at Lima 
ANGEL VALDIVIA M. , Bconanic Planning, Ministry of War 
MAXOO VEGA CENTOO, Pontifical. Catholic University 

Second Peru-u.s. Workshop on Science and Teclmology in 
Developnent, Lima, Peru, November 20 - 24, 1967 

U.S. PARTICIPANTS 

WILLIAM BOLLAY, Mechanical. Engineering, Stanford University 
HARRISON BROWN, Foreign Secretary, National Academy of Sciences 
PETER FRAENKEL, Ford Fol.Dldation, Lima 
A. :t.t:GEHEE HARVEY, Medicine, Johns lbpkins University 
WILLIAM LAWLESS, JR. , Office of the Director of Corporate Plarming, 

IJl.f 
K>RMAN KXlRE, Vice-President, Litton Industries, Woodside, Califor­

nia 
MILNER B. SOJABFER, Science .Advisor, Department of the Interior 
GOORGE ~' Dean, College of Liberal Arts and Sciences, University 

of Kansas 
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PERWIAN PARTICIPANTS 

JOSE TOLA P., Chainnan, Director, Institute of Pure and Applied 
Mathematics, National P.ngineering University 

ANT~IO BACIGAUJPO, Director, Institute of Applied Nutrition and Food 
Teclmology, Agrarian University 

Ell.JARD() BARRAGAN, Office of Research and Development, Peruvian Navy 
VICTOR BENAVIDES, Olief Geologist, International Petroletun Company 
ALBERTO ESOOBAR, Linguistics, National University of San Marcos 
ALFRED FREYRE, Director-General, Institute of the Sea · 
ALBERTO GIESECKE M., Executive Director, Geophysics Institute of Peru 
JORGE GRIEVE M. , General Manager, Volkswagen of Peru 
VICTOR IATORRE, Physics, National F.ngineering University 
JOSE LIZARRAGA, Director-General, National Office for Evaluation of 

National Resources (ONERN) 
c.ARLOS MJNGE C., Peruvian University of Medical and Biological Sciences 
MARIO SAMAME OOGGIO, Dean, Faculty of Sciences, National Engineering 

University 
MAURICIO SAN MARTIN, Oiaiman, Plarming Conmittee, Inter-University 

r.cnmcil of Rectors 
~EL VALDIVIA M., Office of Eccnomics, General Headquarters of the Army 
lDLGUER V.AJ4JI, Institute of Pure and Applied Mathematics, National 

Engineering University 
GAS'I'OO VAP&tS, Cllemistry, catholic University 

Joint Stu:ly Groip on Proposed NRC, 1966 

U.S. PARTICIPANTS 

HARRISOO BROWN, Foreign Secretary, National Academy of Sciences 
GIDRGE E. ERICKSEN, U.S. Geological Survey 

PERUVIAN PARTICIPANTS 

EilJAROO BARRAGAN S., Office of Research and Development, Peruvian Navy 
ALBERTO JIMINEZ, Director, Off ice of Research and Development, Peruvian 

Navy 
CARI.OS KllGE C., University "Cayetano Heredia" 
ANGEL VALDIVIA M., Director, Economic Planning, Ministry of War 

NAS-ITINTEC Workshop on Industrial Research Management and 
Progranming, Lima, Peru, January 25 - 29, 1975 

U.S. PARTICIPANTS 

WILLIAM KREBS, Oiainnan, Vice-President, Arthur D. Little, Inc. 
JAMES B~iate Director, Denver Research Institute 
PATRICIA L. BOOWN, Information Systems, Battelle Meloorial Institute 
MARY E. r.AKI'ER, Director, Southern Regional Research Laboratory 
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MIOIAEL FERENCE, JR., Vice-President for Research (retired) Ford Motor 
Coq>any 

CIRIACD OONZALFS, Director, General Research Grants Program, National 
Institutes of Health 

JAMES BRYAN ~INN, Anos Tuck School of Business Administration, Dart 
Dartmouth College 

PERINI.AN PARTICIP.ANI'S 

ISAIAS FLIT, Chainnan, Director General, ITINI'EC 
HERNAN AREVAID, Director General, Instituto Cientifico y Teaiologico 

Minero 
RENE BARBIS, State Iron and Steel Entezprise 
CARLOS DEn'RE, Plaming Director, ITINI'EC 
GUSl'AVO FLORES, Technology Director, ITINTEC 
.ALBERTO GIESECKE, Director, Geophysics Institute of Peru 
JULIO MASSA, Head, Office of Plaming and Progranuning, Ministry of 

Industry and To\ll'ism 
FRANCISCD Sl\GASTI, Vice-President of the Board, ITINTEC 
CESAR A SAMANEZ, Quality Control Manager, MEPSA 
ADAN SOONARIO, General Manager, Frutos del Pais, S.A. 
JOHN WIL.50N, Plant (production) Manager, Hilos Cadena Llave, S.A. 

INTERNATIONAL PARTICIPANTS 

LEE KUM TATT, Chainnan, Science Institute of Standards and Industrial 
Research, Singapore 

PAUL C. TRUSSELL, Secretary General, World Association of Industrial 
and Teclmological Research Organizations; Director, British 
Col\Jllbia Research, Canada 

F. NEVILLE l«X)JMARD, International Research Policy and Management 
Advisor, Scotland 

VENEZUELA 

Workshop on Science and Technology for Urban Poor, 
Caracas, Venezuela, March 6 - 11, 1977 

U.S. PARTICIPANTS 

GEORGE BUGLIARELLO, Chainnan, President, Polytechnic Institute of 
New York 

ClIARLES F. NICIDLS, Sr., Director, Vocational/Teclmical Education, 
Minneapolis Public Schools 

HELGA OLKOWSKI, Entomlogy, University of califomia at Berkeley 
LOONARD F. O'REILLY, Consulting Engineer, O'Reilly Associates 
CHARLES A ROSEN, Stanford Research Institute 
CHARLES E. TATE, Vice-President, Booker T. Washington Foundation 
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VENEZUELAN PARTICIPANTS 

PABID ~' Sociology, RJNIWXMJN 
>&.. MARIA Q\STILID, Assistant to the Director, HABITAT Fomdation of 

Venezuela 
MISI'I DEWAR, Textile Design, HLDDan Relatims; HABITAT Foundation of 

Venezuela 
IWtm F.SPINASA. VF.NDRELL, Industrial Engineering, National Superinten-

dency of C'.ooperatives 
WILLIAM J. GOE'ITBL, Economist, Caracas 
JP.ANNE GRANT, Sociology, CC!llCIT, Venezuela 
.ANDERS HALLSTIOf, Sociology, Simn Rodriguez University and ORAP 

Foundation 
MANUEL V. HERRERA, CClllll.mity Developnent Analysis, ~ 
WIS ILAMBI, Sociology, CIARA Foundation 
JOSE ALBERTO NUNEZ, Sociology, HABITAT Foundation of Venezuela 
NAVIS PINrO, Anthropology, HABITAT Foundation of Venezuela 
flXJO PIRELA, Sociology, RJNIWDIJN 
MERI.IS PRIETO DE MENENDEZ, Architect, Central University of Venezuela 
JF.SUS REYKJNDEZ F., Cliemistry, MERCK-CDFASA 
ANI'ONIO JUAN SOSA, Sociology, RJNDACCMJN 
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Egyptian-u.s. Workshop on Science and 
Technology Policy, Plaruting and Management. 

in the Arab Republic of Egypt, May 3 - 8, 1975 

U.S. PARTICIPANTS 

FRANKLIN A LONG, Chainnan, Professor of Oiemistry and Hemy R. Luce 
Professor of science and Society, Cornell University 

IDBERT F. CiRISTY, Vice-President and Prowst, California Institute 
of Teclmology 

F.J. DARNELL, Associate Director, Central Research and Developnent 
Department, E.I. Du Pont de Neroours and Coq>anf 

RIClfARD S. DAVIS, Dean, College of Technology, University of New lfmll>­
shire 

DAVID LEWIS, Assistant Director, Program on Policies for Science and 
Technology in Developing Nations, Camell University 

!UY L. LCNVORN, Administrator, State O>operative Research Service, U.S. 
Department of Agriculture, Washingtcm, D.C. 

RICHARD F. NEBLETI, Director for Contributions, Exxon Corporation 
EVERE'IT V. RICHARDSON, Director, P.ngineering Research Center, Colorado 

State University 
OIARLES \\OLP, JR., Head, Economics Department, Rand Coiporation, Director, 

Rand Graduate Institute, Santa f.tmica, California 

EGYPTIAN PARTICIPANTS 

A.M. ABCXJ EL-.AZM, President, Academy of Scientific Research and Tech­
nology 

O. EL-MJFTI, Vice-President, Academy of Scientific Research and Tech­
nology 

A.G. ABD EL-SAME!, Vice-President, Academy of Scientific Research and 
Tedmology 

musT.AFA M. HAFEZ, Scientific Advisor, Academy of Scientific Research 
and Teclmology 

ADEL A. SABET, Director General, Academy of Scientific Research and 
Technology 

Y. HJSSEIN, Member, Teclmical Bureau, Academy of Scientific Research 
and Teclmology 

ABLA EL-BI SHRY, Member, Teclmical Bureau, Academy of Scientific Research 
and Technology 

KlW4ED KAMEL, Director, National Research Centre 
A.F. RIZK, Research Professor (Phannacology), National Research Centre 
A. I. NAGUIB, Research Professor (Microbiology), National Research Centre 
O. GALAL, Research Professor (Nutrition), National Research Centre 
M.H. F.ADL, Research Professor (Paper and Cellulose), National Research 

Centre 
N. I. ASIDUR, Assistant Research Professor (BotaJJ;y) , National Research 

Centre 
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A.L. llJSSEIN, Assistant Research Professor, National Research Centre 
M. F.AHIM, Director, R. I. Cbservatories 
JWJRAM MAlf.DID, Secretary General, Petroleun Research Institute 
A.A. ABDEL-AZIM, Deputy Director, Metallurgical Research Institute 
P.P. BHATNAGAR, UNDP Project Manager, Metallm-gical Research and 

Developnent Institute 
A. LOTFI.EL-SAYED, Deputy Director, Metrology Research Institute 
A. KA.BF.SH, Director, National Infonnation and Doa.unentation Centre 
M. EL-ALA.YI.I, Director, Scientific Instnnnents Centre 
HAMED :mJSHDI, Director, Radiation Technology Research Institute 
HASSAN 19fAIL, President, C&iro University 
IBRAHIM BADRAN, Vice-President, Cairo University 
K. EL-DCMEINI, Professor, Faculty of Science, Ain Shams University 
KAMEL AL•ASBBT, Dean, Faculty of Agriculture, Cairo University 
HASSAN EL-SBELGI, Vice Dean, Faculty of Engineering, Cairo University 
A.R. GOAFAR, Professor, Faculty of Agriculture, Cairo University 
SAi.AH SfWIBANDER, Director, Cancer Research Institute, Cairo University 
S. MlJSfAFA, Lecturer, Faculty of Sciences, Cairo University 
~ t.DRSI Al-NED, Secretary General, Union of Arab Universities 

