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�

Executive Summary

The Agricultural Resource Management Survey (ARMS) is the fed-
eral government’s primary source of information on the financial 
condition, production practices, and resource use on farms, as well 

as the economic well-being of America’s farm households. ARMS data are 
important to the U.S. Department of Agriculture (USDA) and to congres-
sional, administration, and industry decision makers when they must weigh 
alternative policies and programs that touch the farm sector or affect farm 
families.

ARMS was initiated in 1996 as a synthesis of existing USDA surveys 
on cropping practice, chemical use, and farm costs and returns. The survey 
is managed jointly by two USDA agencies: the Economic Research Service 
(ERS) and the National Agricultural Statistics Service (NASS). The three-
phase annual survey is large, complex, and costly, with a budget of nearly 
$19 million in fiscal year 2006.

ARMS is unique in several respects. As a multiple-purpose survey with 
an agricultural focus, ARMS is the only representative national source of 
observations of farm-level production practices, the economics of the farm 
businesses operating the field (or dairy herd, greenhouse, nursery, poultry 
house, etc.), and the characteristics of the American farm household (age, 
education, occupation, farm and off-farm work, types of employment, fam-
ily living expenses, etc.). No other data source is able to match the range 
and depth of ARMS in these areas.

American agriculture is changing, and the science of statistical measure-
ment is changing as well. As with every major governmental data collec-
tion with such far-reaching and important uses, it is critical to periodically 
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ensure that the survey is grounded in relevant concepts, applying the most 
up-to-date statistical methodology, and invested with the necessary design, 
estimation, and analytical techniques to ensure a quality product.

ARMS is a complex undertaking. From its start as a melding of data 
collected from the field, the farm, and the household in a multiphase, 
multiframe, and multiple mode survey design, it has increased in complex-
ity over the decade of its existence as more sophisticated demands for its 
outputs have been made. Today, the survey faces difficult choices and chal-
lenges, including a need for a thorough review of its methods, practices, 
and procedures.

The Panel to Review USDA’s Agricultural Resource Management Sur-
vey was established to conduct such a review, and this report is the prod-
uct of its efforts. The panel’s specific recommendations appear in context 
throughout the report and are presented together in Chapter 9.

DATA QUALITY

The panel focused on the elements of quality, broadly defined as “fit-
ness for use,” which for ARMS means relevance, accuracy, timeliness, 
accessibility, interpretability, and coherence. Assessing these elements of 
quality for ARMS required a review of its concepts, organization, sampling, 
questionnaire design, data collection, data processing, and dissemination. In 
doing so the panel has addressed issues of concern for ARMS and its uses 
for policy analysis and private-sector decision making in order to identify 
specific needed improvements, to outline testing and research to keep the 
survey current with data needs and state-of-the-art methods in the future, 
and in making it accessible to potential users.

The central qualitative dimension of survey data is accuracy. This is the 
element the panel was least able to assess with confidence, because knowl-
edge is inadequate about the true values of many data items that ARMS 
estimates. Obtaining better information about the accuracy of survey-
based information from the survey is a central reason for our call, sounded 
throughout this report, for a systematic program of methodology research 
and development, which would focus on questionnaire design, survey man-
agement, bias resulting from nonresponse, quality checks on responses, 
editing and imputation procedures, calibration to data from sources other 
than ARMS, and statistical procedures for calculating confidence intervals 
on estimates derived from ARMS data.

CONCLUSIONS

ARMS is an invaluable source of information on the current state of 
American agriculture, as well as the sole source of some important infor-
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mation on the linkages between fields, farms, and families that serves to 
illuminate the challenges faced by agriculture policy makers and farm fami-
lies. Because the survey is so critical to understanding agriculture, it carries 
a special burden. Its methods, practices, and procedures must be designed 
to yield data of impeccable quality in view of their uses, and the data must 
be made available to the research community both inside and outside the 
federal government in order to generate the improved analytical knowledge 
the data makes possible.

At several points in this report, some of the methods and practices 
used in ARMS are characterized as “unique” or “unconventional.” In large 
part, the unique nature of the survey is due to its complexity, with multiple 
modes and phases and with a goal to collect, classify, and aggregate several 
types of information from three interrelated but not entirely overlapping 
reporting units. ARMS also reflects some unique practices that are part of 
USDA’s way of doing business, such as its board review process, which are 
not within the panel’s purview to assess. Nonetheless, we have been able to 
document and assess the adequacy of the survey’s design, data collection, 
analysis, and dissemination.

The panel concludes that ARMS has been carried out with admirable 
attention to achieving high standards on most of its elements. Nonetheless, 
there is room for improvement in all of them. In addition to identifying 
areas of needed improvement in current methods and practices, our review 
identifies several emerging challenges. These challenges are associated with 
the changing structure of farming, overall trends in federal surveys—such 
as the growing difficulty of obtaining satisfactory survey response—and 
the growing sophistication of survey data users, both inside and outside 
the federal government. NASS and ERS have attempted to respond to 
these challenges with some foresight—adding new questions, testing such 
initiatives as incentives for increasing reporting, developing proposals to 
collect longitudinal data, and enhancing the provision of microdata files in 
a protected environment. Our review leads to the conclusion that a num-
ber of areas need still further attention, and our recommendations can be 
considered a roadmap to the future for ARMS.

The panel also examined the appropriateness of the methods that ERS 
is using to fit statistical models to data from ARMS. The panel concludes 
that the current practice of NASS to provide survey weights with the 
ARMS data set, as well as the NASS and ERS recommendation to use the 
design-weighted approach for many of the analytical uses of the data, are 
appropriate and should be continued. However, the current one-size-fits-
all approach for analytical inference for ARMS is somewhat restrictive, 
and users need more specific information on the sampling design and on 
nonresponse patterns and adjustments applied to the data sets. The panel 
concludes that a guide for researchers on how to approach certain com-
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monly used analytical methods would improve the quality of analysis of 
the ARMS data.

RECOMMENDATIONS

Although appropriate attention is being paid to the basic elements 
of survey quality, much more can be done to improve important aspects 
of the survey. Issues that need more attention include the employment of 
analytical tools to investigate the quality of survey responses, additional 
control and further automation of the interview process, shift of focus from 
nonresponse rates to nonresponse bias, introduction of new methods of 
imputation of missing values and documentation of the results of imputa-
tion, improvements to variance estimation that will be more compatible 
with the types of data analysis that are now employed, and more attention 
to facilitating access to the data files for research and analysis.

The panel did not explicitly prioritize either the issues or our recom-
mendations, although we do draw special attention to the need for an 
ongoing, joint, and appropriately funded methodology research and devel-
opment program. We draw attention to special needs for a research and 
development program to support improvements in questionnaire design 
and development, unit and item nonresponse, and imputation and estima-
tion. Such a program needs adequate resources both to support current 
and future research, development, and statistical analysis needs throughout 
the implementation of ARMS and to assess and manage the quality of the 
data. We also call attention to the need for better channels of communica-
tion with providers and users of the data. These initiatives will require an 
infusion of funding, and, in the case of ERS, enhancement of staff expertise 
in mathematical statistics and data analysis skills.

We are aware that our list of recommendations is long and that some of 
them will be costly to implement. Full implementation of all of them would 
require a significant fraction of the ARMS budget. In our view, if additional 
funds cannot be obtained, at least those recommendations involving research 
and development directly related to data quality assurance should be under-
taken, even at the expense of reducing the size or scope of the survey. For other 
costly recommendations, notably the training programs and other services 
for data users outside USDA, additional funding could reasonably be sought, 
even from unconventional sources in the user community. For example, the 
land grant universities could be asked to support and perhaps to assist in 
implementing the training and data access improvements. The universities 
rely on other sources of USDA funding through the Cooperative Research, 
Education, and Extension Service, which might be interested in funding com-
petitive National Research Initiatives or other grants for these purposes. 

We recommend improvements to ARMS in all aspects of the survey:
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•	 Data integration and relevance, including survey integration and 
longitudinal data.

•	 Survey management, including establishment of a research and 
development program, planning for changes in survey content, review by 
the NASS Advisory Committee on Agriculture Statistics, and stakeholder 
feedback and discussion.

•	 Sample and questionnaire design, including expanded use of ge-
neric clearance for survey testing from the Office of Management and Bud-
get, cognitive or usability laboratory facilities, designation of subsamples 
for research and testing, consistency of variables, and formal collection of 
auxiliary information.

•	 Data collection, including paradata (i.e., data on the data collec-
tion process) and metadata (i.e., data on data items), the consequences of 
departures from standardized interview techniques, using available analyti-
cal tools to assess survey response quality, and moving to computer-assisted 
interviews and web-based data collection.

•	 nonresponse, imputation, and estimation, including providing a 
foundation for appropriate response rate calculations, adjustment for re-
sponse rates in the multiple phases, nonresponse bias, making the survey 
mandatory, changes to reduce item nonresponse, approaches to imputa-
tion, flagging missing data used for analysis, and clarifying the estimation 
process.

•	 Methods of analysis, including provision of sampling weights, using 
the design-weighted approach, jackknife replicates, design and nonresponse 
characteristics, in-house survey statistics expertise at ERS, and developing 
a guide for researchers.

•	 Dissemination, including improving the ARMS web tool, extend-
ing the availability of ARMS microdata, training for new data users, and 
database management practices.

INVESTMENT IN THE FUTURE

The ARMS program represents a significant investment of time, talent, 
respondent burden, and cost. It responds to congressional mandates to 
produce estimates of income for farms as business establishments by type 
of operation, to monitor the status of family farms, and to make annual 
estimates of the costs of producing commodities, such as wheat, feed grains, 
cotton, and dairy, covered under farm support legislation. 

ARMS also enables USDA to meet its responsibility to support the U.S. 
national accounts by producing estimates of farm sector value-added and 
net income and the development of regional (state and county) accounts 
by provision of the state-level estimates of net farm income. It provides 
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the data to implement USDA program requirements and to formulate and 
evaluate USDA polices and programs. The analytical program of ERS in-
forms both public- and private-sector decision makers, through research 
and analysis on a wide variety of farm, farm household, environmental, and 
other rural issues, shedding light on important national issues like energy 
usage by supporting analysis of the impact of energy prices on farm produc-
tion costs and, consequently, on the price of commodities.

As it begins a second decade of operation, improvements are needed in 
all aspects of the survey’s operations to keep it vital. ARMS is too valuable 
to the nation for the U.S. Department of Agriculture not to make efforts 
now to increase its value for the future. 
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Introduction

The Agricultural Resource Management Survey (ARMS) program of 
the U.S. Department of Agriculture (USDA) is a study in complexity. 
Data are collected on three different occasions and from three differ-

ent levels: the field, the farm, and the household associated with the farm. 
Other aspects, including the technical design (a multiphase, multiframe, 
stratified, probability-weighted sample), an ever-changing content, and the 
multiple modes of data collection increase the complexity.

Complexity is both a source of strength in the ARMS program and a 
challenge to those responsible for conducting the survey and analyzing the 
results. Today, the survey is more than an assemblage of several data collec-
tions within the National Agricultural Statistics Service. In the mid-1990s, 
ARMS was created by merging the objectives of two USDA surveys: the 
Farm Costs and Returns Survey (FCRS) and the Cropping Practices Survey 
(CPS). The FCRS objectives were to collect whole-farm production, orga-
nization and financial information, household demographic and financial 
information, and enterprise-level costs and returns information for selected 
commodities. The CPS objectives were to collect field-level chemical use, 
tillage practices, and other field practices for selected commodities. The 
ARMS program provides indispensable linkages of data for fields, farms, 
and households in a manner that permits analysis of management practices, 
profitability, and farm family composition and well-being, among other 
topics. No other source affords such a comprehensive and complete view 
of the American farm. Few other sources pose such complicated challenges 
to methodologists, data collectors, data processors, and analysts.
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SURVEY DESCRIPTION

ARMS is USDA’s primary source of information on the financial condi-
tion, production practices, and resource use of farms, as well as the eco-
nomic well-being of America’s farm households. Its data are essential to 
USDA and other federal administrative, congressional, and private-sector 
decision makers when they must weigh alternative policies and programs 
or business strategies that touch the farm sector or affect farm families 
(Box 1-1).

The basic USDA definition of a farm is any place from which $1,000 
or more in nominal terms of agricultural products were produced and sold, 
or normally would or could have been sold, during the census year. This 
definition is common to both the Census of Agriculture and ARMS, and 
is reflected in the terms “census farms” and “census-defined farms.” The 
definition has been steady for many years and encompasses many small, 
hard-to-measure businesses, which are difficult to identify and survey. 

ARMS comprehensively provides observations of field-level farm prac-
tices, the economics of farm businesses operating the field (or dairy herd, 
greenhouse, nursery, poultry house, etc.), and the characteristics of the 

BOX 1-1 
A Thumbnail Sketch of the ARMS Program

	 The	Agricultural	Resource	Management	Survey	 is	 the	primary	source	of	 in-
formation	for	the	U.S.	Department	of	Agriculture	and	the	public	on	a	broad	range	
of	 issues	about	U.S.	agricultural	 resource	use,	 costs,	 and	 farm-sector	 financial	
conditions.	It	is	the	only	source	of	information	available	for	objective	evaluation	of	
many	critical	 issues	related	to	agriculture	and	the	rural	economy.	The	survey	 is	
conducted	by	the	National	Agricultural	Statistics	Service	(NASS)	in	collaboration	
with	the	Economic	Research	Service	(ERS).
	 The	 survey	 sample	 is	 designed	 to	 provide	 coverage	 of	 all	 farms	 in	 the	 48	
contiguous	states	plus	state-level	data	for	15	major	farm	states.	The	population	
of	 farms,	 as	 defined	 by	 the	 Census	 of	 Agriculture,	 includes	 all	 establishments	
that	produced	and	sold	 (or	would	normally	or	could	have	sold)	at	 least	$1,000	
of	 agricultural	 products	during	 the	previous	 year.	A	 sample	 from	 the	NASS	 list	
frame	is	supplemented	by	a	geographic	sample	of	area	tracts	to	ensure	complete	
coverage.
	 ARMS	collects	data	for	whole	farms	and	commodity-specific	production	prac-
tice	and	cost	data,	on	a	rotating	basis,	for	selected	commodities	in	Phase	II	of	the	
survey	and	in	commodity-specific	versions	of	Phase	III.	The	survey	collects	data	
in	three	phases:

	 •	 Phase	I,	the	ARMS	screening	survey,	collects	general	farm	data,	such	as	
crops	grown,	livestock	inventory,	and	the	value	of	sales.	Screening	data	are	used	
to	qualify	(or	screen)	farms	for	the	subsequent	phases.	Phase	I	is	conducted	from	
May	through	July.
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BOX 1-1 continued

	 •	 Phase	 II	 collects	 data	 associated	 with	 agricultural	 production	 practices,	
resource	 use,	 and	 variable	 costs	 of	 production	 for	 specific	 commodities.	 Com-
modities	are	surveyed	on	a	predetermined	rotation,	and	up	to	five	commodities	
are	surveyed	in	a	given	year.	Farm	operators	provide	data	on	fertilizer	and	nutrient	
applications,	 pesticide	 applications,	 pest	 management	 practices,	 and	 irrigation.	
Phase	II	is	conducted	from	September	through	December.
	 •	 Phase	 III	 collects	 whole-farm	 finance	 variables,	 operator	 characteristics,	
and	farm	household	information.	Farm	operators	provide	data	on	farm	operating	
expenditures,	capital	improvements,	assets,	and	debt	for	agricultural	production.	
In	addition,	operators	provide	data	on	farm-related	income,	government	payments,	
the	source	and	amount	of	off-farm	income,	and	characteristics	of	themselves	and	
their	household.	Phase	III	is	conducted	from	February	through	April,	with	the	refer-
ence	period	being	the	previous	year.	Respondents	sampled	in	Phase	II	are	asked	
to	complete	a	Phase	III	report.	Data	from	both	phases	provide	the	link	between	
agricultural	resource	use	and	farm	financial	conditions.

	 Farm	operators	are	selected	to	ensure	adequate	coverage	by	state	and	region	
and	to	minimize	reporting	burden.	Strata	are	based	on	state,	the	value	of	agricul-
tural	sales,	and	type	of	farm.	Phase	I	screening	is	performed	by	mail	and	phone.	
Operators	who	are	 in	business	or	have	the	commodity	of	 interest	(which	varies	
by	year)	are	eligible	 to	be	selected	 for	Phase	 II	or	Phase	 III.	Phase	 II	data	are	
collected	by	means	of	personal	interviews,	while	Phase	III	surveys	are	conducted	
using	several	modes	of	data	collection	(face-to-face,	telephone,	mailout-mailback	
with	 face-to-face	 follow-up	 for	 the	 mail	 respondents,	 and,	 on	 an	 experimental	
basis,	the	Internet).
	 The	commodities	surveyed	are	rotated	every	5-6	years	to	focus	on	resource	
use	and	production	costs	for	specific	commodities.	

SOURCE:	National	Agricultural	Statistics	Service.

American farm household (age, education, occupation, farm and off-farm 
work, types of employment, family living expenses, etc.) collected through 
interrelated, representative samples. 

The survey has increased in complexity as it has matured over the years. 
The current pattern of rotating commodities between survey cycles is one 
example of a survey design decision that, although made for practical rea-
sons, has tended to increase the complexity of the survey operation. Today, 
the pieces and parts of the survey can be described as

• a cooperative management and financing venture between two 
agencies that have independent objectives;

• a multiphase operation with three distinct survey operations, which, 
though integrated and building on each other, have different purposes and 
different constituencies;
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• an elaborate sampling frame consisting of both a traditionally 
constructed list of farms (the list frame) and a special list obtained by an 
intensive geographic area screening (the area frame);

• a complex collection scheme implemented under a cooperative 
agreement by a nonfederal organization; 

• an ambitious, cognitively challenging survey questionnaire that, de-
spite several efforts at simplification, is perceived by USDA to be so burden 
some to respondents that pains are currently taken to minimize revisits to 
them, which limits the ability to longitudinally follow these reporting units; 
and

• a complex estimation and variance computation procedure, which, 
although appropriate for its purpose, can place limitations on the ability 
of data analysts to perform multivariate analysis using standard statistical 
packages and to determine if the analytical result is statistically valid and 
reliable. 

CHARGE TO THE PANEL

The responsible agencies, the National Agricultural Statistics Service 
(NASS) and the Economic Research Service (ERS) of the U.S. Department 
of Agriculture, are well aware of the challenges posed by the ARMS pro-
gram and have sought to improve many aspects of survey operations and 
analysis as time and resources have permitted. As part of a program of 
continuous improvement, the two agencies joined in requesting this review 
of ARMS. To conduct the review, National Research Council, through the 
Committee on National Statistics, appointed the Panel to Review USDA’s 
Agricultural Resource Management Survey, whose members have expertise 
in household and business survey methods, the economics of farming and 
farm households, and complex sample designs. 

The charge to the panel was to address two related tasks: (1) review 
the characteristics of the survey itself, including concepts, sample design, 
questionnaire design, data collection, and data processing and estimation, 
considering for each whether USDA is using the best practices in each of 
these aspects of the survey and how its practices might be improved, and 
(2) study the uses of the data for econometric policy-relevant analyses. Of 
particular concern is whether ARMS uses state-of-the-art methods to fit 
statistical models to ARMS data—that is, for estimating the variance of 
estimates and the implications for univariate and multivariate estimation 
of the complex sample design. Drawing on its experience as major users 
of ARMS data, the panel also reviewed the processes of the survey and 
various means of expanding access to the microdata for econometric and 
other analysis.
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ISSUES IN SURVEY OPERATIONS

The complex nature of ARMS raises issues in nearly every aspect of 
survey operations, from conceptualization, organization, sampling, and 
questionnaire design, to data collection, data processing, analysis, and 
dissemination. 

NASS and ERS have raised a number of questions about:

1. the adequacy and utility of the area frame sample, which sup-
plements a list frame sample from the Census of Agriculture and other 
sources; 

2. the appropriateness of the process used to determine questionnaire 
content, which includes operating characteristics and business financial 
information for each farm, the farm operator’s household off-farm income 
and other characteristics, and operating characteristics and farming prac-
tices for specific field crops, surveyed in various years;

3. whether best practices are being used to elicit high-quality re-
sponses to the economic and demographic questions, whether the ARMS 
questions pose major challenges to high-quality responses in that they are 
sensitive from a privacy perspective and very detailed in their inquiries 
about resource allocations and economic outcomes for the farm business 
and the farm household, and the effects of the fact that questions require 
extended memory recall and family records; 

4. whether best practices are being used to elicit economic measures 
of farm and household performance for the prior year or, in some cases, 
the previous year; 

5. how trade-offs between respondent burden and the need for impu-
tation should be evaluated, and whether the best methods for imputing data 
due to nonresponse or due to unasked questions for particular subsamples 
are being employed; 

6. other possible approaches for further reducing individual item non-
response for both the mail and the in-person versions of the survey; and 

7. whether respondents’ comprehension of, and responses to, ARMS 
questions are consistent with the concepts that USDA intended to measure 
and, if not, what additional information could be informative. 

The panel’s assessment of the current methodology and practices has 
been conducted in light of an understanding of the state of survey meth-
odology and best practices. These issues are addressed in Chapters 4, 5, 
and 6.

In addition to publication of summary data in cross-sectional and time 
series form, use of the data is expanding for hypothesis testing, econometric 
modeling, and other methods contributing to policy analysis. This growing 
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role is the result of an ongoing, successful program to promote awareness 
of, and access to, ARMS data by ERS. Today, a substantial and expanding 
number of government and academic researchers are using the survey data 
to conduct research on a wide range of topics, including analysis of farm 
business and household responses to government programs. 

As the uses of ARMS data for increasingly sophisticated purposes 
have expanded, the experts in data analysis at ERS have increasingly been 
called on to provide advice and guidance to internal and external data 
users on appropriate techniques and methodologies for data analysis. To 
assist ERS, the panel has reviewed statistical hypothesis-testing procedures 
using ARMS data. We consider USDA’s choice of statistical procedures for 
estimating standard errors to test hypotheses with simple estimates and 
with complex econometric models and make recommendations on best 
practices for variance estimation and other statistical issues in the use of 
ARMS data by policy analysts. The types of specific questions that are 
considered include, for univariate statistics: the appropriate methods for 
calculating standard errors for use in hypothesis testing; the adequacy of 
the delete-a-group jackknife variance estimator for calculating standard er-
rors, in general and in small samples; possible improvements to the delete-
a-group jackknife estimator; and effects of ignoring the survey design in 
hypothesis testing. For advanced multivariate methods, the issues are more 
complex: the consequences of ignoring survey design when one is using 
the data in econometric analyses; the need to account for survey design in 
estimation of coefficients and standard errors and, if so, what approaches 
to take; the impact of the delete-a-group jackknife variance estimator on 
hypothesis testing for policy inferences and for professional presentation; 
any weaknesses of the jackknife estimator in this context; and whether 
alternative complex-sample estimators, particularly those used in standard 
analytic programs such as STATA or SAS, are acceptable. These issues are 
considered in Chapter 7.

THE PANEL’S APPROACH

Appointed in January 2006, the panel held its first meeting on February 
2-3, 2006. Over the course of its inquiry, the panel has conducted five open 
meetings that involved interaction with ERS and NASS staff, as well as key 
data users, policy makers, and additional technical experts: a workshop on 
statistical methodology, June 8-9, 2006; a session for data users at the an-
nual meeting of the American Agricultural Economics Association, July 24, 
2006; a workshop on concepts and measurement, September 28-29, 2006; 
a workshop on inference, December 7-8, 2006; and an open discussion of 
cost-of-production issues, January 18, 2007. The agendas of these meetings 
appear in Appendix A. 
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The panel’s recommendations respond to USDA’s concerns about ARMS 
and its uses for policy analysis, identify specific needed improvements, and 
suggest a program of research, testing, and development to keep the ARMS 
current with data needs and state-of-the-art methods in the future. With the 
time and resources available, it was not possible to formulate a particular 
solution to each of the issues, some of which require considerable research, 
development, and testing. However, we did identify several issues for prior-
ity review in the research and development program we recommend. These 
research recommendations appear throughout the report.

The focus in this report is on quality, broadly defined as “fitness for 
use.” The definition of quality throughout the international statistical sys-
tem consists of several constituent elements or dimensions. One commonly 
used set of six elements, to which this report adheres, includes relevance, 
accuracy, timeliness, accessibility, interpretability, and coherence (Organisa-
tion for Economic Co-operation and Development, 2003; Statistics Canada, 
2003). 

The relevance of statistical information reflects the degree to which it 
improves the decisions of clients. It is concerned with whether the available 
information improves the value of a decision and sheds light on the issues 
that are important to users. Assessing relevance is subjective and depends 
on the varying needs of users. The statistical agency’s challenge is to weigh 
and balance the conflicting needs of current and potential uses to produce 
a program that goes as far as possible in satisfying the most important 
needs within given resource constraints. Relevance is considered in Chapter 
2 in the context of the need to make decisions on contemporary issues in 
American agriculture.

The accuracy of statistical information is the degree to which the in-
formation correctly describes the phenomena it was designed to measure. 
It is usually characterized in terms of error in statistical estimates and is 
traditionally decomposed into bias (systematic error) and variance (random 
error) components. It may also be described in terms of the major sources 
of error that potentially cause inaccuracy (e.g., coverage, sampling, non-
response, response). The major potential sources of error are discussed in 
Chapters 4, 5, and 6.

The timeliness of statistical information refers to the delay between the 
reference point to which the information pertains and the date on which 
the information becomes available for use. There is typically a trade-off 
between timeliness and accuracy. Timeliness, in terms of its influence on 
relevance, is addressed in Chapter 2, while Chapter 8 discusses timeliness 
as a factor in overall quality. 

The accessibility of statistical information refers to the ease with which 
it can be obtained from the statistical agency. This involves issues of dissem-
ination, which are covered in Chapter 8, including the ease with which the 
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existence of information can be ascertained, the suitability of the form in 
which the information can be accessed, and the availability of user support 
services. The cost of using the information, including both direct costs for 
data products and the cost of travel to centralized repositories of research 
data, may also be an aspect of accessibility for some users. 

The interpretability of statistical information reflects the availability of 
supplementary information about the data, often in the form of metadata 
(i.e., data about data items) and paradata (i.e., data about the data col-
lection process), which are necessary to interpret and use it appropriately. 
This information usually includes the underlying concepts, variables and 
classifications, the methodology of data collection and processing, and in-
dications or measures of the accuracy of the statistical information. Chapter 
5 discusses these components of quality.

Finally, the coherence of statistical information reflects the degree to 
which it can be successfully brought together with other statistical infor-
mation within a broad analytic framework and over time. The use of stan-
dard concepts, classifications, and target populations promotes coherence, 
as does the use of common methodology across surveys. ARMS presents 
special challenges for coherence, in that there is a need to be internally 
coherent among the three phases of the survey, as well with other USDA 
data. We examine one of the methods for achieving coherence—the calibra-
tion process used for setting production estimates and aligning the various 
sources of data regarding production in Chapter 6, as well as the methods 
for coherence in analysis of the data from ARMS itself, in Chapter 7.

At the operational level, these elements of quality are reflected in 
guidelines that have been promulgated by the U.S. Office of Management 
and Budget (OMB) (U.S. Office of Management and Budget, 2001). In ad-
dition to quality, the OMB guidelines address utility, objectivity, integrity, 
transparency, and reproducibility of information disseminated by federal 
agencies. 

These guidelines have been appropriately embraced by the leadership of 
both NASS and ERS. This is important, since quality assurance is mainly a 
management function. Along with leaders of several of the largest federal 
statistical agencies, the administrators of NASS and ERS signed a statement 
in 2002 delineating federal statistical organizations’ guidelines for ensuring 
and maximizing the quality, utility, objectivity, and integrity of disseminated 
information. The role of the statistical agency in ensuring quality is sum-
marized in this statement and bears repeating as the underlying theme of 
this report (U.S. Office of Management and Budget, 2002, p. 38468):

A statistical organization’s commitment to quality and professional stan-
dards of practice further includes: the use of modern statistical theory and 
practice in all technical work; the development of strong staff expertise 
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in the disciplines relevant to its mission; the implementation of ongoing 
quality assurance programs to improve data validity and reliability and 
to improve the processes of compiling, editing, and analyzing data; and 
the development of a strong and continuing relationship with appropriate 
professional organizations in the fields of statistics and relevant subject-
matter areas.

To carry out its mission, a Federal statistical organization assumes respon-
sibility for determining sources of data, measurement methods, methods 
of data collection and processing while minimizing respondent burden; 
employing appropriate methods of analysis; and ensuring the public avail-
ability of the data and documentation of the methods used to obtain the 
data. Within the constraints of resource availability, a statistical organiza-
tion continually works to improve its data systems to provide information 
necessary for the formulation of public policy.

Beyond this, the OMB has directed each federal agency to issue its own 
information quality guidelines, and further guidelines have been issued by 
USDA, NASS, and ERS (U.S. Department of Agriculture, 2006; National 
Agricultural Statistics Service, 2007a; Economic Research Service, 2003). 

More recently, OMB has issued detailed Standards and guidelines 
for Statistical Surveys (U.S. Office of Management and Budget, 2006b), a 
comprehensive guide to developing and managing surveys in such a way 
as to obtain OMB approval for their conduct. In these guidelines, quality 
standards for the various stages of survey operations have been spelled out 
in some detail. The topics covered range from satisfactory survey response 
rates to the development of sampling frames to drawing of inferences from 
the data. The panel refers to these standards and guidelines in the report 
when discussing issues of compliance and noncompliance.

GUIDE TO THE REPORT

Following this introduction, we lay out the contemporary issues facing 
American agriculture and the relevant uses of ARMS data to address them 
in Chapter 2. These uses include those driven by congressional mandates 
and by agency and research community needs. Chapter 3 outlines the or-
ganizational structure behind ARMS and the collaborative management 
of NASS and ERS. Issues of sample and survey design, data collection, 
nonresponse, imputation, and estimation are addressed in the next three 
chapters. Chapter 7 provides a framework for analysis of complex surveys 
and issues related to inclusion of survey design in estimation. Data user con-
cerns, including dissemination of data and opportunities for user feedback 
and training are addressed in Chapter 8. Chapter 9 summarizes the panel’s 
conclusions and recommendations.
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Contemporary Issues in  
American Agriculture

The Agricultural Resource Management Survey (ARMS) has been 
called the mirror in which American farming views itself (Economic 
Research Service, 2007). In its detail, the survey provides myriad 

observations about farms and farm households. When assembled into ag-
gregate measures, it aims to form a comprehensive picture. The goal of 
providing in-depth detail that adds up to a multidimensional view of agri-
culture is a unique and important aspect of the survey.

The value of ARMS is in its totality and the interactive nature of the 
data, not just the value of each data item. It is a comprehensive documen-
tation of many aspects of U.S. agriculture and farm households. In part 
because it is so comprehensive—and unique in that respect—it has im-
portant uses in illuminating contemporary issues in American agriculture. 
These uses form the basis for assigning priorities of effort, justifying the 
resources that are devoted to the survey, and largely defining its content 
and products. 

This chapter begins with an illustrative catalogue of mandated, pro-
grammatic, and research uses of ARMS data by the U.S. Department of 
Agriculture (USDA) and other federal agencies, the private sector, aca-
demic researchers, and the general user community. It continues with a 
general discussion of contemporary issues in American agriculture and how 
they generate a demand for information that will help policy makers and 
private-sector decision makers at all levels understand and deal with those 
issues. It goes on to discuss in more detail three specific areas of interest in 
agriculture policy: environmental and resource management, commodities, 
and the economic situation of farms and farming families. The discussion 
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includes an assessment of the adequacy of the ARMS data to illuminate 
these issues. 

PRIORITY USES OF ARMS DATA

The ARMS program represents a significant investment of time, talent, 
respondent burden, and resources. To justify this investment, the survey 
must be responsive to a set of core requirements that address legislative, 
programmatic, and analytical needs. These core requirements build on 
those of the predecessor surveys, which conveyed into ARMS when it was 
established in 1996, and have been supplemented by more contemporary 
and changing requirements.1 

The task of meeting these core requirements translates into a series of 
priorities for the ARMS program. The data items needed to meet the core 
requirements have largely been maintained and protected by making sure 
these items are included before any other items are added. For the National 
Agricultural Statistics Service (NASS) and the Economic Research Service 
(ERS), these priorities affect the content of the questionnaires, which in turn 
are instrumental to the survey’s ability to meet the core requirements. 

Mandated Uses

USDA is required by Congress, through both authorizing and appro-
priation legislation, to produce a sizeable portion of the data items that 
are included in ARMS. Cost-of-production data are required by several 
pieces of legislation, and one piece of legislation is very specific. The U.S. 
Code states that the “Secretary of Agriculture, in cooperation with the land 
grant colleges, commodity organizations, general farm organizations, and 
individual farmers, shall conduct a cost of production study of the wheat, 
feed grain, cotton, and dairy commodities under the various production 
practices and establish a current national weighted average cost of pro-
duction. This study shall be updated annually and shall include all typical 
variable costs, including interest costs, a return on fixed costs, and a return 
for management” (U.S. Code, Title 7). 

Environmental and food safety legislation call for data on chemical use 
on field crops. The Food, Agriculture, Conservation, and Trade Act of 1990 
and the Food Quality Protection Act of 1996 require NASS to collect data 
on field crop chemical use and publish those data annually (in the Agricul-

1 The predecessor surveys of ARMS were the Farm Costs and Returns Survey (FCRS) and 
the Cropping Practices Survey. The predecessors to the FCRS were the Farm Production Ex-
penditures Survey and the Cost of Production surveys. The household component was added 
to the FCRS in 1988 with the Farm Operator Resource version.
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tural Chemical Usage Field Crops Summary and the Agricultural Chemical 
Usage Restricted Use Pesticide Summary). 

Some data series are used in the preparation of mandated reports. 
For example, in preparing the Annual Report on Family Farms required 
by the Food and Agriculture Act of 1977, ERS draws on ARMS data for 
information on a host of relationships, including (1) farm participation in 
agricultural programs and the distribution of farm program payments; (2) 
the structure and organization of farms, including family and nonfamily 
ownership; (3) the use of new production technologies and other manage-
ment practices; (4) farm use of credit; (5) farmers’ participation in off-farm 
employment; and (6) identifying the characteristics of producers purchasing 
crop insurance. 

ARMS data are sometimes input to other data series, thus fulfilling 
their mandate as a derived requirement from another product. Mandated 
uses of ARMS data include annual estimates of average income for U.S. 
farm operator households, and annual cost-of-production estimates for 
over 15 agricultural commodities. These mandated data items generate fur-
ther requirements, in that a number of data items are necessary to compute 
these derived estimates. 

Similarly, ARMS production input data provide annual weights for the 
NASS computation of the Prices Paid by Farmers Index. In turn, this index 
is used to calculate parity prices required by the 1933 Agricultural Adjust-
ment Act. Parity prices help administer federal marketing orders for some 
45 fruits, vegetables, and nuts. The indices are also required by the 1978 
Public Range Improvement Act to calculate annual federal grazing fees on 
the nation’s western public lands by the U.S. Bureau of Land Management 
and the U.S. Forest Service. 

national Accounts 

USDA is required to support the U.S. national accounts by producing 
estimates of farm-sector value-added and net income. The agency respon-
sible for the national accounts, the Bureau of Economic Analysis (BEA), 
reports that the primary source for the input-output (I-O) estimates of farm 
output is “cash receipts from farm marketings,” which is compiled from 
ARMS and various sources by ERS. This series is considered to be of higher 
quality and of more relevance for the I-O estimates than the data collected 
in the Census of Agriculture. The I-O estimates of farm expenses are based 
on the ARMS farm costs and returns survey (Horowitz and Planting, 2006). 
BEA uses USDA’s annual estimates of net farm income to develop its annual 
estimates of gross domestic product and personal income. ARMS data also 
contribute to the development of BEA’s regional (state and county) accounts 
through inclusion of the state-level estimates of net farm income. The Farm 

Understanding American Agriculture: Challenges for the Agricultural Resource Management Survey

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11990


COnteMPORARy iSSUeS in AMeRiCAn AgRiCUltURe ��

Production Expenditures by type of organization for county income dis-
tribution is produced through a standing request each year from BEA for 
publication in County business Patterns.

USDA Programmatic needs 

ARMS data provide a basis for updating weights in the Prices Paid Index 
Program,2 as well as for data to implement USDA program requirements 
and to formulate and evaluate USDA polices and programs. For example, 
publication of income for farm households was required by a past secretary 
of agriculture. The departmental definition of a limited resource farm relies 
on ARMS data. Fuel expenditures data are also used by the USDA Office 
of Energy Policy and New Uses to assess agricultural fuel usage.

general information

ARMS provides data to inform decision makers on a wide variety of 
farm, farm household, environmental, and other rural issues. For example, 
ARMS data shed light on important national issues, such as energy use, by 
supporting analysis of the impact of energy prices on farm production costs 
and, consequently, on the price of commodities. ARMS data are also used to 
(1) gather information about the relationships among agricultural produc-
tion, resources, and the environment; (2) determine the costs to produce vari-
ous crop and livestock commodities and the relative importance of various 
production expense items; (3) help determine the net farm income of farmers 
and ranchers and provide data on the financial situation of farm and ranch 
businesses, including debt levels; and (4) help determine the characteristics 
and financial situations of farm and ranch operators and their households, 
including information on management strategies and off-farm income.

Research and Analysis

ARMS data support the ERS program of research and analysis, which 
depends on these data, and contribute to other research and analysis work by 
providing basic cost-of-production and input use information. The data also 
support an active and growing program of research and analysis at academic 
institutions and other organizations that aim to illuminate diverse issues in 
contemporary American agriculture. Many of these studies are conducted as 
collaborative efforts between ERS and the research community.

2 Prices paid indices are used to compute parity prices under the Agricultural Adjustment Act 
of 1938 as amended, Title III, Subtitle A, Sections 301a. The Agricultural Marketing Service 
uses prices paid indices to determine support prices.
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ERS is both a producer and a consumer of ARMS data. In addition 
to its extensive inventory of data sets and recurring publications, the ERS 
generates demands for ARMS data in its selection of topics for analytical 
projects. These demands often form the basis for additions and modifica-
tions in the data collected in ARMS. To illustrate, ERS work plans for 
2006 included several initiatives on topics as varied as farm structure and 
governance, to food safety, to program participation, to farm household 
behavior, each using the ARMS as a major data source:

•	 Changing structure of livestock and poultry industries. Successive 
questionnaire versions targeted hogs, dairy, and broiler (chicken raised for 
meat) producers in 2005-2007 about their operations in the prior year. ERS 
intends to use the data to summarize structural change in each industry; 
analyze the sources of production cost differences, such as location or scale 
economies, as drivers of structural change; derive baseline information on 
manure management practices; and assess the effects of structural change 
and manure management practices on excess nutrient loadings.

•	 Food safety strategies in the livestock and poultry supply chain. 
ERS has included questions on production practices related to food safety 
and their links to processor/contractor requirements in the survey as noted 
above. ERS intends to use the data to summarize the use of various prac-
tices and to identify their impacts on production costs.

•	 Producer responses to changes in federal peanut and tobacco pro-
grams. The 2004-2006 Cost and Returns Report versions and the 2004 
peanut version of ARMS included questions designed to elicit information 
on how producers responded to the fundamental changes in federal sup-
port for those industries, to be used in broader ERS analyses of the market 
response to the changes.

•	 Farm operators’ input procurement strategies. Farmers may pro-
cure inputs through purchase, lease/rent, service contracting, on-farm pro-
vision, or joint sharing of inputs with other producers. Questions in the 
Costs and Returns Report allow ERS to identify those several strategies, 
to generate baseline estimates of their use, and to assess the effects of each 
strategy on farm efficiency and profits.

•	 Farm governance and organization. Large farms may have complex 
organizational structures; those structures may be an effective means of 
organizing farm production, but they may also provide a means to avoid 
USDA program rules. They also complicate the assessment of the role of 
family farms in American agriculture. Starting with the 2005 Costs and Re-
turns Report, ERS has added questions designed to provide a more precise 
picture of organizational structures in American agriculture.

•	 Farm and farm household linkages to rural communities. The 2004 
Costs and Returns Report contained questions pertaining to the linkages 
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between farms and farm households and nearby communities to better 
understand the importance of farm policy to rural communities and the 
importance of general economic policy to farm households. 

•	 Health and health care of rural residents and farmers. The 2005 
Costs and Returns Report contained additional questions on the health 
insurance coverage of each member in the farm operator household, the 
sources of the insurance (employer, Medicare, private purchase by the 
household, etc.), and household health insurance costs and out-of-pocket 
health expenditures. ERS will complement the ARMS information for farm 
households with information from the Current Population Survey, the Na-
tional Health Interview Survey, and other sources to characterize outcomes 
for other rural households. 

•	 Consumption behavior of farm households. The 2004 Costs and 
Returns Report reinstated a revised version of questions on household liv-
ing expenses, and the 2005 report contained a further revised version to 
calculate consumption flows for the household. The goal was to achieve 
consistency with the measures of “consumption expenditures” and “current 
(annual) consumption service flows for the household” calculated with the 
Consumer Expenditure Survey of the Bureau of Labor Statistics, collected 
for a nationally representative sample of U.S. households. 

•	 Design options for green payments programs. Proposed “green 
payments” would alter federal farm policy to jointly achieve income and 
conservation goals with the same payment instrument. ERS will compare 
various specific alternatives, using a “screening model” that links ARMS 
Phase III data to environmental and conservation program data. The screen-
ing model will compare alternative green payments to estimates of farmers’ 
willingness to accept payments for various conservation practices.

ARMS is the only source of nationwide data to support research on 
farmers’ decisions to adopt new technologies and to relate those decisions 
to (1) the economic performance and structural attributes of farms and 
farm families, and (2) the subsequent environmental impacts. Key technol-
ogy adoption decisions being tracked include the choice of bioengineered 
seed, the selection of waste management practices by livestock producers, 
the use of chemical and biological pest management alternatives, and the 
use of information management technologies ranging from precision farm-
ing in crop production to marketing commodities and buying inputs via 
the Internet. 

Federal government Agencies

Representatives from several federal agencies briefed the panel on the 
value and uses of ARMS. Common uses in these agencies include analysis of 

Understanding American Agriculture: Challenges for the Agricultural Resource Management Survey

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11990


�� UnDeRStAnDing AMeRiCAn AgRiCUltURe 

conservation practices, payments, ethanol trade, distribution of commod-
ity subsidies and alternatives, pesticide uses and regulations, and estimates 
of income and cost of production. Many noted the tie to farm households 
as a unique benefit of the survey. For the most part, these agencies do not 
make direct use of the microdata. They have asked for special reports from 
ERS, used the public-use aggregates available in the online ARMS briefing 
room, and used information derived from published reports and briefing 
papers that used the microdata. 

The Congressional budget Office (CBO) provides nonpartisan budget 
information for the agriculture committees in Congress through a small 
agricultural team (three employees in 2006) in the budget analysis division. 
This team produces mandated cost estimates for every bill coming out of 
the full committees, and it does a number of estimates before the bill gets to 
that point. CBO provides baseline estimates twice a year, including the cur-
rent year plus 10 years, and tracks changes over time. The team needs data 
mainly on incentives to adopt and levels of adoption of conservation prac-
tices and general details on payments. It obtains its information indirectly 
through outside reports or conversations with people who know the data. 
CBO staff, who do not have access to the ARMS microdata, find briefing pa-
pers useful due to tight time constraints and stress the importance of ARMS 
for information on the means testing and diversity of farm operations.3

The President’s Council of economic Advisers (CEA) has used the ARMS 
aggregate data directly from the website as well as other information from 
USDA to assess both short-term and long-term changes in agriculture. Al-
though it is difficult to anticipate its needs, some examples of prior topics 
include trade of ethanol and distribution of commodity subsidies and alterna-
tives. ARMS cost-of-production data can assist with the latter of these two. 

In a presentation to the panel, an agriculture specialist formerly on the 
CEA staff expressed an interest in ARMS allowing stratification of data 
by government payment, commodity payment (receipt/nonreceipt), and 
subsidy payment class. He suggested that more value might be gained from 
the standpoint of commodity programs by decreasing the sampling rate of 
smaller farms. About half of the farms in the Census of Agriculture have 
less than $10,000 of gross revenue, and about 9 percent of census farms 
account for over 90 percent of production. ARMS collects financial and 
income information in the same questionnaire, allowing analysts to cross-
tabulate assets, debts, and net income. This cannot be done with other data 
sources, including the Census of Agriculture.4

The environmental Protection Agency (EPA) is concerned with pesti-
cide practices regarding fruit and vegetable crops, which are commodities 

3 Presentation by James Langley, Congressional Budget Office, September 28, 2006.
4 Presentation by Joe Cooper, ERS and past CEA staff member, September 28, 2006
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that ARMS does not cover. Typically the agency needs to determine the 
impact on agriculture and the total economy if a pesticide is registered or 
cancelled or an allowable use is changed in any way. In order to accomplish 
this, information is needed on the use of the pesticide under consideration, 
the use of pesticides that can be considered alternatives to that pesticide, 
and the yield and quality impacts of changes in pesticide use. 

EPA gets most of these data from other NASS sources, as well as Doane 
Marketing Research, a proprietary data source with 17,000 respondents, 
primarily from larger farms, that provides estimates comparable in many 
respects to NASS estimates, although not as complete as NASS on the tim-
ing of pesticide application. 

Data on how much pesticide a farm uses, on what crops it is used, and 
the timing of pesticide applications and the target pests of those applica-
tions are important to EPA. If these basic information items were available 
from ARMS, they would provide a key framework for many analyses. 
EPA currently makes extensive use of crop budgets, but they are limited in 
that they are not able to be cross-tabulated with information about actual 
conditions—the quantity and condition of crops or the timing of pesticide 
applications.5 

The staff in the USDA Office of the Chief economist primarily works 
on short-run, day-to-day issues, drawing on resources throughout the depart-
ment. They frequently make requests to ERS for ARMS data and analysis to 
produce farm income and cost-of-production estimates, for example:

•	 Calculating farm energy cost-to-output ratios;6

•	 Highlighting the distribution of farm income, household income, 
and potential problems servicing debt; 

•	 Explaining the distribution of farm program payments; and 
•	 Identifying the characteristics of producers purchasing crop insurance. 

An important benefit of ARMS data is their tie to the households of 
farm operators. The financial data of ARMS assists the Office of the Chief 
Economist in evaluating the economic impact of policies, and there is a lot 

5 Presentation by Arthur Grube, Environmental Protection Agency, September 28, 2006.
6 USDA chief economist Keith Collins testified to the Senate Agriculture Committee on the 

implications for U.S. agriculture of higher energy prices using ARMS data to show how en-
ergy price increases would affect production costs for different commodities and regions. The 
testimony provided an estimate to the committee, also relying on ARMS data, of the likely 
impacts of energy price increases and hurricane damage on farm incomes. Finally, ARMS data 
were used to suggest likely substitution responses in farm inputs. Statement of Keith Collins, 
Chief Economist, U.S. Department of Agriculture before the U.S. Senate Committee on Ag-
riculture, Nutrition, and Forestry, November 9, 2005, <http://www.usda.gov/oce/newsroom/
congressional_testimony/collins_11092005.doc>. 
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of interest in the off-farm income of household members. In a presentation 
to the panel, the office representative stated that it would use the data more 
extensively if they were available longitudinally; he also noted the value of 
distributional information from ARMS and data on the new technology 
adoption and how it affects the cost of production.7

The national Resources Conservation Service (NRCS), previously the 
Soil Conservation Service, is a USDA agency that provides leadership in a 
partnership effort to help conserve, maintain, and improve the country’s 
natural resources and environment. It analyzes the interplay between rural 
land and land under development. 

NRCS has used ARMS data on production costs, input use, and tech-
nology adoption in selected regions to assess the performance of conserva-
tion programs, and it has used information on manure and fertilizer use 
and management practices to calculate nutrient mass balances for selected 
crops, regions, and management systems. The agency has consulted ARMS 
for hog production characteristics, practices, and costs to assess the eco-
nomic feasibility of proposed nutrient management policy alternatives. It 
used ARMS data about incentives for farmers’ use of resource management 
practices to assess the effect of their programs.

Use of ARMS data by other USDA agencies is both periodic and topical. 
USDA reports the following examples of uses by other USDA agencies:

•	 The Agricultural Marketing Service uses ARMS data in deriving its 
monthly cost-of-production estimates for milk production for the United 
States and five regions. 

•	 The Risk Management Agency has used special tabulations from 
ARMS to understand levels of farm income and risk management tools used 
by farmers. 

•	 The Agricultural Research Service has used special tabulations 
from ARMS to better understand the structural and production character-
istics of farms and the demographic characteristics of farm operators for 
each of its research planning regions.

•	 The Farm Service Agency uses the annual burley and flue-cured 
tobacco cost-of-production estimates derived from ARMS data to help set 
tobacco price support levels. 

•	 The Cooperative State Research Education and Extension Service 
has used ARMS information about adoption of alternative pest manage-
ment strategies by farmers in its program planning. 

•	 The Rural Business-Cooperative Service has used ARMS data to 
obtain information about the use of cooperatives by farmers.

7 Presentation by Joseph Glauber, U.S. Department of Agriculture, September 28, 2006.
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Interest groups

There is a wide variety of interest group users with a wide variety of 
data needs. Two of the groups, the American Farm Bureau Federation and 
the National Cotton Council, participated in a panel discussion of data 
needs and the adequacy of the ARMS program for meeting those needs. 

The American Farm bureau Federation (AFbF), an independent, non-
governmental organization governed by and representing farm and ranch 
families, considers ARMS one of the most important USDA products. It 
sends news releases to about 75,000 members and strongly encourages its 
members to respond to NASS surveys. With the reauthorization of Farm 
Bill legislation scheduled for 2007, ARMS may become more vital in terms 
of measuring costs of production and net farm revenues. The AFBF ex-
pressed an interest in more information on contracting and information on 
individual commodities on a more frequent basis.8

The national Cotton Council is typical of many commodity-oriented 
interest groups. It uses the ARMS on a regular basis, as it is the best source 
for many of its data needs. The cost-of-production information is used most 
often and gets a lot of attention in the industry. With a 1997-2003 gap in 
the ARMS rotating collection of cotton cost-of-production data, there are 
doubts as to whether the adoption of new practices (e.g., biotechnology) is 
appropriately captured as estimates are updated in the intervening years. 
Besides wanting more frequent collection of cotton cost-of-production data 
in the ARMS rotation, the council would like to see the ARMS sample size 
increased to enable the provision of data on as local a geographic level as 
possible, in order to have distributional information beyond averages. 

The National Cotton Council does not conduct any elaborate in-house 
surveys, although they do conduct a survey on acreage intentions at the 
beginning of each year. Like the AFBF, they encourage members to respond 
to all NASS surveys and also signed on to a NASS letter supporting partici-
pation by their membership.9

DATA RELEVANCE

Contemporary Issues That generate Farm-level Data Demands

The core requirements for ARMS data have been generated with a 
view of the kinds of data that decision makers and other users require in 
order to understand contemporary American agriculture. Understanding 
the U.S. agricultural sector is a daunting challenge: it has characteristics 

8 Presentation by Robert Young, American Farm Bureau Federation, September 28, 2006.
9 Presentation by Gary Adams, National Cotton Council, September 28, 2006.
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unlike other sectors of the U.S. economy, and, in part because of that 
uniqueness, the sector has been thought to pose special challenges in mea-
surement and analysis.

Agriculture has long experienced a trend of increasing productivity. It 
has been an engine of growth and a source of net exports in international 
trade. Technological and structural changes have led to the largest produc-
ers becoming less distinct from other small-business sectors of the U.S. 
economy than in earlier years. Agriculture is becoming dramatically more 
concentrated. Just 15 percent of all census-defined farms produce 85 per-
cent of agricultural product value. 

Despite a shift toward greater concentration in agriculture, a large 
segment of the smallest producers have significant agricultural production 
(Economic Research Service, 2006a). Smaller family farms (smaller farms 
are defined as units with annual gross revenue less than $250,000) represent 
91 percent of total U.S. census-defined farms, according to 2003 data, hold-
ing 71 percent of all farm assets and 70 percent of the land owned by farms. 
These smaller family farms make substantial contributions to the produc-
tion of hay, tobacco, vegetables, cash grains and soybeans, dairy products, 
beef cattle, Christmas trees, and greenhouse production. Abounding in rich 
variety, they are classified by ERS into a typology as limited-resource, retire-
ment, residential/lifestyle, and farming-occupation/low sales, and farming-
occupation/high sales farms. Smaller farms continue to play an important 
role in natural resource and environmental policy, accounting, for example, 
for approximately 82 percent of land enrolled in the Conservation Reserve 
and Wetlands Reserve Programs. 

Environmental and conservation issues are also high on the public 
agenda and generate new and complex demands for data. Large-scale 
producers have in many cases adopted minimum till or no-till production 
systems to minimize environmental impacts from runoff of agricultural 
fertilizers and chemicals. In general, environmental quality interacts with 
agricultural production, but precisely how and when are not well under-
stood. Nonetheless, regulatory and other policy decisions have been made 
and are likely to increase in scope and effect. Incentives for legislatively 
favored management of agricultural lands have been increasingly incorpo-
rated into the annual Farm Bill. EPA regulations have impacted the live-
stock sector in particular in recent years. Water quality issues are a major 
concern throughout the United States, and agriculture plays a significant 
role in water pollution, whether from nutrients, pathogens, pesticides, salts, 
or sediment (Economic Research Service, 2006b). 

Further complexity arises from the confluence of environmental and mar-
keting issues in the production of farm products, as is evident in the increased 
interest on the part of producers and consumers in organic products. Related 
issues involve food production practices, for example, free range production 
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of livestock, no or restricted use of genetically modified materials in some 
products, and stocking rates and livestock housing arrangements.

Further examples of increasing complexity and variety in the agricul-
tural production and marketing system are such technologies as bioen-
gineered seed, waste management practices used by livestock producers, 
employment of chemical and biological pest management alternatives, and 
information management technologies, ranging from precision farming 
in crop production to marketing commodities and buying inputs via the 
Internet. Issues involving these developments, their prevalence on smaller 
and larger farms, and obstacles to their productive implementation are 
generating demands for data, and it is natural to consider the possibilities 
of ARMS to supply them.

Availability of high-speed Internet access is an ongoing concern for 
farmers in many rural areas. Those closer to metropolitan areas or adjacent 
to significant population centers are much more likely to have ready access 
at reasonable rates. As the supply chain becomes increasingly reliant on 
providing information and even access to markets through Internet con-
nections, this concern needs to be tracked with data.

Demands for information about food marketing at the consumption 
end are also increasing, fueled by related concerns about nutrition and its 
impacts on consumer health, and a recent impetus is due to evidence of a 
rise in obesity in the U.S. population. At the same time, hunger, food access, 
and poverty as it relates to food access are issues that continue to deserve 
attention. They are an important part of the USDA budget on an annual 
basis to provide food and nutrition programs through food stamps, school 
lunches, women and children feeding programs, and others. How house-
hold consumption behavior bears on these issues is beyond the plausible 
purview of ARMS, although such concerns have a bearing on what data 
are most worth collecting at the farm level.

Similarly, trends on the demand side influence the need for farm-level 
data related to exported commodities. Since the mid-1980s, suppliers of 
high-value products have seen export sales outpace domestic sales by a 
wide margin. One-third or more of fresh table grapes, dried plums, raisins, 
canned sweet corn, walnuts, and animal fats is exported. Nearly 60 percent 
of U.S. cattle hides are exported, and the export dependency of the almond 
industry is even higher, with 67 percent of the crop shipped overseas. 

Rural community viability as it relates to production agriculture and 
the food processing system is an issue of continuing concern. While rural 
community viability relies on much more than a successful agricultural and 
agribusiness sector, value-added entrepreneurial activities on farms can be 
an important element of rural community viability. 

Bioenergy is receiving heightened attention related to its potential role 
in rural community viability, as well as the prospects it offers for new 
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opportunities for agricultural producers. The rapid growth in bioenergy 
could reshape agriculture. As energy becomes a major second market along-
side food, there is interest in understanding how it may reshape the struc-
ture of agriculture. Issues that could arise include the possible impact of 
changes in feed markets on the structure and location of the animal popu-
lation. The extent to which these new markets and new technologies will 
affect the structure and diversity of agriculture is also an issue that will need 
to be tracked with adequate data. 

Role of ARMS in Meeting Data Demands

Data on farm households were published in the decennial Census of 
Population, as well as annually in Current Population Statistics, until 1990, 
but have not been since that time. Since 1990, comprehensive knowledge of 
the social and economic characteristics of farm households has depended 
primarily on information from ARMS. Similarly, ARMS provides the basic 
data needed for a comprehensive view of the income generated and financial 
health of farms of different sizes and types. There are substantial differences 
between the average operating profit margins and rates of returns on assets 
and equity for smaller and larger farms. Farm households increasingly rely 
on substantial nonfarm income. ARMS data provide the basic information 
needed to assess how farm and household economics interact for both 
smaller and larger farms (Economic Research Service, 2006a). 

Decisions made by businesses in the agricultural and agribusiness sec-
tors selling to and buying from farmers benefit from knowing the number 
and characteristics of farms in any specific target group. Data are also 
needed for analytical research to estimate responses by operators and farm 
household members to changes in markets or public policies. Public policy 
analysts need access to this same information to develop workable solutions 
that will help to further improve the technical and economic efficiency of 
the agricultural sector. 

ARMS has at times asked respondents for information on market-
ing channels and contractual arrangements. The traditional markets in 
which prices are openly reported have small volumes, whereas contracts 
and vertically integrated markets are a growing trend. An issue is whether 
more detail should be sought on the marketing of farm products, including 
quality and other specifications of goods sold in addition to quantities. In-
formation about qualitative characteristics of goods and details of produc-
tion practices followed on farms is important to gain knowledge relevant 
to food safety, a highly visible issue in the agricultural and food sector in 
today’s world. According to ERS, “U.S. food producers have developed an 
enormous capacity to track the flow of food along the supply chain, though 
individual systems vary” (Golan et al., 2004). 
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This overview of contemporary issues in the U.S. agricultural sector 
highlights the need for information to track trends, the types of inputs and 
technologies being used in the production sector, the size and relative con-
tributions of various segments of agriculture to the overall U.S. economy, 
and the impacts on rural communities, keeping in mind consumer concerns 
and the global competitiveness of the food system today. 

Private- and public-sector decision makers thus have diverse uses for 
ARMS data. A measure of the value of data for these uses lies in the value 
of the improvement in a decision as a result of having the data. In this 
context, it is the value of improved decisions that should drive the provi-
sion of data. The panel did not attempt to determine such values for all the 
uses of ARMS, but we next consider some of the most important areas of 
application of ARMS data.

THREE KEY AREAS 

In this section, we explore in some detail the contribution of ARMS to 
enhancing the understanding of three specific areas of interest in agriculture 
policy—environmental and resource management, commodity economics, 
and the well-being of farming families—and we assess the adequacy of the 
ARMS data to illuminate these issues. 

Environmental Analysis and Natural  
Resource Management Issues

According to USDA’s estimate, there are over 2 million farms in the 
United States covering nearly 900 million acres of land. This land use has 
wide-ranging effects on the environment. ERS has produced numerous 
publications that draw from a variety of information sources to summarize 
the overall picture:

•	 “EPA concluded that agriculture is the leading source of pollution 
in 48 percent of river miles, 41 percent of lake acres (excluding the Great 
Lakes), and 18 percent of estuarine waters found to be water-quality im-
paired. . . . This makes agriculture the leading source of impairment in the 
Nation’s rivers and lakes, and a major source of impairment in estuaries” 
(Ribaudo and Johansson, 2006).

•	 “A U.S. Geological Survey study . . . estimates that 71 percent of 
U.S. cropland (nearly 300 million acres) is located in watersheds where the 
concentration of at least one of four common surface-water contaminants 
(nitrate, phosphorus, fecal coliform bacteria, and suspended sediment) 
exceeded generally accepted instream criteria for supporting water-based 
recreation activities” (Ribaudo and Johansson, 2006).
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•	 “Almost half of all wetlands in the 48 contiguous States have been 
drained since colonial settlement—nearly 85 percent for agricultural use” 
(Hansen, 2006).

•	 “[S]tudies suggest it may be technically possible to sequester an 
additional 89-318 million metric tonnes (MMT) of carbon annually on 
U.S. croplands and grazing lands. Based on 2001 emissions, this level of 
carbon sequestration would offset between 5 and 17 percent of gross U.S. 
Greenhouse Gas (GHG) emissions” (Lewandrowski et al., 2004).

•	 “Besides food and fiber, agricultural lands provide a variety of 
non-market outputs. These include rural amenities such as agrarian cultural 
heritage, open space, scenic beauty of rural landscapes, wildlife habitat, and 
environmental quality—all of which are unintentional byproducts of the 
agricultural production process” (Hellerstein et al., 2002).

 
Agricultural production practices result in indirect impacts, or exter-

nalities, which can degrade the environment. Transformation of undis-
turbed land to crop production destroys habitat for wildlife. Soil erosion, 
nutrient and pesticide runoff, and irrigation can pollute the air and water, 
degrade soil quality, and affect water supplies. The extent and degree of the 
environmental problems associated with agriculture vary widely across the 
country. Some of the key indirect impacts include: 

•	 water quality impairment. The production practices and inputs 
used by agriculture can result in a number of pollutants entering water 
resources, including sediment, nutrients, pathogens, pesticides, and salts. 
Assessments done for EPA by the states have found that agriculture is the 
leading source of impairment in the nation’s rivers and lakes, as well as a 
major source of impairment in estuaries.

•	 water consumption. Agriculture is the single largest consumer of 
water in the United States. It competes with drinking water, recreational 
uses, and ecosystem needs in arid regions of the country.

•	 ecosystems. Habitat loss associated with agricultural practices on 
more than 400 million acres of cropland is the primary factor depressing 
wildlife populations in North America. Ecosystems are also adversely af-
fected by agricultural pollutants. Nitrogen from cropland is believed to be 
a major contributor to the degradation of the Chesapeake Bay and to the 
hypoxic zone in the northern Gulf of Mexico.

•	 Animal agriculture waste. The large amounts of waste that large 
livestock feeding operations produce can be the source of nutrients, organic 
matter, and pathogens entering surface water or groundwater and gases and 
odors into the atmosphere. 

The existence of these external effects from agricultural production 
and practices has generated a plethora of government programs and pri-
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vate initiatives to reduce the negative effects and increase the positive ones 
associated with agricultural production. Specifically, conservation funding 
by USDA has increased dramatically in the past two decades, with the 
Conservation Reserve Program, which pays farmers to remove land from 
production, representing the largest financial component. Figure 2-1 shows 
the total conservation expenditures by USDA over the past two decades. 

In the 2002 Farm Bill, a reorientation toward increased expenditures 
for conservation on “working lands” was established with increased fund-
ing for the Environmental Quality Incentive Program and the introduction 
of the Conservation Security Program. These programs provide funds to 
adopt or maintain conservation practices on land that is still in crop or live-
stock production, thus the nomenclature of “working lands” programs.

Federal environmental laws generally adopt a voluntary approach for 
addressing agriculture’s impacts on environmental quality. This places great 
importance on the design and performance of conservation programs, 
which rely on voluntary incentives to get farmers to adopt environmentally 
friendly practices. A better understanding of factors affecting program 
participation and performance of conservation practices would improve the 
overall performance of conservation programs. 

These issues bear some significance for the design and implementation 
of ARMS. The ARMS information could play a more valuable role than 
it currently does through the quantification of benefits and costs of these 
conservation programs and the effects associated with agriculture. More 
specifically, two general types of analysis could be done using ARMS-type 
data that would meet important needs of policy makers and the public: 
retrospective (ex post) assessments of the costs and benefits of existing con-
servation programs and prospective (ex ante) studies to improve the design 
and cost-effectiveness of conservation programs in the future. 

FIgURE 2-1 Trends in USDA conservation expenditures, 1983-2005
SOURCE:  Analysis by USDA Economic Research Service of data from USDA Office 
of Budget and Program Analysis.
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The substantial expenditures on conservation programs made at many 
levels have not escaped the notice of federal oversight agencies, such as the 
Office of Management and Budget and the Congressional Budget Office. 
In particular, USDA and other federal agencies have been under scrutiny 
to demonstrate the efficacy of their programs—that these large expendi-
tures on conservation have translated into quantifiable improvements in 
environmental quality and lowered the costs related to these programs. 
Cost-benefit analyses of existing conservation programs are an example of 
a retrospective assessment.

A prospective study may be a cost-benefit study designed to estimate 
whether the benefits of a regulation or conservation program are likely to 
exceed the costs. Such studies may be designed to consider alternative de-
signs of a program or regulation to improve its cost-effectiveness or assess 
the degree to which some other goal of the program can be met. 

Both prospective and retrospective studies require estimation of the ef-
fects a conservation program has had, or is likely to have, on water quality, 
soil erosion, wildlife habitat, or other environmental measures of interest. 
Addressing this issue can be a significant challenge and requires the answer 
to a series of interrelated questions:

1. What changes in conservation practices and land use did these 
programs directly cause, in contrast to changes that might reasonably 
have occurred anyway? Implicit in this question is the quantification of the 
baseline conditions of the conservation practices and land use prior to the 
introduction of the program and the extent and location of the practices 
present after the introduction of the program—that is, an understanding 
of what measures were adopted in response to the specific program being 
evaluated. Since some conservation practices are profitable to farmers in 
their own right, such as conservation tillage methods with particular types 
of soil and climate conditions, and some farmers adopt conservation prac-
tices out of an independent desire to do so rather than as the result of a 
program, it is important to establish a baseline.

2. How did these changes affect the resource of interest? The second 
step in an evaluation requires an understanding of how these changes in 
land use or conservation practices affect the resource of interest: the water 
quality, air quality, wildlife populations, etc. Thus, to measure the endpoint 
of interest—a change in environmental quality—it is necessary to go beyond 
a simple accounting of the number of miles of buffer strips installed or con-
servation tillage adopted. It is necessary to link those changes to measures 
of in-stream water quality, songbird populations, or carbon sequestered. 
Most efforts along these lines are done via biophysical model predictions 
rather than direct monitoring.

3. What did these changes cost? This should include both the direct 

Understanding American Agriculture: Challenges for the Agricultural Resource Management Survey

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11990


COnteMPORARy iSSUeS in AMeRiCAn AgRiCUltURe ��

costs of installing practices, such as buffer strips or terraces, and indirect 
costs, including lost revenues from higher input costs or lower yields, the 
opportunity cost of time associated with managing conservation activities 
(such as nutrient management, for example), and the higher economic risk 
that is attributed to some conservation activities.

 
The data needed to undertake small-scale or national assessments of 

the effectiveness of a program include the following:

1. Detailed information on the physical resources of a farm: its soils, 
weather characteristics, etc.;

2. Information on preprogram land use: cropping patterns, rotations, 
conservation practices, fertilizer and pesticide usage, etc.; 

3. Information on changes in behavior induced by the program and 
the full costs associated with those changes;

4. Data on payments or compensation received by farmers as a result 
of program participation; and

5. Data on effects on the resource of interest (soil erosion, off-site 
water quality changes, etc.).

The ARMS data currently collected contain some of the information 
useful for national or regional assessments of the sort just described, but 
they fall short at several levels. To do a complete retrospective analysis, it 
is necessary to also link the land characteristics (soils, proximity to water 
bodies, slope, etc.) with land use decisions (cropping systems, conserva-
tion practices, etc.), farm costs and returns, and participation in conserva-
tion programs. Each of the first three linkages is needed for prospective 
studies. 

NRCS houses the National Resource Inventory (NRI), which is con-
ducted in cooperation with the Center for Survey Statistics at Iowa State 
University and provides information that assists development of agricultural-
environmental policies and programs. The NRI was designed and imple-
mented to assess conditions and trends in soil, water, and related resources 
on nonfederal rural lands. Accordingly, it captures data on land cover and 
use, soils, soil erosion, wetlands, habitat diversity, selected conservation 
practices, and related resource attributes. The NRI sampling procedure 
employs aerial photos of land use and changes in use. The design includes 
300,000 area segments (about a half-mile square area) and 800,000 points 
within the segments (about 3 points per segment). These NRI points are 
located across the nation and are monitored at periodic intervals by aerial 
photo interpretation and on-site visits. This longitudinal survey yields time 
series data for the 800,000 sample sites and has produced consistent his-
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torical data back to 1982, converting from a 5-year cycle to an annual 
inventory in 1997. 

While the NRI provides information about resource conditions and 
environmental outcomes, it lacks equally important information about 
production and economic effects. Linking information on farm costs and 
practices directly with the resource characteristics of the farms is key to as-
sessing retrospective benefits and costs of existing conservation programs. 

ERS uses ARMS data for conservation policy analysis, including ques-
tions on what types of farms participate in USDA conservation programs, 
how much conservation and commodity program participation overlap, 
whether conservation compliance reduce soil erosion on U.S. cropland, 
and if conservation tillage is good business as well as good stewardship 
(Hopkins and Johansen, 2004).

One limitation of ARMS in conservation policy analysis is that the 
information available in the survey on conservation program participation 
is very limited. ARMS has little to offer in terms of resource conditions or 
potential environmental outcomes, both of which are critical to conservation 
policy analysis. A partial remedy would be to revise ARMS questions to ask 
about conservation program contracts, rather than payments, so that the 
answers would fill gaps in administrative data. Program management could 
be improved by determining who applied for conservation programs but was 
rejected and who has adopted conservation practices without the benefit of 
conservation program payments. Similarly, the use of county- or watershed-
level proxies in ARMS misses a lot of variability across finer classifications of 
land areas, compared with proxies that could be measured on-site.

Resource conditions—such as the vulnerability of soils to erosion or 
nutrient runoff and leaching and location of the land relative to streams or 
rivers—are essential to conservation policy analysis. ARMS provides very 
limited information about resource conditions. The Phase II survey has in-
formation about highly erodible land and wetlands status, but it is limited 
to specific crops in specific years. 

Another major shortcoming of ARMS data is the lack of precise geo-
spatial information. Accurate geocodes are key to linking resource data 
with ARMS Phase II, but current geocodes give locations that are, on aver-
age, two miles from the survey field.10 Accurate geocodes derived from a 
geographic positioning system would facilitate links to extensive geographic 
information system (GIS) data on resource quality, climate, urban influence, 
and the like. The collection of accurate geocodes in the ARMS program 
has been tested using a global positioning system (GPS) with good results 
(Claassen, 2006; see Chapter 5). 

USDA administrative data could be linked to ARMS to provide useful 

10 Phase III provides only general location in the form of county and zip code.

Understanding American Agriculture: Challenges for the Agricultural Resource Management Survey

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11990


COnteMPORARy iSSUeS in AMeRiCAn AgRiCUltURe ��

information for conservation policy analysis. Although ARMS data are 
useful in conservation policy analysis, gaps remain on resource conditions 
and conservation program participation. Linking administrative data, us-
ing accurate geocodes on Phase II for linking GIS-based resource data, and 
changes to ARMS questionnaires could partially fill these gaps.11

Another attribute of survey data that needs to be considered when as-
sessing its suitability for either prospective or retrospective studies is whether 
adequate sample size is available to characterize the relevant population. For 
example, if one is interested in assessing the costs and soil erosion conse-
quences of a particular set of payment options in the Conservation Security 
Program, it would be natural to identify a watershed as the appropriate 
population, since the program is implemented watershed by watershed. 