· (Ex-Minister of Higher Education) 
MXJSTAFA HA.FEZ M>HAMED, General Stt>ervisor, Agricul.tm-al Research r.entre 
ABOOU SALi.AM, Chainnan, Organization of Senns and Vaccines (Ex-Minister 

of Health) 
A.F. 19'1AIL, First Under Secretary of State, Ministry of Higher Educa­

tion 
AZIZ EL-BINDARI, Chainnan, Family Planning Organization 
SOBHI ABD EL-HAKIM, Professor, Cairo University and Advisor, Family 

Planning Organization 
KAMEL MAKS:>UD, General Director, Industrial Planning, Organization for 

Industrialization, Ministiy of Industiy 
H. GHANJJ.f, Organization for Industrialization, Ministry of Industry 
A.M. SAID, Under Secretary of State, Ministry of Manpower 
A. AZER, Researcher, National Centre for Social and Criminological 

Research 
M.A. HASSAN, Chainnan, Industrial Research Comcil, Meni>er Academy 

Col.Dl.Cil, (Ex-Minister of Industry) 
M.A. KASSAS, Assistant Director General, Arab League Organization for 

Education, Culture and Science (Ecology) 
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n.JNISIA 

Workshop on Systems Analysis and Operations Research 
'I\m.is, 'l\misia, May 23 - 26, 1977 

U.S. PARTICIPANTS 

PHILIP M. MESE, Chairman, Professor F.meritus, Massachusetts Institute 
of Technology 

BERNARD R. BELL, Vice-President (retired), International Bank for Re-
construction and Development 

AR1HJR. A. BROWN, Consultant 
JOHN IWEREIT, Arthm D. Little, Inc. 
DAVID B. HERTZ, McKinsey and Conpany 

nJNISIAN PAIUICIPANTS 

MlHAMED EL HABIB BEN ABDF.SSEI.Bf, Coordinator, Director for Organiza­
tions, Methods and lnfonnatics, Office of the Prime Minister 

Subgroup Oiaimen 

ABDELAZIZ IAIJi, (Chairman, Organizational Structme and Procedm'es 
Subgroup) , Deputy, National Assembly 

HASSINE ZAYATI, (Chainnan, Personnel Management Subgroup), Office of 
the Prime Minister 

ZAKARIZ BEN MJSTAPliA, (Chairman, Interagency Coordination in the 
Struggle Against Pollution Subgroup), President, Tunisian 
Association for the Protection of Nature and the P.nviromnent 

SLAHEDDINE ABID, Center of .Administrative Research and Studies 
SAOOK ATALLAH, Ministry of Public Health 
RAOUD BAllU, Ministry of the Interior 
K>RODID BEN ALI, Ministry of the Interior 
Al-MID BEN AYED, Center of Administrative Research and Studies 
MlHAMED BEN BELGAaM, Central Laboratory 
NXJREDDINE BEN FARHAT, Office of the Prime Minister 
:tOJREDDINE BEN J.IJSTAPHA, Ministry of National Education 
MJHSEN BJJDEGGA, National Center for Informatics 
ABDELKADBR BOUDF.N, Graduate Institute of Economic and Conmercial 

Studies 
:t-Dl.5EN BOODEYA, Ministry of National Defense 
RilllA BCXJHLILA, Director of the Central Laboratory 
JAMELEDDINE BRAHIM, Mi.nistiy of Social Affairs 
SAOOK ClfAABANE, Faculty of Political Science and Economics, Univer-

sity of 'l\mis 
SAUM CliEII<H, Office of the Prime Minister 
SAMIR EL .ANNABI, National School of Administration 
:t.OWtfED EL GJARBI, Ministry of Foreign Affairs 
RHJ(JF EL MARRAKCil, Ministry of Justice 
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AIJ. EL MIR, Higher Institute of Business Management 
HEDI GHARBI, Ministry of the Interior 
FADHEL GHARIANI, National Office of Sanitation 
M>KHTAR GfA.TI, Ministry of National Defense 
:r.t'.llAMED HAJ ALI, National Scientific and Teclmical Institute for 

Oceanography and Fishing 
MJHAMED HAJ TAIEB, Office of the Prime Minister 
SI.AH IWrml, Ministry of National Economy 
ABDEIMAJID HAOOARI, National Center for Infonnatics 
HEDI HARB!, Office of the Prime Minister 
MJSTAPHA. lD.JISSA., Association of Users of Informatics in 'l\misia 
M>HAMED JARRAYA, Ministry of Agriculture 
ABDEIJIAFIIH JAZIRI, National Institute of Forestry Research 
t.DNCEF KAAK, Ministry of Natimal Economy 
tWUOOB KAODJRI, 'l\misian Natiooal Railroad Association 
FARWK mMlJN, Department of Infonnatics, Faculty of Sciences, 

University of 'l\mis 
BELHASSEN KARCIJI, Ministry of National P.ducation 
LARBI KHROOF, National Office of Sanitation 
t.DHAMED IcrARI, Ministry of Transportation and Conmmication 
MJw.mD LAID LADEB, Center for Administrative Research and Studies 
EZZEDDINE LARBI, Faculty of Sciences, University of 'l\mis 
FE'lHI LARBI, Ministry of Transportation and Commmication 
HABIB LAZREK, 'l\misian P.nterprise for Petroleum Affairs 
M>ICHTAR MENIF, Office of the Prime Minister 
f.DK;I MILED, Ministry of Finance 
NClJREDDINE lwllAIJ..A, Graduate Institute of Economics and Conmercial 

Studies 
KXJREDDINE M' RABET, Office of the Prime Minister 
FAYE!< RACHDI, Faculty of Sciences, University of 'l\mis 
ALI RCMJfANE, National Center for Agricultmal Doa.Dnentation 
ABDELHAFIIH SAID.AM, Tunisian Association for the Protection of Nature 

and the P.nviromnent 
AlNED SA.IDANE, National Center for Infonnatics 
.AlMID SAftUJN, Center for Administrative Research and Studies 
M>HAMED 'INANI, Ministry of Interior 
RACHID nnua:, Research Center of Higher Institute of Management 
HABIB ZGJnIDA, Ministry of Qtl tural Affairs 
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ADVISORY CXMU'ITEE ON TEOH>I.OGY INOO\TATION (ACTI), 1971 -

*GIDRGE BUGLIARELID, Outlrman, President, Polytechnic Institute of New 
York, 1971 -

*HAROLD E. DrunIB, Agronany, Texas Tech University, 1977 -
l>WIBl.JB UL HAQ, Progranming Advisor, International Bank for Reconstruc­

tion and Development, 1971-72. 
AMIR U • .KHAN, International Rice Research Institute, 1974-75. 

*FRANCOIS MERGEN, Forestry and Enviromnent, Yale University, 1977 -
ERN5r R. PARISER, Food Science, Massachusetts Institute of Teclmology, 

1971-77. 
LEWIS PERINBAM, Advisor, 1972-73, Vice President, Canadian International 

Development Agency' 1974 -
*HJGH POPEOOE, International Programs in Agriculture, University of 

Florida 
OJARLES A. ROSEN, Stanford Research Institute, 1971-77. 
VIRGINIA WALBOT, Biology, Washington University, 1975-77. 

FERROC»fENI' APPLICATIONS IN DEVBIDPIK; CDlNI'RIES 

J.AMFS IDIJALDI, Chairman, Civil Engineering, Carnegie-Mellon University 
00~ W. BIGG, Engineering, Carleton University, Ottawa, Ontario, 

Canada 
1lDIAS E. OOLVIN, Naval Architect, Colvin Manufacturing Cotparation, 

Miles, Virginia 
MARTIN E. IORNS, Marine Technology Division, Fibersteel Carpany, West 

Sacramento, California 
001li KAMPBfPOOL, Applied Scientific Research, Corporation of Thailand, 

Bangkhen, Bangkok, Thailand 
PELAYO 11.ARENA, President, Arquitectos Llarena and Colaboradores, 

Guatemala, Guatemala 
JOHN E. PINI'O, Naval Ship Engineering Center, Hyattsville, Maryland 
SURENmA P. SIWl, Materials Engineering, University of Illinois, 

Chicago, Illinois 
W. MJRLEY SlmlERLAND, Technical Advisor, Ferro-Cement, Ltd., .Auckland, 

New Zealand 

IDSQUI1U CONiroL: SCJ.IE PERSPECI1VES FOR DEVELOPING COUNTRIES 

DA.VID PIMENTEL, Outlrman, Entomology and Limnology, Cornell University 
ERNE5I' C. BAY, Entanology, University of Maryland 
JOHN BRIGGS, Zoology and EntOJIK>logy, Ohio State University 
HAROLD CHAIMAN, Entanology Research Division, Agricultural Research 

1dirient Mijillber 
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Service, USDA, Lake Cliarles, Louisiana 
GIDRGE B. CRAIG, Biology, University of Notre Dame 
MARSHALL LAIRD, Biology, Memorial University of Newfoundland, St. 

Jolm' s, Newfoundland 
ELOON L. REEVES, Biological Control, University of California, Riverside 
CLAUDE H. SOIDUI', EntOJIDlogy Research Division, Agricultural Research 

Service, USDA 
ClfARLES H. SCHAEFER, Parasitology, University of California, Berkeley 
JIMBULINGAM S. PILLAI, Biological Control, University of california, 

Riverside 

FOOD SCIENCE IN DEVELOPIK; OOUNTRIES: 
A SELECTICJ.l OF UNSOLVED PROBLIM.5 

Editor 

E.R. PARISER, Departnelt of Nutrition and Food Science, Massachusetts 
Institute of Technology 

Teclmical Editing Conmittee 

C.O. OOCHESI'ER, Vice-President, The Nutriticn Foundation, New York 
SAMJEL A. GOLDBLITH, Department of Nutrition and Food Science, Massa-

chusetts Institute of Technology 
MARWS KAREL, Food Engineering, Department of Nutrition and Food Science, 

Massachusetts Institute of Technology 
PETER L. PELLE'IT, Hllnan Nutrition, University of Massachusetts 

ROOFING IN DEVEIDPI~ CDUNTRIES: 
RF.SEAROI FUR NEW TEOOOI.OOJES 

ALBERT G. DIETZ, Building Engineering, Massachusetts Institute of 
Teclmology 

C.E. BUSHNELL, JR., Annstrong Cork Company, Lancaster, Permsylvania 
nDfAS c.ALLAWAY, Director, Division of Teclmology and Docunentation, 

Office of International Affairs, flJD 
FJUC CARLSON, Center for Housing, Building and Pl8JUling, Bureau of 

Social Affairs, UN 
J.P.R. FALCCJmR, Architecture, International Development Teclmology 

Center, Washington University 
RIOIARD L. FRICKLAS, Johns-Manville Research and Engineering Center, 

Manville, New Jersey 
ALBERTO GGlZALEZ-GANOOLFI, U.N. Center for Housing, New York 
PHILIP llJBER, Department of Social Affairs, Pan-American Union 
J.W.S. deGRAFI'-JOHNSON, Director, Building and Road Research Institute, 

O>uncil for Scientific and Industrial Research, Kllnasi, Ghana 
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ROBERT G. LINDER, H.H. Robertson Qmpany, Ani>ridge, Pemsylvania 
BRUCE Mcr.AR'INEY, Urban Affairs Specialist, Peace Corps, ACTION, 

Washington, D.C. 
DINESH MJIAN, Director, Central Building Research Institute, Roorkee 

(U.P.), India 
TRAYON CMITT, Residential Development, Koppers Q>q>any, Inc., M:mroe­

ville, Pemsylvania 
ARmLD ROSENBERG, Construction Products Division, W.R. Grace and Com­

pany, Cambridge, Massachusetts 
HENRI SCIOVILLE SAMPER, Chief, Urban Developnent, Inter-American 

Development Bank 
WILLIAM R. RYLER, Building Industiy Sales, Altmli.m.Dn Company of America, 

Pittsbtn"gh, Pennsylvania 

K>RE WATER FOR ARID LANDS: 
Pl.DUSING TEClH>I.OGIES AND RESP.ARCH OPPOR'IUNITIES 

DEAN F. PETERSON, Chainnan, Vice-President for Research, Utah State 
University 

FALIH K. ALJIBURY, Soil Physicist, Agricultural :Extension, University 
of Calif omia 

BAHE BILLY, Executive Manager, Navajo Tribal Agricultural Products 
Industry, Fanningtai, New Mexico 

C. BRENT CLUFF, Associate Hydrologist, Water Resotn"ces Research Center, 
University of Arizona 

HAROLD E. mEGNE, Agronany, Texas Tech University 
EARL A. ERICKSON, Crop and Soil Sciences, Michigan State University 
MIOIAEL EVENARI, Botany, Hebrew University of Jerusalem, Jerusalem, 

Israel 
JElDffi GAVIS, Geography and Enviromnental Engineering, The Johns 

lbpkins University 
ROBERT M. HAGAN, Water Science and Engineering, University of California 
JACK. KELLER, Agricultural and Irrigation Engineering, Utah State Univer­

sity 
FERNANOO MEDELLIN LEAL, Director, Instituto de Investigacion de Zmas 

Deserticas, Uni versidad Autonana de San Luis Potosi, Mexico 
LLOYD E. MYERS, U.S. Department of Agriculttn"e, Agriculttn"al Research 

Service, Western Region 
SOL D. RFSNICK, Director, Water Resotn"ces Research Center, University 

of Arizona 
JAN VAN SClilLFGAADE, Director, U.S. Salinity Laboratory, Soil and Water 

Conservation Research Division, A.R.S., U.S. Department of Agri­
allttn"e 
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UNDEREXPIDITED TROPICAL PLAN1'S 
wrrn PIDfISING ECXHMC VAWE 

EDWARDS. AYF.NSU, Co-Chairman, Botany, Smithsonian Institution 
RIOIARD E. SCHJLTES, t.0-0iiinnan, Director, Botanical t.tise1..111 of Har­

vard University 
HERBERT G. BAKER, Botany, University of California 
J~ BARRAU, Laboratoire d'Etlmobotanizue, Jardin des plantes, Paris, 

France 
J.P.M. BRENAN, Royal Botanic Gardens, England 
H.C.D. DeWitt, Plant Taxonomy and Geography, University of Agriculture, 

Wageningen, The Netherlands 
SELWYN L. EVERISf, Director, Botanic t.tlsellD. and Herbarim, Botanic Gar­

dens, Brisbane, Australia 
ALVAP.D FERNANDES PEREZ, Instituto de Ciencias Naturales de la Universi-

dad Nacional, Bogota, Colombia 
CHARLES B. HEISER, Botany, Indiana University 
S.E. MALO, Agricultural Research and Education Center, Florida 
FRANKLIN MARTIN, Federal BJ<periment Station, Puerto Rico 
WALTER B. mRS, Instituto de Ciencias Biomedicas, Universidad Federal 

do Rio de Janeiro, Brazil 
JULIA IDRTON, t.k>rton Collectania, University of Miami 
PETAKIDIE, Scripps Institution of Oceanography 
ROBERT RAFFAIJF, College of Phannacy, Northeastern University 
JONA1HAN SAUER, University of California at l.Ds Angeles 
JOEL SCllEOll'ER, Director, Negev Arid Zane Research Institute, Beer 

Sheva, Israel 
WERTIT SOP.GENG, Pioneer Hi-bred International, Inc., Nicaragua 
WILLIAM H. STAHL, Research Manager, McConnick and Caipany 
ROY WHISTLER, Biochemistiy, Purdue University 

TI1E WINiED BEAN: A HIGl-PROTEIN CROP R>R TiiE TROPICS 

RIOIARD E. SOIJLTES, Chai:rman, Botanical t.tisuem, Harvard University 
JAMES L. BREWBAKER, liirticulture, University of Hawaii 
SfERLilli B. HENDRICKS, Retired, Mineral Nutrition Laboratory, AP.SA, 

U.S. Department of Agriculture 
1llEOOORE HYK>WITZ, Agronany, University of Illinois 
S.K. KARIKARI, Agricultural Research Station, University of Ghana 
TANVEER N. KHAN, Agriculture, University of Papua New Guinea 
IRVINE. LIENER, Biochemistiy, University of Minnesota 
G.B. MASEFIELD, Agricultural Science, University of Oxford 
KENNEnl O. RAClilE, International Institute of Tropical Agriculture, 

Nigeria 
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F.NERGY FOR RURAL DEVEI.OPMENI': RENEWABLE RESlJRCF.S 
AND ALTERNATIVE TEONlLCXJIES FOR DE\TEU)PINJ OOUNl'RIES 

WILLIAM E. RJGHPS, Ciaiman, Electrical P.ngineering, Oklahoma State 
University 

CLANTON C. BLACK, JR., Botany, University of Georgia 
JAMFS C. CRUl'OIFIELD, Economics, Graduate School of Public Affairs, 

University of Washington 
JESSE C. DENI'<li, Director, Institute for Direct Energy Q:mversion, 

University of Permsylvania 
JOIJN A. IIJFFIE, Ciemical Engineering, University of Wisconsin 
JOSEPH J. ERMENC, Engineering, '!hayer School of Pngineering, Dart­

oouth College 
JOHN D. ISAACS, Oceanography, Scripps Institute of Oceanography 
'IlDIAS A. LAWAND, Director of Field Operations, Brace Research 

Institute, Macdonald College, t.t:Gill University, canada 
GIDRGE OSCAR G. LOF, Civil Engineering, Colorado State University 
DALE NEL&>N K>SS, Crop Physiology, University of Mimesota 
ROBERT WALTER REX, President, Republic Geothel'J1Bl., Inc., California 
GEOFFREY R. ROBSCJ.l, Econanic Affairs Officer, Resources Division, 

United Nations 
IWITEL I-CliYAU WANG, Biochemical Engineering, Massaclmsetts Insti­

tute of Technology 
JERCME M. WEINGART, Center for Government Education Relations, Aspen 

Institute for HLunanistic Studies 

ME'IHANE GemRATICJl FRCJ.f llK\N, ANIMAL 
AND AGRian.nJRAL WASTES 

GERARD A. ROHLICll, Co-Chaiman~ Civil Engineering, University of Texas 
VIRGlNIA WAL:oo'l', Co-Oiainnan, iology, Washington University 
LARRY JEAN CXJHJl, AgricU!tural Economics, Michigan State University 
a.ARENCE G. GOWEKE, Research Biologist, Civil Engineering, University 

of California 
nDfAS D. HINESLY, Soil Ecology, University of Illinois 
PHILIP H. J<HiS, Microbiology, University of Toronto, Canada 
HERBERT M. LAPP, Agricultural Engineering, University of Manitoba, 

Canada 
RAYMJND C. LOEHR, Civil and Environmental Engineering, Cornell Uni­

versity 
CECIL WE-HING, Director of Research and Development, Metropolitan 

Sanitary District of Greater Ciicago 
JOHN T. PFEFFER, Sanitary F.ngineering, University of Illinois 
T.B.S. PRAKASAM, Research and Q:mtrol Laboratory, the Metropolitan 

Sanitary District of Greater Ciicago 
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MAKING ~TIC WEEDS USEFUL: 
SCME PERSPECTIVES FOR DEVEIDPING OJUNTRIF.S 

HUGH POPF.NOE, Chai~ International Program in Agriculture, Uni­
versity of Flori 

LARRY O. BAGNALL, Agricultural Engineering, University of Florida 
WILLIAM BAILEY, Special Projects, Fisheries Division, Arlcansas Game 

and Fish CollDlission 
CLAUDE E. BOYD, Fisheries and .Aquaculture, Aubum University 
HAROLD C. CXMCLIN, Anthropology, Yale University 
IIJDLEY D. an.LEY, Forestry and Wildlife Management, Louisiana State 

University 
11DfAS deS. F'Um.fAN, Civil Engineering, University of Florida 
CLARENCE G. GOLUEKE, Biology, Ridmmd Field Station, University of 

California 
JAMF.S F. HENTGES, Animal Science, University of Florida 
R.G. KOEGEL, Mechanical and Agricultural Engineering, University of 

Wisconsin 
CLARF.NCE D. McNABB, Fisheries and Wildlife, Michigan State University 
B. DAVID PERKINS, Agricul. tural Research r.enter, U.S. Dept. of Agri­

culture, Fort Laudeniale, Florida 
ERNE5l' R:>SS, Animal Science, University of Hawaii 
DAVID L. SlTITCJ-l, Agricultural Research and Education r.enter, Univer­

sity of Florida 
BILL C. \\OL~, Enviromnental Systems Development Team, National 

Space Teclmology Laboratories, National Aeronautics and Space 
Administration, Bay St. Louis, Mississippi 

RICHARD R. YEO, Botany, University of California at Davis 

GJAYULE: AN ALTERNATIVE 3JURCE OF NAnJRAL RUBBER 

REED ROLLINS, Chainnan, Gray HerbarilDll, Harvard University 
FREDERICK T. ADDICDIT, Agronomy, University of California at Davis 
PAUL J. ALLP.N, Botany, University of Wisconsin 
HARRIS M. BENEDICT, Stanford Research Institute, (retired) 
DAVID H. BLANK, COlllll>dity Industry Analyst, Department of Qmmerce 
JAMES F. BCRIBR, Biology, California Institute of Technology 
FRANK A. BOVEY, Polymer Research, Bell Telephone Labs. 
MELVIN CALVIN, Chemical Bio-dynamics, University of California at 

Berkeley 
F.NRIQUE CAMPOS LOPEZ, r.enter of Research in Applied Chemistry, 

Saltillo, Mexico 
HAROLD E. DREGNE, Agronany, Texas Tech University 
RALPH~, Botany, University of California at Berkeley 
WALTER T. FEDERER, Bianetrics, Cornell University 
IRVING FEUSTEL, Fonner Director, U.S. Natural Rubber Project, 

Salinas, California 
IDWARD SCXYlT GENTRY, Desert Botanical Gardens, Phoenix, Arizona 
A.J. HMGEN-9.f!T, Biochemistry, California Institute of Teclmology 
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CJ.1ER J. KELLEY, Crop Improvement Research Center, Office of Rural 
Development, Kuweon, Korea 

001 S. MARVEL, Chemistry, University of Arizona 
MARI'IN A. MASSEMW..E, Agronomy and Plant Genetics, University of 

Arizona 
WIU..IAM G. McGINNIFS, Arid Land Studies, University of Arizona 
LAMBERT NOLINE, Apache Marketing Cooperative Association, Inc., San 

Carlos, Arizona 
ROBERT M. PIERSON, Director of Research, Goodyear Tire and Rubber Co. 
JOEL samarrER, Research and Development .Authority, Ben Gurian Uni­

versity of the Negev, Beer Sheva, Israel 
C.B. VAN NIEL, Hopkins Marine Station, Stanford University 
LAWRENCE A. 'NX>D, Polymers Division, Natimal. Bureau of Standards 