Commodity-Specific Practices, Costs, and Returns

Commodity-specific information is collected on a rotating basis in both 
the field-level (Phase II) and whole-farm (Phase III) portions of ARMS. Pro-
duction practice data for major crop and livestock activities (corn, soybeans, 
wheat, cotton, dairy, and hogs) are gathered more often than those for other 
commodities (other feed grains, other small grains, sugar beets, rice, peanuts, 
tobacco, and poultry). Livestock data (cow-calf, hogs, and dairy) have been 
collected approximately every five years on a staggered rotation (Table 2-1). 
The selection of crops may appear to be somewhat haphazard, but there are 
forces at work that define coverage. Crops are selected based on multiple 
factors, including emerging issues and changes in the farm program impact-
ing various commodities. Also, there is an attempt to coordinate collections 
to NASS environmental and other program rotations to reduce respondent 
burden. Budget and the overall sample size limits for the survey serve to con-
strain the number and type of crops that can be surveyed in a given year. 

The Commodity Cost and Return (CAR) estimation project at ERS 
is based on commodity surveys (Phases II and III for crops; Phase III for 
livestock) from ARMS. These estimates are available by commodity on the 
ARMS website, and the CAR page is one of the most accessed pages on 
the ERS site (2,000-2,500 unique hits per month). The CAR data support 
research projects both at ERS and at universities.12

The collection of data on production practices and costs is much more 
comprehensive and leaves fewer unexamined topics than is the case for the 
resource and environmental issues discussed in the preceding section. This is a 
natural outcome of the long prehistory of ARMS in USDA’s cost-of-production 

11 Presentation by Roger Claasen, Resource and Rural Economic Division, Economic Re-
search Service, September 28, 2006.

12 Presentation by Bill McBride, Economic Research Service, September 28, 2006.
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estimation program. Expansion of questions from production costs to areas 
of farm product marketing have added much to the knowledge of these farm 
activities, but the survey approaches have not yet become standardized as 
they have for questions covering production costs. Even for production costs, 
ARMS still does not provide a complete picture of farm economics. The fact 
that each year’s outcomes with respect to both outputs and prices are subject 
to substantial randomness because of weather and market conditions, among 
other factors, means one can never be confident that a single year’s survey 
results are representative of that farm, or that the distribution of results across 
all farms is representative of the structure of farm output or costs across types, 
locations, or sizes of farms. A panel approach to ARMS would be one way to 
address this limitation (see discussion below).

The vagaries of weather and market conditions have a significant effect 
on the cost and returns structure of individual farms, and these must be 
considered in the long term, not just at a point in time. A Canadian study 
based on longitudinal data (Culver et al., 1991) showed that the average 
farm (regardless of size) in a four-year panel of grain farms returned about 
26 cents of cash revenue per dollar of gross revenue. The one-quarter least 
efficient farms broke even ($0.00 cash revenue per dollar of gross revenue) 
over the four-year period (regardless of farm size), and the one-quarter most 
efficient farms generated over 50 cents of cash revenue per dollar of gross 
revenue (regardless of farm size). The systematic difference in the level of 
efficiency was dramatic. Using longitudinal data, it was possible to identify 
the farms that were systematically efficient and those that were systemati-
cally inefficient. The observation of these characteristics at one point in time 
cannot indicate whether the results are transitory or structural. The promise 
of longitudinal data for this type of analysis leads to the discussion of the 
utility of longitudinal data at the end of this chapter.

Farm Household Economics

Surveys collecting data on household income and well-being have 
progressed over the years to more completely account for the dynamic 
economy, and agricultural surveys are no exception. The structure of the 
American farm continues to evolve, with the delineation between family 
and nonfamily farms becoming more important, as is the increasing value of 
off-farm income in measuring farm household well-being. The comparison 
between the farm and nonfarm populations is complicated by the com-
plexity of determining farm income and wealth and the different sampling 
frames and geographic coverage of such agricultural surveys as ARMS and 
such household surveys as the Current Population Survey.

In the Soil Conservation and Domestic Allotment Act of 1936, Con-
gress declared its purpose as the reestablishment of “the ratio between the 
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purchasing power of the net income per person on farms and the income 
per person not on farms that prevailed during the five-year period August 
1909-July 1914” (U.S. Department of Agriculture, 1944). The lack of 
income parity between the farm and nonfarm population was a central 
component of the “farm problem” as defined at that time. 

There were several early sources of statistics on the income of farm 
households. The first statistical series compared the disposable personal 
income per capita of farm residents with that of nonfarm residents for the 
years 1910-1943. The goal of this series was to build on USDA’s aggregated 
sector-level estimate of net farm income to get farm income per farm, by 
dividing by the number of farms in the Census of Agriculture and supple-
menting the resulting estimate of farm income per farm with information 
on off-farm income available occasionally from the Census of Agriculture 
and other sources. USDA published this derived series until 1983. 

A later historical series, on the incomes of principal farm operator house-
holds, began in 1960. This series was the sum of the annual estimate of the 
net farm income of the sector and off-farm income of the farm operator 
household based on Census of Agriculture data. A major deficiency of this 
series was inconsistency in the treatment of cash and noncash income items, 
and it was replaced by one that treated income items in a way consistent 
with the treatment of the income statistics for U.S. households based on the 
Current Population Survey. For 1984 and later years, estimates were based 
on the Farm Costs and Returns Survey (FCRS) data. The series was later 
refined with the 1988 FCRS data in a variety of ways, including recognizing 
that not all farms are family farms and that not all farm business income 
went to the farm operator household. This series is the basis of the current 
ERS statistical series on farm operator household income and is compared 
with the incomes of the average U.S. household and published annually.

This is not a straightforward matter, since comparing farm household 
income from ARMS with the income of the average U.S. household from 
the Current Population Survey (CPS) requires calculating an estimate of 
farm household income from ARMS that is consistent with CPS methodol-
ogy. The CPS defines farm self-employment income as net money income 
from the operation of a farm by a person on his or her own account, as an 
owner or renter, and includes income received as cash but excludes in-kind 
or nonmoney receipts. Farm self-employment income from ARMS is the sum 
of the operator household’s share of farm business income (net cash farm in-
come less depreciation), wages paid to the operator, net rental income from 
renting farmland, and other farm-related income (net income from a farm 
business other than the one being surveyed, wages paid by the farm business 
to household members other than the operator, and commodities paid to 
household members for farm work) (Economic Research Service 2005). 

Although USDA’s estimates of income from farming are based on sur-
vey data, they have an important feature that is not followed in estimating 
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nonfarm self-employment income of households: farm operators are not 
asked directly about their net income from farming. Instead, ARMS col-
lects data about the various components of farm income—revenues from 
selling products and services and costs of production. ERS then calculates 
each farm’s net income in several ways, using cost concepts that fit with 
different income concepts. For example, cash income does not account 
for depreciation of capital, while net farm income does. It is important to 
provide different measures of farm income because the use of data derived 
directly from survey responses varies among them. 

To obtain an estimate of a farm household’s off-farm income, ARMS 
does ask directly about net income received, even for off-farm business in-
come that may have returns and costs complications similar to those of farm-
ing.13 The data show a striking trend of farm operator household income 
overtaking the incomes of nonfarm households over the past two decades. 

The collection of farm income data on ARMS is an important input to 
the USDA sector-wide set of income accounts. The cash revenue received in 
the sector is estimated, generally, by multiplying an average price times an 
estimate of the quantity marketed. Data on the direct government payments 
to the sector come from the government agency making the payments. In 
general, the data on cash expenses come from the ARMS program. There 
are exceptions—for example, the estimate of interest expenses comes from 
agencies that make loans to the agricultural sector. The depreciation is 
calculated based on the value of buildings and the value of machinery and 
equipment reported by the ARMS program. 

One contribution of the ARMS microdatabase is the ability to disag-
gregate the sector-wide estimates of farm income in order to show the flows 
to and from each of the major stakeholders in the agricultural sector. To do 
this requires detailed enumeration by the ARMS program. Specifically, the 
ARMS questionnaires determines the revenue flows and expenditure flows 
for the following groups:

•	 Family farms—generally, these are proprietorship farms, partner-
ship farms, and incorporated farms operated by family members.

•	 Nonfamily farms—generally, these are farms operated by widely 
held corporations.

•	 Landlords—generally, these are individuals or companies that rent 
land to farmers—but sometimes they lease cows or machinery to farmers—
and often they contribute part of the chemical and fertilizer expenditure for 
the operation of the land that they rent to their tenant.

13 The 2005 Core Phase III survey asks for “the principal operator’s pay from operating any 
other business” and for “the cash income the principal operator, spouse, and all other house-
hold members received in 2005 from” a list of categories including “other off-farm sources of 
income,” which is where business income other than the principal operator’s pay from such 
business would be reported.

Understanding American Agriculture: Challenges for the Agricultural Resource Management Survey

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11990


�0 UnDeRStAnDing AMeRiCAn AgRiCUltURe 

•	 Contractors—generally, these are businesses that establish contracts 
with farming operations in order to participate (or “control”) some or all 
of the decision making in crop or livestock production. For example, in 
egg production, the contractor may own the birds and pay the farm opera-
tor a management fee to compensate for the feed, the barn, and the labor. 
Alternatively, the operator may own the birds but the contract specifies 
the number, quality, and quantity of eggs to be delivered. There is a wide 
range in the types of contracts and the types of incentive schemes in these 
contractual relationships. Importantly for the purpose of analysis, these 
businesses (“contractors”) receive part of the return to labor and capital 
(i.e., the net farm income) in the sector.

The task of determining the size of the various flows associated with 
each enumerated farm adds “enumeration complexity” to an already com-
plex survey environment. Nonetheless, as a result of collecting these flows, 
USDA can show the role of each stakeholder group. Specifically, for 2005, 
estimates provided by ERS indicated:

•	 $74 billion aggregate sector-wide net farm income; of which
o $49 billion was received by family farms
o $9 billion was received by nonfamily farms
o $2 billion was received by landlords
o $16 billion was received by contractors
o $2 billion was discrepancy

The panel requested documentation of the discrepancy, which requires 
detailed analysis to reconcile (see Box 2-1). ARMS collects cash revenue for 
each observation, and the sum across all observations does not replicate, 
exactly, the results of the methodology for estimates of cash revenue for the 
sector-wide accounts (described above). In addition, there were numerous 
other sources of discrepancies—this is not surprising if one is generating 
statistics from different sources.

The panel found the detailed reconciliation to be instructive as an 
indicator of the size of the differences in the estimates from the ARMS 
program and the published sector-wide estimates (Box 2-1). Making this 
reconciliation available to users on an annual basis would enable them to 
understand the different sources of data in the different accounts and to 
appreciate the magnitude (or lack thereof) of the discrepancies. In the final 
analysis, significant discrepancies exist between the expenditure estimates 
and the income estimates in the national accounting framework for esti-
mates of gross domestic product.

In addition to providing a disaggregation by type of stakeholder in 
U.S. agriculture, ARMS calculates a farm-level estimate of net value-added, 
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which allows the tabulation of value-added by such variables as type of 
farm, size of farm, and geographic area (Table 2-2).

The approach to farm income measurement is predicated on the selec-
tion of an appropriate statistical indicator for several possible measurements 
of interest. In a presentation to the panel, ERS provided the information 
shown in Box 2-2, which ties the appropriate statistical indicator for farm 
income to the concept to be measured.14 

14 Presentation by James Johnson, Economic Research Service, September 28, 2006.

BOX 2-1  
Reconciling the Apparent Gap in Net Farm Income  

and Farm Household Earnings

Aggregate	net	farm	income	for	the	agricultural	sector	was	$82.5	billion	in	2004.	

“Earnings	 of	 the	 operator	 household	 from	 farming	 activities”	 was	 $14,201	per	
household	in	2004.	Assuming	2,060,822	“family	farms,”	the	aggregate	calculates	
to	be	about	$29.3	billion.
	
ISSUE: How	to	get	from	the	$82.5	billion	for	the	agricultural	sector	to	the	$29.3	
billion	for	“family	farms.”
	
POSSIBLE EXPLANATIONS:	The	 net	 farm	 income	 line	 of	Table	 2-2	 for	 2004	
provides	the	main	elements	of	the	gap	as	estimated	by	ERS.	They	are	net	farm	
income	received	by	landlords	who	are	not	farmers,	nonfamily	farms	(notably	cor-
porations	in	farming),	and	contractors	who	pay	farmers	to	produce	commodities	
but	are	not	themselves	farmers.	

RECONCILIATION:	In	order	to	compare	aggregate	sector-wide	estimates	of	net	
farm	income	with	an	estimate	of	farm	operator	household	income	from	farm	and	
nonfarm	sources,	several	adjustments	must	be	made	to	the	estimate	of	aggregate	
sector	net	income.	These	include	(1)	distributing	aggregate	sector-wide	income	to	
stakeholders,	as	depicted	in	Table	2-2;	(2)	the	remaining	net	farm	income	of	opera-
tors,	which	is	a	measure	of	profit	earned,	must	then	be	converted	to	an	estimate	
of	net	 cash	 income;	 (3)	 the	estimate	of	net	 cash	 income	of	operators	must	be	
distributed	to	households	that	participate	in	the	business	operation	(many	farms,	
particularly,	but	not	exclusively,	larger	businesses,	have	multiple	operators);	and	
(4)	the	business	measure	of	net	cash	income	that	accrues	to	the	primary	opera-
tor	must	be	converted	 to	a	census-based	measure	of	money	 income.	All	 these	
steps	result	in	an	estimate	of	“income	from	farming	activities	that	accrues	to	the	
principle	operator	households”	not	aligning	with	aggregate	sector-wide	estimates	
of	net	income,	even	when	the	per	farm	estimate	is	expanded	to	account	for	one	
principal	operator	household	for	each	farm.

SOURCE:	T.	Covey	et	al.,	2005,	p.	1.
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ARMS data on farm income are an important contributor to the na-
tional income and product accounts. In fact, the need to populate the na-
tional accounts has driven decisions on the content of the ARMS program 
over the years. The content of the questionnaires has been written to gen-
erate data consistent with the accounting requirements of the national ac-
counts.15 The data collected for this purpose include production expenses, 
imputed rents, sources of farm-related earnings other than the value of 
production and receipts, capital items such as farm office equipment, and 
data by the organizational structure of farms that can be used to distribute 
wages and other items by legal form of business organization. 

Beyond the content of questionnaires asking explicit questions for use 
in the farm income accounts, ARMS produces a farm-level estimate of 
value-added that is as consistent as possible with sector-wide measures of 
net value-added and farm income. Weighted estimates of firm-level value-
added can be compared with sector-wide estimates produced from multiple 
sources of data as a consistency check. The firm-level data can be disaggre-
gated to show where value-added and net income were generated by type 
and size of operation and geographic area. 

Other means of comparison are available. Data edit, analysis, and cali-
bration programs have been written that enhance the ability to identify and 

15 The questions that are used for the national accounts include Sections A, B, and C of 
Phase III (data on the whole picture of the farm), Sections D and E (income flows), Section F 
(expenses), and Section G (management). Sections I and J are used to fill in areas of farm and 
operator characteristics.

BOX 2-2  
Income Measures and Statistical Indicators

Measure Statistical Indicator

Farming’s	contribution	to	state	and		 Farm	sector’s	net	value-added
national	economies	
	
Earnings	of	farming’s	risk	takers	 Sector-wide	net	income
	
Net	income	of	farm	business		 Farm	business	income
establishments	
	
Income	earned	by	farm	households	 Money	income	of	farm	households
	 from	nonfarm	and	farm	sources

Income	available	for	household	use	 Farm	household’s	disposable
	 (after	tax)	income
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check potentially problematic responses while the survey is ongoing. The 
calibration routines result in ARMS data matching official USDA estimates 
for farm numbers by size of operation and for crop acreages and poultry 
and livestock on farms. ARMS has been expanded to generate directly ob-
served estimates of farm expenditures for the 15 largest states as measured 
by volume of farm sales—called the 15-state oversample. For those states 
(Arkansas, California, Florida, Georgia, Illinois, Indiana, Iowa, Kansas, 
Minnesota, Missouri, Nebraska, North Carolina, Texas, Washington, and 
Wisconsin), directly observed annual data can be used in establishing esti-
mates that feed into the national accounts.

Closely associated with issues of farm income are issues of the well-being 
of farm families. Farm household well-being, however, is a more compre-
hensive measure than income, involving off-farm income, which depends 
on family composition, wealth, labor force participation, and other factors. 
The concepts and measures used to determine well-being were designed for 
comparability with Census of Population and other major survey definitions. 
The primary measure of household income is money after-tax income. 

In comparing the farm household measures from ARMS with those 
calculated from Current Population Survey, the two areas of comparison 
are population and the actual income measures. Since 50 percent of areas 
with farms are not in the CPS (primary sampling unit) sample, there are is-
sues of sampling in these comparisons. In addition to comparisons with CPS 
data, ARMS measures have been compared with the Survey of Consumer 
Finances and Internal Revenue Service (IRS) data. The comparison with IRS 
is complicated by the difference in populations covered, the conceptually 
different income measures, and the fact that IRS has documented substan-
tial underreporting of farm income on tax records. 

There are several peculiarities in the ARMS data related to measuring 
facets of well-being. Some of the survey questions require considerable 
recall; for example, the questions on household living expenses ask re-
spondents to recall, in the winter of the reporting year, expenses incurred 
over the prior year. The point-in-time reporting of expenses may result in 
misleading measures of facets of well-being. Expenses are episodic, subject 
to seasonal fluctuations, so annual estimates cannot be calculated by mul-
tiplying the reference week by 52. These issues are grist for consideration 
in a formal methodological research and development program, which we 
recommend in Chapter 3.

MAINTAINING RELEVANCE BY  
DEVELOPING NEW DATA SOURCES

The above discussion indicates the value of collecting conceptually cor-
rect data for individual farms and households in order to understand the 
structure of returns in U.S. agriculture. The issue of returns is illuminated 
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by the currently integrated ARMS program. The success of its pioneering 
integration of data collection about farms and farmers prompts exploration 
of further opportunities for integrated data collection.

Conservation Effects and Assessment Project

A recent attempt to produce an integrated database in order to quantify 
the environmental effects and benefits of conservation programs is the Con-
servation Effects Assessment Project (CEAP), sponsored by the National 
Resources Conservation Service. CEAP has two main components: (1) 
watershed case studies; and (2) national assessments of cropland, grazing 
lands, wetlands, and wildlife. The goal of the program is to provide farming 
communities, the public, legislators, and other stakeholders with an inter-
est in environmental policy issues with an accounting of the environmental 
benefits obtained from these conservation programs. By design, the CEAP 
cropland survey borrows heavily from the ARMS program.

To conduct the survey, a subsample of NRI points, as described ear-
lier in this chapter, is selected from points that are classified as cultivated 
cropland in the most recent annual NRI survey. These points numbered 
10,000 in 2003, 2004, and 2005 and were cut to 6,000 in 2006. The NASS 
interviewers fan out to interview operators of the farm or field associated 
with NRI sample point. The CEAP database is enriched with the addition 
of USDA Field Office records, which are used to identify program partici-
pation and practice application.16 This is a unique aspect of CEAP, in that 
these records are not currently collected in the ARMS program.

The CEAP farmer survey overlaps considerably with Phase II of ARMS 
and could be considered in competition with that survey operation. Like 
the ARMS Phase II survey, it is administered late in the year, after harvest, 
by NASS. It asks questions going back three years on cropping patterns/
rotations, field characteristics, double cropping, cover crops, and soil test 
results; applications of fertilizer, manure, pesticides; timing and equipment 
used for all field operations; tillage, cultivation, chemical application, and 
harvest; conservation practices associated with the field; from the respon-
dents and the Field Offices, conservation plan and program participation; 
general characteristics of farming operation and the operator; irrigation 
practices; and some subjective information on wildlife. 

While NRCS plans to continue the analytical aspect of the CEAP with 
the data generated through the program, no further CEAP survey has been 
planned at the time of this writing. A decision has been made to forgo the 
farmer surveys in 2007 and to look at the potential of using NRI, CEAP, 
weather, and other data in an integrated fashion to paint a picture of the 

16 Presentation by Jeff Goebel, September 28, 2006. 
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environment and its impact on soil quality and water quality and quantity, 
as well as on-site and off-site environmental impacts; the idea is that this 
approach would become a standard part of the NRI survey process after 
2007 for grazing lands, wetlands, and cropland. The “time-out” affords an 
opportunity for considering whether it makes sense for NRCS, NASS, and 
ERS to work on an integrated approach for surveying agricultural lands. 
In the panel’s view, there are serious unanswered questions about survey 
methodology and cost-effectiveness that need to be answered before a deci-
sion can be made that some integrated effort should be launched. 

Recommendation 2.1: NRCS, NASS, and ERS should engage in a focused 
research and testing program and use experience with integrating the Con-
servation Effects Assessment Project and ARMS to assess the feasibility of 
integrating ARMS with other surveys and data sources. 

Longitudinal Data from ARMS

In 2006, ERS and NASS submitted a proposal for funding to begin 
to develop the Agricultural and Rural Development Information System 
(ARDIS). ARDIS has several objectives, one of which is to establish and 
maintain data collection on the demographic characteristics, employment, 
and income sources of rural households over time. ARDIS would collect 
information on participation in farm, rural development, and other USDA 
and federal programs, enriching it with household well-being information, 
in a new longitudinal survey of nonfarm rural households and rural-based 
farm households. 

The agencies envisioned that ARDIS would allow researchers to iso-
late the effects of rural development, farm conservation, and marketing 
programs from one another and from the myriad other forces affecting the 
economic well-being of farm and rural households. The close interaction 
among farm and nonfarm rural households is critical to understanding how 
rural America adjusts to changing economic circumstances or policy over 
time. For example, farm operators who report receipt of government pay-
ments in one year could be followed to determine the effect on management 
practices and income in subsequent time periods, as a means of evaluating 
the effectiveness of these programs at the individual farm level. The unique, 
previously nonexistent, longitudinal ARDIS data would help discern these 
patterns of adjustment. 

As proposed, ARDIS would be a simultaneous collection of ARMS data 
and information from separate panels of farm and nonfarm households over 
time in the same rural area. The goal is to gauge how farm and nonfarm 
rural households respond differently to economic change and to enhance 
the ability to assess the impact of farm policy on the rural economy. The 
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new program would track critical indicators over time with special-focus 
modules to address specific, emerging policy issues; monitor farm and rural 
household adjustments to changes in policy, prices, and technologies by 
building on ARMS; and enhance research capacity to analyze, interpret, 
and apply new agricultural and rural development information.

At the time this report was prepared, the funding for development and 
implementation for ARDIS was not available to the agencies. This initia-
tive bears watching as it would provide a unique data source for enriching 
analysis of the interplay between programs and performance results.

Recommendation 2.2: In preparation for funds becoming available for a 
longitudinal design of ARMS, ERS and NASS should systematically con-
duct research and explore the need for and feasibility of obtaining panel 
data from ARMS. Furthermore, as a test of the power of such information, 
more use should be made of the existing longitudinal microdata from 
the Census of Agriculture. One possible approach would be to create a 
pseudopanel of such data. Another would be to make a retrospective link 
between the Census of Agriculture and a year of ARMS.
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Survey Management

The complexity of the Agricultural Resources Management Survey 
(ARMS) extends to matters of direction, administration, and financ-
ing. Although this situation is by no means unique in the federal 

statistical system, understanding it does require a thorough understanding 
of the substantive, statistical, and institutional dynamics underlying the 
survey. A pattern of governance has evolved that includes a steering com-
mittee and numerous supporting committees and boards. This shared web 
of governance has enabled the survey to move forward gradually, but it 
may require reorganization in the future, depending on the directions for 
future growth chosen by the U.S. Department of Agriculture (USDA) or 
Congress. 

COLLABORATIVE MANAGEMENT

Representing USDA in managing ARMS, the National Agricultural 
Statistics Service (NASS) and the Economic Research Service (ERS) share 
responsibility for the subject matter in a complementary manner. The ap-
proaches the agencies take to the various management tasks are quite dif-
ferent, because the roles and missions of the agencies are different. 

 NASS has a dual role: it is both the data collector and a major user 
of data derived from ARMS. The statistics it produces are usually seen 
as descriptive. They are for the most part, univariate counts, means, and 
totals for specific classifications of farms, farm production, or crops. Data 
on agricultural commodities, production costs and expenses, chemical and 
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pesticide use, and farm income and assets find their way in tabular form 
into NASS publications and other agency products. 

The role of ERS is less sharply drawn. At one level, ERS can be charac-
terized as a consumer. Indeed, if a distinction were drawn between producer 
and consumer of the ARMS data within USDA, it would be appropriate, 
if not entirely accurate, to identify NASS as the producer and ERS as the 
consumer. But ERS is a very active and involved consumer. Because ERS 
considers ARMS to be vital to accomplishing its mission of research and 
analysis, the agency plays a significant role in driving ARMS content, par-
ticularly in areas that call for knowledge of the economics of agricultural 
production and the farm household. 

Like NASS, ERS produces descriptive statistics, although its primary 
focus is analytical. To support its policy work and longer term research, 
ERS makes extensive use of multivariate models. A fundamental difference 
between descriptive and analytical work is that the former can often be 
computed using independent sources of information, whereas the latter 
typically requires the full set of variables collected from each unit observed. 
Thus, all other things being equal, analytical users tend to press for increas-
ing the scope of a survey, while descriptive users may be more sensitive to 
respondent burden issues that may lead to nonresponse or other aspects of 
survey operations that would contribute to error and variability. 

The influence of ERS is most strongly present in the development and 
analysis of the data from the Phase II and Phase III surveys. ERS has ex-
pertise in the development of information on environmental resource man-
agement and has worked collaboratively with NASS to frame the Phase II 
collection of data on chemical and pesticide use on cropland. The agency’s 
primary interest and ownership is over the Phase III survey operations, in 
which ARMS collects basic economic data on income, expenses, and debt 
annually. 

The ARMS economic questionnaire supports an ERS program of data 
analysis on farmers’ use of particular marketing channels and on manage-
ment decisions and farm household well-being, including operator demo-
graphics. By combining data from the Phase II and Phase III questionnaires 
for the overlapping portion of the sample, ERS is able to add value by 
making ARMS a very powerful survey for analyzing the relationship of the 
environmental and economic components of agricultural production. 

Program Funding

Most of the funding for ARMS has traditionally come from NASS, 
although ERS contributes substantially and increasingly to the financing of 
the survey. The reimbursement from ERS totaled $6.75 million for the base 
survey in fiscal year (FY) 2005 and FY 2006. In FY 2005 and 2006, NASS 
funding continued at the FY 2003 level of $9.9 million. The cost of ARMS 
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was approximately $18.7 million in FY 2006, not including the time of 
about 36 ERS staff who are actively involved on at least a part-time basis 
with ARMS data development or who use ARMS data in their research.

The funding for the survey jumped significantly in FY 2004, when an 
additional sample was added to provide data for a 15-state oversample, 
going from less than $10 million per year to over $16 million. Since that 
quantum jump in resources, the ERS contribution has been accelerating 
and the NASS contribution has remained fairly constant, although NASS 
continues to provide the bulk of the funding (Table 3-1).1

The FY 2005 NASS survey costs were distributed between data collection 
(44.7 percent), staff (48.2 percent), and direct and indirect (7 percent) costs. 

The ERS resources committed from its general appropriation to ARMS 
data development and research involve several units in the following pro-
gram areas: agricultural structure and productivity, farm and rural house-
hold well-being, farm and rural business, and production economics and 
technology. Depending on the subject matter of interest, four other program 
areas have a role on the NASS/ERS steering committee: diet, safety, and 
health; animal products; grains and oilseeds, specialty and fiber crops; and 
resources, environmental, and science policy. About 7.5 full-time-equivalent 
employees are dedicated to ARMS, and 20 additional researchers in ERS 
use ARMS data. The full-time staff for ARMS is concentrated in the Re-
source and Rural Economics Division. 

1 ERS funding for FY 2004 and FY 2005, includes $200,000 and $250,000, respectively, to 
fund collection of data on organic commodities—in 2005 for Phase III organic dairy and, in 
2006, for Phases II and III organic soybeans. 

TABLE 3-1 ARMS Program Funding by Agency, Fiscal Years 1996-2006 
(in millions of dollars)

Fiscal Year
National Agricultural 
Statistics Service Economic Research Service Total

1996 N/A $2.3
1997 N/A  4.0
1998 N/A  4.0
1999 N/A  3.9
2000 N/A  3.7
2001 $5.1  3.6 $  8.7
2002  5.3  4.0   9.3
2003  9.9  6.4  16.3
2004  9.9  6.7  16.6
2005  9.9  6.7  16.6
2006  9.9  6.7  18.7

N/A = Not Available.
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Division of Responsibility for ARMS Functions

As it has evolved over time, the division of responsibility for ARMS 
follows the lines described above for each of the key functions of survey 
management: design, development, operations, and analysis/dissemination. 
Table 3-2 summarizes these functions.

TABLE 3-2 Division of Responsibility for ARMS by Function

Key ARMS Functions
National Agricultural
Statistics Service Economic Research Service

Resources Obtains base resources 
for program of statistical 
methodology, survey 
operations, and preparation of 
NASS publications.

Obtains supplemental 
resources to provide to NASS 
for conducting survey and 
funding for organics research 
and internal ERS funding for 
analysis and dissemination 
program.

Survey approval process Prepares and defends OMB 
information collection request 
for survey.

Assists in preparation of OMB 
information collection request. 

Identification of 
concepts and desired 
outputs

Develops and implements 
statistical concepts.

Aligns survey topics and 
questions with measurements 
and analytical goals.

Survey specifications Obtains feedback from state 
offices, data collectors, and 
respondents regarding past 
surveys and develops questions 
based on needs of internal and 
external users.

Identifies new or revised 
questions to be included in the 
survey based on interactions 
with users.

Cognitive testing of 
questionnaires and 
modes of collection 
research

Conducts program of cognitive 
development and testing of 
questionnaires and research 
into modes of collection.

Presurvey activities Identifies resources and 
develops operating plan for 
upcoming survey. 

Sample design Primary responsibility for 
designing the surveys and 
integrating the phases.

Reviews the sample allocation 
to offer analytical insight into 
state and commodity coverage.

Edit design process Establishes criteria and designs 
the edit.

Offers input into edit 
parameters.

Preparation of manuals 
and training materials

Prepares the survey operations 
manuals and training materials.

Participates in writing the 
sections of enumerator 
manuals that pertain to 
analytical issues.

Conducting supervisor 
and enumerator training

Conducts the field supervisor 
(survey statistician) and the 
state-level enumerator training 
in coordination with NASDA.

Participates in survey 
statistician training; assists in 
conducting state-level training.

continued
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Key ARMS Functions
National Agricultural
Statistics Service Economic Research Service

Predata analysis Develops data analysis tools 
that will be used by state and 
national state during the survey 
process.

Contributes expertise in 
development of data analysis 
tools.

Data analysis Produces a clean data set 
with as few data “errors” 
as possible. Uses computer 
interactive data analysis 
capabilities.

Assists in use of computer- 
interactive data analysis; assists 
as needed and depending on 
the availability of staff.

Imputation and final edit Conducts imputation and edit 
functions. 

Assists on a periodic basis.

Summary Prepares summary data files.
Outlier identification 
and board process

Takes lead in interacting 
with states to draw input 
on possible outlier records; 
convenes and manages outlier 
board; develops rules for 
outlier identification.

Reviews information and 
participates as members 
of outlier board; assists in 
developing rules for outlier 
identification.

Final summary Prepares final summary data 
files.

Transmittal to ERS Transmits data files to ERS.
Farm production 
expenditures board

Conducts production 
expenditures board, regional 
review board, and state review 
board.

Participates in the three board 
processes. 

Releases of farm 
production expenditures 

Publishes farm production 
expenditures release in paper 
format and electronic format 
via the Internet.

Releases of other 
Phase II and Phase III 
information

Publishes several products to 
release Phase II and Phase III 
data to public.

Preparation of research 
databases

Uses ARMS file to produce 
estimates of farm business and 
household income and balance 
sheets for release through 
briefing rooms and ARMS data 
tool; prepares ARMS research 
databases.

ARMS data 
dissemination tools

Participates in developing 
ARMS data dissemination tools 
to ensure that appropriate rules 
are followed for maintaining 
data confidentiality.

Develops and maintains ARMS 
data dissemination tools.

OMB = U.S. Office of Management and Budget; NASDA = National Association of State 
Departments of Agriculture.

TABLE 3-2 Continued
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Coordinating Mechanisms

The NASS/ERS Steering Committee is the principal coordinating mech-
anism for ARMS. This committee is co-lead by the environmental and eco-
nomic surveys section head from NASS and the ERS Deputy Director for 
Resource and Rural Economics Data, and is composed of senior manage-
ment staff in each division of both organizations—six from ERS and four 
or five from NASS. There is a lot of interaction between the agencies, their 
various branches, and the steering committee. 

NASS and its branches focus on some of the following topics in the 
steering committee:

• The environmental, economics, and demographics branch in the 
statistics division serves as coordinator between NASS and ERS in matters 
of analysis design, and implementation, data analysis strategies, coordinates 
outlier treatment, and is responsible for the estimation process that culmi-
nates in NASS publications and delivery of the final data set to ERS. The 
economics section has responsibility to develop and implement specifica-
tions for all edit, summary, analysis, and estimation programs. 

• The sampling branch designs the list and area frame samples for 
each phase of the survey, develops sample weighting procedures, and pro-
vides assessments of the sample designs. 

• The data collection branch has responsibility for computer-assisted 
survey information collection (CASIC), a common system for editing survey 
results. NASS partners with ERS on the tasks of questionnaire design and 
defining data edits. Specifications for data entry using CASIC and editing 
(within sample unit) are located in the data collection branch. 

• The survey administration branch (SAB) provides administrative 
instruction and coordinates all data collection activities conducted in the 
NASS field offices. The survey administration branch has responsibility 
for questionnaire content through collaboration with ERS; and schedul-
ing, training, edit testing, completion of interviews (questionnaires), and 
monitoring response rates. SAB provides project management oversight for 
coordinating the development of survey specification documents, coordina-
tion of project resources, and for preparing the OMB Docket requesting 
approval to conduct the survey. 

• The statistical methods branch in the statistical division develops 
the cross-record edits to identify outliers and produces the aggregate survey 
indicators and estimates. 

• The research branch develops the procedures for calibration and 
variance estimation and evaluates the effectiveness of these procedures 
for providing a measure of reliability of the aggregate estimates for each 
variable.
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The ERS representatives on the steering committee focus on the agency’s 
areas of responsibility: responding to congressional and USDA mandates, 
informing policy decisions, supporting national accounts, and providing 
information for USDA program management. In addition, ERS interest 
focuses on the impact of survey design and methods on the relationships 
between variables as assessed in econometric models.

The steering committee is the decision-making body for survey re-
quirements and adding or subtracting questions, although issues can go 
to NASS and ERS management if the steering committee cannot come to 
an agreement. This formal mechanism is designed to assist the agencies in 
coordination and information sharing. 

Larger decisions, such as designing a new sample for an extra survey 
or a new program, are made at the senior management level of NASS and 
ERS involving the administrators, since it may require extra funds to be al-
located. However, there are limited opportunities for these major decisions 
to be made, since it is difficult to make changes once the survey is in the 
field. The steering committee has proven to be very protective of ARMS in 
managing its respondent burden and survey content.

MANAGING THE CHANGING FOCUS OF ARMS

These budgeting and survey management coordinating mechanisms 
have worked well by ensuring a common approach by the two agencies 
during the gestation and maturing periods of the survey. However, given 
the differences in perspective of NASS and ERS, the current management 
framework may not be sufficient to ensure that the survey will have the 
capacity to change to meet future data needs or to coordinate the increas-
ingly complex technical and methodological environment that may define 
its future. In the future, the survey is expected to focus less on descriptive 
data and more on the type of high-level multivariate analysis represented 
by ERS and its constituency.

Other models of survey management employed for other major U.S. 
government surveys may have potential for better focusing responsibility 
for directing and funding ARMS for the future. One mechanism is the 
notion of survey sponsorship, in which the agency that is the primary con-
sumer of the information from the survey has responsibility for its overall 
direction and, critically, for securing funding. A number of Census Bureau 
surveys, most notably the Current Population Survey (CPS), are managed 
with this sponsorship model. 