UNDEREXPLOITED TROPICAL LBDfES 
WlnI PR<J.IISING ECDtDIIC VAUJE 

KENNE'IH O. RACHIE, Chainnan, Centro Internacional de Agricul tura 
Tropical, ColOJDbia 

J.P.M. BRENAN, Royal Botanic Gardens, Kew, England 
J.AMES L. BREWBAKER, Horticulture, University of Hawaii 
JAMES DUKE, Plant Taxonomy Laboratory, Agriculture Research Station, 

USDA 
E. MARK IUITON, Tropical Crops and Pastures, CSIRO, .Australia 
nIEDDORE HYM>WITZ, Agronomy, University of Illinois 
RA.YMJND J. JctmS, Davies Laboratory, .Australia 
ROBERT C. KOEPPEN, U.S. Forest Products Laboratory 
JEAN H. LANGENHEIM, Natural Sciences, University of California at 

Santa Cruz 
JORGE LIDN, Plant Genetics Resources Center, CATIE, Costa Rica 
JAMFS C. MDfAW, Director, Asian Vegetable Research and Development 

Center, Republic of China 
B.N. OKIG:OO, Fanning Systems Program, International Institute of 

Tropical Agriculture, Nigeria 
A.M. PINCHANOT, Instituto Interamericano de Ciencias Agricolas, 

lbminican Republic 
IXIW.J) L. PWCKNE'IT, Agronomy and Soil Science, University of Hawaii 
GUILLEIM) SANCHEZ RODIUQJEZ, Agronanic engineer specializing in zoo 

technology, Banco de Mexico, Mexico 
SETIJATI SASrRAPRADA, Director, Lembaga Biology National, Indonesia 
YUSUF N. TAMIMI, Agricultural Experiment Station, University of Hawaii 
CRAIG D. WHITESEU.., U.S. Forest Service 
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TAIWAN 

J.AMES C. MXMAW, Director, Asian Vegetable Research and Developnent 
Center, Shanhua, Repd>lic of Chin.a 

FIREl«XID CROPS: 1IJSH AND TREE 
SP:OCIES FCR ENERGY PROIJ.JCTI~ 

IDlARD S. AYF.N&J, Chaiman, Endangered Species Program, Smithsonian 
Institution 

JOHN BENE, International Development Research Centre, Canada 
JAMES S. BETHEL, Forest Resources, University of Washington 
UlTI'FY IDJLOS, International Livestock Centre for Africa, Ethiopia 
GERAROO BUOOWSKI, CATIE, Costa Rica 
JEFFERY BURLEY, Co11mmwealth Forestry Institute, University of Oxford, 

England 
SYmEY A. DRAPER, .Agriculture and Rural Development, International 

Bank for Reconstruction and Development 
ERICK ECKil>IM, Worldwatch Institute 
HANS M. GREGERSON, Forestry, University of Mimesota 
A.V. HALL, Bolus Herbarium, University of Capetown, South Africa 
R.D. JOHNSTON, Forest Research, CSIRO, Australia 
STANLEY L. KRIJGfAN, Timber Management Research, U.S. Forest Service, 

U.S. Department of Agriculture 
OOfDfIL F. KUKACHKA, Forest Products Laboratory, U.S. Forest Service 
FRANCDIS MERGF.N, Forestry and Environment, Yale University 
JULIA~' Morton Collectanea, University of Mimai 
H.Y. KHAN RAM, Botany, University of Delhi, India 
JOZEF SWIDERSKJ, Forest Industries and Trade Division, FAD, Italy 
H.J. \Im MAYDELL, Institut fur Weltforstwirtschaft, West Germany 
FRANK H. WADOORl'H, Institute of Tropical Forestry, U.S. Department 

of Agriculture, Puerto Rico 
K.F. WIERSlf.f, Tropical Sylviculture, Agricultural University, 

Wageningen, The Netherlands 

UNDEREXPLOITED MICROBIAL PROCESSm 
wrm POTENrIAL EOONJ.llC VAUJE 

J. ROGER PCllTBR, Oiaiman, Microbiology, State University of Iowa 

Subpanel on Fuel and Energy 

RIOIARD S. HANSON, Oiaiman, Bacteriology, University of Wisconsin 
MARVIN P. BRYANI', Dairy science, University of Illinois 
STAFPAN DELIN, Chemistiy, Botany, Microbiology, University of Cali­

fornia at Berkeley 
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Subpanel on Foodstuffs (HLDnan and Animal) 

KEITii H. STEINKRAUS, Chairman, Microbiology, Cornell University 
Cl..IFFORD W. HESSELTINE, NOrthem Regional Research Laboratory 
JOHN H. LITCHFIELD, Battelle Menl>rial Institute 

Subpanel on Industrial Raw Material 

ALLEN I. LASKIN, Chainnall, EXXON Research and Engineering Qmpany 
RJGENE IXJLANEY, Merck Institute for Therapeutic Research 
OSKAR R. ZAOORSKY, National Science Foundation 

Subpanel on Waste Utilization (HLDnan and Animal) 

WILLIAM J. OSWALD, Chaiman! Sanitary Engineering and Public Health, 
University of CalifomJ.a 

OONALD K. WALTER, Urban Waste Teclmology Division, U.S. Department 
of Energy . 

CLARENCE G. GOLUEKE, Sanitary Engineering, University of California 
BERNARD A. WEINER, Northern Regional Research Center 

Subpanel en Bioinsecticides 

CARLO M. IGNOFFO, Chaiman, Biological c.ontrol of Insects Research 
Lab., Entomology Resources Division, USDA 

WAYNE M. BROOKS, EntOJJ1>logy, University of North Carolina 
LEE BULLA, USGfRC, Agricultmal Research Service, USDA 
OONALD W. ROBERTS, Boyce Th~son Institute for Plant Research 

Subpanel on Antibiotics 

GLADYS IDBBY, Chainnan, Chief, Special Research (retired), U.S. 
Veterans Adlliiliistration, Dept. of Public Health, Cornell Univer­
sity Medical College 

llJRTON POGELL, Medicine, St. Louis University 
OLDRIOI SEBEK, Infectious Disease Research Unit, The Upjohn Company 

Subpanel on Vaccines (Hunan and Animal) 

ROBERT AIJSI'RIAN, Chairman, Research Medicine, University of 
Pennsylvania 

RICHARD B. IDRNICK, Infectious Diseases, University of Maryland 
Medical School 

WILLIAM E. troIMARD, Infectious Diseases, University of :Maryland 
Medical School 

Subpanel on Nitrogen Fixation 

JOE C. BUIUON, Chainnan, Vice-President, Research and Developnent, 
Nitrogen CO., Irie. 

DEAN WEBER, Cell Cultme and Nitrogen Fixation Labs., USDA 
LLOYD FREDERICK, Agronomy, Iowa State University 
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Subpanel on Cellulose Degradation 

AR1H.JR W. ANDERSON, Chainmn, Microbiology, Oregon State lhrlversity 
WIN'IHROP D. BELLAMY, Research Development, General Electric Conpany 
11-DfAS K. KIRK, U.S. Forest Products Lab. 

Subpanel on Plant Nutrition 

JAMES W. GERDBfANN, Chainnan, Plant Pathology, lhrlversity of Illi­
nois 

DAVID PRAMER, Associate Vice President for Research, Rutgers lhrl­
versity 

OONALD MARX, Forestry Science Lab., U.S.D.A. Forest Service 

Subpanel an Microorganism Culture--Availability and Problems 

RIOIARD IXHJVICK, Chainnan, American Type Culture Collection 

Ad Hoc Steering Group 

RILEY D. l-DJSEWRIGHr, Advisory Center on Toxicology, National Acad­
emy of Sciences 

ROBERT ACKER, American Society for Microbiology 
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SPECIAL STUDIES/ ADVISORY PANELS 
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INTERNATIONAL ASPEC'l'S OF MAN'S EFFECT 
UPON nm ENVI~'T 

IDGER REVEU.E, Cllairman, Population Studies, Harvard University 
W. FRANK BLAIR, zoology, University of Texas 
HARRI~ BROWN, Geological Sciences, California Institute of Tech­

nology; Foreign Secretary, National Academy of Sciences 
'111EOIQIB C. BYERLY, Office of the Secretary, U.S. Department of 

Agriculture 
EllfARD D. GOLDBERG, Chemistry, Scripps Institution of Oceanography 
WAYLAND HAYF.S, JR., Medicine, Vanderbilt University 
HANS LANDSBERG, Resources for the Future, Washington, D.C. 
'llDfAS F. MALCJ-m, Vice-President and Director of Research, The 

Travelers Insurance Ccmq>any, Hartford, c.mm.ecticut 
DEAN F. PETERSCfi, Dean, College of Engineering, Utah State Univer­

sity 
DAVID PIMENTEL, Head, Department of Ecology and Linmology, State 

University of New York College of Agriculture, Cornell Univer­
sity 

mAYER SCUIDER, lbnanities and Social Sciences, California Institute 
of Teclmology 

RAYJ.DID F. 00111, Entomology and Parasitology, University of Califor­
nia at Berkeley 

G.F. STEWARD, Food Sciences and Teclmology, University of California 
at Davis 

ELVIO SMXJN, Chief, Division of Medical Zoology, Anrry Research Insti­
tute, Walter Reed Hospital, Washington, D.C. 

HAROLD A. 'IHJ.fAS, JR., Population Studies, Harvard University 
GF.ORGE M. NDitlELL, Biology, Brookhaven National Laboratory, Upton, 

Long Island, New York 

BAST PAKISI'AN LAND AND WATER DEVELOPMENT 
AS RELATED TO AGRiaJL1URE 

DEAN F. PETERSON, JR., Chainnan, Engineering, Utah State University, 

Logan • Sc. Loui . St t Uni . ty JAMES M. OOIJMAN, Marine iences, suna a e versi 
WALTER P. F~, Director of Research, Development .Advisory Service, 

Harvard University 
ROBFRT M. HAGAN, Water, Science and Engineering, University of Cali­

fornia at Davis 
WALTER B. LANGBEIN, Research Hydrologist, Water Resources Division 
JOHN W. MELLOR, Professor, Department of Agricultural Economics, and 

Department of Asian Studies, Cornell University, Ithaca 
ARnlJR T. K>SHER, President, Agricultural Developnent Co\DlCil, Inc. 
L. STERLING \\UR'IMAN, JR. , Director, Agricultural Sciences, The Rocke­

feller FO\Dldation, New York 
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mE INTERNATIOOL DEVEWIM3NT IN51'I1Ul'E 

ROBERT rnARPIE, Oulinnan, President, Cabot Corp., 
HARRIOON BROWN, ex-officio meni>er, Foreign Secretary, National Acad­

emy of Sciences 
ROGER REVELLE, ex-officio member, Director, Center for Population 

Studies, Harvard Orii versi ty 
lJDt\ MlM1ARl'NER, The Medical Care and Bducation Fomdation, Inc., 

Boston 
IV.AN L. Bfillm'IT, Director, New York University Medical Center 
OJARLES S. DENNISON, Vice President, International Minerals and 