The CPS is the monthly household labor force survey for the United 
States conducted by the U.S. Census Bureau for the Bureau of Labor Statis-
tics (BLS). In the case of the CPS, BLS has primary responsibility for deter-
mining the labor force and other socioeconomic concepts and definitions, as 
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well as the questions to be posed, in collaboration with experts at the Census 
Bureau. In order to fulfill this responsibility, BLS has assembled a small, 
highly skilled staff of mathematical statisticians and cognitive scientists to 
support its oversight role, again in coordination with the experts in these 
disciplines at the Census Bureau. 

These resident skills permit BLS to communicate its requirements for 
information to support its program of research, analysis, and publication in 
a sophisticated manner. For example, data requirements are developed with 
specific coefficients of variation incorporated, and the trade-offs between 
cost (sample size) and reliability are discussed in those terms. Importantly, 
BLS has the responsibility for securing the bulk of the funding for the CPS, 
with funding for only the March income supplement and other specific 
collections used mainly by the Census Bureau remaining in the Census 
Bureau budget. Funds are transferred from BLS to the Census Bureau an-
nually through the formal mechanism of a cooperative agreement, which 
establishes targets and standards for the survey. 

Sponsorship arrangements have the benefit of aligning use with cost. In 
the context of the federal government, they cause the ultimate customer to 
justify the information sought through a formal budget defense process and 
to be responsive to other governmental processes that seek to ensure that 
performance measurement is associated with resource inputs. 

In considering the current cooperative survey management structure 
for the ARMS program, the panel notes the potential opportunities of 
a sponsorship model that could clarify responsibility for the survey and 
more closely align the resources with its end uses. A potential sponsorship 
model for ARMS would include an increased role for ERS in developing 
the ARMS program, which may involve a shift in funding through the ERS 
budget (except perhaps for funding for NASS-specific products to meet 
NASS mandates). It would certainly require changes in staffing. For exam-
ple, ERS may need to deepen its bench of mathematical statistics and cogni-
tive science skills in order to assist in overall direction of the program. 

The panel lacks expertise in organizational design to assess the benefits 
and costs of recommending a switch to a sponsorship model or any other 
particular model, such as the model employed by the National Center for 
Health Statistics and the Agency for Healthcare Research and Quality 
with regard to joint management of the Medical Expenditure Panel Survey 
(MEPS) and the National Health Interview Survey (NHIS), which provides 
the sampling frame for the MEPS. However, the shifting priorities for use 
of the data require a management structure that will ensure that the survey 
continues to be responsive while maintaining an appropriate emphasis on 
data quality. The Department of Agriculture may wish to investigate the 
sponsorship model as one way these shifts may be managed.
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Stakeholder Feedback

Although coordination and input mechanisms in USDA are formalized 
and fairly sophisticated, the same cannot be said for its arrangements for 
obtaining, filtering, and implementing input from stakeholders and us-
ers. In many agencies across the federal government, the mechanism for 
facilitating communication with outside interest communities in an open 
and structured manner is the advisory board. However, the advisory board 
mechanism has not proven to be very effective in the case of ARMS. 

The official NASS Advisory Committee on Agriculture Statistics is an 
organized and active body, but it is mainly focused on the Census of Ag-
riculture and its related programs. This is understandable, since the NASS 
advisory committee was inherited from the Census Bureau when the Census 
of Agriculture was transferred from the U.S. Department of Commerce to 
USDA. The advisory committee does, from time to time, consider other 
issues. However, a review of all previous agendas and recommendations 
from the NASS advisory committee can find no reference to the advisory 
committee’s reviewing ARMS content per se.

Nonetheless, ARMS is connected to the Census of Agriculture in the 
year of the census through coordination of the sample and questionnaire 
design, so the advisory committee has addressed issues of consistency be-
tween ARMS and the Census of Agriculture. The advisory committee did 
recommend in the 2002 annual meeting that NASS proceed with efforts 
to integrate concepts and processes of the agricultural census, ARMS, and 
related year-end surveys. This recommendation was implemented, with the 
result that operations selected for ARMS in 2002 were not mailed a census 
form. The census data were generated from ARMS. NASS has decided that 
a similar process will be used for the 2007 Census of Agriculture. Although 
this process reduces respondent burden, it does raise concern that if the 
questions or the context of questions differ in any respect between the two 
forms, then the estimates from the two questionnaires may well be different, 
resulting in bias in the census estimates. 

In the absence of a formal advisory mechanism, both NASS and ERS 
conduct periodic but largely ad hoc meetings with data users outside USDA 
in an effort to receive feedback on their statistics and research programs 
and to hear what policy issues need to be addressed. These user forums are 
sometimes cosponsored and may be specific to different types of data, such 
as crop or livestock production, economic, or environmental data. The 
feedback from these meetings is channeled to the ARMS steering committee 
if it relates to issues that the ARMS program might address. 

Over the years, USDA has solicited input from outside users in a variety 
of ways. One primary mechanism has been through informal cooperative 
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arrangements with the American Agricultural Economics Association (AAEA). 
As a professional association of scientists who use economic tools to analyze 
issues and solve problems in the area of agriculture, food, and environmental 
resources, the AAEA has long maintained an Economic Statistics and Informa-
tion Resources Committee (ESIRC), which takes a close and continuous inter-
est in ARMS as well as the other products of NASS and ERS. This committee 
has at times taken on studies and fostered research and analysis designed to 
address difficult conceptual and measurement issues in agriculture. 

A primary example of this informal collaboration is the Commodity 
Costs and Returns Handbook. This monograph was prepared by a task force 
organized by AAEA’s economic statistics and information resources commit-
tee, on the basis of recommendations stemming from an AAEA conference in 
1991. The mission given to the task force by the committee was “to recom-
mend standardized practices for generating costs and returns estimates for ag-
ricultural commodities after a careful examination of the relevant economic 
theory and the merits of alternative methods.” Most of the recommendations 
of this task force were subsequently adopted by ERS.2

The AAEA can provide a convenient base for collecting informal and 
current input on issues. For example, to obtain user input to this report, 
the panel sponsored a special user forum at the 2006 annual meetings of 
the AAEA. The feedback on the research uses of ARMS data, survey needs, 
and access requirements was invaluable in identifying issues to be addressed 
by the panel. ERS and NASS may want to jointly sponsor such forums on 
a regular basis in the future.

Another way to gain outside input on program content and priorities is 
through the ARMS online briefing room, which is maintained by ERS. This 
innovative briefing room provides a mechanism for user feedback and often 
broadcasts requests for input on specific aspects of ARMS.

Recommendation 3.1: The ARMS program should have structured mecha-
nisms in place for stakeholder feedback and discussion on ARMS, beyond 
what is currently done, such as organized stakeholder forums, with some 
obligation to respond. Specifically, USDA should solicit input in developing 
the survey from stakeholders from within USDA and from other government 
agencies, universities, professional associations, and the private sector. 

Recommendation 3.2: The NASS Advisory Committee on Agriculture Sta-
tistics should expand its scope to include an annual review of ARMS. 

Research and Development

Every official statistics survey program that operates on a continual 
basis should have associated with it a methodology research and develop-

2 Presentation by Bill McBride, Economic Research Service, January 18, 2007.
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ment program. The jointly sponsored ARMS program suffers because such 
a program has not been formalized. This is not to say that there has not 
been some research and development during the decade of ARMS and its 
predecessor programs. There have, in fact, been some pieces of quite good 
research. However, these have been initiated primarily when a major change 
in the ARMS program has occurred or has been proposed. For example, 
when a mail economic questionnaire was introduced to increase the sample 
size, there was an effort to design a self-administered questionnaire to use 
alongside the interviewer-administered instrument. Similarly, a need arose 
for easier implementation of the complex sample design into calculations of 
variance to use in tests of significance, and so the delete-a-group jackknife 
procedure was developed.

An official statistics program should have an established time frame 
during which changes may be made to the sample and survey design, the 
questionnaire, the resulting editing and processing system, and the weight-
ing, estimation, and other adjustment systems (such as statistical disclosure 
or seasonal adjustment). The survey design would be a factor in determin-
ing what an appropriate period of time is for changes to the design. Once 
this is set in place, a research and accompanying development program 
would be put in place to operate to the time schedule. 

The ARMS program is in need of this formal structure to address both 
survey methodology and analysis of the results of the survey to inform 
policy-relevant issues. In view of the fact that ARMS is a jointly funded 
survey, the cycle for survey design changes and the methodology research 
and development program should be a jointly established and governed 
program. Joint goals should be set. The panel observes that many of the 
questions the agencies posed to us could have been answered by one or both 
of the agencies if such a program were in place. 

As noted in Chapter 2, there has been a marked increase in interest 
in doing econometric research with the ARMS data. This has resulted in 
new requests for statistical support directed to an already-overtaxed NASS 
methods unit to facilitate analysis of complex survey data. These needs 
should be factored into the methodology research and development pro-
gram to ensure that the data files and paradata are in place to support the 
appropriate statistical analyses for the complex survey data. More impor-
tantly, resources need to be made available in both nASS and eRS to sup-
port the program of statistical analysis of survey data, which is increasingly 
based on highly sophisticated techniques and methodologies.

Establishing joint governance of such a research and development 
program for ARMS would enhance the capabilities of both organizations 
to provide input and resources. As part of the methodology research and 
development program, both agencies might consider some options as to 
how they might work together in a more collaborative mode. It is conceiv-
able that the two agencies might be able to fund one or more researchers 
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through the American Statistical Association/National Science Foundation 
program to contribute to this program. 

Such a joint program would ideally involve some skill transfer between 
the two agencies. Neither organization has many individuals with compe-
tence in the main skill set of the other agency. If NASS were to hire a few 
economic researchers familiar with survey research, and ERS were to hire 
a few mathematical statisticians with some background in economics, these 
individuals might help to provide a bridge between the survey focus of 
NASS and the econometric focus of ERS. An additional option (and pos-
sible interim solution) might be for the current senior mathematical statis-
ticians at NASS and senior economic researchers at ERS to be sent to the 
sister agency to sit with agency staff for several days in each pay period. 

Many models for the kind of research and development program en-
visioned here exist in the federal statistical community. For example, with 
respect to research and development on questionnaire and data collection 
processes, there are ongoing programs that are regularly revised on the 
basis of studies by in-house methodologists: the CPS and the Consumer 
Expenditure Survey at BLS; the decennial census, the American Time Use 
Survey and the Survey of Income and Program Participation at the Census 
Bureau; and the National Health Interview Survey at the National Center 
for Health Statistics are some examples. The research typically involves a 
mix of laboratory and field activities (including the analysis of paradata, 
which we discuss in Chapter 5) conducted by methods researchers, usually 
with advanced degrees in the social sciences. Some agencies rely heavily 
for graduate training of existing employees on the Joint Program in Survey 
Methodology (JPSM). Over the years, this program has strengthened the 
methodological programs in all of these agencies and would be a useful 
resource for NASS and ERS as well. JPSM primarily produces master’s-level 
graduates and is expanding its Ph.D. program. 

The kind of research program we are advocating requires at least 
some Ph.D.-level staff, because such training leads to greater expertise in 
conducting methodological research. Finally, staffing this effort in-house is 
important because internal researchers understand the problems in a way 
that contractors rarely can.

Recommendation 3.3: ERS and NASS should establish an ongoing, jointly 
sponsored, and appropriately funded methodology research and develop-
ment program. The program should provide adequate resources to support 
current and future research, development, and statistical analysis needs 
throughout the implementation of ARMS and to assess and manage the 
quality of the data. If new funds cannot be obtained, funds from existing 
programs must be reallocated. 
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Need for a Long-Term Strategy and Plan

As with most government survey operations, as ARMS has matured, it 
has settled into a comfortable repetition of tried and true formats and col-
lection rounds that have been periodically revised. Some significant strategic 
decisions have been put in place over the years, such as the closer alignment 
of ARMS with the 5-year Census of Agriculture. However, this has occurred 
largely without the discipline of a structured, long-term planning process. 

In the larger picture, the managers of ARMS have other venues for 
enhancing the use of the data for econometric policy-relevant analyses. One 
such venue occurs periodically with the reauthorization of the farm bill. 
Although ARMS data, as they are, are very useful for evaluating policies 
implemented by this bill, the cycle of reauthorization affords a once-each-
five-year opportunity for ARMS to reach out and preemptively to develop a 
plan for collecting farm bill–related data in a policy evaluation framework, 
with an emphasis on specific policies of interest. For instance, adapting 
a pre- and postsurvey component for ARMS in conjunction with policy 
implementation or working with administrators to evaluate a randomized 
trial of some farm programs could dramatically enhance the value of ARMS 
as a policy analysis tool.

For this and other reasons, it makes sense for ARMS to operate with a 
five-year plan in order to fit into the five-year cycle of the Census of Agri-
culture. Within each cycle, there is reason to hold the basic survey relatively 
constant, with changes permitted on an annual basis to add extra modules 
outside the core survey questionnaires or to enumerate follow-on surveys 
within the ARMS sampling frame. Thus, for example, inserting a question 
into the core set of questions should not be permitted within a given five-
year cycle, except under extreme circumstances. More significant changes 
designed to maintain the relevance of ARMS in a changing farming environ-
ment could be made once each five years, with provision made for bridging 
the old and new times series in a manner that would enhance the value of 
the time series data to users. This would have a number of benefits, in ad-
dition to stabilizing the time series for data items of interest. For one thing, 
it would diminish the problems of recoding data items from year to year, 
which has had a confusing effect on users of ARMS microdata.

Recommendation 3.4: NASS and ERS should commit resources to develop-
ing a five-year plan tied to the Census of Agriculture for ARMS content, 
coverage, and methodology. The agencies should develop measures to 
control changes during the five-year period to minimize disruptions to the 
time series of the core content in ARMS.
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Sample and Questionnaire Design

In this chapter, the panel considers issues of design and development of 
key methodological aspects of the Agricultural Resources Management 
Survey (ARMS), focusing on the sample frame for ARMS, the foundation 

and implementation of the multiphase stratified sample design of the survey 
program, and the design and development of the survey questionnaire. These 
methodological issues are addressed in light of survey goals and are evaluated 
in consideration of the panel’s understanding of the current state of the art 
in survey and questionnaire design. 

The panel recognizes that the survey has evolved over the years into 
an “as-is” state that must be taken into account when considering possible 
improvements. In summary, ARMS is executed in three distinct but inter-
related phases. Each phase is complicated; together they form a complex 
mosaic of question variations, differing modes of administration, and tai-
lored sample designs to represent the different populations covered. All of 
these factors must be considered jointly in the overall design process.

• The Phase I survey (screening survey) serves to screen a standing 
list of farms for commodities of interest, as well as for whether or not the 
farm is in business. The Phase I screening is sometimes combined with the 
screening for vegetable chemical use survey or the crop/stocks survey. It is 
commodity-specific and has up to 48 state-specific versions so as to avoid 
asking respondents about commodities not usually grown in their areas. It 
employs phone, web, and mail data collection modes.

• The Phase II survey (production practices survey) covers the use of 
chemicals, fertilizers, and pesticides and has from one to four versions of 
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the questionnaire, based on commodity. As noted earlier, the ARMS Phase 
II questionnaire was recently and temporarily integrated with another sur-
vey questionnaire for the Conservation Effects Assessment Project (CEAP) 
for those operations that were selected for both the ARMS and CEAP 
samples. It has only one collection mode: personal interviews via face-to-
face contact. 

• The Phase III survey (cost and returns survey) asks about farm and 
household economics and farm/farm operator characteristics, includes sev-
eral questionnaire versions (a general questionnaire, from one to three com-
modity-specific questionnaires, and a core questionnaire), and includes an 
additional number of sample units added specifically to produce sufficient 
reliability to produce estimates for the 15-state oversample. The sample 
for this phase is drawn from both the list frame (also the source of sample 
units for Phases I and II), and an area frame using a sample selected from 
eligible farms identified in an annual June area survey. Every five years it is 
integrated with the Census of Agriculture. It incorporates several modes of 
data collection (face-to-face, telephone, mailout-mailback with face-to-face 
follow-up for the mail nonrespondents, and, soon to come, the Internet). 

 
Each phase of the survey operations is a survey design challenge in 

itself. When combined in one program, they pose an intricate, interwoven 
series of design challenges that must be addressed holistically. It is useful 
to consider those challenges in light of sampling and questionnaire design 
goals, such as minimizing respondent burden, minimizing cost, and ensur-
ing compatibility among the pieces and across time. 

SURVEY DESIGN GOALS

Minimizing Respondent Burden

In a survey with so many phases and lengthy questionnaires on highly 
technical topics, the issue of respondent burden is pressing. The response 
burden (in minutes) for ARMS estimated by the National Agricultural 
Statistics Service (NASS) varies substantially for the different components 
of each survey phase (Table 4-1). The costs and returns survey (Phase III) 
is especially burdensome, containing questions that are difficult for the re-
spondent to answer—often because the data are hard to retrieve or estimate 
and sometimes because the question is conceptually complex or unclear 
from the respondent’s point of view. 

These observations have several implications. One is that the survey 
suffers from both item nonresponse—that is, missing values of variables—
and from unit nonresponse—that is, entirely missing observations in at least 
one phase. Another consequence is that there has been a conscious effort 
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on the part of survey managers to avoid repeat visits to the same farm in 
successive years when a farm is included in ARMS. The decision to avoid 
repeat visits limits the ability of the survey to follow farms longitudinally. 
As discussed later in this chapter, ARMS employs a special sampling rou-
tine (called Perry-Burt or P-B, see below) to reduce the likelihood that a 
farm will be selected for another survey in the survey year or the ARMS 
survey two years in a row. A further result is that the scope of the survey is 
circumscribed beyond what analysts consider desirable.1

Minimizing Costs

ARMS is a very expensive program. In an effort to hold down those 
expenses, as the survey has evolved, many steps have been taken to build 
in efficiencies and control costs. The reliance of the survey on many of 
the same respondents for more than one phase of data collection reflects, 
in part, an attempt to achieve collection efficiencies. The use of mixed 
modes for data collection is often an important means of controlling costs. 
The cooperative agreement arrangement with the National Association of 
State Departments of Agriculture provides a substantially more economical 
means of collecting data than would be possible working with any other 
data collection organization, in the view of NASS.2 These and other mea-
sures that are designed in part to achieve cost efficiencies have potential 
implications for data quality. 

1 Presentation by Katherine Smith, Economic Research Service, February 2, 2006.
2 Presentation by Robert Bass, Census and Surveys Division, National Agricultural Statistics 

Service, June 8, 2006.

TABLE 4-1 Estimated Response Burden by Survey and Phase, 2006

Survey Minutes Per Response

Integrated screening survey (Phase I) 15
Vegetable chemical use 32
Practices and costs (Phase II) 57
Costs and returns (Phase III) 83
15-state core, costs and returns (Phase III) 57
Commodity costs of production (Phase III) 105
Organic soybeans practices and costs (Phase III) 57
Organic soybeans costs and returns (Phase III) 105

SOURCE: National Agricultural Statistics Service, submission to U.S. Office of Management 
and Budget, 2007.
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Ensuring Compatibility

To ensure that the survey is comprehensible to the respondent and that 
there is theoretical coherence to the concepts employed by the analysts of 
the ultimate data, it is important that ARMS use a common conceptual 
framework across the phases and versions of the survey. This means that 
ARMS must establish consistent concepts and definitions among the phases 
and versions and that they should be coded for retrieval in a consistent 
manner as well. For the most part, ARMS has been successful in ensuring 
consistency of concepts and definitions, but there are exceptions. Since 
consistency of concepts and definitions relies on the common wording of 
questions and common formatting from version to version, the impact of 
truncating the number of questions in the self-administered or core ques-
tionnaire (version 5) in Phase III is of concern. For example, do the answers 
to fewer questions obtained by mail in the core questionnaire compare 
directly with the more detailed answers to the questions obtained by face-
to-face interviews in the other versions of the Phase III questionnaire? These 
issues are discussed in this chapter. 

Similarly, there are variations in compatibility across time. ARMS col-
lects data on production practices for a rotating list of specific agricultural 
commodities, meaning, in practice, that some of the questions must change 
from one survey round to the next because production practices vary from 
commodity to commodity (see Table 2-1 for recent commodity cover-
age). Also, topics of special policy or research interest may be introduced 
and subsequently eliminated as the rationale for questions on the topics 
changes. These design features of the survey are sometimes incompatible 
with a desire to maintain a consistent core of questions over time. The goal 
should be consistency across time for commodities to the degree possible. 

These changes in the questionnaires are likely to have affected the time 
series in unknowable ways. Particularly because the effects cannot now be 
quantified, they are of concern. Various design decisions could be made to 
increase consistency, such as implementing a panel design with consistent 
cost-of-production data on at least one commodity over a period of years 
to study dynamics over time, evaluate the effect of periodic changes in pro-
grams, and predict what factors change behavior. 

SAMPLING FRAME

Target Population

The sampling frame is developed to ensure coverage of the popula-
tion of interest (the target population) in the sample population. The target 
population for ARMS Phase III is the official U.S. Department of Agriculture 
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(USDA) farm population in the 48 contiguous states. This population in-
cludes all establishments (except institutional farms, see footnote 3) that 
sold or would or could normally have sold at least $1,000 (nominal) of 
agricultural products during the year. 

This target population was originally established for the Census of Agricul-
ture. By using this definition for both the census and the surveys, USDA appro-
priately ensures consistency between the census and the surveys. Furthermore, 
the definition of the target population has been consistently employed since 
1974, so it has become ingrained as the appropriate population of interest. 
Nonetheless, a recent review of the Census of Agriculture concluded that the 
application of a target population that extends coverage to the very small farms 
with little overall effect on agricultural production imposes the significant chal-
lenges for NASS in finding its target population and getting that population 
to respond—and respond accurately—to the census and surveys (Council on 
Food, Agricultural and Resource Economics, 2007, p. 23).

Some of the changes in American agriculture outlined in Chapter 2 
have increased the challenges imposed by this long-lasting definition of 
target population. The Census of Agriculture review likewise noted that 
the growth in large complex agricultural operations, integrated production, 
nontraditional farms and “life-style” farms have made practical interpreta-
tion of the definition a continuing challenge (Council on Food, Agricultural 
and Resource Economics, 2007, p. 13). While it is appropriate that these 
matters of definition be considered in the context of the Census of Agricul-
ture to continue to ensure compatibility between the census and the surveys, 
the impact of the definition on ARMS should be recognized.

There are often exceptions to the general rule in statistical surveys, made 
for practical purposes. Some types of farming operations that might be con-
sidered to meet the farm population definition (e.g., “abnormal” farms) are 
not considered part of the ARMS target population. “Point farms,” those 
with only the potential to sell more than $1,000 of agricultural products, are 
difficult to find as consistently as more clearly commercially oriented farms.3 
Such factors impose an added burden, since the exceptional types of farms 

3 A point farm is a farm that did not sell at least $1,000 of agricultural products during the 
year but could have. Point farms are included under the “would normally have sold” part of 
the farm definition. The determination of whether an agricultural establishment qualifies as a 
point farm is made by assigning specific point values for crop acreage and livestock inventory. 
Any establishment with at least 1,000 points will be defined as a point farm. Each assigned 
point is assumed to represent one dollar in potential sales. It is necessary to correctly identify 
these point farms to ensure their representation in the summary.

An abnormal farm is out of scope for the survey. It is defined as a business (i.e., operates land for 
agricultural purposes or with potential for agricultural production) that does not fit the criteria for 
the ARMS sample population. This includes Indian reservations, prison farms, private or university 
research farms, not-for-profit farms operated by religious organizations, and high school Future 
Farmers of America farms. These institutional farms do not have the same expenses or income 
patterns as traditional farms (National Agricultural Statistics Service, 2005, p. 4).
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must be identified so that they can be contacted and asked scoping questions 
in order to determine if they will be included or excluded, as appropriate.

Dual Frame

NASS develops two sampling frames to select farms for ARMS and 
other periodic surveys. The primary sample is derived from the NASS list 
frame. The list frame for NASS surveys is different from and less compre-
hensive than the list for the agricultural census in that it does not contain 
potential farming and ranching operation that are available to NASS but 
have not yet been screened for agricultural activity. 

Emphasis in constructing the list frame is placed on farms produc-
ing significant amounts of commodities for which NASS provides annual 
estimates of acreages, yields, and production. A special effort is made to 
identify and include cases in which a few holdings provide a large share 
of production of an important commodity, such as cattle in feedlots, hogs, 
poultry, potatoes, or rice. NASS attempts to keep the list frame as complete 
as possible, especially for the large producers. Recently, however, NASS has 
devoted extra attention to ensuring coverage of small farms and ranches 
and minority operators of farms and ranches. As recommended by a 1998 
USDA National Commission on Small Farms, NASS has stepped up its out-
reach efforts into communities representing the small and minority farms as 
it constructs the list frame (U.S. Department of Agriculture, 2006a).

The list is constructed and maintained from many different sources, 
including other NASS surveys and administrative files, as well as third-
party commercial databases and USDA program files. Names obtained from 
such sources that are not already on the NASS list frame are screened to 
determine their farm status prior to inclusion in the list. Records for ap-
proximately 1.3 million farms were carried on the list frame in 2005.

The second sampling frame for ARMS is the NASS area frame. This 
frame supports the NASS June area survey sample, which is constructed 
anew each spring. The ARMS selects a subsample of the June area survey 
sample that is not on the ARMS list sample and meets the official USDA 
definition of a farm. This process provides coverage of eligible farms that 
are not included in the list frame. The eligible farms not on the list frame 
are also known as nonoverlap farms (NOL). 

In developing the area frame, NASS relies on satellite imagery, other 
aerial photographs, and maps to divide the U.S. land area into small seg-
ments. Each segment is about 1 square mile, and each has unique and 
identifiable boundaries. In most states, the segments are divided for sam-
pling purposes into four broad land use categories classified by intensity 
of cultivation: land intensively cultivated for crops; land used primarily for 
livestock production; residential and business areas in urban areas; and 
areas devoted to parks, military installations, and other uses. 
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An initial area frame sample is randomly selected from these segments. 
The resulting probability sample contains about 15,400 area segments—
roughly 0.7 percent of the total land area in the 48 contiguous states. Each 
June, NASS uses this area sample file to conduct a major multiple frame sur-
vey outside ARMS, in which about 52,000 farmers are visited by enumera-
tors to get a firsthand accounting of their agricultural activities. This midyear 
survey identifies all land uses within the segment and collects information 
about crops, operator households, animals, grain storage facilities, and en-
vironmental factors. The resulting information can be used to stratify farm 
operations in the selected segments to target crops for follow-on surveys.

In principle, the area frame sample provides coverage of all agricultural 
activity in the United States, regardless of changes in farm boundaries and 
management. This sample frame construction technique tends to guard 
against omissions or duplication in the list frame. Indeed, in 2005 the area 
frame added about 1,600 eligible nonoverlap units to the frame for the 
Phase III ARMS when combined with the Phase I screened sample.

The dual frame approach used in ARMS has several benefits, as well 
as some possible drawbacks. There is no doubt that the area listing opera-
tion identifies a large number of small and other types of farms that are not 
identified in the more traditional listing operation. Many small farms are 
below the radar for local extension services and others who provide input 
to the lists. These farms often come into business and exit again relatively 
quickly. They share with other small businesses the characteristic of being 
hard to identify on a timely basis. 

Given the farm population that is required to be covered by the sample, 
there are no meaningful alternatives to using the area frame for including 
omissions from the list frame. NASS does maintain a number of potential 
farm records on the list frame that are screened on a regular basis for agri-
cultural activity. As mentioned previously, these potential farm records are 
included on the mail list for the Census of Agriculture but are not included 
on the sampling frame for ARMS. A relatively low percentage of these 
records are actual farms. Also, the number of potential farm records varies 
widely during the five-year census cycle, with the largest number only avail-
able in the year preceding the census. So, NASS has decided to only include 
records that have been identified as farms based on previous survey data as 
the sampling frame for ARMS, for consistency and efficiency reasons.

There is a question as to whether the benefits of finding these small 
farms are worth the cost. On one hand, inclusion of small farms, in the 
larger view, adds little to the estimates of the volume of production and 
the understanding of the overall impact of agriculture in the U.S. economy. 
On the other hand, there is a serious national concern about the well-be-
ing of small farms and farm families on those farms. Besides, the costs of 
developing the area frame for ARMS are marginal. The June survey, which 
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bears most of the expense of developing the area frame sample, supports 
multiple survey operations and provides useful information in its own right. 
Still, if some way could be found to bring small farms and new opera-
tions into the regular listing operation for ARMS with more certainty, the 
now-marginal costs involved in the area frame operation could be further 
reduced or eliminated. 

SAMPLE DESIGN

Three major objectives establish the sample design parameters for the 
ARMS: adequately representing all size classes, reducing respondent bur-
den, and attaining an expected level of precision. 

Sample Selection

The selection of the target population, described above, is largely done 
to ensure representation of all size classes of at least $1,000 of agricultural 
products. The target population defines the frame, which, in turn, plays an 
important role in defining the design of the survey. Translated into opera-
tional terms, ARMS covers all noninstitutional agricultural establishments 
with farm value sales (FVS) of at least $1,000 in agricultural products.4 The 
design objective changes from year to year as different types of farms are 
targeted for the cost of production component of the survey. To accomplish 
these objectives, the sample frame is subsequently stratified by farm value 
sales and farm type (Table 4-2) for sampling and estimation purposes. The 
selection of the sample from the list frame follows these steps

1. The population is classified into five strata defined by farm value 
sales. 

2. The Phase I sample is selected. The sample is selected independently 
by state. For each state, a systematic sample is selected within strata. The 
strata are formed based on farm value of sales. Within each stratum the 
population is sorted by type of farm before the stratified systematic sample 
is drawn.

3. The Phase I sample is reselected to eliminate duplication with other 
surveys. After the sample is drawn, poststrata are formed based on type of 
farm within the farm value of sales strata. The purpose of the poststrata is 
to control the way the Perry-Burt procedure (explained below) will reselect 
the sample to reduce respondent burden. If there are five FVS strata and 
17 types of farms, then this will result in a maximum of 85 poststrata. The 

4 The farm value of sales is calculated by assigning points on a per-head/per-area basis that 
reflect expected sales.

Understanding American Agriculture: Challenges for the Agricultural Resource Management Survey

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11990


�0 UnDeRStAnDing AMeRiCAn AgRiCUltURe �0 

T
A

B
L

E
 4

-2
 A

R
M

S 
Sa

m
pl

e 
by

 F
ar

m
 T

yp
es

 a
nd

 S
iz

es
, 

20
05

 

Ty
pe

 o
f 

Fa
rm

$1
,0

00
-

$1
00

,0
00

$1
00

,0
00

-
$2

50
,0

00
$2

50
,0

00
-

$5
00

,0
00

$5
00

,0
00

-
$1

,0
00

,0
00

$1
,0

00
,0

00
+

To
ta

l

O
ils

ee
ds

, 
gr

ai
ns

, 
be

an
s

3,
83

0
1,

85
6

1,
53

4
1,

37
1

1,
05

5
9,

64
6

To
ba

cc
o

12
8

50
46

32
19

27
5

C
ot

to
n

65
13

1
18

8
26

9
30

4
95

7

V
eg

et
ab

le
s,

 m
el

on
s 

&
 p

ot
at

oe
s

17
2

10
1

13
1

18
7

74
6

1,
33

7
Fr

ui
t,

 t
re

e 
nu

ts
 &

 b
er

ri
es

79
5

35
8

28
1

29
1

56
3

2,
28

8

G
re

en
ho

us
e,

 n
ur

se
ry

12
5

47
0

30
3

24
4

81
0

1,
95

2

C
ut

 C
hr

is
tm

as
 t

re
es

60
21

4
11

23
11

9

O
th

er
 c

ro
ps

 &
 h

ay
16

84
24

1
10

6
98

13
1

2,
26

0

H
og

s 
&

 p
ig

s
87

11
3

16
3

25
6

43
7

1,
05

6

M
ilk

99
58

4
60

1
42

0
1,

02
6

2,
73

0

C
at

tl
e 

&
 c

al
ve

s
2,

94
5

97
6

51
8

34
7

57
0

5,
35

6

Sh
ee

p 
&

 g
oa

ts
13

9
6

11
7

14
17

7

E
qu

in
e

47
0

4
 

 
 

47
4

Po
ul

tr
y 

&
 e

gg
s

85
34

7
70

8
1,

20
3

1,
22

8
3,

57
1

A
qu

ac
ul

tu
re

28
75

17
25

67
21

2

O
th

er
 a

ni
m

al
73

19
8

4
8

11
2

L
an

d/
cr

op
la

nd
 

 
 

 
 

71

N
O

L
 (

ar
ea

)
 

 
 

 
 

1,
61

0

To
ta

l
10

,8
46

5,
36

0
4,

62
0

4,
76

6
7,

00
1

34
,2

03

SO
U

R
C

E
: 

E
co

no
m

ic
 R

es
ea

rc
h 

Se
rv

ic
e.

Understanding American Agriculture: Challenges for the Agricultural Resource Management Survey

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11990


SAMPle AnD QUeStiOnnAiRe DeSign ��

Perry-Burt procedure cross-classifies these poststrata with the strata defini-
tions for the other surveys as well as the strata definitions for last year’s 
ARMS sample and reselects a sample within these cells that has less burden 
than the original sample. The poststrata ensure that only similar types of 
farms are replaced.

4. The Phase I sample is screened for target crops and “in-business” 
status. (“In-business” status means the screening survey response indicates 
the operation meets the ARMS definition for a farm operation [greater than 
$1,000 gross value sales or potential] for the survey reference year.) 

5. The Phase III samples for costs and returns and the core versions 
are selected from the “good reports” to represent all agriculture in a 
state.

6. The Phase III list sample is then supplemented with farms that were 
found in the area list operation.

7. The Phase II commodity samples are selected from the “good re-
ports” with target crops. (“Good reports” are screened samples that are in 
business and meet any other survey criteria such as farm type, commodity 
of interest, organic certification, etc., based on the commodity mix and 
questionnaire version for which the sample is targeted.)

After assignment into the FVS strata, the sample is further stratified 
by farm type. Each farm operation is classified into one of 17 farm types, 
and the type of farm forms the substrata within the design strata. The fol-
lowing types of farms were used for classification in 2005: oilseeds, grains, 
and beans; tobacco; cotton; vegetables, melons, and potatoes; fruit, tree 
nuts, and berries; greenhouse and nursery; cut Christmas trees; other crops 
and hay; hogs and pigs; milk; cattle and calves; sheep and goats; equine; 
poultry and eggs; aquaculture; other animals; and total land/cropland of 
all types. Table 4-2 shows the resulting ARMS sample for 2005 by type of 
farm and size. 

Sample coverage varies significantly by farm type and size. The number 
of farms in the smallest size class ($1,000 to $100,000 FVS) was 10,846 
in 2005, or less than 0.6 percent of the approximately 1.8 million farms 
in that size class. Large farms are oversampled. About one-fourth of the 
approximately 28,000 farms in the largest size class ($1,000,000 or more 
FVS) are in the sample. As might be expected, due to the thinness of the 
sample for many of the farm types and sizes, there is not coverage in each 
state.

Note that, left unadjusted, inflation over time will cause the nominally 
fixed dollar limits in ARMS to admit ever “smaller” farms, because the 
$1,000 limit of actual or potential income would fall in inflation-adjusted 
terms. Similarly, the stratification categories would change. Although these 
changes may be small in the short run, they are likely to have cumulated 
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to a substantial change in a decade of operation of ARMS. To avoid this 
cumulative effect, it would be useful to fix the dollar amounts in the dollars 
of any period and henceforth hold them fixed until some event spurs more 
fundamental reconsideration of the sample design.

Strategy to Reduce Respondent Burden

The second major influence on the design is the objective of reducing 
respondent burden. As mentioned earlier, a major strategy for reducing 
burden is to avoid revisiting respondents from other NASS surveys and 
those who reported to ARMS in prior years. 