Chemical Corporation, New York 
JAMES P. GRANI', President, OVerseas Development Comcil 
JOON D. l«NI'GCJ.tERY, Public Administration, Harvard University 
WALDIMAR A. NIELSF.N, Director, Stmy of Philanthropy, Twentieth 

f.entury Fund 
aJGENE B. SKOLNIKOFF, Political Science, Massachusetts Institute of 

Teclmology 
D. 'MX>DS TIDfAS, International Programs in Agriculture, Purdue Uni-

versity 
ALVIN M. WEINBERG, Director, Oak Ridge NatiCl1al Laboratory 
~ E. WIUIEIM, India Representative, The Ford Foundation 
FRANKLIN H. WILLIAMS, President, Phelps-Stokes Ftmd 
C.ARROLL L. WILSON, Sloan School of Management, Massachusetts Institute 

of Teclm.ology 

&>I.AR ENERGY FOR DEVELOPING COUNTRIES: 
PERSPECTIVFS AND PROSPECTS 

U.S. Participants 

MANFRED AL'IMAN, Oulinnan, Director, National r.enter for Fnergy, 
Managenent and Power 

F.ARRINGim ~ELS, Professor P.meritus, Solar Fnergy Laboratory, 
University of Wisconsin 

JOON A. IlJFFIE, Director, Solar Fnergy Laboratory, University of Wis­
consin 

PBTBR E. GLASER, Senior Staff Associate, Artlwr D. Little, Inc., Cam­
bridge 

WILLIAM G. HILLIG, Manager, Research and Developnent Center, General 
Electric Coq>any, Schenectady, New York 

WILLIAM H. KLEIN, Director, Radiation Biology Laboratory, Smithscnian 
Institution 

GmRGE o. I.OF, Civil Engineering Department, Colorado State University 

International Participants 

R.L. D.4.TTA, Assistant Director, Central Salt and Marine Chemical Re­
search Institute, Bhavnager, India 
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ROOER N. MJRSE, Head, Division of Mechanical Engineering, Ccmoonwealth 
Scientific and Industrial Research Organization, Victoria, Aus­
tralia 

A. MlMXJNI, Director, Office of Solar Energy, Nigerian Organization of 
Solar Energy, Niamey, Niger 

HARRY Z. TAOOR, Director, Israel Physics Laboratory, Hebrew University, 
Jerusalem, Israel 

GERALD T. WARD, Director, New Zealand Agricultural P.ngineering Institute, 
Lincoln College, C.anterbury, New Zealand 

SCIENTIFIC AND TECliNICAL INFORM.A.TI~ 
FOR DEVELOPING ccurnuES 

JC1iN C. GREEN, Oiainnan, John Green Associates, Washington, D. C. 
SOOIT ADAM.5, Speciil ASsistant for UNISISf (UNESOO World Science Infor­

mation System), Office of the Foreign Secretary, National Academf 
of Sciences, Washington, D. c. 

MELVIN DAY, Head, Office of Science Information Service, National Science 
Foundation, Washington, D.C. 

ORRIS C. HERFINDAHL, Senior Research Associate, Resources for the Future, 
Washington, D.C. 

DAVID MEYER, Director, Institutional Research, Wisconsin State University 
JOfW W. KJROOCK, Social and Management Systems, Battelle Memrial Insti-

tute, Columbus 
JAMES P.AIMER, Science and Engineering, Union College, Schenectady 
OORO'IHY PARKER (retired), The Rockefeller Foundation, New York 
F. JOACHIM 'WEYL, Dean of Science and Mathematics, HLmter College, New York 

ADVISORY PANEL ON SCIENCE AND TEOH>LOGY 
IN ~ PAULO'S DEVEWff.ffiNT 

RlBEIU N. KREIDLER, Chairman, Executive Vice President, Alfred P. Sloan 
Foundaticm, New York 

WILLIAM E. ANDRUS, JR., National Bureau of Standards, Washington, D.C. 
JACK BARAN5rn, Consultant to the Board on Science and Technology for 

International Development, NAS, Washington, D.C. 
KENNETH R. HANSEN, President, Doxiadis Associates, Inc., Washington, D.C. 
GF.CR;E R. HERBERI', Research Triangle Institute, Durham, North Carolina. 
BERNARD I<IJPFER.SClNID, Teclmology Transfer International, Boston 
RICIWU> O. MAsrn, Graduate School of Management, University of California 

at Los .Angeles 
KENNETH K. MABUClll, Greater Washington Interventure, Washington, D.C. 
ROBERT D. SfILIMAN, Chemical Engineering Consultant, New York 
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RF.5EARCH MANAGlMBNT AND TECliNICAL ENI'REPRENEURSHIP: 
A U.S. ROLE IN IMPROVING SKILLS 

IN DEVEi.OPING COONTRIES 

K. NAGARAJO RAO, Chairman, Massachusetts Institute of Teclmology, 
Cambridge 

LAWRENCE W. BASS (retired), Arthur D. Little, Inc., Washington, D.C. 
JAMES P. BLACKLEDGE, Associate Director, Denver Research Institute, 

Denver 
OONALD W. CDLLIER, Vice-President, Research, Borg-Warner Corporation, 

Orlcago 
FRANK CROXI'ON, Assistant Director, Battelle Memrial Institute, 

C.Olumbus 
C.H. FISHER, Southern Utilization Research Laboratory, New Orleans 
HERBERT O. FLEISOIER, Director, Forest Products Laboratory, USDA, 

Madison 
LAWIDN HAR'IMAN, Special Assistant to the Director, National Science 

Foundation, Washington, D.C. 
GF.QRGE R. HERBERI', President, Research Triangle Institute, Durham 
JOHN fl>FIMAN, Director, Institute for Materials Research, National 

Bureau of Standards 
CARL RAMPACEK, Metallmgy, U.S. Btn'eau of Mines, Washington, D.C. 
N. ALLEN RILEY, President, Oievron Oil Field Research Company, LaHabre 
DANIEL MVID RQ.fAN, Management Science, George Washington University, 

Washington, D.C. 
GEORGE C. ROYER, Administrative Director (retired), Stanford Labora­

tory, American Cyanamid r.o. , Darien 
MERIT WILLIAMSON, Engineering Management, Vanderbilt University, 

Nashville 

U.S. INTERNATIONAL FIRMS AND 
R, D & E IN DEVELOPING CDUNTRIES 

CBARLES DENNI~, Oiainnan, r.onsultant, New York City 
JACK N. BEIDfAN, Sdiooi of Business, University of North Carolina 
'RA.Y H. OOUNDY (retired) , Vice-President and Director of Research, 

The Dow Oienrl.cal Co., Midland, Michigan 
HF.NRI C. BUSIGNIES, SR., Vice-President and Orlef Scientist, Interna­

tional Telephone and Telegraph, Co., New York 
'IlD.fAS CARNEY, Vice-President of Research and Development, G.D. Searle 

and Co., Orlcago, Illinois 
PAUL F. ClIENEA, Vice-President of Research and Development, General 

t.t>tors C.Orporation, Warren, Michigan 
nmc>OORE GEIGER, Orlef of International Studies, National Plarming 

Association, Washington, D.C. 
ClWU.ES E. GEISE, Director of Agricultural Research, Del f.t>nte Corpo­

ration, Princeton, New Jersey 
FREDERICK C. LINIJIJALL, Vice-President of Engineering, John Deere and 

Company, M>line, Illinois 
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GLP.NN A. NESIY, Vice-President of Research and Development, Interna­
tional Paper Products, Tuxedo Park, New York 

Sl'EFAN H. ROWCK, Graduate School of Business, Colud>ia University 
LEWIS H. SARRETI', President, Merclc, Sharp and Dohme Research Labora­

tories, Rahway, New Jersey 
WICKHAM SKINNER, Business .Administration, Harvard 
JOON R. STOCICl'ON, Manager of Research and Developnent, CPC International, 

Union, New Jersey 

MEETING THE ClfALLENGE OF INWSI'RIALIZATI~: 
A FEASIBILITY STUDY FOR AN 

INTERNATIONAL INilJSI'RIALIZATION IN5fITl11'E 

U.S. Participants 

BRUCE S. OLD, Oiainnan, Foreign Secretary, National Academy of Engi­
neering 

JACK B!Hf.fAN, School of Business, University of North Carolina 
JAMBS BLACKLEOOE, Director, Denver Research Institute, University of 

Denver 
WILLIAM BREOO, Vice-Chaiman, World Association of Industrial and Tech-

nological Research Organizations (WAITRO) 
OOROON S. BRCMN, Engineering, MassacbJsetts Institute of Teclmology 
OIARLF.S S. DENNISON, Consultant, New York 
KENNETH HANSEN, President, Doxiadis Associates, Inc., Washington, D.C. 
SEYMJ.JR W. BERWALD, Vice .. President, Engineering and Development, 

Westinghouse Electric Corporation, Pittsburgh 
WILLIAM KREBS, Vice-President, .Arthur D. Little, Inc., Csmbridge, 

Massachusetts 
KENNETH K. MABUCHI, President, Greater Washington Interventure, 

Washington, D.C. 
P.C. NA.YAK, Resident, Director, India Investment Center, New York 
MlEEN A. cµmsm, Econanic Advisor, International Finance Corporation, 

Washington, D.C. 
SAADIA SClDRR, Manager, International Plarming, General Electric 

Corporation, New York 
JOSEPH STEPANEK, Director, Industrial Services and Institutions Divi­

sion, United Nations Development Organization, Vierma 

International Participants 

QJE'IUNJI APIJYADE, Lecturer, Economic Development Institute, IBRD 
I.A. AKINRELE, Director, Federal Institute of Industrial Research, 

Lagos, Nigeria 
BERNARDO DE AZEVEOO BRI'IU, First Secretary, Delegation of Brazil to 

the United Nations 
IGNACIO DESOIAMPS, Direetor, Mexican Institute of Teclmological Re­

search, Mexico City 
OLIVERIO PH:LLIPS, Advisor for Science and Teclmology to the Presi­

dent of Colanbia, Bogota 
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LEE KIM TATI, Chainnan, S:ingapore Institute of Standards and Indus­
trial Research, Singapore 

SDm TEITEL, Office of the Program .Advisor, Inter-American Develop­
ment Bank 

LANG l«>l'«i, Canadian International Development Research Centre, S:inga­
pore 

ROLE OF SCIENCE AND TEOH>LOGY IN 
INTERNATIONAL DEVEWBmNT IN nm 1970's 

Ad fbc Panel 

U.S. PARI'ICIPANTS 

ROGER REVELLE, Chairman, Center for Population Studies, Harvard Uni­
versity 

WILLIAM L. EILERS, Office of Bnviromnental Sciences, Smithscnian Ins 
Institution 

EVERETI' E. HAGEN, Center for International Studies, Massachusetts 
Institute of Technology 

BRUCE s. OLD, Foreign Secretary, Naticmal Academy of Bngineer:ing 
J.AMP.S B. QUINN, Business Administration, Dartnl>uth College 
~ W. RlnT.AN, Agricultural Economics, University of Minnesota 
SAADIA M. SCH>RR, Director of International Planning, General Elec-

tric Co. 
IBEOOORE W. SCllJLTZ, Econanics, University of Oiicago 

INl'ERNATIONAL PARI'ICIP.ANl'S 

MAXOO HAI.TY-CARRERE, Department of Scientific Affairs, Organization 
of .American States 

W. DAVID IIJPPER, President, International Development Research Centre, 
Canada 

Woods Ible, Massachusetts, August 15 - 21, 1971 

U.S. PARI'ICIP.ANl'S 

ROGER REVELLE, Oiairman, Center for Population Studies, Harvard University 
ROBERT M:C. ~Division of Social Sciences, University of Oiicago 
mrm AJW.fS, Executive Secretary to the Governing Board, International 

Centre for Insect Physiology and Ecology 
OOGHf W. ALLEN, Dean, School of Education, University of Massachusetts 
JACK BARANSON, Economist, International Bank for Reconstruction and 

Development 
JOEL BERNSTEIN, Assistant Administrator, Bureau for Teclmical Assistance, 

Agency for International Development 
HARRISON BION, Foreign Secretary, National Academy of Sciences 
EIMJND T. CRANOI, Associate Dean, College of Engineer:ing, Cornell Univer­

sity 
WILLIAM J. DARBY, JR. , Biochemistry, School of Medicine, Vanderbilt Uni­

versity 
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Sf.ANLEY' N. DAVIS, Oiainnan, Department of Geology, University of 
Missomi 

ClWUJ3S S. DF.NNISCfi, Vice-President, International Minerals and Chemi­
cal Corporation, New York 

HENRY L. IllNCDmE, Director of Eccnomic Studies, General 1-btors Corpo­
ration 

WILLIAM L. EILERS, Office of Bnviromnental Sciences, Smithsonian Disti­
tution 

ELLIO'IT M. FSI'ES, Group Vice-President, General 1-btors Corporation 
EVERE'IT E. HAGEN, Economics, Center for International Studies, Massaclm­

setts Institute of Teclmology 
SEYMlJR W. HERWALD, Vice-President, Engineering, Westinghouse Electric 

Corporation 
HAROLD E. H>ELSOIER, Dean, School of P.n.gineering, University of Pitts­

bmgh 
EIMIN M.J. KRET7J.fl\NN, Senior Qmsultant, United Nations Development 

Progranme 
WILLIAM H. LI'ITLEl«X)]), Associate Director, Office of Science and Tech­

nology, Bureau for Tedmical Assistance, Agency for Intemational 
Development 

GOORGE I. LmmrI', Associate Dean, College of Physicians and Surgeons, 
Columbia University 

JOffi D. :t.Dll'GCJ.mRY, School of Public .Administration, Harvard University 
MICAHEL J. K>RAVCSIK, Director, Institute of Theoretical Science, Uni­

versity of Oregon 
NILS L. MJERCH, Executive Research Laboratory, General 1-t>tors Corpora-

tion 
BRUCE S. OLD, Foreign Secretary, National Academy of Engineering 
JOOEPll B. PIATT, President, Harvey ?tlJdd College, Claraoont, California 
JAME.S B. <1JINN, Anos Tuck School of Business Administration, Da.rt:Dl>Uth 

College 
VERDl W. RUITAN, Agricultural Economics, University of Minnesota 
SAADIA M. SCH>RR, Director, International Planning, General Electric Co. 
GLENN E. SCDJEITZER, Director, Office of Science and Technology, Tech-

nical Assistance Bmeau 
JOSEPH E. Sl'EPANEK, Assistant Director, United National Industrial 

Development Organizaticn 
JOON VOSS, Executive Officer, .AJErican Academy of Arts and Sciences 
ClWUJ3S WEISS, Jr., Science Advisor, International Bank for Reconstruc­

ticn and Development (IBRD) 

INTBRNATICNAL PARTICIPANTS 

}tW(JM) lW..1Y-CARRERE, Assistant Deputy Director for Plarming and Studies, 
Department of Scientific Affairs, Organization of American States 

W. DAVID H>PPER, President, International Development Research Centre, 
Canada 

ALEXANDER. A. KWAPON;, Vice-Chancellor, University of Ghana 
C.H.G. OLIJW.f, Deputy Director, Science Policy Research Unit, The 

University ol Sussex, United Kingdan 
IMILIO ROSelBLUE'IH, Institute of Engineering, National Autonom:>us 

University of Mexico 
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SIXTO K. ROXAS, President, Bancom Development Corporation, The Phili 
Philippines 

JORGE A. SABATO, National Atomic Energy Comnission, Argentina 

AFRic.AN AGRIQJL1URAL RESEARCH c.APABILITIF.S 

U.S. Participants 

J .J. Ml<ELVEY, JR. , Chairman, The Rockefeller Foundation 
H. R. .ALBRECHl', InternatiOiiil Institute of Tropical Agriculture 
G.H. BECK, Kansas State University 
A.H. BUNTING, University of Reading 
G.C. CAMJS, Office of Scientific and Teclmical Research Overseas 

(ORSTCM) 
R.W. CDNINGS, The Rockefeller Foundation 
J.C. DEWILDE, International Bank for Reconstruction and Development 
G.L. JOHNSON, Michigan State University 
F.D. t.WJRER, Texas A&M University 
G.F. SPRAGUE, Plant Science Research Division, USDA 
MJNTAGUE YUDEIMAN, Organization for Economic Cooperation and Develop­

ment 

International Participants 

MA.TIHEW DAGG, .Ahmadu Bello University, Nigeria 
R.F.E. DEVRED, FAD, Rane, Italy 
R.K.A. GARDINER, United Nations Economic Conmission for Africa 
W.D. IDPPER, International Development Research Center, Ottawa 
T. OillIAMBO, National University of Nairobi 
V.A. OYENlXJA, University of Ibadan, Nigeria 

nm PEA.CE CORPS: PERSPF.CTIVES FOR nm FIJltJRE 

U.S. Members 

WALDEMAR A. NIELSEN, Chainnan, Consultant on Philanthropy and Corporate 
Social Policy, New York City 

ROBEKI' E. ASHER, Public Affairs Consultant, Washington, D.C. 
JACT.. N. ~' Intemational Business, University of North Carolina 
STEPHEN BF.NEDICT, Associate, Rockefeller Brothers Ftmd 
JOAN GANZ COONEY, President, Children's Television Workshop 
JAMES P. GRANT, President, Overseas Development Council 
MARY K. HJGEBOECT.., Consultant, Practical Concepts, Inc., Washington,D.C. 
ARISfIDF.S KATOPPO, Professional Journalists' Program, Stanford Univer-

sity 
AN'IH>NY LAKE, Director, International Volmtary Services, Inc. , Washing­

ton, D.C. 
HESTER A LYCNS, The American Red Cross in Greater New York 
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GEORGE I. LmmIT, Urban and Conmmity Health Affairs and Pediatrics, 
College of Physicians and Surgeons, Colmbia University 

DAVID M. MJG, Chemistry, Oberlin College 
ALBEKI' H. M>SIMAN, Associate Director, Agri01ltural Developnent Com­

cil, Inc. 
FREDERICK A.O. SCllWAKI'Z, JR., Partner, Crava.th, Swaine and Moore, New 

York 
WARRffi W. WIGGINS, President, TransCentmy Corporation, Washington, D.C. 
HAROLD S. WILLIAM.5, President, The Institute on Man and Science 

International Participants 

AIJsrIN N.E • .AMISSAH, Justice of the Court of .Appeal of Ghana, University 
of Ghana, Legan, Ghana 

REGINALD N. OONZALEZ, Teclmical Director, Scientific Research Comcil, 
Jamaica 

ll'lANG JUCK-RYOON, Seoul National tmiversity, Korea 
PATRICIO ROJAS SAAVEDRA, University of Chile, Santiago, Chile 

SUBP.ANEL ~ AGRian:nnm 
JACKSON RIGNEY, Chainnan, International Agricultural Programs, North 

Carolina State university 
ClIARLES .AN'IH)LT, Agency for Intemational Development 
GIDRGE AXINN, Midway University ConsortilD1l for Intemational Activities, 

Michigan State University 
HAROLD BEEBCXJT, Mathematics, Inc. , Washington, D. C. 
JOHN BLACI<K>RE, Intemational .Agricultural Programs, University of 

Minnesota 
W.D. BUDDIH!IER, International AgriOlltural Programs, University of 

Illinois 
IUJH POPENOE, Center for Tropical AgriOllture, University of Florida 
LYLE SCHERTZ, Economic Research Service, U.S. Department of Agriculture 
KENNE1H 1URK, International Agriculture, Comell University 
D. \mD nDfAS, International Programs in AgriOllture, Purdue University 

SUBP.ANEL ~ HEAL'm AND Nl11'RITirn 

GEORGE I. Lmmrr, Chail'llBil, College of Physicians and Surgeons, CollD1l-
bia University 

BERNARD ~R, College of Physicians and Surgeons, Colmbia University 
HENRY L. PEFFER, The Goerge Washington University School of Medicine 
nDfAS R>X, Volmteers in Teclmical Assistance, Inc., Mt. Ranier, Maryland 
CHUSTIAN HANSEN, Conmunity Medic:ine, Rutgers University Medical School 
RALPH H. ~' Center for Disease Control, U.S. Public Health Service 
MIClfAEL KATZ, College of Physicians and Surgeons, Columbia University 
RICIWID H. MlRROW, JR., Tropical Public Health, Harvard School of Public 

Health 
EIL H. NEWBERGER, Family Development Study, Children's lbspital Medical 

Center, Boston, Massachusetts 
Sf.ANLEY' SClibiER, Family Health Care, Inc., Washington, D.C. 
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MICHAEL M. STEWART, Ambulatory Care and Qmmmity Medicine, Mt. Sinai 
lbspital Services, City lbspital Center at Elmhurst, New York 

SUBPANEL m NATI.JRAL RF.5ClJRCFS AND FlMRCH.tENTAL ~ITY 

nDIAS H.E. QUIMBY, Cllainnan, Resources for the Future 
TOOIHY J • .AIW.f;, The conservation Foundation 
G. RICHARD HENDERSON, International Bank for Reconstruction and Develop-

ment 
WIU.IAM S. KX>DY, Rockefeller Brothers Fund 
ROBERT K. POOLE, Smithsonian Institution 
B. BRUCE PCMELL, National Park Service, U.S. Department of the Interior 
VINCENT J. SCli\EFER, Atmspheric Sciences Research Center, State Univer-

sity of New York at Albany 
SAKJEL N. 5l'OKES, Ecology, Smithsonian Institution 
ORVII.J..E TICE, The Nature Qmservancy, Arlington, Virginia 

ADVIOORY PANEL m ARID LANDS OF SUB-SAHARAN AFRICA 

U.S. Participants 

JOHN J. Mc:KELVEY, JR., Chaiman, Agricultural Sciences, The Rockefeller 
Fomdation 

GLENN H. BECK, Agriculture, Kansas State University 
nIADIS W. OOX, Natural Resources, Utah State University 
HAROLD E. mBJNE, Agronany, Texas Teclmological C.Ollege 
CARL EICHER, Agricultural Econanics, Michigan State University 
MICHAEL M. H>ROWITZ, Anthropology, State University of New York at 

Binghamton 
ROBERT KATES, Geography, Clark University 
GF.ORGE I. LY'llICD'IT, Pediatrics, Health Sciences, University of Wisconsin 
nDfAS E. MAI.DNE, Director, lblcanb Research Center, Butler University 
DEAN F. PETERSON, JR., Vice-President for Research, Utah State University 
ROGER REVELLE, Population, Harvard University 
mAYER SCUDDER, Anthropology, California Institute of Technology 
LEE M. TOLOOT, c.ouncil on Environmental Quality 
GIDRGE VAN DYNE, Natural Resource Ecology Laboratory, C.Olorado State 