NASS employs a method developed in the early 1990s by Charles 
Perry, Jameson Burt, and William Iwig to control sampling to minimize the 
number of times that NASS samples a farm operation for several surveys. 
Called the P-B method, it is designed to reduce the likelihood that a farm 
might be in the survey for two years in a row (Kott and Fetter, 1999). The 
P-B method cross-classifies the Phase I ARMS sample with the samples 
selected the previous year for ARMS and four other recurring USDA sur-
veys—hogs, cattle, crops/stocks, and labor. The P-B method groups the 
four non-ARMS surveys to identify duplications across the surveys (first 
stage) and then groups the ARMS sample across years (second stage). As 
mentioned above in the discussion of the sample selection steps, the ARMS 
sample is then redrawn to have less overlap with the other surveys and with 
itself over years. Essentially, then, the Perry-Burt procedure cross-classifies 
these poststrata with the strata definitions for the other surveys as well as 
the strata definitions for prior years ARMS samples and reselects a sample 
within these cells that is less burdensome to the respondents than the origi-
nal sample. The cross-classification is done within farm type substrata that 
are defined within the larger FVS strata. This is done to minimize bias in 
the final sample. Without the substrata, the P-B method could trade a one 
type of farm for another; for example, a nursery for a dairy. 

Following application of the P-B method to selection of the Phase I sam-
ple, NASS draws the Phase II and Phase III list samples from “good” reports 
in Phase I. Beginning in 2005, NASS has used sequential interval poisson 
(SIP) sampling to select the samples for each phase of ARMS (Kott, 2003). 
As in Phase I, the objective is to reduce burden, so each operation is selected 
for one and only one sample. In the end, over 33,000 sample units in Phase 
III were from the list frame and about 1,600 from the area (NOL) frame.

There is some concern that the procedures used to reduce the probabil-
ity of a respondent’s inclusion in multiple surveys might lead to a biased 
sample. Is the set of cases that would otherwise be selected more than once 
systematically different from other cases? Does conditioning on selection 
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under two sets of criteria say anything important about the cases, so that 
omitting such overlap might tend to induce systemic bias?

There has not been any investigation of potential bias induced by the 
P-B method since the initial analysis that led to the decision to employ it 
over a decade ago (Perry et al., 1994). The 1994 analysis concluded that 
the “potential for bias resulting from the second stage of the algorithm will 
be much less than one percent of the . . . estimates, hence undetectable in 
light of the coefficients of variation associated with the estimates.” Since 
then, NASS has continued to assume that any bias would be overwhelmed 
by the size of the sampling error and would be undetectable.

NASS is considering several changes to ARMS sampling in the future. 
Research is under way to move to a multivariate probability proportionate 
to size (MPPS) design for Phase I. This design would allow more flexibil-
ity to further target the sample where it is needed most—rare and poorly 
represented farm types. The agency is also considering controlling burden 
and overlap with other surveys using SIP sampling. This would replace the 
Perry-Burt method of burden reduction (Kott, 2003). These important re-
search areas are the type of work that is suggested for management under 
the interagency research and development program recommended in this 
report (Recommendation 3.3).

Level of Precision

A third major influence on the design is the specification of the expected 
level of precision of the key estimates. The expected level of precision de-
fines the size and design of the survey sample (U.S. Office of Management 
and Budget, 2006a, p. 7). This level of precision is specified in target coef-
ficients of variation—the ratio of the standard error for an estimate to the 
mean value of the estimate. A small coefficient of variation (say 1 percent) 
would indicate that an estimate could vary slightly due to sampling error, 
whereas large coefficients of variation would mean that the estimate is quite 
imprecise. The most common way to improve the coefficient of variation 
involves increasing sample size.

The expected level of precision for key ARMS estimates is set forth in 
NASS Policy and Standards Memoranda (PSM) 45 (Standards for Target 
Coefficients of Variation for Major Probability Surveys). Stratification of 
the eligible population, sample sizes, and sample allocations are determined 
to achieve the target coefficients of variation specified in this document, 
subject to budget constraints.

Table 4-3, taken from PSM 45, represents the NASS targets and applies 
to ARMS as well as other surveys. The PSM was first issued in 1999, before 
the program expanded to provide state-level estimates for the 15 states and 
updated in 2004. NASS reports that the agency meets 100 percent of the 
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U.S. targets specified in PSM 45. As for the detailed targets, which include 
regional, each of the 15 states, and the expense classes, NASS met 86 percent 
of targets in the 2004 ARMS, 75 percent in the 2005 ARMS, and 97 percent 
in the 2006 ARMS. 

QUESTIONNAIRE DESIGN AND DEVELOPMENT

The key linkage between concept and response is the design of the ques-
tionnaire. If done well, a questionnaire will yield information consistent 
with the concepts and definitions. If not, design of the questionnaire can be 
a major source of measurement error, defined as “the discrepancy between 
respondents’ attributes and their survey responses” (Groves, 1987). 

There are generally understood to be four sources of measurement 
error: the interviewer, the respondent, the questionnaire, and the mode of 
data collection and the data processing methods (Groves, 1987, p. S163-
S166). In addressing issues of measurement error arising from the question-
naire itself, the panel undertakes to discuss best practices in organizing for 
and designing questionnaires.

In the past two decades, the science of questionnaire design has been 
refined to include two groups of specialists who are drawn on in a coordi-
nated effort: content specialists and design specialists. In ARMS, the content 
specialists are mainly the subject-matter experts in the Economic Research 
Service (ERS) with program or survey development responsibilities, and 
the design specialists are mainly the NASS survey professionals who design 

TABLE 4-3 Target Coefficients of Variation for Expenditures from the 
Agricultural Resource Management Survey

Item U.S. Category*

Expenditures for:
  Total
  Fuels, interest, farm services, seeds, taxes, fertilizers,  
    chemicals
  Feeds, labor, buildings and improvements, farm supplies
  Livestock

2.5
3.5
7.5

10.0

8.0
10.0
15.0
20.0

*Maximum values for categories. A category is defined in three ways:
1. Region: Appalachian (KY, NC, TN, VA, WV); Corn Belt (IL, IN, IA, MO, OH); Delta (AR, 
LA, MS); Lake (MI, MN, WI); Mountain (AZ, CO, ID, MT, NV, NM, UT, WY); Northeast 
(CT, DE, ME, MD, MA, NH, NJ, NY, PA, RI, VT); Northern Plains (KS, NE, ND, SD); Pacific 
(CA, OR, WA); Southeast (AL, FL, GA, SC); Southern Plains (OK, TX).
2. Economic class: $1,000 to $9,999, $10,000 to $49,999, $50,000 to $99,999, $100,000 to 
$249,999, $250,000 to $499,999, $500,000 to $999,999, $1,000,000+.
3. Farm type: livestock, crop.
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and evaluate questionnaires, prepare training materials, and attend to the 
myriad of tasks pertaining to capturing information from respondents. 

This is not a unique arrangement for a federal survey program. It is 
often the case that these specializations are based in different agencies, with 
each agency bringing its strength to the questionnaire design and evalua-
tion process. When properly organized for the task, content and design 
specialists will perform as an integrated working group, constituting a 
questionnaire design and evaluation team that reaches out to incorporate 
the interviewer and the respondent in the process of selecting content and 
design through field and cognitive testing of each collection mode (Esposito, 
2003). 

In this section, the panel describes and critiques the questionnaire 
design process as it has been implemented in ARMS. Several concerns are 
noted with the current process, and recommendations are made for im-
provements. Although the panel has concerns about the highly technical 
nature of some parts of the ARMS questionnaires and about respondents’ 
understanding of some specific questions, we view a detailed item-by-item 
review of the questionnaires as beyond the scope of this study.

Periodic Major Redesigns

Questionnaires used in all surveys conducted on a recurring basis 
need to be evaluated and revised from time to time. The need for revision 
arises because the topics of interest to the survey sponsors and data users 
may change over time, respondents’ understanding of questions changes 
over time, the behaviors and opinions about which respondents might be 
questioned change over time, and so on. Without proper accommoda-
tion, all of these factors could reduce the statistical value and substan-
tive relevance of a questionnaire. Some items may never have worked as 
intended, so periodic questionnaire revision provides an opportunity to 
improve them. 

The process of changing questionnaire content is probably less daunt-
ing if there is a set of prescriptions or guidelines to follow. This reduces 
the revision task to one of matching existing items to the conditions in 
each guideline and then, when there is a match, taking the prescribed ac-
tion. The problem with prescriptions and guidelines is that by definition 
they are general in nature and rarely fit particular questionnaire items in a 
straightforward way. Even when it is clear that they apply, the right action 
is not always clear. Sometimes a guideline may fit a questionnaire item in 
a superficial way, but because this approach does not take into account 
the constraints and nuances of the particular survey, the prescription may 
not actually be appropriate. Finally, the application of guidelines by them-
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selves does not necessarily include an evaluation of their impact—have they 
helped or hurt or had no impact? 

Annual Questionnaire Updating

NASS and ERS follow a more limited process for annual updating of 
the ARMS questionnaires. As discussed in Chapter 3, this is a shared re-
sponsibility between the two agencies. ERS provides questionnaire changes 
to NASS. The recommendations to add or delete questions are based on 
current policy issues and data requests from users. ERS writes a justifica-
tion for each question. In some cases, questions that were tested but did 
not work in the past are subjected to further testing in this process. The 
NASS role is to determine the feasibility of the questions, considering ques-
tion content, timing, space constraints, and do so in light of U.S. Office of 
Management and Budget (OMB) requirements.

Potential new or changed questions and combined questionnaires are 
subjected to at least a rudimentary cognitive review by NASS. The objective 
of the cognitive pretesting, mainly of paper questionnaires, is to determine 
if respondents are able to answer the questions, not to measure data quality. 
The agency utilizes two main types of cognitive testing: (a) observing enu-
merators interviewing respondents, with the observer probing for more in-
formation about apparent problems or general impression of questionnaire, 
and (b) using enumerators as test respondents. Following the fieldwork, the 
agency summarizes the results and makes appropriate changes. 

This ongoing cognitive testing program is constrained by limited re-
sources and by OMB rules requiring formal clearance of questionnaires 
involving 10 or more subjects. As a result, the cognitive testing is usually 
limited to fewer than 10 interviews. 

NASS is considering several initiatives to strengthen the ongoing cogni-
tive testing program.5 One of these initiatives would be to obtain so-called 
generic OMB clearance for testing of questionnaires, following the example 
of several other agencies. OMB has approved such clearances for pretests, 
cognitive tests, and similar categories of information under which agencies are 
granted a continuing authorization to modify the instruments and informa-
tion collected within the limits approved by OMB. Generic clearances require 
submission of applications for OMB approval and are processed in the same 
way as other clearances, but they provide greater flexibility for subsequent 
modification and a simplified process of notification to OMB of changes.

Other initiatives to improve the cognitive testing program include 
changing the emphasis to evaluating questions based on the quality of the 
reported data, not just ability to give an answer to the questions; conduct-

5 Presentation by Kathy Ott, June 8, 2006.
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ing multiple iterations of pretests; and using an independent contractor, as 
NASS did in the development of the mail version of the Phase III survey, to 
obtain an outside perspective. 

While applauding these initiatives, the panel observes that other fed-
eral agencies follow a more extensive research and development approach 
to questionnaire design, with an ongoing, overall conceptual reevaluation 
followed by a theoretically guided redesign and rigorous empirical testing 
of the questionnaire. For example, the Census Bureau has codified stan-
dards for development and pretesting survey instruments and materials and 
has clearly demarked the responsibilities of program areas, the Statistical 
Research Division, and the Economic Statistics and Methods Processing 
Division. In a statement of policy, the Census Bureau comprehensively sets 
out standards and guidelines for all bureau programs (U.S. Census Bureau, 
2003). 

This deliberative process is often very labor-intensive, requiring highly 
developed skills in cognitive sciences and design. The development process 
is complex, often requiring a variety of methods and more than one itera-
tion, as tests clarify both design issues and the conceptual framework that 
is feasible to probe. This more deliberative approach would better serve 
the ARMS program because it will produce more tailored solutions, the 
effectiveness of which is empirically grounded.

A recent effort (2003) to develop a short-form, self-administered mail 
version of ARMS Phase III for the 15-state oversample had some of the 
character of the methodology research and development-based approach 
the panel advocates. The objective was to redesign and improve the short-
ened ARMS form for mail survey administration, improving the design for 
self-administration and improving comprehension, incorporating instruc-
tions into the questionnaire, making it more user-friendly, and advancing 
the visual design. NASS engaged the Social and Economic Sciences Research 
Center of Washington State University for this work.6

In the redesign, the investigators considered the current state of science 
in understanding the linkage between how people perceive and respond to 
objects in their environment and desirable features of questionnaire design. 
They developed a series of visual design principles applied to the construc-
tion of this questionnaire. 

The empirical test of the redesign, however, was not conclusive. The 
response rate, prior to enumerator follow-up, was only 28 percent, con-
siderably lower than the final response rate achieved in the traditional 
modes of collection. In their search for a reason for the low response rate, 
the investigators wondered if the respondents’ perception of length could 

6 Presentation by Danna L. Moore, Don A. Dillman, and Nikolay Ponomarev, June 8, 
2006.
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contribute to that lower mail response rate. Although the redesigned mail 
questionnaire was 16 pages, in contrast to the more than 30-page inter-
viewer questionnaire, respondents may have been less aware of the survey 
length when the survey was administered by an enumerator. Moreover, the 
redesigned version is visually quite dense. These intriguing issues could not 
be answered in this limited redesign effort, but they could be considered in 
the context of an ongoing cognitive research and development program.

Although there was no experimental control group, NASS was able 
to conduct two data quality tests comparing the distribution of data for 
15 variables and item nonresponse for 9 variables with the concurrently 
collected enumerator-administered version. However, these limited data 
quality tests did not permit any conclusion as to which questionnaire was 
better. Despite the inconclusive findings, NASS elected to continue to use 
the redesigned form for future surveys because “the redesigned form is 
much more visually appealing and user friendly as a self-administered in-
strument” (Ott and Crouse, 2005). 

A continuing research and testing program could cognitively test re-
spondents who complete questions to obtain their evaluations of the visual 
features of the questionnaire and the questions. Other research objectives 
could address mode effects, including the comparability of data collected 
through future versions of self-administered paper and web questionnaires 
with enumerator-mediated surveys. 

Several issues warrant focused investigation in the continuing cognitive 
research and development program, regardless of interview mode: 

1. What information goes into answers? What questions are answered 
by respondents on the basis of what they know versus what questions do 
they answer by searching their records and financial reports, and what 
questions do they answer by guessing? It is likely that both record check-
ing and guessing might occur in a given interview. How do these different 
approaches affect data quality and what can be done to maximize quality 
for a given approach? 

2. How well do ARMS concepts fit respondents’ concepts? The 
ARMS questionnaires use fairly technical terminology that may be relatively 
unfamiliar to some respondents or may mean something different to them 
than to the question authors. These problems may be of particular concern 
for small farms. Can question wording be made less technical? What can be 
done—particularly in enumerator-mediated interviewing—to detect concep-
tual discrepancies and bring the thinking of respondents and question authors 
into alignment? 

3. When do examples stimulate respondents’ thinking by helping to 
define the concept and when do examples restrict respondents’ thinking to 
just the examples?
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UNDERSTANDING RECORD-KEEPING PRACTICES

In addition to understanding the effects of question wording and col-
lection mode, it is important to understand the linkage among questions 
requiring reference to records, the existence of records, and records that are 
actually referenced. The kind of information NASS collects on all three phases 
of ARMS is based on hard facts about the farming operations and thus could 
be expected to rely heavily on records. Although some items may be quite fa-
miliar to every farm operator (acreage, management practices, hours worked, 
personal and family characteristics, and the like), it seems unlikely that farm-
ers can accurately answer most of the inquiries on pesticide use and costs and 
returns without reference to some sort of written business record. Of course, 
the larger and more complex the operation, the more likely it is that respond-
ing to a question will require reference to a business or family record. 

There is a general understanding of the role that records play in ARMS 
responses. At the conclusion of the Phase III survey, NASS has asked enu-
merators to record whether respondents looked at their records, how often 
they used those records, and which records were used. The concluding ques-
tions are tailored to the various questionnaires, since the form of records 
is understood to vary across operations. The costs and returns (Phase III) 
questionnaire, for example, asks what record was referred to when report-
ing most of the income and expense data: a general ledger or personal 
record book, a formal farm records book or account book, loose receipts, 
or a computer or computer printout. 

In the case of some data items, the existence of records may be assumed. 
For example, farmers who apply pesticides are required by the Federal Pesti-
cide Recordkeeping Program to maintain the necessary records of restricted-
use pesticides to ensure the applicator’s compliance with the regulation.7 

Records for other important aspects of farmers’ business may be less 
accessible. A study in Minnesota and Wisconsin found that one-third of 
farmers kept records only as needed for tax purposes, 43 percent used 
whole-farm record keeping, and just 2 percent did enterprise budgeting. 
The usual kinds of financial statements that are common in nonfarm busi-
nesses are often inadequate or missing altogether for farm businesses; an 
average of only 40 percent of all farm loan applicants were found to pre-
pare financial statements, and 16 percent prepare business plans, according 
to lenders (Van Schaik, 2003).

One recent formal NASS study of respondent record-keeping practices 
gave equally discouraging results for a group of 96 farm operations in 
Missouri and Virginia that had previously reported on the ARMS Phase III 
survey. This 1998-1999 study, called the Panel Plus Pilot Study, arranged 

7 The 1990 Farm Bill mandated the secretary of agriculture to require certified private ap-
plicators to maintain records regarding the use of federally restricted-use pesticides.
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for a supervisor to accompany the enumerator to the selected units to ob-
serve the interview and report back on operator reactions, availability of 
data, types of records, and the feasibility of using alternative data collection 
strategies (Ott, 1999). 

The idea that some items could be answered without reference to re-
cords was affirmed in this survey: every respondent answered at least one 
core question using no records. About half used tax forms or loose receipts, 
about one-quarter used a computer, and less than one-fifth used a settlement 
sheet. The link between a solid source of data and the answer was quite 
tenuous. Almost 20 percent of respondents used no records at all for the en-
tire interview. The conclusion of Panel Plus Pilot Study was that a relatively 
low percentage of farm operators have a formal record-keeping system. 

In the absence of formal records, a significant number of respondents 
were observed to answer the questions by guesswork. Some questions 
seemed more susceptible to generating guesses than others—particularly 
expenses for utilities, farm labor hours, value of land and buildings, market 
value of equipment, household expenses for food, nonfarm transportation, 
and other living expenses. In some cases, respondents asked enumerators 
to help in making a guess, leading to the possibility of differential bias or 
variability across enumerators. 

Although the few reviews of record-keeping practices that have been 
conducted have been relatively informal and based on very small samples, 
they are disquieting in that they cast doubt on the quality of the responses 
to several key data items in the ARMS. The potential impact on non-
sampling bias of misreporting data to ARMS due to poor record-keeping 
practices may not be trivial. 

Recommendation 4.1: The methodology research and development program 
the panel recommends should systematically (1) evaluate current instru-
ments and practices, (2) collect data that inform both the revision of existing 
items as well as the creation of new items, (3) test revised instruments before 
they are put into production, (4) use experimental control groups to evalu-
ate the differences between the old and new questionnaires, (5) improve 
understanding of respondent record-keeping practices and their effect on 
survey quality, and (6) designate a subsample of the existing ARMS sample 
for research and testing purposes. Key parts of this work would best be con-
ducted in a cognitive or usability laboratory facility. It would be enabled by 
obtaining a generic clearance from the Office of Management and Budget 
for testing of all phases of the survey to allow for broader cognitive test-
ing, evaluate the quality of data reported in response to each question, and 
evaluate the impact of mode of data collection across the three phases. 
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APPROPRIATENESS OF THE SURVEY QUESTIONS

Although the panel did not interpret its mandate to include review at 
the question level, we do think that certain questions warrant review in the 
context of the systematic methodology research and development activi-
ties we recommend. For example, the collection of income information in 
ARMS Phase III involves several questions about personal income. 

As a general rule, personal income is among the most sensitive top-
ics that are asked of survey respondents (Bradburn et al., 1989), and 
this variable seems to be unreported or misreported relatively often as a 
result (Moore et al., 1997). One technique that seems to help improve the 
quality of income reports is to allow the reporting of range values, rather 
than a single amount. For a respondent who truly does not have an exact 
answer, ranges may yield more honest answers. Experience with the Sur-
vey of Consumer Finances of the Federal Reserve Board shows that using 
ranges rather than point estimates virtually eliminated “don’t know” as a 
response (Kennickell, 1997). Another such approach is the use of so-called 
unfolding brackets (e.g., Juster and Smith, 1997), in which respondents 
who are unable to or unwilling to answer an open income question are 
then asked if their income is above or below a particular and relatively low 
dollar figure (e.g., $5,000). If they say above, they are asked it is above 
or below a higher figure (e.g., $50,000) and, depending on their answer, 
they are asked if it is above another figure. The process continues until 
the respondent has assigned the income in question to a relatively narrow 
bracket. 

Another approach is computerized self-administration, which is widely 
used to increase the reporting of sensitive behavioral information, such 
as drug use (e.g., Tourangeau and Smith, 1996). It is now common for 
interviewers who enter responses into a laptop computer in a face-to-face 
interview to allow the respondent to directly enter his or her answers into 
the laptop for the sections of the questionnaire that concern sensitive topics. 
In ARMS that could take place when collecting income data and possibly 
data on other topics. It is hard to separate the sense of privacy created by 
self-administration in general, whether paper or on computer, from the ben-
efits of computerization in particular, for example, automatically selecting 
the next question depending on the previous answer(s) or flagging suspect 
or out-of-bounds answers. Computerization may increase respondents’ 
sense of the study’s legitimacy. This could increase a respondent’s willing-
ness to provide income data and facilitate response by automating such 
calculations as adding multiple sources of income. Thus, self-administered 
computerized data collection may improve the honesty, completeness, and 
precision of income data in ARMS.

Collection of income data is exactly the sort of methodology research 
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and development issue that might be on the agenda of a dedicated staff of 
methodologists, as recommended above. Even if this kind of work is con-
ducted and NASS and ERS determine that the accuracy of income data was 
not sufficiently improved by new methods to warrant a change, the decision 
would be empirically informed. 

Consistency of Questions Across Survey versions

ARMS Phase III is a multiversion survey. The commodity-specific ver-
sions (2-4) and the self-administered or core version (5) contain fewer ques-
tions than the main version (1), and the commodity-specific versions add 
questions concerning the commodity enterprise to the core version and are 
generally longer than version 1. Most of the questions are the same across 
versions. However, there are three classes of exceptions:

• When a particular “hot” topic is added in a given year (such as 
Internet use by farm businesses in 2005), only the main version includes 
these questions, not versions 2-5.

• Questions specific to the commodity enterprises in versions 2-4.
• In the section for farm debt, versions 2-5 contain fewer questions 

than the main version 1, but the common questions are not compatible 
across versions because questions on version 1 refer to specific loans, 
whereas questions on versions 2-5 refer to types of loans (in which a few 
loans may be combined together). 

There are often good reasons for differing questions on different ver-
sions of the questionnaire. Asking fewer questions on ARMS versions 2-5 
is probably done to reduce respondent burden. However, there are also 
trade-offs between collecting a larger sample (more respondents) and col-
lecting information on more questions from the same respondents. These 
practices serve to limit research on particular topics to the subsample of 
version 1 respondents. 

Consistency of variables over Time

Questions in ARMS will need to change from time to time to meet 
unfulfilled needs, address new topics, and maintain relevance. When such 
changes occur, there is usually tension between the consistency of main-
taining time series of variables and the flexibility of adding new questions. 
Clear procedures are needed to distinguish between core questions (which 
should remain constant) and noncore questions (which could change). Ef-
forts should be made to keep consistent time series of variables. Table 4-4 
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illustrates which questions have been asked consistently over the years and 
which have not.

 
Recommendation 4.2: ERS and NASS should improve the consistency 

of variables across ARMS versions and over time. 

SUPPLEMENTAL DATA

As changes to the process of designing the questionnaire, NASS and 
ERS may wish to consider administrative arrangements and design changes 
that would enable a recurring supplementation of the microrecords of the 
survey with additional data items. One way to accomplish this would be 
to accelerate the program to enrich the data collected with data from other 
sources. Another would be to introduce a recurring, formal supplemental 
portion of the ongoing survey; such a supplement would require significant 
design changes. 

The managers of ARMS have already done extensive work to enrich 
the microdata from ARMS with additional cross-tabulations and other in-
sightful sources in order to respond to the call by researchers for additional 
data from the survey. For example, ERS already provides some additional 
data by adding a number of external variables to the farm business and 
household and crop production practices research microdata files. These 
variables include zip code, county and state codes, as well as administrative 
region designations. Other variables generated by combining ARMS data 
with other sources have also been added to the microdata records, such 
as cost-of-production estimates, farm typology, and commodity cost and 
return estimates. 

In some cases there may be both a reduction in respondent burden and 
an increase in data quality from using administrative data to supplement 
or replace some survey data. Data on program participation, tax-related 
information, and geographically linked data obtained from other sources 
(such as satellite monitoring and local weather records) are obvious start-
ing points.

In an attempt to use existing data and only ask additional questions 
that are needed, NASS draws on administrative sources for use in ARMS 
analysis and estimation. For example, NASS uses administrative data from 
the California Environmental Protection Agency’s Mandatory Pesticide Use 
Reporting System and a similar system in Arizona instead of asking for 
such information from respondents. NASS reports that it is investigating 
the use of available USDA program payment data for potential use in its 
census and survey programs and is continually searching for new sources 
that would be helpful. 
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Even with these additions, much of what researchers need is simply 
not available on the questionnaire, nor is it available in a form that could 
be easily added to the individual record from other sources. Much of the 
needed data will have to be collected anew.

ARMS managers have put in place a capability to introduce ad hoc 
questions about “hot topics.” A more formal recognition of the need to 
collect supplemental information as a regular part of ARMS might be use-
ful. For example, a section of the questionnaire could be set aside for the 
collection of special items, and provision could be made for soliciting input 
from the general user community for items to be collected, perhaps on a 
cost-reimbursable basis. One model of such an arrangement is the Current 
Population Survey, which provides the opportunity to add questions with 
cost reimbursement by the organization that commissions the supplemental 
collection.

Because such data collection could be seen as ancillary to the central 
purpose of ARMS, efforts would need to be devoted to special training for 
enumerators and to motivating respondents about the particular impor-
tance of the data. The overall burden of collecting supplemental informa-
tion might be reduced if collection were limited to specific subgroups, such 
as farms in a particular type of watershed.

Although ARMS is already perceived as a survey with a high level of 
respondent burden, additional data collection may well be justified if there 
are issues of sufficiently great importance that require joint analysis with 
other data already collected in the survey. 

Recommendation 4.3: NASS and ERS should explore the collection of aux-
iliary information on a formal basis, as well as the feasibility of enriching 
the ARMS data files with information from administrative data sources, 
geospatial data, and the like. 
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Data Collection

The data collection process in any survey operation has a high impact 
on data quality. Along with the questionnaire and sample design, 
the data collection and capture processes can be major sources of 

measurement error—defined as the difference between the value of the 
variable provided by the respondent and the true, but unknown, value of 
that variable. Measurement error in the data collection phase of the survey 
may arise through distortions introduced via the mode of data collection, 
the effect of the interviewers1 and their behavior on respondents’ answers 
to questions, the effect of respondent interpretation of the questionnaire 
items, and the motivation of the respondent to provide high-quality answers 
(Federal Committee on Statistical Methodology, 2001).

In dealing with measurement error, as with other sources of error, sta-
tistical agencies are expected to design and administer their data collection 
methods in a manner that achieves the best balance between maximizing 
data quality and controlling measurement error, while minimizing respon-
dent burden and cost (U.S. Office of Management and Budget, 2006a). In 
this chapter, several aspects of the survey operation that can contribute 
to maximizing data quality and controlling measurement error are ad-
dressed. We discuss the arrangements for collection of the data and assess 
the impacts of the various modes of collection, both current and potential. 
Finally, we discuss the need to capture and preserve information gleaned 
in the collection process and make recommendations for improving both 

1 In this section, the term “interviewer” is used instead of “enumerator” to better character-
ize the interaction during the interview session.

Understanding American Agriculture: Challenges for the Agricultural Resource Management Survey

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11990


DAtA COlleCtiOn ��

metadata (data about individual data items and questions) and paradata 
(data about the data collection process, whether from the respondent’s or 
interviewer’s perspective).

COLLECTION ARRANGEMENTS

The conditions for success in minimizing measurement error are es-
tablished in the arrangements made for data collection and capture. The 
administrative arrangements should be documented, stable, and treated 
to continuous examination and improvement. The National Agricultural 
Statistics Service (NASS) has chosen to manage data collection by capital-
izing on the strong foundation of a long-term relationship with cooperating 
state agriculture departments and, through that connection, securing the 
interviewer staff. The cooperative agreement the agency has with the Na-
tional Association of State Departments of Agriculture (NASDA) has been 
the mechanism used for field data collection for the Agricultural Resource 
Management Survey (ARMS) and its predecessors, the Census of Agricul-
ture, and all of its surveys since 1978 (National Association of State Depart-
ments of Agriculture, 2007). Prior to this cooperative agreement, federal 
employee interviewers were used for the surveys that preceded ARMS and 
other NASS surveys.

The NASDA mission is to represent the state departments of agriculture 
in the development, implementation, and communication of sound public 
policy and programs that support and promote the American agricultural 
industry, while protecting consumers and the environment. The cooperative 
agreement with NASS is one of three cooperative agreement programs that 
support that goal for NASDA.2

The cooperative agreement with NASS is big business for NASDA. In 
2007, it was funded at approximately $27 million. In turn, the NASDA 
cooperative agreement is the largest cooperative agreement in the U.S. De-
partment of Agriculture (USDA). 

Under the guidance of the NASDA national office in Washington, 3,400 
part-time (not more than 1,500 hours per year) interviewers are managed 
through a network of 46 NASDA state field offices—some of which rep-
resent multiple states. A total of 43 of the field offices have responsibility 
for conducting ARMS data collection (those in Alaska, Hawaii, and Puerto 
Rico do not). 

The field staff of 1,400 interviewers and the office/telephone interviewer 
staff of about 2,100 are deployed and managed by about 520 NASDA su-
pervisors, who are largely recruited from the interviewer pool. The NASS 

2 The other two cooperative agreements are with the Animal and Plant Health Inspection 
Service and the Foreign Agricultural Service.
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role with the NASDA field operations reflects an arms-length relationship, 
much like other contractual government data collections. NASS provides 
guidance to the NASDA supervisory staff and has responsibility for train-
ing, but it does not have the authority to hire or otherwise discipline indi-
vidual interviewers or supervisors. 

This arrangement has not been opened to competition. When the panel 
questioned why NASS has not opened the data collection contract to bids 
from organizations other than NASDA, the response was that the arrange-
ment is very cost-effective and that things have worked well to this point, so 
NASS is reluctant to change them. This question reportedly arises periodi-
cally and is addressed at the management level of USDA.

The state departments of agriculture themselves play a similar support-
ing role. State offices variously provide staff exclusive to NASS or other 
inputs (space, funds for printing costs, etc.) through the cooperative agree-
ment. NASDA employees can also conduct telephone data collection, edit 
interviews, and transcribe paper questionnaires into the Blaise computer-
assisted interviewing instruments from the state offices. The only difference 
in the role of federal and state employees working on NASS projects is 
where their paychecks originate. (Cooperative programs in NASS and other 
statistical agencies enable relationships that go beyond the usual hands-off 
one of a contractor with a government agency. The state employees enjoy 
a special relationship that extends to management of various survey func-
tions.) There are about 1,100 NASS employees in headquarters and in colo-
cation with state offices. The states have an additional 160 state employees 
devoted to statistical functions. 

Among other things, the cooperative agreement states that the data 
provided by USDA/NASS are the official state data. By taking advantage 
of the economies of scale that NASS has in managing ARMS, the states are 
able to get higher quality data under the agreement than they would be able 
to assemble on their own. 

QUALITY ASSURANCE

In this decentralized survey operation, NASS imposes quality measures 
and monitors the survey process to maintain the quality of the ultimate data 
from ARMS. The quality control methods used include recruiting and train-
ing, sample case control procedures, monitoring of interviewers, and data 
review. Monitoring is necessarily limited for in-person interviews, but there 
is a quality control plan to monitor telephone interviews on a sample basis. 

NASDA supervisors, who report directly to the NASDA office in Wash-
ington, are a critical part of the administration of data collection and a key 
element in the quality control process. Under the cooperative agreement, 
supervisors hire and fire interviewers, and they review a certain sample 
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of their work interviewers through recontacts. If a review of a case yields 
important inconsistencies or other data quality problems, it is supposed to 
be returned to the field. 

Role of Interviewers and the Interview Process

The interviewer is a critical link in the quality chain. Several types 
of errors can occur in the dynamic setting of the interview through the 
interaction among the engagement and innate cognitive abilities of the 
respondent, the wording of questions, the diligence of the interviewer in 
following directions, and the tone of voice and personal mannerisms of 
interviewer. All are part of a complex interaction that characterizes the in-
terview session, and all play a role in creating something commonly referred 
to as the “interviewer effect.” In ARMS, for which many interviewers have 
substantial workloads, individual interviewers can have a large effect on 
the variance. 

According to NASS, the interviewers recruited by NASDA supervi-
sors are primarily from rural areas. They typically have an agricultural 
background and in fact often come from a farm household. The NASDA 
interviewers are a somewhat diverse group. Two-thirds of them are women. 
Although data on race and ethnic group were not available to the panel, we 
understand that blacks are not well represented. The gender and race/ethnic 
group of the interviewers is an important factor to consider when identify-
ing the effect of the interviewer on the willingness of the respondents to 
participate in the survey and the reliability of their responses. Although ex-
perience indicates that gender does not seem to have a systematic effect on 
most types of collection of factual information, the evidence on the effects 
of the race and ethnic group of interviewers is less clear. NASS reports that 
it is trying to persuade NASDA to increase black as well as American Indian 
representation. This is a matter of some urgency for USDA, even though the 
full effect of interviewer race and ethnic group on response is not clearly 
understood. The potential effect of interviewers and survey methods on 
the quality of data on small and minority farms has been in the spotlight 
since issues raised in two landmark court case in the late 1990s (Pigford 
v. glickman and brewington v. glickman) have heightened interest in the 
economic status of minority farmers.

 Like all statistical agencies, NASS should be cognizant of the potential 
for interviewer effects. The agency should document interviewer assign-
ments to individual interviews as a part of its normal data assembly, and it 
should use that information to deepen understanding of those effects and 
to develop means of controlling them.

Because many rural areas are relatively sparsely settled, it is not uncom-
mon for interviewers and respondents to know each other. In many other 
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government surveys, this situation would be systematically avoided. There 
are concerns that respondents may be inhibited about speaking forthrightly 
about personal information in front of someone known to them, or that 
interviewers may not strictly observe the survey protocol in such situations. 
In ARMS, only when interviewers feel uncomfortable interviewing acquain-
tances or respondents express discomfort with being interviewed is the issue 
taken to the supervisor and the case is reassigned. In some cases, the usual 
dynamics of acquaintance may inhibit respondents and interviewers from 
expressing their objection to the arrangements for the interview. However, 
NASS contends that it helps the response rate if the interviewer and respon-
dent know one another. This is a topic that deserves further investigation. 

Not enough is known about the interview effect on the quality of the 
data, especially in light of some of the unusual aspects of the interviewer-
interviewee interaction in ARMS. A fuller understanding of the interviewer 
effect would require collection of additional data about the interview, as 
well as a scientific analysis of those data. This is the kind of methodology 
research topic that could be addressed by a dedicated staff of research social 
scientists.

Recommendation 5.1: ARMS should use automated means to collect para-
data on interviewer assignments to cases, the relationship between the 
interviewer and the sample farm respondent (i.e., whether they know each 
other), demographic characteristics of the interviewer, and the character-
istics of the sample farms for nonrespondents that are coordinated with 
information obtained for respondents, either through the interview or 
interviewer observation. These paradata could be used to determine the 
need for additional research on the impact of the relationship between the 
interviewer and the respondent on the quality of answers. This data col-
lection can best be facilitated using computer-assisted technologies.