University 

International Participants 

A.H. BUNTING, Overseas Agricultural Development, University of Reading, 
United Kingdom 

GUY C. CAMUS, Office of Scientific and Technical Research Overseas 
(ORSJXM), France 
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INTERNATIONAL MEETOO ON 1liB ~ 
Bellagio, Italy, October 24 - 29, 1974 

U.S. Participants 

JCliN J. ltt:KBLVEY', JR. , Chainnan, Agricultural Sciences, The Rocke­
feller Foundation 

SAMJBL C. ADAMS, JR. , Bureau for Africa, AID 
MICAHEL M. llRJWITZ, Anthropology, State University of New York, 

Binghamton 
ROBER!' KA'lm, Geography, Clark University 
nDfAS F. MAI.CH!, Director, fblconi> Research Center, Butler University 
GIDRGE M. VJN DYNE, Natural Resource Ecology Laboratory, Colorado 

State University 

International Participants 

A.H. BtM'ING, Plant Science Laboratories, University of Readmg, United 
Kingdom 

MICllEL roo KINGUE, Regional Director for Africa, UNDP, New York 
IOJER FAUCK, Office de la Recherche Scientifique et Temique d'OUtre­

Mer "(msTCJ.f), France 
CHEIKH HAMilXlJ KANE, International Developnent Research Centre (IDRC), 

Canada 
K>ISE C. MfNSAfi, Regional Representative for Africa, Food and Agricul­

tural Organization of the United National (FAO), kcra, Ghana 
L.K. OPEICE, Association for the Advancement of Agricultural Sciences 

in Africa (MSA) , .Addis Ababa, Ethiopia 
JEAN R. P>mr, International Livestock Center for Africa, Addis Ababa, 

Ethiopia 
UlJIS SAUGER, Centre National de Recherches Agronomiques, Bambey, 

Senegal 

ROLE OF U.S. ENGINEEROO SCHX>~ IN TEOINICAL A$15r>NCE 

U.S. Participants 

H.B. HJELSClEl, Chairnan, Dean, School of Engineering, University of 
Pittsburgh 

JOSEPHM. PE'ITIT, Chai1111an, President, Georgia Institute of Technology, 
Atlanta 

MAURICE L • .ALBBimDt, Civil Engineering, Colorado State University, 
Denver 
~ R. BARRY, Director, Engineering Foreign Programs, University of 

Wisconsin, Madison 
WIIJ.IAM BOLLAY, Consultant, Santa Barbara, California 
GmRGE BtXiLIARELID, President, Polyteclmic Institute of New York, New 

York 
mum T. Cl\ANCH, Dean of Engineering, Cornell University, Ithaca 
WCl1.JS P. GRIG;, Program Officer, Alfred P. Sloan Foundatim, New York 
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IDSS ffAM.DID, Director, Industrial Development Division, Engineering 
Experiment Statiai, Georgia Institute of Teclmology, Atlanta 

PHILIP G. llJBBARD, Vice-President for Stulent Services and Dean of 
Academic Affairs, University of Iowa 

FREDERICK C. LINDVAIL, Professor P.meritus, Division of Engineering and 
Applied Sciences, California Institute of Teclmology 

llJGH McC.ALLICK, Dean, College of Teclmology, University of Houston 
JOIW S. Mcl()WN, Civil Engineering, University of Kansas 
ROBER!' MJRGAN, Director, Center for Development Teclmology, Washington 

University 
WF.SLEY L. ORR, :Engineering and Applied Science, University of California 
PERCY A. PIERRE, Dean of Engineering, lbward University, Washington, D.C. 
HELF.N PLANfS, Mechanical Engineering and Engineering Mechanics, West 

Virginia University 
JACK RIJINA, Electrical Engineering, Massachusetts Institute of Teclmology 

International Participants 

ROBERT B. BANKS, Enviromnental Engineering, National Autonomus University 
of Mexico 

~IN CORDUA., Chief, Unit of Studies and Analyses, Department of Scien­
tific Affairs, Qrganization of American States 

VLADOOR YAcr.fNI2.V, Civil Engineering, Central University, Caracas, 
Venezuela 

SYS'I'fM.5 ANALYSIS AND OPERATIONS RESEARCll: A TOOL R>R 
POLICY AND PROGRAM PLANNING 

U.S. Participants 

PHILIP McCDRD K>RSE, Chainnan, Physics, Massachusetts Institute of 
Teclmology 

IRMA ADEIMAN, Econanics, University of Maryland 
BERNARD RAOOND BELL, World Bank 
.AIGJSI'INE 0. ESOGBUE, Industrial and Systems Engineering, Georgia Insti-

tute of Technology 
DAVID BENDEL HERTZ, McKinsey and r.ompany, Inc., New York 
WILLIAM A. W. KREBS, Arthur D. Little, Inc. 
PETER PHILIP BOGERS, Center for Population Studies, Harvard University 

International Participant 

D.V.N. SHARMA,' Operations Research Group, Baroda, India 
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APPROPRIATE TEClH)IDGiffi R>R DEVELOPING CXlJNTRiffi 

U.S. Participants 

BRUCE S. OLD, Clail'DBll, Senior Vice-President, Arthur D. Little, Inc., 
cani>ridge, MiSsiChusetts 

CllRISfIAN ICRISIUFF, General M>tors Overseas Operations, General 1'btors 
CDrporation, New York 

JAMPS P. GRAN!', Director, Overseas Developnent Council 
FREDERICK T. MX>RE, Industrial Projects Department, World Bank 
JOSEPH E. SI'BPANBK, Industrial Development Consultant, Boulder, CDlorado 

International Participants 

KEl1H MARSDEN, International Labour Organization, Geneva 
FRANCISOO R. SA.GAST!, Field C.OOrdinator, Science and Teclmology Policy 

InstIUDents Study, International Development Research C.enter, 
Lima, Peru 

Slltm TEITEL, Office of the Program Advisor, Inter-American Development 
Bank 

Contributing Authors 

GERARD K. :ooctl, (Metal Industries and Processes), Mexico 10, D.F. Mexico 
JOSE GIRAL B., {Oiemical Industries and Processes), Mexico 10, D.F. 

Mexico 
W. PAUL S'I'RAS9fAN, {}busing), Eccnomics, Michigan State University 
CHARLE.5 F. ICIJSIK, {Iron and Steel), Arthur D. Little, Inc. 

DISCUSS!~ SlJ.fINAR ~ SYSTIMS ANALYSIS/OPERATICH) RBSBARCH 
October 29, 1976 

PHILIP MJRSE, Massachusetts Institute of Teclmology 
.AMADIO OOONI, Massachusetts Institute of Tedmology 
n\VID HERTZ, Mc:Kinsey and Company, Inc • 
.AIGJSTINE o. ESOGBUE, Georgia Institute of Teclmology 

RF1C1'E SENSING AND DEVELOPMENT 

U.S. Participants 

HARLAN CLEVELAND, 01.ainnan, Director, Aspen Program in International 
Affairs 

IRMA ADEIMAN, Economics, University of Maryland 
MARI~ F. BAlJ.llARmER, .Aerospace Applications Research Programs, Purdue 

University 
MILTCJI M. BEiLOCK, .Aerospace Systems Division, Bendix CDrporatim 
LIDWID BERRY, Geography, Clark University 
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RANOOLPH W. BRCJ.tERY, Geology, University of Massachusetts 
WILLIAM M. CAPRON, Associate Dean, John F. Kennedy School of Govern­

ment, Harvard University 
JOSEPH V. CHARYK, President, Conmlmications Satellite CDrporation 
VEN TE CH>W, Hydraulic Engineering, University of Illinois, Cllanpaign­

Urbana 
ROBERT N. COLWELL, Associate Director, Space Sciences Laboratory, 

University of California 
\\ULFRAM U. DREWES, South Asia Projects, World Bank 
nDfAS EHRLICll, Dean, Stanford School of Law 
HAROLD L. JAMFS, U.S. Geological Survey 
BAYLESS A MANNING, President, CDuncil on Foreign Relations 
WAI.SH M:DEIMl'IT, Special Advisor to the President, The Robert Wood 

Johnson Foundation, Princeton, New Jersey 
EVELYN PRUITI, Geography, Office of Naval Research 
GOORGE RAlHJENS, Political Science, Massachusetts Institute of Tech­

nology 
DA.VID Sn.nmTI', Geography, University of California 

International Participants 

MANUEL ALBA., Director, Institute of Technology, East-West Center 
C.ARLOS BROCKMAN, Director, Servicio Geologico de Bolivia, Program del 

Satellite Tecnologico de Recursos Naturales, La Paz, Bolivia 
JCEN A. KATILA., Director-General, Ministry of Mining, Jakarta, Indonesia 
JOSE LIZARRAGA REYES, Director General, National Office of Resource 

Bvaluation, Lima, Peru 
P.D. McTAGGART-COWAN, Executive Directoi; Science Q>tmcil of Canada 
FERNANOO DE MENIXJC.A., General Director, Instituto de Pesquisas Especiais, 

Sao Jose dos Campos, Brazil 
A. RAMArnANDRAN, Secretary, Department of Science and Technology, New 

Delhi, India 
E.M. SHAZLY, Remte Sensing Research Project, Academy of Scientific Re­

search and Technology, Cairo, Egypt 

DISCUSS!~ SOONAR ~ TROPir.AL METOOROLOGY 
May 5 - 6, 1977 

HERBERT RIEHL, Chairman, National Center for Atmspheric Research 
JAMFS GIRAYTYS, WOrld weather Program, National Oceanic and Atmspheric 

Administration 
now> HENDERSON, Atmspherics, Inc. 
WALTER K. HF.NRY, Meteorology and Oceanography, Texas A & M University 
ERIC KRAUS, AtnK>spheric Science, University of Miami 
JCJJN R. MA.mER, Geography, University of Delaware 
K>RMAN ROSENBERG, Agricultural Meteorology, Institute of Agriculture 

and Natural Resources, University of Nebraska 
JAGADISH SILl<IA, Meteorology, Massachusetts Institute of Teclmology 
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R>BERT H. SIMPSON, Environmental Sciences, University of Virginia 
VWICA YEVJEVICH, Hydrology, C.Olorado State University 

S'1UDY FOR U.N. CDNFERmCE ON SCIENCE 
.AND 'I'BON)J.OOY FOR DEVELOPMENT 

Executive C.Omnittee 

H. GUYR>RD STEVER, Cllairman, Consultant, International Developnent 
GFDRGE S. IWME>, organic Dlemistry, University of California at 

Santa Cruz 
N. BRUCE HANNAY, Engineering, Bell Laboratories 
JCliN H. BRYANT, Public Health, C.Olumbia University 
ALLAN G. ROSENFIELD, Public Health, Obstetrics, Gynecology, C.Olum­

bia University 
JCliN H. GIBBCH>, Nuclear Physics, Resource Management, University of 