As for other surveys, training for ARMS interviewers covers techniques 
to gain respondent cooperation, questionnaire administration, and general 
record keeping. ARMS training also addresses conceptual issues, such as 
biosecurity, and interview skills, such as cultural awareness. Moreover, be-
cause the interviewers are given a chance to edit the paper questionnaires, 
they receive an unusual amount of training in the appropriate technical 
skills. 

When using paper questionnaires, ARMS interviewers have flexibility 
in moving around the questionnaire (navigating) and varying the question 
presentation. It is evident from the feedback interviewers give and from 
observations that interviewers often move back and forth throughout the 
instrument and provide additional help to respondents in ways that are not 
usually allowed in conventional structured interviewing. 
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The assistance that interviewers provide extends to helping respondents 
with estimating a figure. To respond to many ARMS questions for which 
there is unlikely to be easily retrievable data at hand, the respondent will 
often need to engage in mental arithmetic or perform a paper-and-pencil 
calculation to provide an estimate. For example, responding to a question 
on the number of acres of soybeans may take some time to calculate, be-
cause many farmers have numerous fields of soybeans of varying acreages. 
Similarly, the conventional emphasis on adhering to the standardized ques-
tion wording is not a top priority for interviewers. These deviations appear 
to be the result of several factors. 

First, because many of the terms in ARMS questions are either tech-
nically complex or differ conceptually from the ways that some respon-
dents think about them, interviewers are trained to provide definitions 
or explanations if a respondent seems unfamiliar with or confused by a 
particular financial or agricultural term. However, some respondents are 
given definitions and others are not, so the question stimulus differs among 
respondents, departing from a key requirement of orthodox standardized 
interviewing. Second, because interviewers are under pressure to complete 
interviews and respondents are sometimes impatient with the length of the 
ARMS questionnaire, the interviewers have an incentive to take actions 
that will tend to minimize the burden on the respondent. In particular, 
if an answer can be inferred from previous answers, the interviewers are 
likely to enter the response without even asking the question. Third, ARMS 
interviewers also depart from the script to improvise and ask additional 
questions to understand the respondent’s situation. Such probing is often 
built into surveys, but it appears that much activity of this kind in ARMS is 
left to the initiative of the interviewer. Fourth, in the course of an interview, 
interviewers may learn that some items are best recalled by respondents in 
a different order than that specified by the questionnaire and some respon-
dents may remember items or change their minds about earlier answers as 
a result of later explanations or the shift in context that can occur after 
exposure to additional questions.

These departures from standardized interviewing practices in ARMS 
may have exactly the intended consequence of ensuring that respondents 
understand the questions, interviewers understand the respondents’ circum-
stances, interviews are as brief as possible, and the data are as accurate as 
possible. But then again they may not, and virtually nothing systematic is 
known about the effects of such practices in ARMS.

The potential behavior of interviewers in dealing with item nonre-
sponse is also a concern. It is believed that interviewers sometimes work 
intensively with respondents to obtain answers. Such effort is encouraged, 
but interviewers are instructed not to fill in responses that the respondent 
cannot or will not answer. Nonetheless, there appears to be evidence that 
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in some cases the interviewers assign values to what would otherwise 
be missing data, based on their information and their beliefs about how 
farms and farmers operate. There is a concern that such assignments are 
not documented. Moreover, it is entirely possible that interviewers might 
assign responses that are different from and inferior to what would have 
been assigned using systematic procedures used for other missing data. The 
current official procedure is that, when NASDA interviewers have any is-
sues of missing data for which they think they have special knowledge, they 
should contact the state office for follow-up. 

As indicated above, the interview process in ARMS is quite unorthodox 
for the federal statistical community, for which standardized, structured 
interviewing is the norm. For example, ARMS interviewers clarify survey 
concepts by providing definitions and examples when respondents seem to 
need this help, and they sometimes record answers in the order that respon-
dents provide them, even when this is not the order in which the questions 
appear on the form. Standardized interviewing (e.g., Fowler and Mangione, 
1990) rests on the assumption that all respondents are presented exactly the 
same questions (i.e., words) and all questions are presented in exactly the 
same order. The idea is that if the stimulus given to respondents is exactly 
the same, then differences between their answers can more easily be at-
tributed to actual differences in the respondents’ circumstances than if the 
question stimulus varies between respondents. Thus, providing definitions 
and examples, doing so with improvised wording, and providing this ad-
ditional information to only some respondents conflict with the basic tenets 
of standardization. Similarly, recording answers that respondents provide 
“out of order,” without reading (or rereading) all questions in the order 
they appear in the form, is also not standardized because the context (the 
immediately preceding questions) differs for different respondents. 

This departure from strict standardization does not necessarily com-
promise data quality and may actually be appropriate for collecting ARMS 
data. But to our knowledge there is no evidence that directly bears on the 
impact of nonstandardized interviewing in ARMS. Stanley did study the 
interviewer-respondent interaction in the NASS quarterly agricultural sur-
vey and observed considerable departure from standardized interviewing, 
primarily to avoid violating conversational norms, such as being redundant 
(Stanley, 1996). For example, interviewers failed to read the introduction to 
questions 72 percent of the time that they should have been read, presum-
ably because the design of the questionnaire called for the same introduc-
tions to be read identically numerous times. These interviewers also did 
not read the entire question 22 percent of the time, and they changed the 
wording of questions in a way that altered their meaning 19 percent of the 
time. Stanley argues that there were sound conversational reasons for doing 
this and that imposing stricter adherence to standardization might degrade 
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the accuracy of responses. However, the study did not produce data that 
might bear on response accuracy. 

There is a body of evidence collected by Conrad and Schober (Conrad 
et al., in press; Schober et al., 2004; Conrad and Schober, 2000; Schober 
and Conrad, 1997) that directly compares data quality (primarily response 
accuracy) in strictly standardized interviews to data quality in more flexible 
or “conversational” interviews. Under the latter technique, interviewers can 
choose their words to make sure respondents understand the questions as 
intended. Although these studies do not examine any items from ARMS 
(or agricultural surveys for that matter), the results may be instructive here. 
Across these studies, Conrad and Schober have found that allowing inter-
viewers to clarify questions (primarily from federal surveys), using words 
of their choosing, improved respondents’ comprehension and response ac-
curacy, particularly when the circumstances on which they were reporting 
were ambiguous. For example, when respondents were asked how many 
people lived in a household that included one child away at college, they 
were far more accurate in those interviews in which interviewers could 
explain that a child living away at school is not counted in this survey; 
strictly standardized interviewers would not be able to provide this clarifi-
cation unless they did so for all respondents, whether or not respondents 
asked for it. Conrad and Schober found no evidence that conversational 
interviews misled respondents or in other ways biased answers. The cost of 
this improved data quality was longer interviews due to the time required to 
provide clarification. The current approach to collecting data in ARMS has 
some of the character of Conrad and Schober’s conversational interviewing 
and so may improve respondents’ comprehension. However, we just don’t 
know for sure.

 For this reason, the ongoing research and evaluation program we 
recommend should systematically explore the ways that different inter-
viewing practices may affect ARMS data. A related area of inquiry, which 
should be on the agenda of an ARMS research and evaluation program, 
concerns the origins of the information that respondents use when answer-
ing ARMS questions. While some information is currently collected about 
how respondents obtain this information, this could be studied much more 
systematically and in much greater depth. It seems likely that respondents 
simply know the answers to some questions, calculate the answers to others 
based on what they know (e.g., “Each shipment fills the back of my truck 
so the annual amount must be in the neighborhood of 60 tons”), and refer 
to records and financial reports for others. All of these approaches may 
contribute different types of error in the measurement process and deserve 
investigation. Review of reporting practices and the interaction between the 
interviewer and the respondent should be a part of an overall evaluation of 
the interviewing techniques used in ARMS.
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As discussed in Chapter 4, respondents are expected to consult various 
documents, such as tax returns and USDA program documents, during the 
interview. Reference to documents is typically taken as a positive sign for 
data quality when there is conceptual agreement between the documents 
and the questions asked in the interview. More troubling is the report that 
interviewers and respondents frequently need to make calculations during 
the interview in order to provide an answer to some questions. Such actions 
tend to increase respondent burden, and, unless interviewers or respondents 
are experts in accounting, there may be a serious compromise in the quality 
of the data recorded.

Recommendation 5.2: NASS should systematically explore the conse-
quences of interviewer departures from standardization in the interview. 
To facilitate this, NASS should collect paradata on the frequency with 
which interviewers follow the order of the questionnaire, read questions as 
worded, provide clarification, and similar indications of departures from 
standardized procedures.

Role of the Reinterview in Data Accuracy

The panel considers the control and measurement of data accuracy to 
be major issues for the ARMS data, especially for the cost-of-production 
and farm income figures. Some control and measurement methods are em-
ployed, and others, found useful in other settings and in prior incarnations 
of ARMS, are not. 

As mentioned above, under the cooperative agreement, supervisors re-
contact a sample of respondents in the process of conducting a case review. 
NASS reports that the quality control recontacts are randomly selected 
for each interviewer and supervisory interviewer. Additional recontacts 
are made if problems are suspected or uncovered. Quality control re-
contacts are made by the field office survey statistician and by supervisory 
enumerators. 

At the conclusion of the survey operation, as part of post-survey activi-
ties, the state statistical offices attempt to capture conceptual and reporting 
issues in the formal Survey Evaluations (Form E-2) that are forwarded to 
the national office of NASS. While important to ensure interviewer qual-
ity and provide insights on reporting problems, the current quality control 
procedure is no substitute for a program of systematic validation (reinter-
view) studies. There have been no reinterview studies conducted for ARMS 
in recent years.

A formal reinterview study is an important method for estimating and 
reducing nonsampling errors in surveys (Biemer and Forsman, 1992). It 
can, like the current recontact program in ARMS, evaluate the fieldwork 
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by detecting and discouraging cheating and interviewer errors. It can also 
play a more comprehensive role in ferreting out nonsampling error by iden-
tifying content errors that should be reflected in a model of survey errors 
by estimating (a) simple response variance, or the variability in the survey 
estimate over conceptual repetitions of the survey, and (b) response bias, or 
the response errors that would be consistent over repetitions of the survey. 
Content errors include definitional problems, misinterpretation of questions 
and survey concepts, and reporting errors.

NASS has a rich history as a pioneer in implementing recurring reinter-
view studies in the agricultural surveys (Hanuschak et al., 1991). As early as 
1975, formal reinterview studies were conducted to probe how well report-
ing unit concepts were understood by the respondent. (Probing questions 
in this early study found that approximately 30 percent of respondents 
incorrectly reported total acres operated, and 20 to 30 percent incorrectly 
reported specific livestock inventories [Bosecker and Kelly, 1975].) From 
the late 1980s to the early 1990s, several important reinterview studies 
were conducted to measure response bias in surveys that included quarterly 
grain stocks, the June agricultural survey, on-farm grain stocks, hogs, and 
cattle on feed. These surveys not only identified conceptual difficulties that 
could be remedied by changes in questions or in interviewer instructions 
and training, but also had the more practical application of informing the 
board estimation process with measures of response bias. Although expen-
sive in terms of statistician and interviewer time and additional burden on 
the part of respondents, these formal reinterviews were considered a success 
and formed the basis for a panoply of recommendations for a more robust 
reinterview program in the future.

Particularly because of the complex nature of the ARMS questions and 
the unorthodox approach taken to interviewing, the panel is concerned 
about the lack of systemic and continuous collection of information about 
the response variance and response bias in the survey. If it is judged that 
the resource cost and response burden of an ongoing, formal reinterview 
study of a sample of respondents are too large, there may be other tech-
niques that will yield useful estimates of nonsampling error in the survey. 
One simple technique would be to do recordings of the recontacts to be 
sure the interviews are structured. An alternative would be to conduct 
dependent interviews (i.e., providing the respondent his or her answers 
from the previous interview and checking for changes) rather than full 
reinterviews. 

Recommendation 5.3: NASS should use available analytic tools, for ex-
ample, cognitive interviews, interviewer debriefing, recording and cod-
ing of interviews, and reinterviews, to investigate the quality of survey 
responses. 
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COLLECTION METHODOLOGY

The ARMS program has not fully exploited the available technologies 
for data collection. Considerable progress has been made in enhancing the 
back office operations involved with data capture, editing, and processing, 
and there have been far-sighted projects to test data collection through the 
use of personal digital assistants (PDAs) and global positioning system (GPS) 
devices. However, the development of and conversion to an automated field 
data collection mode lags behind the state of technology in data collection. 

One collection mode that stands out as especially promising for fur-
ther development is computer-assisted interviewing (CAI). There may be 
institutional issues that explain the lack of progress by NASS here. USDA 
has held that there is no technology currently available that can efficiently 
collect data on farm chemical use, production practices, cost-of-production 
information, and detailed cost and income statistics (National Agricultural 
Statistics Service, 2005).

A factor that complicates technological advances in ARMS is the wide 
variety of collection modes that are currently in play. In Phase I data are 
now collected in 4 modes—primarily through telephone interviewing (with 
about a 75 percent telephone response), with the remainder split among 
mail response, experimental web collection, and personal interview. (Mail 
response has been low enough in some states that ARMS does not attempt 
to use this method there.)

ARMS has recently begun preparations for expanding reporting via the 
Internet. It is expected that a web-based instrument will be offered for the 
2007 ARMS Phase I screening. One concern about a shift to this mode of 
data collection is that it may also induce changes in the ways that respon-
dents answer questions. This planned change reinforces the importance of 
research to understand how respondents answer questions in the ARMS 
interviews.

There are currently no plans to develop a web-based instrument for 
ARMS Phase II or for the fruit and nut, vegetable, or postharvest chemical 
use surveys, since much of the data collected requires the identification of 
a specific farm field that is planted to a specific commodity, and this field 
identification reportedly cannot easily be made on the Internet. Also, the 
detailed chemical application data are often copied from farm records by 
the interviewer during the interview. Plans are that Phase II will continue to 
be collected solely through personal interviews. However, other computer-
based technologies such as PDAs and GPS devices might be relevant for this 
phase. These technologies are discussed later in this chapter.

Research will commence on the development of a mail instrument for 
the full ARMS economic version (ARMS Phase III cost and returns), which 
to date has been collected through face-to-face interviews. This research 
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will build on the already existing mail instrument that currently covers 
the core (version 5) Phase III questionnaire, and it is in anticipation of the 
coordination of data collection with the 2007 Census of Agriculture to be 
conducted in early 2008 (National Agricultural Statistics Service, 2005). In 
that regard, development is currently under way for a web-based version of 
the ARMS economic phase (Phase III) core questionnaire, which was first 
mailed to respondents in 2004. However, as with the proposed change to 
web-based data collection for Phase I, it is important that ARMS have in 
place a research program to identify and control any adverse effects of this 
change in interview mode. 

Computer-Assisted Personal Interviewing

Until these research and development projects bear fruit, it is expected 
that the vast majority of the data in Phases II and III will continue to be col-
lected through face-to-face interviews. That being the case, there should be 
serious consideration of automating the face-to-face interview process by us-
ing computer-assisted personal interviewing (CAPI). The basic idea of CAPI 
is quite simple—instead of having interviewers navigate though paper-and-
pencil entry on their own, with CAPI a computer controls the logical flow of 
the interviews, presents appropriate versions of the questions to be read, and 
offers a place for the direct recording of the answers to the questions. 

The possible use of electronic data collection for the agency’s personal 
interview data collection surveys has been tested, evaluated, and discussed 
at length since the first CAPI test with the 1989 September agricultural 
survey (Eklund, 1993).3 This first experiment was followed with a test of 
collection of the farm cost and returns survey in February 1991. The con-
clusions from these studies were very favorable to the adoption of CAPI:

• Interviewers can learn and use CAPI effectively, even for the most 
difficult surveys.

• The data quality showed potential improvement, particularly by 
ensuring that interviewers answer questions and enter them into the proper 
cells.

• Respondent reaction was mostly indifferent, but more positive than 
negative.

• Interviewer reaction was often initially apprehensive but turned 
enthusiastic as training commenced. The positive reaction, however, may 
not hold for all interviewers.

• CAPI costs compared favorably with the paper-and-pencil method.

3 Another early research report on experimenting with CAPI in its monthly livestock prices 
received and June area surveys is Eklund (1991).
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Now, over a decade after those pioneering tests of CAPI, NASS has 
not yet developed a formal business case analysis for the use of CAPI with 
ARMS. The agency acknowledges the potential of CAPI but does not expect 
to move to that mode of interviewing until 2009 at the earliest. 

Cost is always an inhibiting factor in adopting new technologies in 
statistical agencies and, indeed, the primary constraint in moving to CAPI 
is cost, according to NASS. One major element of cost is the purchase of 
necessary data entry equipment. Although the inflation-adjusted price of 
laptop computers continues to decline, purchase of sufficient machines 
for the entire ARMS field staff would still require a substantial sum of 
money. Particularly in light of the relatively short life span of a computer, 
purchase could be justified only if the machines could be used for a number 
of surveys over the effective life of the machine. NASS reported that their 
principal surveys that use personal interviewing take place only once a year 
and that such surveys are few enough in number to render CAPI uneco-
nomical. In addition, they cited pressure to reduce personal interviewing 
even more, in favor of increased telephone and self-administered mail and 
web electronic data collection. It is not clear how such arguments apply 
to leased computers. Some other organizations routinely use leased laptop 
computers to support CAPI. 

With CAPI there is no data entry operation after collection and typi-
cally no opportunity for “data grooming” (i.e., manually revising hand-
written information after the interview) by the interviewer. Thus, two 
time-consuming procedures could be eliminated. Straightforward imple-
mentation of the ARMS questionnaire in CAPI might not be faster than the 
current paper-and-pencil approach. Indeed, it is possible that it could be 
slower, if interviewers were still obliged to navigate back and forth through 
the instrument in order to record information appropriately.

Although the loss of the possibility of post-interview data review could 
be costly in terms of data quality, the logic-based structure of CAPI makes 
it possible to introduce systematic quality control checks during the course 
of the interview and to resolve them while the respondent is present. A de-
briefing interview with the interviewer to be filled out for each completed 
case, as is done with the Survey of Consumer Finances, could provide an 
opportunity for critical comments that interviewers were unable to record 
during the course of the interview.

For obtaining panel data, as the Economic Research Service (ERS) has 
indicated it would like to accomplish in the ARDIS initiative (see Chapter 
2), dependent interviewing is a good way to detect and eliminate spurious 
data changes. With CAPI, such comparisons are straightforward. How-
ever, it should be noted that such an approach can produce mixed results, 
as in the Current Population Survey experience. When the CPS converted 
from paper to computerized data collection, dependent interviewing was 
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introduced. This drastically reduced reported change in occupation from 
what were clearly spuriously high levels (Polivka and Rothgeb, 1993). 
However, the extremely low levels of change after dependent interviewing 
was introduced may lie below true levels of change, reflecting respondents’ 
recognition that when asked if a change has occurred, reporting no change 
will lead to the shortest interview because there will be no follow-up ques-
tions about the new job. 

Computerization of data collection makes it possible to do things that 
are either very difficult or impossible with a paper-and-pencil interview. 
The presentation of multimedia information is a straightforward matter 
with CAPI; for example, one might present the respondent with images of 
crops, pesticides, aerial photographs of fields, etc. When the Survey of Con-
sumer Finances moved from paper to the CAPI system, the “don’t know” 
responses for dollar amounts were virtually eliminated because interviewers 
were told to automatically probe the respondents according to a prescribed 
protocol (as noted earlier, the decline in “don’t know” responses was ac-
companied by no significant change in the proportion of refused answers). 
Computerization also makes it far easier to collect paradata in a form that 
facilitates its use for methodological and substantive research, as we discuss 
later in the chapter. This would allow, among other things, the identifica-
tion of items that are difficult for respondents to answer. Similarly, items 
that are given inadequate thought can be identified because their response 
times are too brief. 

In very complex interviews, programming costs for CAPI may be sub-
stantial and considerable time may be required to debug the instrument. 
In a repeated survey in which revisions are gradual, costs are far lower in 
waves after the first one. Effectively, the cost of the initial programming 
would be amortized over many survey administrations. Similarly, other 
costs of transition, such as the programming necessary to extract the data 
in a form that would be comparable to existing processing systems, would 
largely be borne once. 

In light of the now extensive experience with CAPI in other surveys, 
concerns about respondents’ reactions to an interviewer who is entering 
information into a computer strike us as overblown. Farmers, like most 
people in American society, have come to accept—whether grudgingly or 
with open arms—the ubiquity of computers in everyday interactions. If 
there is reason to believe that farmers are a special case—and we do not 
think they are—then this warrants special study. We have no reason to 
think that introducing a computer into the interview would deter participa-
tion in 2007 or beyond.

The one place in which the move to CAPI in the 1990s clearly reduced 
cost was eliminating back-end tasks like data entry (e.g., Baker et al., 1995). 
Otherwise the cost was largely a wash. With ARMS, CAPI would eliminate 
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both the data entry operation and data grooming by interviewer, both of 
which may increase salary costs due to increased time. Moreover, the re-
duced price and increased power of laptop computing since the early days 
of CAPI would almost surely reduce the cost of this transition in ARMS 
compared with the cost in the early days of the technology.

Web-Based Data Collection

Data collection via the Internet offers potentially large cost savings. 
Beyond the initial cost of programming the instrument, the marginal costs 
should be minimal. If such an approach is successful, it would be possible 
to increase the sample size substantially with minimal cost consequences.

However, any change of mode requires careful thought. The experience 
of ARMS with self-administered interviews is largely concentrated in the 
short version of the Phase III interview. A systematic investigation of pos-
sible mode effects in that questionnaire version should be a high priority, 
and it should certainly take place before considering more intensive web-
based data collection. There may also be adverse perceptions of the privacy 
of data entered via the Internet that should be studied.

As with similar concerns about CAPI, the concern that farmers will not 
use the Internet because they lack the computer sophistication to do so also 
strike us as unfounded and demeaning. The Internet is part of modern life. 
In fact, it may be more important in rural than suburban and urban regions 
because it connects people with the rest of the world. Although at present, 
the farm population is somewhat less likely to have access to a broadband 
connections, the difference is apt to shrink in the near future.

Integration of CAPI and Web-Based Collection

Can developing a CAPI questionnaire reduce the costs of developing 
a web-based questionnaire? Because CAPI involves an interviewer but 
web-based collection is self-administered, it is not easy to directly use the 
CAPI instrument on the Internet without some modification. But in survey 
programming languages in which questionnaire “routing” (a specification 
of the logical path between objects in the interview) is created separately 
from question text, as is the case with Blaise and MR interview, it is likely 
that there would be substantial savings in web-based development costs 
and time by adapting a CAPI questionnaire. With careful planning, a 
simple change in the display format, which may be accomplished through 
templates and stylesheets, may be sufficient in many cases to render such 
an adaptation relatively simple. Even with less sophisticated computer 
languages, the question logic of both CAPI and web-based questionnaires 
is likely to be similar, as are the user interface decisions (e.g., check boxes 
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for check-all-that-apply questions, radio buttons for mutually exclusive re-
sponse options). Moreover, there is much overlap between the set of skills 
required to do both kinds of programming, so the same programmers can 
almost certainly do both. 

As noted earlier, the ARMS data collection process as currently struc-
tured appears to require considerable flexibility by the interviewer—for 
example, the ability to navigate between questions in unanticipated order. 
If such nonlinearity cannot be eliminated or substantially reduced by ad-
ditional questionnaire research, CAPI implementation might not be able to 
depend on a standardized approach to instrument development. Nonethe-
less, such systems have been developed and utilized successfully in other 
survey programs for instrument testing, and with creativity they could be 
applied to develop and electronically index to facilitate data collection in 
the field. It is likely that NASS would have to hire or train a small staff 
of dedicated interview programmers or to hire a firm skilled in electronic 
questionnaire development. Despite the possibility of difficulties and ad-
ditional effort to computerize ARMS, we strongly think computerization 
is worthwhile. 

Recommendation 5.4: NASS should move to computer-assisted interview 
and possibly web-based data collection, after research and testing to de-
termine possible effects of the collection mode on the data. CAPI and web-
based data collection will provide opportunities to increase timeliness, 
improve data quality, reduce cost, and obtain important paradata. 

Electronic Devices in Data Collection

NASS has recently experimented with using electronic devices in per-
sonal interviews, such as for locating sample points with GPS devices in 
Washington State and collecting cotton yield objective survey data in North 
Carolina. The resulting research reports, which can be obtained from the The resulting research reports, which can be obtained from the 
NASS website, are summarized below (National Agricultural Statistics 
Service, 2007b). 

In 2004, the NASS Washington field office and the Research and Devel-
opment Division combined efforts to study the practicality of using hand-
held GPS receivers to augment the ARMS Phase II survey data (Gerling, 
2005). Washington field interviewers were supplied with Garmin GPS-72 
receivers to obtain latitude and longitude coordinates of the sampled fields, 
rather than using county highway maps and the DLG Map software, as had 
been done previously.

In general, the field interviewers had few problems using the GPS receiv-
ers. Of the 211 positive usable reports, 22 (10.4 percent) operations had 
fields that could not be accessed by the field interviewer because the operator 
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refused permission to approach the fields or the weather conditions made 
the fields inaccessible. These fields were recorded on county maps and later 
transferred to the DLG Map software to obtain the latitude and longitude 
coordinates. On average, interviewers spent 20 minutes and drove 9 miles 
to obtain the coordinates of each field with the GPS receivers.

The use of GPS devices in data collection has particular promise for 
modernizing and enriching the Phase II data collection, in which a spe-
cific field is the sample unit. Locating the centroid of the field with a GPS 
device would add considerably to the data value of the information. This 
could be done at a surprisingly reasonable cost. The study estimated to-
tal data collection cost to implement GPS receivers for all states for the 
2006 ARMS Phase II sample is at $127,264. The first year’s annual cost 
would be in the range of $50,000, with subsequent years’ costs affected 
by inflation. 

 PDAs are another promising technology. In another experiment, the 
North Carolina field office used PDAs to collect data for the 2004 cotton 
objective yield survey Form B data (Neas et al., 2006). The office developed 
a user-friendly data collection instrument to collect Form B data onto a 
PDA and securely transmit them. Results showed that field interviewers 
could successfully collect and transmit the data via a PDA, providing them 
more quickly, eliminating mailing costs, and improving the overall quality 
of the data, since edit checks were incorporated into the data collection 
instrument. However, conducting a cost-benefit analysis showed that use 
of PDAs in more field data collections and administrative activities would 
be needed to consider them cost-effective. 

Finally, we note that a GPS device can be integrated into a PDA. This 
would facilitate collecting geographic information in the context of the 
PDA-driven data collection. This variant, wedding the promise of GPS for 
the Phase II collection with the advantages of portability offered by the 
PDA, should be tested as well.

Electronic Data Interchange 

Electronic data interchange (EDI) would allow the direct uploading of 
a farming operation’s financial records to a USDA database. This approach 
should be seriously explored as an alternative to conventional modes of 
self-reporting for Phase III data collection. This will require ethnographic 
research to understand the current practices of farmers so that a system can 
be designed to match respondents’ record-keeping practices. 

The record-keeping practice surveys discussed in Chapter 4 can provide 
information on the extent to which respondents maintain their records 
electronically. EDI may be an attractive option for some respondents, par-
ticularly those who would rather not sit through a lengthy interview. If so, 
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this could increase response rates for this subset of respondents and reduce 
interviewing costs. 

The experience of the Current Economic Statistics program at the Bu-
reau of Labor Statistics, which includes substantial research and evaluation, 
provides an excellent starting point. There are, of course, many differences 
between these data (which requests just a few numerical entries) and ARMS 
data (which requests many items in many formats). 

There is a growing usage of standardized electronic book-keeping and 
report preparation packages in the farming sector, and, as standardized 
electronic book-keeping and reporting systems are further promulgated, 
EDI has the potential of seamlessly collecting some common data items, 
often much more quickly and potentially more frequently than is now 
possible. There are, however, several potential roadblocks. Any effort to 
proceed with EDI would need to be sensitive to respondents’ feeling that 
providing actual records directly to a government agency may compromise 
their privacy more than reporting to an interviewer on a question-by-
question basis, in which the respondent and the interviewer are in control 
of the flow of information. Some respondents may require the continuing 
assurances or persuasion of an interviewer to maintain their cooperation. 
For those who want to use a more efficient way of sharing their data, EDI 
ought to be an option. 

DATA CAPTURE, EDITING, AND PROCESSING

ARMS employs a multilayered process of data capture, editing, and 
processing. Interviewers perform an initial review of their interviews with 
the goal of correcting errors; a systematic review of the data occurs in the 
field offices; keyed data at data entry points is carefully monitored; NASS 
data review happens simultaneously with the field office review; and an out-
lier board with representation from both NASS and ERS reviews outliers. 

Supporting this multilayered system are automated tools, both off-the-
shelf and internally developed. PRISM, an interactive data review system 
developed by NASS, allows for interactive review of error listings from 
computerized batch edits and previously submitted data corrections. NASS 
also uses the Feith system to review scanned images of keyed question-
naires and the NASS-developed IDAS tool to review data at both micro 
and macro levels.

These procedures appear to be fully in keeping with standard practices 
for data capture, editing, and processing, and the high degree of sophisti-
cated process automation appears to insure against generation of errors in 
these processes. A defect of the process is that information about changes 
to the data is not systematically retained or is not retained in a way that 
can support methodological research.
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METADATA AND PARADATA

We have identified several points in the process of data collection in which 
errors could be generated—points that, at a minimum, should be transparent 
for full understanding of the meaning of the data. We have suggested that one 
way that NASS and ERS agencies can further assess quality and assist data 
users to evaluate the quality of survey information is through capturing and 
providing supplementary information, known as metadata and paradata. 

Survey metadata provide context that can help in the interpretation 
and use of individual data items and statistical aggregations of them. The 
most basic form of such information is the text of the questions, including 
response options, that elicited the data, and any system of codes needed to 
understand the meaning of open responses. Among many other types of in-
formation, the question text provides the time period for which the respon-
dent has reported activity. This can be critical in making sense of answers.

Another class of metadata consists of indicators that reflect the quality 
of the individual pieces of information collected, such as information on the 
original status of each item (whether it was reported fully by the respondent 
or was missing in a particular way), actions taken that altered the original 
item in terms of content or position in a set of data as a result of editing or 
any form of data processing, comparisons of values to parallel values from 
other sources, particular evidence from initial question testing and design 
that may bear on the content and reliability of the questions asked, among 
others. If answers to a particular question undergo substantial amounts of 
editing, this suggests that respondents may be consistently misunderstand-
ing the question, or when the interview is administered by interviewers, 
that the interviewers may be making systematic errors. If an interviewer is 
involved, some measure of interviewer characteristics can be useful context. 
For example, if experienced interviewers are collecting consistently more 
“no” responses when a “yes” response would lead to an additional set of 
questions, this could suggest that veteran interviewers are subtly biasing 
answers to lighten their burden (and that of the respondents).

Survey paradata include information about the processes that generated 
the final individual data records, which also can be taken to include metadata 
as a subset. The wider categories of paradata can include aspects of individual 
interviewers’ speech, such as whether they read the question exactly as in-
tended, whether they probed for more information; indications of respondent 
effort or uncertainty, such the response latency or changes to initial answers; 
indications of the use of auxiliary information by respondents, such as ad-
ministrative records; case history information on all attempts to interview 
each respondent; an indication of the mode of data collection; information 
on imputation; information about interviewer training and support; cognitive 
evaluations of survey questions; computer routines for data processing and 
imputation; and other systematic processes affecting the final data.
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The collection and recording of metadata varies in difficulty and cost 
depending on the mode of data collection. In particular, computerization 
greatly lessens the monetary cost of collecting some types of paradata, par-
ticularly records associated with the management of cases and the traces 
of screen navigation recorded as mouse clicks and other key entries during 
an interview; up-front programming is typically the only such nonnegli-
gible monetary cost. Such interface actions comprise the vast majority of 
a respondent’s outward behaviors during a web-based questionnaire or 
an interviewer’s behaviors in a computer-assisted interview. Similarly, in-
terviewer and respondent speech can be easily captured digitally and then 
linked to the associated answer, when respondents can be persuaded to give 
permission for such limited recording.

The capture of metadata may also be facilitated by computerization as 
well, because it is a simple matter to merge conditional question wording 
or interviewer information (already entered for a data collection session) 
with the answers. In addition, the main data and their original state are 
known with certainty without the intervention of coding and subsequent 
entry processes that may introduce additional error.

Although a paper-based system of data collection may be made to yield 
some of the same information as more fully electronic systems, the neces-
sary data linkages are often more difficult, and such linkages allow the 
possibilities of new sources of error. In such a system, most acts of creating 
metadata or paradata are inherently costly and thus obvious candidates for 
omission in a world of continuing cost control.

Without at least basic metadata and paradata, it becomes difficult to 
find a well-founded empirical basis for evaluation and improvement of a 
survey under actual field conditions. Without such information, there is 
only the informal (but clearly very important) knowledge embedded in 
the actors in the data collection process. Analysis of systemic information 
may often be difficult or inconclusive, but it is the best hope for informing 
analysts about the quality of the data and the data collection process and 
for plotting future improvements. 

Collection and preservation of metadata and paradata in the ARMS 
program appears minimal and unsystematic.4 A key example is the fact 
that ARMS is not set up in a way that allows for preserving a record of 
the original data. Editing and imputation of various sorts occur in ARMS 
at different levels of data processing, and the information about the out-
comes is not systematically stored apart from the data. To gain a sense of 

4 Several components of the publicly available ARMS documentation may be considered 
to provide metadata (http://www.ers.usda.gov/Data/ARMS/GlobalDocumentation.htm). The 
ARMS data page (http://www.ers.usda.gov/Data/ARMS/) provides a complete variable listing 
(http://www.ers.usda.gov/data/arms/Variables.htm). Also, the ARMS tailored report query tool 
has help buttons with definitions (http://www.ers.usda.gov/data/arms/app/Farm.aspx).
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the reliability of an observation, it is important that data users be given 
a clear sense of how much manipulation has been made to the original 
data; at a minimum, a strange-looking data value might be more credible 
if it had an associated data flag indicating that it had been reviewed with 
the respondent or had been reconciled with other variables in the record. 
Although users may very often want to benefit from the expertise of people 
who process a large technical database like ARMS, they should have the 
opportunity to make their own decisions about how to treat data. 

Data users have a need for tracking and understanding the impact of im-
putations for missing data. The relatively simple conditional mean imputation 
practices used for much of ARMS will generate data that are not appropri-
ate for sophisticated multivariate analysis; for such work, users would need 
to perform their own imputations or use techniques for analyzing partially 
observed data. Within the metadata framework, ERS can provide signals to 
users regarding what values were reported and what values were imputed.

Another critical area in which such knowledge is not recorded in a us-
able form in ARMS is the history of management of individual survey cases. 
Systematic collection and organization of such data on attempted contacts 
with respondents, together with relevant data on interviewer, respondent, 
and neighborhood characteristics, are particularly important for use in un-
derstanding and potentially improving the methods of case administration 
as well as in understanding nonresponse and detecting nonresponse bias. 
In light of the relatively high nonresponse rate in ARMS, making such data 
available should have a high priority.

Highlighting these two issues in no way should be taken to diminish 
the importance of collecting and organizing other metadata and paradata. 
In particular, efforts should begin to collect systematic information on in-
terviewers, to document the processes underlying questionnaire design, to 
document changes in interviewing practices, to note the types of records 
respondents use, to record any special efforts or incentives used in gain the 
cooperation of the respondent, and other such factors.

As ARMS moves toward computerization—a step we advocate in this 
report and that seems inevitable in the long run—it makes sense to build 
the capabilities for capturing and organizing metadata and paradata as an 
integral component of ARMS data collection, processing, and products. 
The need for metadata and paradata makes the transition to digital data 
collection much more urgent.

Recommendation 5.5: NASS and ERS should develop a program to define 
metadata and paradata for ARMS so that both can be used to identify 
measurement errors, facilitate analysis of data, and provide a basis for 
improvements to ARMS as part of the broader research and development 
program the panel recommends.
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Nonresponse, Imputation, 
and Estimation 

In this chapter, the panel explores several important aspects of survey 
management and methodology that have critical roles to play in either 
contributing to or minimizing the error in the estimates. Nonresponse, 

imputation, and estimation are, in the view of the panel, interrelated. 
The high level of nonresponse in the Agricultural Resource Management 
Survey (ARMS) triggers the need for imputation of missing values. Impu-
tation is an important initial step in generating estimates. Each of these 
processes can be a source of nonsampling error. 

UNIT NONRESPONSE 

When a sample unit fails to respond to the survey solicitation (unit 
nonresponse) or fails to complete an item on the questionnaire (item non-
response), it may diminish the representativeness of the sample and thus 
lead to bias. Typical for large-scale sample surveys, ARMS experiences 
substantial unit nonresponse. Nonresponse is readily quantifiable, and, 
possibly as a result, the National Agricultural Statistics Service (NASS) 
has concluded that unit nonresponse is the survey’s biggest source of non-
sampling error.1

In this section we address methods for reporting ARMS nonresponse, 
consider the nature of both unit and item nonresponse in ARMS, and dis-
cuss methods for reducing nonresponse and making nonresponse adjust-
ments in ARMS. 

1 Statement by Bob Bass, NASS, September 28, 2006.
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Response Rates

As might be expected, the response rates reported by NASS vary among 
ARMS phases and years, since the size of the samples and the target audi-
ence varies from year to year. Table 6-1 shows the most recent reported 
and estimated response rates. The response rates are highest for the Phase 
II survey and highest for the Phase III survey in agricultural census years. 
The noncensus year Phase III response rates are the most troublesome, since 
they fail to meet the Office of Management and Budget (OMB) threshold 
of 80 percent, below which the agency must plan for a nonresponse bias 
analysis (U.S. Office of Management and Budget, 2006a, p.8). 

Moreover, these published response rates tell only part of the story. 
The rates for each phase are calculated independently and are shown in 
Table 6-1. NASS computes the response rate for each phase, as defined by 
OMB, that is, the percentage of sample units that was accessible and did not 
refuse the survey. The following formula is used to calculate the response 
rate for each phase of ARMS:

TABLE 6-1 ARMS Response Rates, 2002-2006

Survey Year Sample Size Response Ratea

ARMS screeningb 2006 * 80,000 77.0
2005 * 60,000 77.0
2004 73,376 76.6
2003 16,638 74.5
2002 49,156 76.9

ARMS Phase II production practices 2006 * 5,500 80.9
2005 * 5,500 80.9
2004 4,755 80.6
2003 8,148 79.5
2002 3,421 79.2

ARMS Phase III cost and returns 2006 * 30,000 72.0
2005 34,203 70.5
2004 21,075 67.7
2003 33,861 62.8
2002 18,219 74.0

aIncludes operations that responded but were out of scope.
bARMS screening identifies operations that have target commodities for Phase II and for the 
vegetable chemical use survey.
*Estimated. 
SOURCE: National Agricultural Statistics Service, 2005 (updated by the agency).
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Response rate for Phase k = nk - Refusalk - inacessiblek

                                                                               nk

Where:  k denotes the specific phase of the ARMS (e.g. I, II, or III)
 nk is the Phase k sample size
 Refusalk is the count of samples units that refused to respond to  

 Phase k of the survey
 inacessiblek is the count of sample units that were inaccessible  

 (unable to be contacted) during Phase k of the survey

These independently computed rates do not take into account nonre-
sponse from the previous phase(s). For certain uses, this is appropriate. For 
example, to assess the success of enumerators in a given phase, one needs 
to know the number of completed questionnaires divided by the number 
of units that were to be contacted. However, for assessing error in the sur-
vey estimates, the denominator should also include eligible units from the 
original sample that would have been contacted if not for their nonresponse 
in an earlier phase. 

Put differently, in a survey with more than one phase, nonresponse 
typically cumulates from phase to phase. For example, the 2005 Phase II 
response rate is reported as 75.3 percent. This calculation appropriately re-
flects the success of the Phase II survey operation in securing responses, but 
it does not reflect the fact that the sample comes from the Phase I survey, 
which had its own nonresponse. Thus, the Phase II response rates reported 
in the table overstate the proportion of the eligible sample that participated 
in Phase II (and likewise for the Phase III rates). 

NASS calculates but does not publish a cumulative response rate for 
ARMS. In essence, response rates for sample components that participate 
in more that one phase of ARMS are adjusted by the response rate for 
that component in prior phases to arrive at a cumulative response rate for 
each component. The sample size of the component proportionate to the 
total sample size for all components in the given phase is used as a weight 
to composite the cumulative response rates for a phase. To complicate 
matters, the cumulative response rate for ARMS takes several different 
computational schemes, depending on the relationship of the particular 
component to prior phases. The steps in the computational scheme are 
shown in Box 6-1.

The cumulative response rate for Phase III is shown in Table 6-2. Ac-
cording to the steps shown above, it is computed according to the following 
formula:
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Cumulative response rate for Phase III = 
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Where: R�i is the Phase I response rate for component i
 R�i is the Phase II response rate for component i
 R�i is the Phase III response rate for component i
 n�i is the Phase III sample size for component i
 n�t is the total sample size across all components for Phase III

BOX 6-1  
Steps To Compute a Cumulative Response Rate for ARMS

Step 1: Adjust each component for prior phases.

Phase	III	Production	Practices	and	Costs	Report—The	only	traditional	Phase	III	
component	progressing	through	Phase	II	is	the	PPCR	component.	Calculate	the	
adjusted	Phase	III	response	rate	by	multiplying	the	Phase	I,	Phase	II,	and	Phase	
III	response	rates.

Costs	and	Returns	Report	(CRR)	Components—These	components	only	require	
adjustment	for	Phase	I.	Therefore	the	adjusted	CRR	response	rates	are	the	prod-
uct	of	the	corresponding	Phase	I	and	Phase	III	response	rates.

CRR	NOL	(not	on	list)	Component—The	ARMS	Area	component	does	not	par-
ticipate	in	prior	phases	and	requires	no	adjustment.

Step 2: Calculate the proportional weight based on sample size for each 
component.

Calculate	the	proportional	sample	weight	by	dividing	each	component’s	Phase	III	
sample	size	by	the	sum	of	the	samples	sizes	from	all	Phase	III	components.

Step 3: Weigh the adjusted response rates.

Calculate	the	adjusted	weighted	response	rate	for	each	component	by	multiply-
ing	the	component’s	adjusted	response	rate	(step	1)	by	the	proportion	of	sample	
weight	(step	2).

Step 4: Sum the adjusted weighted response rates.

Sum	the	adjusted	weighted	response	rates	from	each	component.	
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The proper portrayal of the true extent of nonresponse for understand-
ing the nature of the problem requires that NASS routinely make available 
not only a cumulative and unadjusted response rate, but also the informa-
tion needed to independently compute response rates across phases of the 
survey. This involves showing the disposition of all cases, particularly how 
the cases in Phase II and Phase III trace back to Phase I. For example, some 
cases are not in scope for the survey, either out of business or not producing 
the commodity of interest for Phase II. In tracing these case dispositions, 
NASS should develop a set of categories that reflect the ARMS survey, but 
also that take into consideration the categories specified by the American 
Association for Public Opinion Research and other sources (2006; see also 
Hidiroglou et al., 1993). Given their differential selection probabilities, this 
information should be presented separately for the 15-state oversample and 
the remainder of the sample.

Recommendation 6.1: NASS should routinely report ARMS case disposi-
tions linked across survey phases to provide the foundation for appropriate 
response rate calculations for Phases II and III.

We also note that interviews from the 15-state oversample carry smaller 
weights in the production of national estimates and thus should contribute 
correspondingly less to the overall response rate. A weighted response rate 
is therefore the most appropriate one to report. NASS would increase an 
understanding of the extent of nonresponse with this information to report 
weighted response rates for each survey phase, appropriately reflecting the 
nonresponse from the preceding phase(s).

Recommendation 6.2: All published ARMS response rates for Phase II 
and III should be calculated to reflect the nonresponse from the preceding 
phase(s). 

Nonresponse Error

As important as it is to get the response rate right, the response rate is 
not a measure of nonresponse error, despite its often being used as if it were. 

TABLE 6-2 Unadjusted and Cumulative Response Rate for 2005 ARMS 
Phase III

Unadjusted (%) Cumulative (%)

Response 70.5 51.9

Refusal 23.7 6.2

Inaccessible 5.8 1.3
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Nonresponse error is a joint function of the proportion of nonrespondents 
and their distinctiveness. Thus response rates measure only the potential for 
nonresponse error (Groves, 2006).

Although the potential nonresponse error increases as the nonresponse 
level grows, recent research has found that actual nonresponse bias may 
sometimes be unaffected by increases in the nonresponse rate. Keeter et 
al. (2000), Curtin et al. (2000), and Merkle and Edelman (2002) found 
little, if any, connection between nonresponse rates and nonresponse bias, 
and Groves (2006) reported only a small association between nonresponse 
level and nonresponse bias in a meta-analysis of studies that had validation 
measures. These findings suggest that at least some of the characteristics 
measured in surveys are either uncorrelated, or only weakly correlated, with 
the causes of nonresponse (Groves et al., 2004). Other characteristics, of 
course, will be more strongly associated with nonresponse. It is generally 
impossible to judge a priori which outcome is more likely to occur.

Unlike unit nonresponse rate, which is a characteristic of a survey, unit 
nonresponse error is a feature of a survey estimate. The same survey may 
generate estimates containing widely varying nonresponse errors. For ex-
ample, the ARMS estimate of farm income could have serious nonresponse 
bias at the same time that its estimate of pesticide use had no nonresponse 
error. Moreover, even if the ARMS estimate of the univariate distribution 
of farm income did have nonresponse bias, this would not mean that the 
ARMS estimate of the multivariate farm income distribution (say, how 
income is related to acreage and pesticide use) also had nonresponse bias. 
Just as there is no necessary connection between the nonresponse errors 
of different variables in the same survey, there is no necessary connection 
between the nonresponse errors associated with descriptive uses of a survey 
(involving a focus on means and totals) and the nonresponse errors asso-
ciated with analytic uses of the same survey (involving a focus on model 
coefficients).

As far as we know, attention in ARMS has focused largely on the 
nonresponse rate, as opposed to nonresponse error. A shift in emphasis is 
therefore warranted. Research should focus on the nature of the ARMS 
nonresponse bias. If call-record histories are available, an inexpensive first 
step is to run simulations of the impact of reductions in response rate from 
the existing level. That is, estimates from ARMS can be compared with esti-
mates from the same survey deleting the last (and probably most expensive) 
5 percent (or 10 percent, or more) of the cases. (If call-record histories are 
not available, the survey should change its archiving practice for the next 
round of data collection.)

Given sufficient uniformity in the management of fieldwork, these 
simulations would provide a rough approximation of the impact of various 
increases in unit nonresponse from the current level. Equally important, the 
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results could provide clues to the effects of various levels of nonresponse on 
estimation bias. If “last” cases are more similar to actual nonrespondents 
in ARMS than to other respondents, this procedure could give guidance to 
field management strategies that would reduce overall nonresponse bias. 
Another approach might be to use a nonresponse follow-up survey—a 
sample of nonrespondents—to obtain at least summary information on key 
characteristics of nonrespondents. Interviewer observations of nonrespon-
dents and capture of detailed reasons given for not participating might also 
provide valuable insights. In light of the high nonresponse rates in ARMS, 
the project should be using a variety of methods to understand the non-
respondent population.

Without this kind of information, researchers make survey design 
changes aimed only at increasing the overall response rate (or stemming 
the overall decline in response rate). But in terms of data quality, decreasing 
bias is generally viewed as relatively more critical than increasing statistical 
efficiency through obtaining more completed interviews, although efficiency 
is, of course, important. If it is possible to raise the response rate close to 
100 percent and cost is no object, then maximizing the response rate is 
the best strategy. But if this is not possible and if sufficient information 
is available, then efforts to target certain subgroups are likely to lead to 
greater bias reduction than those targeted at the entire sample. It is possible 
that strategies to reduce the overall nonresponse rate could even increase 
nonresponse bias, if they are disproportionately effective at increasing the 
response of groups that are already overrepresented. Strategies for reducing 
nonresponse bias (as opposed to those for reducing the overall nonresponse 
rate) can be cost-effective when there is information about the composition 
of the nonrespondents. Although such information is unlikely ever to be 
detailed enough to enable survey managers to target respondents to reduce 
nonresponse bias, collection and analysis of such information should be 
an important and routine part of the survey operation in developing cost-
effective survey management protocols.

Recommendation 6.3: The nature of the ARMS nonresponse bias should 
be a key focus of the research and development program the panel recom-
mends. This research and development program should focus, initially, on 
understanding the characteristics of nonrespondents.

Methods for Reducing Unit Nonresponse

Despite the preceding discussion, it is very likely that reduction of 
nonresponse in ARMS should remain a priority, albeit one more informed 
by study of survey processes and what can be learned about nonrespon-
dents. Because nonresponse at the high rates observed in ARMS introduce 
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substantial uncertainty about the nonrespondent population, the program 
should also remain mindful of the importance of addressing the concerns 
of sample members that lead to nonresponse.

All responses in ARMS are voluntary. Thus, establishing interest among 
respondents and enhancing the survey’s credibility may be important in 
improving response rates. The U.S. Department of Agriculture (USDA) 
publishes advertisements in trade journals and preinterview letters are sent 
to sample members. The outreach program solicits active cooperation of 
commodity interest groups and other private organizations, and, in a spe-
cial pilot study, a one-hour program was produced and televised nationally 
in September 2004 and February 2005 to promote the 2004 ARMS. In all, 
11 percent of respondents completing the 2004 ARMS Phase III economic 
enterprise (face-to-face) version indicated that they had seen the program 
(National Agricultural Statistics Service, 2005, p. 22). Another one-hour 
program was produced and televised during similar time frames for the 
2005 ARMS. The panel thinks that further work along these lines is mer-
ited, and it would be enhanced by more rigorous evaluation efforts.

Timing of the phases of the survey may also affect survey cooperation. 
Part of Phase II occurs during the busy harvest season. Phase III occurs in 
the spring, typically before the busy planting season, which may impose 
less of a burden on operators’ schedules. This timing may also be well 
suited to minimizing recall errors (e.g., requesting information on revenues 
and expenses in early spring is advantageous because many operators will 
have recently completed their tax returns). As far as we know, there is no 
systematic research that establishes how survey timing is related to ARMS 
data quality. Thus the design and interpretation of the research and de-
velopment we have recommended on both nonresponse and measurement 
might consider the issue of survey timing. 

The survey has also experimented with the use of incentive programs to 
increase response (as well as response quality). Incentives research was con-
ducted in 2004 on the ARMS Phase III core questionnaire that is mailed to 
respondents. The incentive was a $20 ATM debit card. NASS also offered 
a $20 debit card with the spring phase in 2005 to 16,000 sample units. The 
overall percentage of households cashing the card was 33-35 percent, or 40 
percent of respondents and 3 percent of nonrespondents. Of those who got 
the card after responding to the survey, the rate was 60 percent. Offering 
the card led to a 6-7 percent increase in response rates for the mail returns. 
In addition, in 2006 NASS plans to provide customized data products to 
some respondents as a postincentive. For sufficiently complete returns, a 
brief report will be provided comparing the respondent’s responses with the 
published summary responses for the respondent’s geographic area. 
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Recommendation 6.4: The research and development program should con-
tinue NASS’s work on both public relations and incentives, and it should 
do so with a focus on nonresponse bias, not simply nonresponse rate.

One far-reaching potential change to improve nonresponse has not 
been employed: that is, to make ARMS mandatory. Since 1997, ARMS and 
the Census of Agriculture have been integrated during census years (years 
ending in 7 and 2) to reduce respondent burden. ARMS content is reduced 
during census years to facilitate the integration. There were also changes 
in question wording to provide more consistency between the census and 
ARMS, which has allowed certain census variables to be refreshed annually 
with ARMS. The response rate is better in census years. This may be due to 
the fact that the census is mandatory, and the farms selected for both ARMS 
and the census in the census years may tend to treat ARMS as mandatory. 

The heightened response in years in which the content is reduced and 
respondents may believe the survey to be mandatory affords the possibil-
ity of comparing ARMS results in census years with those in noncensus 
years, and, depending on the findings, to consider whether action should 
be taken to make ARMS mandatory, as are the annual Census Bureau eco-
nomic surveys. Comparison of response rates within groups in the census 
and noncensus years may also lead to a greater understanding of potential 
sources of nonresponse bias.

Recommendation 6.5: The research and development program should 
analyze whether there are differences in ARMS unit and item nonresponse 
rates between census and noncensus years, with an eye toward deciding 
whether making ARMS mandatory would improve data quality.

ITEM NONRESPONSE

According to NASS, item missing data varies across the variables mea-
sured in ARMS. Table 6-3 shows the distribution of variables in the 2004 

TABLE 6-3 Percentage Distribution of Variables by Missing Data Rate, 
ARMS Phase III, 2004 

Refusal/Unknown Rate

10% or more 4.1
5 to 9.99% 11.5
1 to 4.99% 26.0
0 to 0.99% 58.4
All 100.0
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Phase III survey by missing data rate. To support this summary table, we 
were provided a considerable amount of response data by variables (item 
codes). However, response rates by variables and characteristics of respon-
dents were not available due to confidentiality concerns.

Many of the items with the highest rates of nonresponse involve dollar 
amounts for such things as assets, income, and debt. There is evidence from 
other surveys that this problem can be minimized through questionnaire 
design approaches, such as using respondent-generated intervals rather than 
point estimates (Press and Tanur, 2000; Juster and Stafford, 1991). These 
approaches should be a focus of the research and development program 
the panel recommends.

As noted in Chapter 5, there is concern that the ARMS questionnaire 
is quite complex and burdensome. One effect may be that respondents 
might provide false answers in order to avoid additional questions or that 
interviewers might steer respondents or fill in responses on their own. If 
such behavior occurs, it could represent an important latent form of non-
response. This possibility further underscores the need for the ARMS pro-
gram to do systematic research on how the questionnaires are perceived, 
how they are administered, and how they are answered. To some degree, 
such behavior can be detected by including consistency checks within an 
interview.

Recommendation 6.6: The research and development program should ex-
amine how questionnaire design and interviewing changes could reduce 
item nonresponse 

IMPUTATION

When variables are imputed, originally missing data are replaced with 
values generated by an assumed model for the nonrespondent data, so that 
analyses and summarization can more effectively be performed. The most 
common methods that statistical agencies employ for imputation are based 
on replacing missing values with reported values from other units in the sur-
vey, or mean values for that variable for respondents in a similar group, or 
values generated by other model-based methods. Imputation is useful, even 
necessary, to support analysis and summarization, but if it is improperly 
done, imputation can introduce nonsampling error and attenuate measures 
of association among variables. 

The imputation processes discussed in this section are not to be con-
fused with changing data that are regarded as erroneous. Errors, which are 
typically discovered using logical comparison programs, usually reflect con-
flicts between the responses on a record: for example, a record reports no 
spouse but reports earnings by a spouse; or a record reports that 1,000 hogs 
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in total were removed from the operation in Section C, but also reports that 
10,000 hogs were removed under a production contract in Section D. As in 
these examples, the inconsistencies may reflect simple transcription errors. 
NASS statisticians are careful about identifying and correcting errors—that 
is, conflict doesn’t necessarily imply error, and survey forms and notes are 
closely checked to provide further evidence, before any changes are made 
(in the examples above, other responses, such as age or ethnicity queries for 
the spouse or payments received for the hogs, give further clues as to the 
correct entry). Errors may be corrected manually, but the process should 
not be confused with imputation procedures. 

Imputation is a more formal process in ARMS and is a shared responsi-
bility between NASS and the Economic Research Service (ERS). ARMS sur-
vey items are divided into two categories—those for which a response must 
be provided (either by the respondent or by a NASS statistician) and those 
that can be initially coded as a nonresponse. For a questionnare to be “com-
plete,” respondents must provide physical data on acreage, production, and 
farm production expenses. These items are not subject to imputation. For the 
items that must have a response, a NASS statistician typically uses manual 
methods to input data when the respondent can’t provide an answer. 

About 75 percent of ARMS Phase III survey items fall in the category 
of items that can be individually refused. Refusals are designated with a 
minus 1 (–1) entry in the record. Using the 2005 version 1 Cost and Returns 
Report (CRR) questionnaire as an example, 523 items could be individu-
ally refused.

In order to meet mission requirements for developing annual farm busi-
ness and farm household financial estimates, ERS designates a set of items 
for which imputed values must replace item refusal codes on completed 
questionnaires. Some of the imputations are performed by NASS and some 
are performed by ERS. In general, NASS creates imputations that can be 
based on mean reported values for farms that fall into the same location, 
farm size, and farm type categories as the refusal. ERS performs more com-
plex imputations for farm and household financial refusals. The division of 
labor also reflects program needs: in general, NASS doesn’t produce statis-
tics for farm households, whereas ERS does, so ERS develops the needed 
farm household imputations.

At the request of ERS, NASS employs model-based imputation data for 
a small subset of the items that can be initially coded as nonresponses. The 
remaining items remain coded (using –1 as a value) as nonresponses. Again 
using the 2005 CRR example, ERS asked NASS to replace refusal codes 
with imputed values for 100 of the 523 refusable items (the “cost of pro-
duction” ARMS versions 2-4 add many more refusable items, and the total 
number of refusable items across all versions exceeds 1,400). The NASS 
imputations are concentrated in three sections: 27 in Section E (other farm 

Understanding American Agriculture: Challenges for the Agricultural Resource Management Survey

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11990


��� UnDeRStAnDing AMeRiCAn AgRiCUltURe 

income), 15 in Section G (farm assets), and 44 in Section I (farm manage-
ment and use of time), on which refused items on labor hours allocations 
(items 25 and 26) are imputed. 

In the research databases, items that cannot be refused and items that 
are imputed by NASS are coded with a “P” prefix along with the cell num-
ber2 printed on the response box in the questionnaire. Thus, P508 in 2005 
refers to cell number 0508 on the survey (cash or open market sales of hogs 
or pigs), and the P designation indicates that there are no nonresponse codes 
for that item. Other items, which could have nonresponse codes in the data 
delivered to ERS, are coded with an “R” prefix. Thus, R1241 refers to cell 
number 1241 (the year in which the principal operator began any farm 
operation), and the R indicates that the survey statistician can enter a –1 if 
the respondent doesn’t know or refuses to provide an answer.

ERS imputes values to replace refusal codes for about 40 of the remain-
ing refusable items. These items are necessary to produce farm business and 
farm household financial estimates. One item is in farm assets (Section G) 
and 3 are in farm debt (Section H). The remainder are in Sections I (farm 
management and use of time) and J (farm household), with the bulk in 
Section J. They cover questions on off-farm income earned by the operator 
household, operator household and family living expenses, nonfarm assets 
and debt held by the operator household, and operator and spouse charac-
teristics (age, gender, education, and occupation). Those items are redefined 
as named variables, and the research database includes the named variables 
as well as the original R-prefixed items. ERS also creates other named 
variables, and some may be combinations of survey responses (P- and/or 
R-cells). For example, “total off-farm income” is a named variable that is 
a combination of cells, and so is “farm business income.” Some of those 
named variables may have an imputed R-cell as a component. 

To summarize, about 75 percent of the survey items can be coded 
with refusal codes. Nonresponse is imputed on about 13 percent of those 
items, 10 percent by NASS and 3 percent by ERS. Items that are subject to 
imputation by ERS are renamed as “named variables,” with the original 
data retained in the database as “R-cells.” ERS then creates more named 
variables, usually from combinations of items, and many of these may have 
imputed data in them.

For the first rounds of imputation, NASS employs both manual and 
model-based imputation. Manual imputation is used when a questionnaire 

2 The cell number corresponds to the item code printed inside or adjacent to the response 
box. The cell number or item code is used for key-entry purposes. After the data are keyed, 
the data are placed in a data file. In the excerpt above, fields in the data file are given vari-
able names (labels) based on the cell number corresponding to the response box that was the 
source of the data value.
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is partially completed and may be completed using the knowledge of the 
state’s agricultural experts in the field offices, based on whatever informa-
tion they have about the farm operation and the knowledge they have of 
local and market conditions from reported data from other recent surveys 
or data from other sources. Examples of data from other sources are (a) 
the average of amount charged or paid by the corresponding contractor for 
similar arrangements as reported by the contractor, (b) corresponding local 
averages from other government or industry sources, or (c) data from state–
law based mandatory reporting or Farm Service Agency applications.

In their model-based imputations, NASS uses an algorithm that assigns 
values based on the mean value of valid sample values with reported data 
from respondents identified as “donors,” conditional on a small set of cat-
egorical variables, including region, state, sales class, farm size, and type of 
farm. If there are fewer than 10 donors in a group, then a fallback group 
is used. (In 2005, a fallback group was not necessary for 77.8 percent of 
missing data.) When appropriate, a relationship between two items is used 
to improve imputation—for example, categories of reported owned acreage 
are used to impute the value of owned land. 

Some variables are more likely to be imputed by NASS than others. The 
majority of imputed items can be attributed to three groups: farm labor, 
other farm income, and farm assets. The most common imputed data cell 
is depreciation expenses, which was imputed 2,757 times. In total, NASS 
imputed 40,253 values (7.6 percent of the total number of nonzero values) 
in 2005.

ERS responsibility for imputing data items focuses on items that have 
been identified as important to meet its mission requirements for the an-
nual development of farm operation/farm operator household financial and 
structural characteristics. These imputations are also selected on the basis 
of the value of the financial and structural variables that are required for 
the creation of the ERS ARMS Phase III research file. The methodology for 
imputing these items is discussed below.

ERS can be said to impute data by using “like” information in a broad 
sense. But determining what constitutes such information is particularly 
complex for the ARMS Phase III questionnaire, in which questions and 
the definition of the data items may vary from version to version of the 
survey. 

Sometimes ERS aggregates input variables to the imputations differ-
ently from the underlying data, and separate models must be developed 
for different versions of the questionnaire. For example, off-farm income 
from the collective category of “disability, retirement, Social Security, un-
employment, Veteran’s benefits, other public retirement and public assis-
tance programs” is collected separately for the farm operator, that person’s 
spouse, and other family members in version 1 of the questionnaires. In all 
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other versions of the questionnaire, income in this category is reported for 
the operator’s household and not separately by type of household member. 
Because of these differences, imputation of the total amount of this income 
component takes place in two steps. ERS imputes the missing values of 
retirement income for each of the operator, spouse, and other household 
members in the version 1 using average values calculated by age and educa-
tion classifications of the primary operator. ERS also imputes missing values 
of the total amount of household income in this category in the other ver-
sions. Imputation for versions 2-5 is based on data from all versions, since 
the conditional means needed for imputation require the use of weights that 
are available only for observations in version 1 and the set of all observa-
tions. At other times, ERS imports data from other parts of the question-
naire to aid in imputation. For example, to impute the amount of debt for 
farm operation loans in three categories (short term, real estate with a term 
over one year, and uses other than real estate with a term of over one year), 
ERS uses information reported in the farm debt and farm expense sections 
of the survey. On version 1, debt is collected by lender while on the remain-
ing questionnaire versions it is collected in the three required categories. 
Debt on version 1 is first combined into the three categories. A category (for 
example short term debt) is classified as a refusal if debt is refused for one 
or more lenders in that category. When one or more categories of debt is/are 
refused total debt is imputed based on total reported interest expenses (real 
estate plus nonreal estate). Debt by category is then computed (by farm size 
and type) for reporting farms. This information is then used to divide total 
imputed debt into the three required categories.

These complex, individualized, and somewhat judgmental imputation 
schemes apply to several other key items, which are handled in a special 
manner due to structural differences in the versions of the questionnaire: 

• Off-farm net income from any other farms, income from any other 
business, and income from renting farmland to others.

• Off-farm income from interest, dividends, and other off-farm 
income. 

• Total proceeds from the sale of farm and nonfarm assets and rec-
ognized gain or loss on the sale of capital.

• The number of persons who lived in the primary household as of 
December 31. 

• The components of nonfarm assets, nonfarm debt, and consump-
tion expenditures of the operator household.

There are some other potential problems with the imputation prac-
tices used in ARMS. Imputation relies on the use of conditional means as 
estimates of missing values. For survey estimates of simple univariate-level 
statistics or such statistics cross-classified by a couple of variables, such 
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an imputation process should be generally adequate. However, estimates 
of variability in the data will usually be artificially reduced. Except when 
actual values have an exact relationship with variables used to condition the 
mean estimate, the true values of the missing data should have a distribu-
tion of values, rather than the simple set of imputation values. Moreover, 
when more complex multivariate relationships are estimated, this approach 
to imputation may lead to estimates that are statistically inefficient at best 
and biased at worst. The reason for these problems is that conditional 
mean imputation generally cannot condition on a sufficiently large set 
of variables to maintain relationships between the variables imputed and 
all variables that might be included as related variables in a multivariate 
analysis. A more broadly conditioned and explicitly model-based approach 
to imputation would preserve important relationships. Such an approach 
would also make it simpler to create multiple imputations, which would 
provide a straightforward means for estimating the degree of uncertainty 
in the ARMS estimates that are due to missing data. 

In judging the adequacy of the current ARMS imputation procedures, 
the panel refers to the following criteria (Charlton, 2007): 

• Predictive accuracy. The imputation procedure should maximize 
preservation of true values. That is, it should result in imputed values that 
are close as possible to the true values.

• Ranking accuracy. The imputation procedure should maximize 
preservation of order in the imputed values. That is, it should result in 
ordering relationships between imputed values that are the same (or very 
similar) to those that hold in the true values.

• Distributional accuracy. The marginal and higher order distribu-
tions of the imputed data values should be essentially the same as the cor-
responding distributions of the true values.

• estimation accuracy. The imputation procedure should lead to 
unbiased and efficient inferences for parameters of the distribution of the 
true values (given that these true values are unavailable).

• imputation plausibility. The imputation procedure should lead to 
imputed values that are plausible. In particular, they should be acceptable 
values as far as the editing procedure is concerned.

In the panel’s view, although the current methodology for imputing 
with partial nonresponse may satisfy the first criterion for means, totals, 
and perhaps for ratios, it can lead to poor results when the analyst is inter-
ested in distributional properties of the population.

Another concern was brought to the panel’s attention by members of 
the research community who use the ARMS data. Good statistical practice 
is to identify when data have been imputed. The Federal Committee on Sta-
tistical Methodology has argued that, at a minimum, data users should be 
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able to identify the values that have been imputed and the procedure used 
in the imputation. This transparency permits users the option to employ 
in their analyses their own methods to compensate for the missing values 
(Federal Committee on Statistical Methodology, 2001, pp. 7-8). This is 
particularly important when the individual record data are made available 
for research and other purposes. Failure to flag imputed data may affect the 
reliability of variables derived from the databases, and it will cause users 
often to overstate the statistical significance of their results

ARMS fails to identify the imputed data, but it is possible to ferret out 
the imputed from nonimputed values with a bit of work. Since the original 
R-cells are retained on the research database, those with an indicator of –1 
are refusals. The associated named variable includes the imputed value, so 
a researcher can identify when an imputation has been made and can also 
identify the imputed value, by comparing R-cells with associated named 
variables. In order to do so effectively, external researchers need to be 
provided with much more guidance on ERS imputation procedures and a 
concordance that links named variables to those R-cells that are subject to 
imputation by ERS. Another option would be to simply flag the imputed 
values.

Recommendation 6.7: NASS and ERS should consider approaches for im-
putation of missing data that would be appropriate when analyzing the 
data using multivariate models. Methods for accounting for the variability 
due to using imputed values should be investigated. Such methods would 
depend on the imputation approach adopted.

Recommendation 6.8: All missing data that are imputed at any stage in the 
survey should be flagged as such on files to be used for analysis.

ESTIMATION 

The estimation method is one of the determinants of the size of the er-
ror in the estimates. Generally speaking, statistical agencies seek to employ 
estimation methods that result in both the smallest bias and the smallest 
sampling variance (Statistics Canada, 2003). However, due to its unique 
design, some of the standard estimation methods are not available for 
ARMS. For example, use of estimation methods that exploit the correlation 
over time in periodic surveys, with a large sample overlap between occa-
sions so that data from previous rounds can be used as auxiliary variables 
(composite estimation), is not possible in ARMS because of the lack of 
sample overlap.

Because of informational constraints and institutional traditions, the 
estimation of ARMS statistics at NASS appears to be quite unconven-
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tional. ARMS estimation is a carefully choreographed multistage process 
that involves multiple inputs, including extra-survey inputs.3 This process 
derives from a long-standing tradition at USDA to develop estimates based 
on collected information filtered through a board process that applies the 
expertise of NASS and ERS staff who are selected to serve as members and 
their knowledge in the generation of the official estimates. The statistical 
estimates computed directly from ARMS, which in other government sur-
veys might be considered the final estimates, are treated as “indications” 
in a larger process of estimation. The process is intended to maximize the 
use of what is believed to be the best information and to ensure consistency 
with other estimates that are published by USDA. 

The estimation process at NASS begins rather conventionally with the 
stages of imputation and editing followed by estimation (called summary 
activities). It then begins to take a path that is distinct for USDA surveys, 
proceeding along the following steps:

1. Traditional nonresponse adjusted summary.
2. Calibration and preliminary calibrated summary
3. Outlier identification and replacement (Outlier Board)
4. Rerun calibration and summarization incorporating outlier re-

placement (Final Calibrated Summary)
5. Establishment of farm production expenditures estimates at the 

national level (U.S. Farm Production Expenditures Board)
6. Establishment of farm production expenditures estimates for 5 

farm production regions (Regional Board)
7. Establishment of state-level farm production expenditures (State 

Board)
8. Establishment of final estimates for economic class, farm type, and 

fuel subcomponent expenditures

Summary. During summary, variances are computed using the delete-a-
group jackknife method. The output from the summary is called an “indi-
cation” rather than an estimate. 

Two summaries are created: a traditional nonresponse-adjusted sum-
mary and a calibrated summary. For the former, traditional nonresponse 
adjustments (reweighting) are made and direct expansions are computed for 
all items, including the production items. The expanded number of farms 
from the ARMS is compared with the NASS official estimates for farm 
numbers to evaluate the level of representation of the responding sample. 
Weights are scaled using the official farm number estimates as targets. 

3 NASS “Estimation Process” presentation given at the ARMS III Workshop, July 2006; and 
NASS “Estimation Manual,” 2006.
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However, for the calibrated summary, no traditional response adjustment 
is applied prior to calibration, since calibration is presumed to adjust for 
nonresponse as well as coverage.

Traditional nonresponse summary indications and preliminary cali-
brated summary indications are reviewed by the NASS field offices. When 
outlier adjustments are recommended, documentation is provided to the 
National Expenditures Board to use in determining whether to make a 
change.

Calibration and Preliminary Calibration Summary. The ARMS estimation 
process actually begins with the calibrated summary. “Calibration” is a 
general term for a sampling-weight adjustment that forces the estimates 
of certain item totals based on the sample at one phase of sampling to 
equal the same totals based on a previous phase or frame (control) data. 
As employed by statistical agencies around the world, calibration is a com-
mon and accepted procedure for adjusting for unit nonresponse and for 
undercoverage. NASS includes a sample of nonoverlap (NOL) farms in the 
original sample as discussed on Pages 4-5 and 4-6. This provides a direct 
measure of list incompleteness for all survey indications.

Since the 2004 ARMS a calibrated summary had been produced. A 
multivariate calibration has been performed which uses official estimates 
from other survey sources (14 listed items) to assess the level of represen-
tation of the responding sample. At that time, the decision was made to 
confound the nonresponse adjustment with the coverage assessment. The 
term “coverage” may or may not include list incompleteness and can be 
overcoverage as well as undercoverage. In ARMS, the NOL farms address 
list undercoverage, but they are eligible for calibration adjustments.