Tennessee 
EMERY CASTLE, Agricultural F.conanics, Resources for the Future, Inc. 
WIU.IAM A.W. I<REBS, Law, Industrial Management, Arthur D. Little, Inc. 
WILFRED OWEN, Econanic Development, Urban Economics, Brookings Insti-

tution 

Panel No. 1: Population, HEalth and Nutrition 

ALLAN G. ROSENFIELD, Cllairman, Public Health, Obstetrics, Gynecology, 
C.Olmbia University 

RlY BRCMN, Nutrition, t.bmt Sinai fbspital 
~ W. WNCAN, Endocrinology, Population, Battelle Memorial Insti-

tute 
WIU.IAM N. HUBBARD, JR., Medicine, The Upjolm Company 
OONALD R. fl>PKINS, Tropical Diseases, Center for Disease Control 
STBPHF.N C. JOSEPH, Health, Harvard University 
W. PARKER MAULDIN, Demography, The Population C.OlDlCil 
GFDRGE REID, Bnviromnental Engineering, University of Oklahana 
PRISCILLA REINING, Anthropology, .American Association for the .Advance-

ment of Science 
WIU.IAMA. REINKE, Biostatistics, Jolms lbpkins University 
WARREN ROBIN~, Demography, Economic Development, Pennsylvania State 

University 
SUSAN sam.&IAW, Anthropology, Public Health, University of.California 

at Los Angeles 
C. PETER TMIER, Development Economics, Harvard University 
JOE D. WRAY, Pediatrics, Public Health, Harvard University 

Panel No. 2: Energy, Natural Resources and Environment 

.JOlfl H. GIBll>NS, Cllairman, Nuclear Physics, Resource Management, Univer­
sity of Tennessee 

K>RMAN L. BROWN, Physical Chemistry, U.S. Department of Energy 
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JCIIN C. Q\UIXJN, JR., Petrolet.111 and Natural Gas P.n.gineering, Texas 
A&M University 

JOHN D. CDS'l'lal, Marine Science, Duke University 
J. FRANK McCDOOCK, Ecology, Biology, U.S. Department of the Interior 
CLAIRE NADER, Consultant, International RelatialS 
PHILIP F. PAI.MEOO, Nuclear Physics, Systems Analysis, Brookhaven 

National Laboratory 
R!XJER REVELLE, Oceanography, University of California at La Jolla 
PATRICIA ROSFJH:IBLD, Geography, Pn.vironmental Engineering, Resources 

for the Future 
GLENN E. SCllWEITZER, International Relations, Cornell University 
MACAULEY WHITING, Engineering, Dow Ciemical Company 
FREDERICK K. WILLF.NBRJCK, Applied Physics, Southern :Methodist Univer­

sity 

Panel No. 3: Food, Climate, Soil and Water 

BfERY CASTI.E, ChairDBn, .Agricultural Economics, Resources for the 
Future, Inc. 

HAROLD E. CALBERT, Biochemistry, Dairy and Food Teclmology, University 
of Wisconsin 

HAROLD E. DREGNE, Soil Science and Ciemistry, Texas Tech University 
RAY A. OOLDBERT, Economics, Harvard University 
KENTON R. MILLER, Ecology, University of Michigan 
~ L. PWCI<NE'IT, Agr<nOllJf, Soil Science, University of Hawaii 
STEPHEN C. OOIB, Resource Economics, Land Economics, University of 

Wisconsin 
L<lJISE M. TIDiPSON, Soils, Iowa State University 
DAVID W. 'IH>RNE, Soil Fertility, Utah State University 
IRENE TINKER, International Politics, Urban Studies, ACTI~ 
JAN VAN SOIILFGMRDE, Agricultural Engineering, U.S. Department of 

Agriculture 
BURLEIGH WEBB, AgrcnOllJf, Plant Physiology, North Carolina MT State 

University 
HAROLD L. WILCKE, Consultant, Poultry Husbandry 
ROBERT M. WHITE, P.n.viromnental Sciences, National Academy of Sciences 

Panel No. 4: P..nployment, Trade and Industrialization 

WIU.IAM A. KREBS, Chainnan, Law, Industrial Management, Arthur D. Little, 
Inc. 

ROBERT B. AMES, Industrial and Corporate Planning, Allis-Clalmers Cotpo-
ration 

KARL J. BRIJNINGS, Organic and Medical Chemistry, U.S. Congress 
W. GILBERT CARTER, Law, Nicholson and Carter 
NAZLI CHlOCRI, Population Dynamics and Development, Massachusetts Insti­

tute of Teclmology 
RICHARD ECKAUS, Econanic Development and Plaming, Massachusetts Insti­

tute of Technology 
ELIZABE'IH R. JAGER, Economics, AFL/CIO 
NARINDER KA-:»ri, Physics, Optics, Kaptron, Inc. 
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1llMAS R. MILLER, Organic Olemistry, Union Catbide Corporation 
OOBERT R. NAIBAN, Economic Development, Economic Planning, Robert 

Nathan Associates 
BRUCE S. OLD, Metallurgy, Arthur D. Little, Inc. 
JOSEPHM. PETI'IT, Education, Georgia Institute of Technology 
SMDIA SCHJRR, Industrial Planning in LOCs, Harbridge House, Inc. 
GUS TYLER, Industrial Labor Relations, International Ladies GanneJlt 

Workers Union 

Panel No. 5: Urbanization, Transportaticn and Conmmication 

WILFRED~' Cliainnan, Economic Development, Urban Bconanics, Brookings 
Institute 

HARRI~ J. BRYCE, Social Science, Economics, Academy of Contenporary 
Problems 

JOHN EBERHARD, Architecture, Aloorican Institute of Architects Research 
C.Orporation 

WILLIAM J. HARRIS, JR., Cllemical Engineering, Association of Aloorican 
Railroads 

ALBERT L. IDRLEY, Conmmications, EIXJTAL Cormnmications and Development, 
Inc. 

GRFI'CHF.N S. KOLSRUD, Gromd and Air Transportation, U.S. Congress 
LEO K>LINARO, Social Philosophy, .American City Corporation 
HARVEY S. PERLOFF, Economics, University of California at Los Angeles 
VLADIMIR SLAMECKA., Infonnation and Computer Science, Georgia Institute 

of Technology 
WILLIAM M. SPREITZER, Aeronautical Engineering, General t.btors Teclmical 

r.enter 
ALFRED P. VAN RJYCK, Utban Planning, Planning and Development C.Ollabora­

tive International 
MELVIN WEBBER, Economics, Sociology, City and Regional Planning, Univer­

sity of California at Berkeley 
GEORGE W. WILSON, Economics, Economic Growth, Indiana University 

US. PARTICIPANTS 

POSI'HARVEST FOOD I..OSSES 
IN DEVEI..OPING COUNTRIFS 

Steering Conmittee 

EIMARD S. AYENSU, Endangered Species Program, Smithsonian Institution 
MALCOl.M C. BOORNE, New York State .Agricultural Experiment Station, 

Cornell University 
OOGHI' S.·BIUlllERS, Consultant 
E. RAY PARISER, Chainnan, Nutrition and Food Science, Massaclrusetts 

Institute of TeChilology 
JOHN PEDERSEN, Grain Science and Industry, Kansas State University 
WILLIAM L. f..A1HJE, Anthrpology, University of Arizona 
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GIDRGE F. SPRAGUE, Agronomy, University of Illmois 
DAISY M. TAGLIACDZZO, Sociology, University of Massachusetts 

INTERNATICIW.. PAIUICIPANTS 

A.A.C. HYUS4ANS, Agriculture Department, FAD, Italy 
P.C. SPENSLEY, Director, Tropical Products Institute, England 

International Working Grot.t> Meeting 
Washington, D.C. October 31 - November 3, 1977 

U.S. PARTICIPANTS 

GIDRGE BARRINGER, Merck and Canpany 
DSC.AR H. 00.VERI', Plant Pathology, University of Missom-i 
GIDRGE DARNELL, Agriculture and Rural Development, International Bank 

for Reconstruction and Development 
Jl\VID IW.JGHERTY, Agricultural Research Seivice, U.S. Department of 

Agricultm-e 
ROBERT DAVIS, Stored Products Insects Research and Development Labora­

tory, U.S. Department of Agriculture 
JERE GILLES, Rural Sociology, University of Missom-i 
JIM GOERING, Agricultm-e and Rln"al Development, International Bank for 

Reconstruction and Ievelopment 
OOnI GREIG, Office of Agricultm-e, Bureau for Teclmical Assistance, 

Agency for International Developnent 
HANS GUGGENHEIM, The Wundennan Fot.mdation 
KEN'Im L. HARRIS, .Anerican Association of Cereal Oiemists 
AMillJD KRAMER, Horticultm-e, University of Maryland 
CARL LINDBLAD, .Anerican Association of Cereal Chemists 
roY MARTIN, National Fisheries Institute 
MAX MILNER, International Nutrition Plaming Program, Massachusetts 

Institute of Technology 
MICHAEL J. K>RAN, Special Advisor for External Affairs, Inter-.Anerican 

Institute of Agricultural Sciences 
HERBERT CM!NS,.International Nutrition Policy and Planning Program, 

Massachusetts Institute of Technology 
OON PICKERING, Agriculture and Rln"al Development, International Bank 

for Reconstruction and Development 
IUJH IDBERTS, League for International Food Education 
VIRGINIA SIDWELL, National Marme Fisheries Seivice, University of 

Maryland 
WILSON OO'nf, JR., Agricultm-al Research Seivice, U.S. Department of 

Agricultm-e 
W.C. SPARKS, Agricultm-al Experiment Station, University of Idaho 
SIUART STERNS, Merck and r.ompany 
STEVEN H. SI'ERNLIEB, Food Marketing Specialist, U.S. General Account­

ing Office 
CHARLES WEISS, Science .Advisor, International Bank for Reconstruction 

and Development 
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INTERNATIONAL PARTICIPANI'S 

N.S. AGRAWAL, Joint Comnissioner, Food; Ministry of Agriculture and 
Irrigation, Department of Food, India 

RAFAEL AMEZQUITA, Fisiologi Interamericano de Ciencias Agricolas, 
Mexico 

MlSHB CALDERON, Director, Institute for Teclmology and Storage of 
.Agricultural Research Organization, The Volcani Center, Israel 

D.G. CXXJRSEY, Plant Food Conm>dities Department, Tropical Products 
Institute, England 

F. DE LIMA, National Agricultural Laboratories, Ministry of .Agricul­
ture, Kenya 

Mi\RTIN GREELEY, Institute of Development Studies, University of Sussex, 
England 

Dl\VID G. JAMES, Fishery Industries Division, Department of Fisheries, 
FAO, Italy 

T.W. OON, Food Resomces Laboratory, Korea Institute of Science and 
Technology 

JERRY LA GRA, Instituto Interamericano de Ciencias .Agricolas, Dclnini­
can Republic 

MIGUEL M>RA, Centro de Investigaciones para Granos y Semillas (CIGRAS), 
Universidad de CDsta Rica, CDsta Rica 

OW 01.DRUNDA, Department of Food Technology, University of Ibadan, 
Nigeria 

GMJTAM PINGLE, The Conmmwealth Secretariat, England 
P.F. PREVETI, Tropical Stored Products Center, Tropical Products 

Institute, England 
GABRIEL SIADE ~' CCIDision Nacional de Fruiticultura, Mexico 
PETER TYLER., Tropical Stored Products Center, England 
Alf.W> ZAHARIJDIN IDRUS, MARDI, SERDANG, Malaysia 
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