At this point, NASS adds another step to meet another goal. In the 
process of calibration, NASS uses truncated4 linear calibration to meet 
predetermined official estimates for acreage and production for specific 
items raised on the farms, called calibration targets (see list below). The 
ARMS weights are adjusted so that the ARMS survey replicates the control 
totals for these 14 items. The expenditure estimates are then regenerated 
with these “calibrated” weights. This calibration process ensures that the 
ARMS data replicates the official NASS estimates for the 14 selected crop 
and livestock items set by the board process.

The following official NASS estimates are used as calibration targets:

 1. Corn for grain, harvested acres
 2. Wheat for grain, harvested acres
 3. Soybeans, harvested acres

4 Calibrated weights are constrained to be greater than or equal to one, in the belief that each 
respondent should at least represent itself. Other constraints may be applied as appropriate.
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 4. Cotton, all, harvested acres
 5. Potatoes, harvested acres
 6. Vegetables acres (sum of fresh and processing)
 7. Fruit and Nut acres (sum of 28 fruits and nuts)
 8. Broilers raised
 9. Turkeys raised
10. Eggs produced
11. Cattle inventory
12. Pig inventory
13. Milk production
14. Number of farms (by 7 economic sizes)

Outlier identification and Replacement. The total calibrated expenditures 
are used to determine objective decision rules for identifying outliers. These 
are referred to the respective Field Offices for closer examination. Field 
Offices check for undetected non-sampling errors, review the history of 
the respondent, and develop a more detailed profile of the operation. This 
information is used by the Outlier Review Board to decide on a consensus 
course of action. These actions are posted to the dataset and the same cali-
bration procedure is rerun with these additional constraints using the 14 
external targets listed above. 

Review of Final Summary. After calibration, the calibrated summary is 
rerun. These regenerated indications are delivered to the National Expendi-
tures Board and the field offices. All field offices again review the indications 
and write comments, which may be presented to the National Expenditures 
Board. During this time, NASS and ERS staff prepare for the National 
Expenditures Board.

Preparation of Official estimates. The National Expenditures Board sets 
farm production expenditure estimates. The National Expenditures Board 
consists of about 20 NASS and ERS representatives, and, since 2006, 
state board members. In a consensus process, it sets 16 farm production 
expenditures estimates5 at the U.S. level, and sets the stage for subsequent 
establishment of expenditure levels for farm regions, states, and economic 
class, farm type, and fuel subcomponents. Later, the board sets estimates 
for the 5 farm regions, and, supplemented by representatives of the states, 
sets estimates for the 15 largest agricultural states.

The estimation process has four major inputs: estimates from the previ-

5 Farm production expenditure estimates are prepared for feed, farm services, rent, agricul-
tural chemicals, fertilizer, lime and soil conditioners, interest, taxes (real estate and property), 
labor, fuels, farm supplies and repairs, farm improvements and construction, tractors and self-
propelled farm machinery, other farm machinery, seeds and plants, and trucks and autos. 
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ous year; ARMS indications from the current year; other data; and knowl-
edge of NASS, ERS, and state economists and statisticians. The data other 
than ARMS that the board uses in its work include the Census of Agricul-
ture, prices paid indexes from the NASS Agricultural Prices Report, Crop 
Acreage and Production, Livestock Production, ERS farm income, ERS cost 
of production for various commodities, and data from the National Pork 
Producers Council, the Federal Reserve, the producer price index (PPI), 
and the Association for Equipment Manufacturers (AEM). ARMS III staff 
prepares recommendations prior to the board. 

The boards rely on two major inputs or “summaries.” One is a direct ex-
pansion of the summarized data. The other is the final calibrated summary. 

Regional estimates. After the national estimate for each expenditure item is 
set, board members set regional-level estimates for the five farm production 
regions. These regional estimates are constrained to sum up to the National 
Expenditures Estimates. 

State estimates. The board members then set state-level estimates that sum 
up to the regional expenditures estimates. Thus, in a cascading effect, the 
board conducts several reviews to ensure that the totals estimated in the 
ARMS estimation process are consistent with official production estimates, 
and that regional and state estimates are consistent with the national totals 
and are additive. 

Other estimates. Other values are estimated directly, including the level of 
aggregate expenditures by item within each size class of gross farm revenue, 
and within each major type of farm enterprise and fuel subcomponent ex-
penditures (diesel, gas, liquid propane gas, and other fuels). 

In this section, we have outlined the several steps in the development 
of published estimates from ARMS. Overall, the effects of the various ad-
justments on statistics estimated using ARMS are not clear. In particular, 
the interventions in ARMS based on board processes introduce changes 
that are not replicable in the normal sense expected in scientific research. 
These interventions may well lead to better estimates, or they may simply 
impose consistency across various key estimates at the cost of disturbing 
other relationships in the data. 

Recommendation 6.9: NASS and ERS should provide more clarification 
and transparency of the estimation process, specifically the effect of cali-
brations on the assignment of weights and the resulting estimates.
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7

Methods for Analysis of 
Complex Surveys

The panel was asked to consider the appropriateness of the meth-
ods the Economic Research Service (ERS) is using to fit statistical 
models to data from the Agricultural Resource Management Survey 

(ARMS). The economists at ERS have been advised by the mathematical 
statisticians at the National Agricultural Statistics Service (NASS) that they 
should always take a design-based approach for making statistical infer-
ences by using the survey weights. ERS has asked for more explanation on 
the appropriateness of such an approach. They would like to have a better 
understanding of the subtleties of this approach relative to a model-based 
approach, so they can better explain to the users of their analytic outputs, 
using sound statistical arguments, why they have adopted this approach. 
At the same time, ERS scientists are also interested in exploring alternative 
approaches to analyzing ARMS data, especially when fitting complicated 
econometric models. Finally, ERS is interested in obtaining specific advice 
on the suitability of statistical and econometric software programs for 
analyzing ARMS data.

Ideally, ERS would like to have a “Guide for Researchers” on these 
topics, which would address the various cases that arise in their work. As 
their analyses become more sophisticated, their questions are becoming 
more complex. Such a guide would be useful, but writing it is not a trivial 
task. The panel decided not to write even a short version of such a manual, 
as this could lead to inappropriate use of the methods if the details of such 
concepts as ignorability or how to handle analyses based on small sample 
sizes are not fully understood. Instead, in this chapter we discuss the gen-
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eral principles of design-based and model-based inference, explain the main 
advantages and disadvantages of both, and provide some guidance on how 
such a guide could be written. The panel also did not address the software 
issue in detail, because this depends critically on the specific analyses being 
undertaken.

We begin with a short description of data analysis issues. We then dis-
cuss the conceptual and theoretical underpinnings for the different frame-
works under which statistical modeling and analysis can be performed, as 
well as their implications for analytical inference. In the final section, we 
offer some guidance on how a Guide for Researchers for ARMS could be 
written. 

DATA ANALYSIS ISSUES

The complex design of ARMS includes stratification, clustering, dual 
frames, and unequal probability sampling. Each year, NASS provides sur-
vey weights that account for these design features as well as for additional 
information available at the population level and various nonresponse ad-
justments (see Chapter 6). NASS has also developed and makes available 
sets of replication weights to facilitate computation of variance estimates, 
with the current method based on delete-a-group jackknife replication. The 
survey weights and the replication weights are provided with the ARMS 
datasets.

Recommendation 7.1: NASS should continue to provide survey weights 
with the ARMS data set, combined with replication weights for variance 
estimation. 

An important use of data from surveys such as ARMS is for descrip-
tive inference, in which population-level and domain-level quantities of 
interest are estimated from the survey data. An example of a population 
quantity of interest for ARMS is the average amount spent on fertilizer 
by all farms, while a domain quantity of interest is the average amount 
spent on fertilizer by all farms with annual sales over $50,000. Estimates 
for population and domain (i.e., a subset of the population) quantities are 
computed as weighted sums over the sample using the survey weights. The 
variance is estimated by computing jackknife replicates as the weighted 
sums for each set of replication weights and averaging the sum of the 
squared deviations from the mean over the full sample estimates (see Box 
7-1). When targeting unknown simple or narrowly conditioned quantities 
of interest in a finite population and in medium-to-large domains within 
the populations, this randomization-based type of estimation, and the as-
sociated inference in terms of standard deviation and confidence intervals, 
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BOX 7-1 
Formula for the Delete-a-Group Jackknife

Consider	the	linear	prediction	model,	yk	=	xkb	+	ek,	where	xk	represents	a	1	x	p 
dimensional	vector	of	predictors	for	case	k, b

	
represents	a	p x	1	dimensional	vec-

tor	of	unknown	regression	coefficients,	and
	
ek represents	an	unknown	error	term.	

With	 the	ultimate	goal	being	 to	estimate	 y k
U
∑ ,	we	collect	data	 from	a	random	

sample	of	 the	population	and	use	 the	above	model	 to	‘predict’	 the	yk values	 for	
the	unsampled	members	of	 the	universe.	A	general	class	of	estimators	 for	 this	
problem	is	that	of	weighted	totals:	 w yk k

k S∈
∑ 	(which	can,	e.g.,	represent	the	sum	of	

the	observed	sample	values	and	the	fitted	values	for	the	unsampled	items)	where	
the	S	denotes	a	sum	only	over	the	sampled	cases.	Given	this	general	estimator,	
what	is	an	estimate	of	its	variance?

	 Assume	in	the	following	that	the	sample	was	randomly	divided	into	15	mutually	
exclusive	groups	denoted	by	Sg,	g	=	1,	.	.	.	,	15,	and	we	let	the	complete	sample	
with	Sg	

removed	be	denoted	as	S–g .	The	only	random	quantity	inyk	is	ek,	and	so	
if	 one	 could	observe	 the	 ek directly,	 a	 delete-a-group	 jackknife	 estimator	 of	 the	
variance	of	 w yk k

S
∑

	
would	be	as	follows:
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is generally accepted as being the most appropriate method for obtaining 
statistically valid estimates (Rao, 2005). NASS and ERS produce large 
numbers of estimates of this type each year.

Recommendation 7.2: NASS and ERS should continue to recommend the 
design-weighted approach as appropriate for many of the analyses for us-
ers of ARMS data and as the best approach for univariate or descriptive 
statistics. 

In addition to descriptive inference, ERS staff and researchers in other or-
ganizations also use ARMS data in analytical inference, in which econometric 
models are fitted and inference is made about model parameters. In this situ-
ation, the goal of the inference is often not finite population quantities, but 
rather parameters or related quantities for the underlying postulated model, 
with the population representing a specific realization from that model.
Because ARMS data are obtained under a complex design, the general consensus 
among statisticians is that analytical inference needs to account for the design 
(Little, 2004). Not accounting for the effects of the sampling design can cause 
estimators for parameters of the postulated model to be biased, their associated 
variance estimators to be biased, or both. As a simple example of the possible bias 
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introduced by sampling, consider a population of size n where each element has 
an unobserved value of interest yi, and that has a true average equal to µy, which 
is unknown. Suppose that there is a second variable xi that is positively correlated 
with the yi, and the xi are observed for the whole population. Assume now that 
the sampling design is such that elements are sampled with higher probability for 
larger values of xi, which could be implemented through stratification or by using a 
probability-proportional-to-size design. Then, if one computes the average of the yi 
in a sample obtained following this sampling design, it is very likely that it will be 
larger than the population average of µy, that is, the sample mean will be a biased 
estimator for the population mean µy. Holt et al. (1980) and Pfeffermann (1993) 
give further examples to illustrate this potential bias due to sampling design, which 

BOX 7-1 Continued

This	can	be	justified	as	follows.	Ignoring	the	outside	term	14/15,	inside	the	square	
we	 have	 the	 estimate	 of	 the	 total	 wk k

k S
e

∈
∑ minus	 an	 estimate	 of	 the	 same	 total	

derived	from	the	S–g set,	but	multiplied	by	15/14,	since	S–g only	represents	14/15	
of	the	sample.	Each	of	the	sum	of	squared	terms	then	provides	an	indication	of	
how	much	variability	 is	 in	the	 left-out	1/15	of	 the	sample.	The	entire	expression	
is	NOT	divided	by	15	(or	14)	as	in	a	standard	variation	estimation	because	only	
1/15	of	the	sample	changes	within	each	square	term,	and	so	there	is	only	1/15	of	
the	variability	that	one	is	estimating.	Finally,	the	14/15	term	on	the	outside	of	the	
expression	eliminates	some	additional	bias.	

The	only	remaining	complication	is	that	we	do	not	observe	the	ek—we	can	only	
observe	residuals	from	the	regression	fit.	This	is	a	substantial	complication,	since	
the	covariates	xi can	be	unbalanced	from	one	group	to	another.	Without	justifying	
this	here,	one	method	for	dealing	with	this	complication	is	to	replace	the	ek with	yk 
in	the	above	expression,	and	replace	the	wk with	the	following:

	w w x w xk g k i i i
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where	the	ci	
are	terms	in	the	regression	computation	that	account	for	things	like	

heterogeneous	variances	and	correlations	among	the	ei’s.	

The	resulting	delete-a-group	jackknife	can	then	be	written:

(Note	that	the	15/14	is	already	defined	in	the	wk(g).)

SOURCE:	 Kott,	 “Some	Thoughts	 on	 the	 Delete-a-Group	 Jackknife	 with	 ARMS-III	 Data”,	
based	on	 the	presentation	 to	 the	Panel	 to	Review	 the	Agricultural	Resource	Management	
Survey	(ARMS),	June	6,	2006.
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can occur not only for simple estimators as in this example but also in complex 
modeling situations.

While it is clear to many researchers that the effect of the sampling design 
needs to be addressed whenever models are fitted to ARMS data, it is less 
clear how this should be accomplished in practice. The statistical literature 
describes a number of alternative approaches for incorporating the sampling 
design in analytical inference for surveys (Little, 2004). One commonly rec-
ommended approach, which is also the one currently implemented by NASS 
and ERS, is to perform model analyses using the provided sampling weights 
and estimate the variability of parameter estimators under the sampling 
distribution. In the case of ARMS, the variance estimation can be done by 
repeating the analysis with the replication weights provided by NASS and 
computing the average sum of squared deviations over the full sample.

While this is a theoretically sound approach and has some important 
practical advantages, its current implementation suffers from a number of 
specific shortcomings, as outlined below. 

EVALUATION OF CURRENT APPROACH

The survey weights and associated replicate weights provided by NASS 
make it possible for researchers to fit economic models using the large 
majority of statistical and econometric software programs that can handle 
weighted analyses, although assembling the replicate-based estimates to 
compute sampling error often requires more detailed programming. Per-
forming statistical analyses using the combination of survey weights and 
replication weights provided by NASS is a theoretically valid approach that 
guards against potential bias caused by the unequal sampling of farms in 
the sample. The method is straightforward to implement, even if not com-
pletely automated in most software packages.

However, as currently implemented, this method also has some signifi-
cant drawbacks, as identified by ERS researchers and some academic users 
of the ARMS data sets (Dubman, 2001). The small number of jackknife 
replicates (currently 15) means that the variance estimator has low degrees 
of freedom. This implies that the variance estimator can be highly variable 
in some situations, and, more problematically, that it is potentially inap-
propriate for complex models with large vectors of parameters. This puts a 
limit on the types of models that can be fitted and analyzed for the ARMS 
data. An additional problem is that the replicate weights contain negative 
values in years prior to 2005, causing many software programs to fail to 
run or to give erroneous answers. Recent changes in NASS procedures 
eliminated negative replicates for later years.

Two other issues are of concern regarding the jackknife methodology. 
First, the specific selection method of the 15 replicates is critical to ensuring 
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that the variance estimator is unbiased. The manner in which this needs to 
be done is well known and appears to be appropriately applied, but clear 
documentation of the specific implementation for ARMS is needed. Second, 
several “adjustments,” referred to in Dubman (2001) are made so that the 
jackknife variance reflects the estimation adjustments (calibration, regres-
sion, poststratification) made to the original weights. Again, the principles 
behind these adjustments are well known, but documentation of the specific 
implementation used for ARMS is needed. 

More generally, there is a concern that the current one-size-fits-all ap-
proach for analytical inference for ARMS is somewhat restrictive and does 
not fully satisfy the diverse needs of researchers. Specifically, it would clearly 
be desirable to some researchers, both inside and outside ERS, if standard 
survey software (e.g., SAS “survey procs” such as Proc Surveymeans, Proc 
Surveyreg, and Proc Surveylogistic) could be used for conducting weighted 
analyses. Other users might be interested in conducting unweighted analy-
ses that rely more heavily on modeling assumptions while remaining aware 
of the potential sensitivity of their models to the effects of the design and 
execution of the sample. For both of these types of users, the information 
currently provided as auxiliary data with the ARMS data file is likely to be 
insufficient, because these users need more specific information on the sam-
pling design and on the nonresponse patterns and adjustments applied to 
the dataset to include in their procedures or models. All of these drawbacks 
of the current implementation of variance estimation can be overcome. 

ESTIMATION STRATEGIES FOR COMPLEX SURVEYS

Concepts of Analytical Inference for Surveys

In survey statistics, the postulated model for the finite population from 
which the sample is drawn is often referred to as the superpopulation 
model, with the elements in the finite population treated as realizations 
from the superpopulation. In analytical studies, particularly economic stud-
ies, the superpopulation model is typically assumed to correspond to the 
model the researcher is interested in estimating. As an example, consider 
the following superpopulation model: 

 Y = f(X;b)+e (1)

where y and X = (X1, . . . ,Xp) are random variables to be observed through 
a survey, the function f is assumed to be known, and e is an unobserved 
zero-mean error random variable. The vector of parameters b = (b1, . . . ,bp) 
is of analytical interest to the researchers. In many situations, the primary 
interest is not in the joint model for y and X, but in the conditional model, 
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that is, the model for y given values of X, in which case the marginal model 
for X is not explicitly considered in the analysis and X is treated as fixed. 
For example, y and X could be dependent and independent variables in a 
regression model, respectively, and the vector b then denotes the regression 
parameters for the relationship between them. The regression model is often 
linear in practice, but the discussion below applies equally to more compli-
cated regression contexts, such as nonlinear models or generalized models.

For now, we assume that the finite population is composed of n inde-
pendent and identically distributed realizations from this superpopulation 
model. We use U =(1, . . . n) to denote the set of indices for the elements 
in the population. From this population, a sample is drawn according to a 
sampling design pn(s), which assigns a probability to each possible sample 
s⊂U. For a given sample s, the researcher wants to estimate the superpopu-
lation parameters b based on the observations {(yi,xi):ips}.

The critical issue in how to estimate b is whether the superpopulation 
model in (1) is a valid representation for the sampled observations{(yi,xi):
ips}. In the regression model example, this would imply that the relation-
ship between y and X is unaffected by the manner in which the sample was 
selected, or equivalently, that the “unobservable” portion of the model, that 
is, the e, does not depend on the sampling design. The situation in which 
the validity of the model of interest is unaffected by the design is referred 
to in the statistical literature as an ignorable design (see, e.g., Pfeffermann, 
1993), based on the terminology introduced by Rubin (1976). It should 
be noted that ignorability depends on the relationship between the design 
and the model, so the sampling design for a survey can be ignorable for 
one model (e.g., the regression model between y and X) but nonignorable 
for another (e.g., the joint distribution model for (y, X)). When the sam-
pling design is ignorable with respect to the model of interest, then it is in 
principle appropriate to proceed with statistical estimation and inference 
methods without using the survey weights.

When the sampling design is not ignorable for a specific model, the full 
model for the sampled observations is different from the original model for 
the population, or, in the regression context, the relationship between Y and 
X is different in the sample and in the population. Hence, the nonignor-
able design can cause estimators that are based on the original model to be 
biased. Also, ignoring the sample design information when it is nonignor-
able could lead to inappropriate estimated variances, confidence intervals, 
and incorrect p-values in a statistical hypothesis test. For an example of 
how a nonignorable design can induce bias on the relationship between 
dependent and independent variables in the linear regression context, see 
Nathan and Smith (1989). In economics, such selectivity issues are widely 
discussed, but generally they have been addressed with explicit modeling 
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assumptions about the nature of the selectivity, as in the classic paper by 
Heckman (1979).

When analyzing a data set, it is often impossible to know a priori 
whether the design is ignorable or not, so it is sound practice to guard 
against potential biases in estimation and inference. For specific modeling 
situations, it is possible to perform statistical tests for violations of the 
ignorability assumption, and variables related to the design can be added 
to the model as predictor variables. Although adding covariates clearly 
changes model (1), it makes it possible to create a new conditional model 
for which the design is now ignorable, so that model-based inference yields 
appropriate conclusions. An alternative approach, which is valid regardless 
of whether the design is ignorable or not, is to explicitly account for the 
sampling design in estimation and inference of model parameters through 
design-based (weighted) inference. We briefly describe that approach here.

The sampling weights are obtained from the sampling design, denoted 
by pn(s), which is used to draw random samples s from the population. 
Based on the sampling design, there is an associated inclusion probability 
πi for each element in the sample s, defined as 

πi = Pr(ips),

that is, the probability that element i is selected into the sample s under the 
design. For some multiphase designs, the πi are conditional probabilities 
that cannot, strictly speaking, be interpreted as inclusion probabilities, but 
they can be used as such in weight construction. For most commonly used 
designs, explicit formulas are available for obtaining πi (see, e.g., Sarndal 
et al., 1992; Lohr, 1999).

Fixed finite population quantities of interest, such as the population 
mean or total, can be estimated based on the sample observations, by us-
ing the design information captured by the inclusion probabilities. For any 
variable z, a sample estimator ẑπ  defined as 

ẑ
zi

ii s
π π

=
∈
∑

is design unbiased for the finite population total t zz ik U
=

∈∑ , in the sense 
that over repeated random samples drawn from the population according 
to the design pn(·), the mean of the ẑπ  is equal to tz. If the population mean 
is to be estimated, one can divide the estimator for the population total by 
N, the number of elements in the population.

For more complicated finite population quantities, it is often not pos-
sible to maintain design unbiasedness. However, the principle of using 
sampling weights wi = 1/ πi in the construction of sample-based estima-
tors continues to apply. Under mild regularity conditions on the popu-
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lation and the sample design, any finite population quantity of interest 
that can be expressed as a function of finite population totals, say qn = 
g(tz1, . . . ,tzq), can be estimated by a corresponding sample-based estima-
tor ˆ ( ˆ , . . . , ˆ )q π π= g z z q1 , with q̂  design consistent for qn (see, e.g., Sarndal 
et al., 1992). As a simple example of a function of population totals, 
consider a variable yi (e.g., total amount spent on fertilizers by farm i) 
and another variable xi (e.g., acreage planted by farm i). According to the 
above discussion, the ratio qn U i iU

y x= ∑ ∑/  (i.e., the average fertilizer 
application per acre planted in the population) can be estimated consis-
tently by the ratio of sample-weighted estimators 

ˆ .q = ∑
∑

w y

w x
i is

is i

The function g(·) defining qn can be much more complicated than this 
simple ratio, and the sample-weighted estimation principle applies equally 
to both explicit population quantities of interest (e.g., coefficients for a 
population-level regression function) and implicit ones (e.g., solutions of 
population-level estimating equations).

The preceding discussion of design-based estimation did not refer to 
a superpopulation model, and indeed the design consistency of q̂  for qn 
does not depend on any model assumptions about the finite population 
(except for some mild regularity conditions, such as existence of limits). In 
analytical uses of survey data, it is possible to combine the above design-
based estimation of finite population quantities with the estimation of 
(superpopulation) model parameters, by taking advantage of the fact that 
the finite population elements can be viewed as independent and identically 
distributed realizations from the superpopulation model. Unlike traditional 
design-based estimation, there are now two random processes determin-
ing the statistical properties of estimators: the sampling design and the 
superpopulation model. In what follows, we use the convention of using a 
subscript ξ to denote properties with respect to the model, p for properties 
with respect to the design, and ξp for joint properties.

Considering again superpopulation model (1), suppose that it is pos-
sible to define a finite population estimator Bn for the model parameter b, 
which could be computed if the complete population U were observed. If 
the components of the parameter vector Bn can be expressed as functions 
of finite population totals similarly to qn above, it is again possible to es-
timate it by a sample-based estimator, say B̂, which is a function of design-
weighted estimators, as previously done for q̂ .

Figure 7-1 illustrates the traditional view of survey estimators. For the 
finite population, a parameter vector Bn is defined (possibly but not necessarily 
based on a superpopulation model). A sampling process is used to randomly 
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generate samples, and for each sample an appropriately weighted estima-
tor B̂ can be computed that targets Bn. Under the distribution induced by 
repeated sampling from the fixed target population, the estimator B̂ will be 
consistent for Bn, and it is possible to define properties such as ep(B̂), the 
design expectation of B̂, and varp(B̂), its design variance.

Figure 7-2 takes this idea one step further, by viewing the target popula-
tion itself as a random realization from the superpopulation model. In this 
view, the finite population quantity Bn is viewed as one particular realiza-
tion of an estimator of the superpopulation model parameter b. From this 
particular realization, a sample is drawn according to the sampling design, 
and an estimator B̂ is constructed. By explicitly including the sampling 
weights in the construction of B̂, we are guaranteed to have a valid (design 
consistent) estimator of Bn, the finite population “estimator” of b. If the 
superpopulation model is correctly specified, then Bn is itself (model) con-
sistent for b. Combining both phases of this estimation process, B̂ is a valid 
(design and model consistent) estimator of b under joint inference for the 
sampling design and the superpopulation model.

As noted above, when inference for a model is made jointly under a 

FIgURE 7-1 Diagram representing classical design-based inference.

7-1
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superpopulation model and a sampling design, both of these components 
contribute uncertainty. Hence, formal inference (confidence intervals, vari-
ance, etc.) would need to explicitly incorporate both sources of uncertainty. 
For instance, using standard conditioning arguments, the joint model-design 
variance of B̂ for the parameter in model (1) can be written as 

where the approximations assume that the model expectation of the design 
variance is close to the finite population design variance, and ep n( ˆ )B B≈  
(both of these assumptions hold at least approximately in a broad range of 
modeling and sampling contexts, but not in all). The above expression im-
plies that the total variance of the design-weighted estimator B̂ is approxi-

FIgURE 7-2 Diagram representing model design-based inference for superpopula-
tion parameters.

7-2
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mately equal to the sum of its design variance and the model variance of 
its finite population target Bn. Both quantities can be estimated, the former 
based on the sampling distribution and the latter based on the superpopula-
tion model. Typically, the former is inversely proportional to the number 
of primary sampling units, and the latter is inversely proportional to the 
population size. When the number of sampling units in the sample is much 
smaller than the population size, one can ignore the population variance 
component varξ(BN), and the total variance var pξ B̂( )  is then estimated 
by using design-appropriate methods for estimating the design variance 
varp(B̂) . The above approach is quite general and has been described in 
the statistical literature for estimation of parameters in linear and nonlinear 
regression models, estimating equations, maximum likelihood, etc. The 
articles in Skinner et al. (1989) provide a good overview of design-based 
approaches for many of these models. Other cases not specifically covered 
by the above literature follow this same paradigm, as long as the concept 
of “equivalent finite population quantity associated with the model param-
eter” applies.

There are some important classes of statistical models for which design-
based estimation will not provide valid estimators for the superpopulation 
model parameters. These include estimates of the variance components 
associated with random effects models, mixed effects models, structural 
equation models, and multilevel models. The fixed effects in these models 
can usually be estimated consistently, but not the variance components as-
sociated with the random effects, unless certain conditions on the sample 
sizes apply. If the random effects also need to be estimated, the design-based 
analysis becomes quite complex, and a model-based (unweighted) analysis 
might be preferable. Researchers working with ARMS data might also be 
interested in applying statistical methods that do not fall into the category 
of “model fitting,” for example principal components analysis, clustering, 
classification. In those cases, the concept of “equivalent finite population 
quantity” does not apply directly, and it is sometimes unclear how to inter-
pret the results of a weighted analysis. We discuss model-based inference 
for survey data in a subsequent section in this chapter.

In the cases for which a weighted analysis is possible, the advantages 
of the design-based approach are that it fully accounts for the design, and 
that it is robust to model misspecification, in the sense that it does not 
require the design to be ignorable with respect to inference for the super-
population model. The disadvantages of the design-based approach are the 
lesser availability of software programs that can accommodate the design-
weighted analysis, as well as the loss of efficiency relative to unweighted 
estimators, in cases in which the design is ignorable. The loss of efficiency 
is due to the fact that if the superpopulation model is correct and the design 
ignorable, then an unweighted estimator will typically have smaller vari-
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ance than a weighted estimator. However, for large sample sizes in which 
the proportion of observations with very small weights is not overly large, 
the increase in the variance resulting from using the weighted estimate will 
not have a serious impact on the analytic conclusions, whereas using an 
unweighted estimate that can have serious biases could lead to misleading 
and inappropriate conclusions. In the following two sections, we discuss 
some design-based and model-based inference options that might be useful 
for researchers working with ARMS data.

Applying Design-Based Inference

The design-based paradigm described in the previous section should 
continue to represent a default approach for analyzing ARMS data, because 
it ensures that the estimates are free of bias due to the sampling process. For 
most users, the survey weights and the associated replication variance esti-
mation weights make it possible to perform statistically valid model fitting 
and inference, without having to gain in-depth knowledge of the ARMS 
design and weight generation procedures. In this section, we address some 
additional issues related to implementation of the design-based paradigm 
related to ARMS.

In ARMS and most other large-scale surveys, the survey weights wi 
that are included as part of the data set are not, strictly speaking, sampling 
weights, since that latter term is typically reserved for the inverses of the 
inclusion probabilities πi. Survey weights are based on the sampling weights 
but are often adjusted for nonresponse and calibrated for known popula-
tion quantities, either through modeling or poststratification. The effect of 
these adjustments for analytical studies is important but not often explicitly 
addressed in the survey estimation literature. We briefly discuss the current 
consensus on the effect of these adjustments.

Nonresponse adjustments to the weights are important to ensure that, 
as for the sampling design itself, the effects of the response mechanism are 
properly accounted for in estimation. The effect of ignoring the response 
mechanism in model fitting has been extensively studied, although usually 
from a model-based standpoint (see, e.g., Little and Rubin, 2002), and 
the principle of weighting by the inverse of the response probability is one 
of the possible solutions usually recommended in that literature. While 
weighting to adjust for both the sampling design and the response mecha-
nism is therefore a valid approach, there is a critical difference between the 
sampling design and the response mechanism. The former is known by the 
survey statisticians responsible for creating the weights, while the latter is 
not and needs to be modeled. Hence, inference under joint sampling and 
response mechanism is often referred to as pseudorandomization (Oh and 
Scheuren, 1983), to differentiate it from pure (design-based) randomization 
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inference. Sarndal and Swensson (1987) describe inference for finite popula-
tion quantities under pseudorandomization, where the response mechanism 
is viewed as an additional phase of sampling.

For the purpose of estimating parameters of a superpopulation model, 
pseudorandomization would in principle need to be combined with the 
randomness of the model itself, using the same ideas as in the section on 
concepts for analytical inference for surveys. It is generally accepted that 
the survey weights represent the best available attempt by the statisticians 
responsible for a particular survey to account for both its design and the 
nonresponse. As long as the postulated response mechanism is correct, 
analyses performed using the joint sampling-nonresponse weights should 
result in consistent estimation of the finite population parameters, which are 
themselves model consistent for the superpopulation model parameters.

Calibration and the closely related model-assisted estimation ap-
proaches (Sarndal et al., 1992) are generally used to increase the efficiency 
of survey estimators and are also used for ARMS. While this increase 
in efficiency has been well documented for the case of estimating finite 
population quantities, the statistical literature on the effect of calibration 
on analytical inference for superpopulation model parameters is also very 
limited. Because properly applied calibration approaches create weights 
that remain “close to” the original inclusion probability weights and do 
not affect the design consistency of the weighted estimators, it is generally 
accepted that calibrated weights can be used in lieu of the original weights 
for the purpose of constructing design-consistent estimators for superpopu-
lation model parameters. The recent monograph by Sarndal and Lundstrom 
(2005) describes estimation methods that account for both calibration and 
nonresponse, but it does not explicitly discuss analytical inference.

Variance estimators for survey-weighted estimators exist and are in-
creasingly being implemented in a number of major statistical software 
programs. The most commonly used packages for design-based analysis are 
SUDAAN, STATA (survey module) and WesVar. Other packages incorpo-
rating some design-based methods are SAS, SPSS, and Mplus. However, for 
these latter programs, available procedures typically apply only to specific 
models and specific designs and currently almost completely ignore the 
effects of calibration and nonresponse adjustments. In situations in which 
the model and the design are covered by available software implementa-
tions, these offer a convenient way to perform design-based estimation and 
inference.

For these programs to correctly compute variances and perform statisti-
cal tests, using an analytic variance formula rather than using replication 
methods, it is necessary to specify detailed design characteristics, such as 
stratum identifiers and totals, cluster identifiers and weights. Hence, in 
order to be able to use this approach for ARMS, this information needs 
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to be provided to users, which might cause confidentiality and disclosure 
issues if some information becomes too specific to be released as part of 
a data set for outside researchers. Because it might in principle be pos-
sible for ERS researchers to obtain more detailed design information from 
NASS, analyses performed by staff within the agency could be performed 
using existing statistical programs that implement design-based analysis 
and model fitting. This might require more access to confidential data than 
ERS currently has and would require ERS researchers, possibly in collabo-
ration with NASS statisticians, to gain sufficient expertise in design-based 
methods to be able to evaluate the appropriateness of these programs for 
their modeling needs.

In order to accommodate a wide range of modeling needs and to fully 
account for postsampling weighting adjustments without having to release 
detailed design information, replication methods offer a useful alternative. 
A number of such methods are available, including balanced repeated rep-
lication, jackknife, and bootstrap methods (Wolter, 1985; Rao et al., 1992; 
Rust and Rao, 1996). In all these methods, each set of replicate weights 
undergoes the same range of weight adjustments as the original weights, 
so that they incorporate the adjustments in the variance estimation. The 
delete-a-group jackknife, the method currently implemented for ARMS, 
falls in this category and represents a valid design-based variance estima-
tion method. Jackknife variance estimators make it possible to construct 
confidence intervals for parameters and perform Wald-type hypothesis test-
ing on them. Both inference tools rely on the asymptotic normality of the 
estimator, which is generally reasonable for large samples.

NASS has made available some general-purpose programs for imple-
menting the delete-a-group jackknife for estimating design-based variances. 
Some commercial software is also available for similar estimates. In some 
cases, these may be easier to learn to use than the specialized software writ-
ten by NASS. Although there are a growing number of options to perform 
design-based variance estimation, in order to ensure consistency of the results 
across researchers for similar analyses, we suggest that researchers use the 
NASS-developed delete-a-group jackknife software whenever they want to 
use replication methods for their variance estimation. Although not always 
easy to apply, the NASS software has the advantage of being extremely flex-
ible to apply while the jackknife is somewhat less dependent on assumptions. 
This is not to say that the jackknife is optimal in all situations, but the vari-
ous estimators are relatively comparable in a wide variety of applications, 
and the jackknife is relatively robust to the circumstances of use.

A number of improvements to the current implementation of the delete-
a-group jackknife would be very beneficial. A larger number of replicates 
should help alleviate the problem of small degrees of freedom encountered 
when multiple parameter estimates need to be tested jointly. More careful 
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stabilization of the individual weights in the replicates is also advisable, to 
avoid either negative or unduly large weights that would result in unstable 
variance estimates. Alternative jackknife-based methods, such as the linear-
ized jackknife (Yung and Rao, 1996; Binder et al., 2004), might provide a 
useful alternative methods for situations in which users are fitting models 
on small domains or for rare characteristics. Because of the importance of 
design-based estimation for many purposes, revision of the replicate genera-
tion process should be a high priority and implemented as soon as feasible 
as part of an overall strategy for improving data analysis.

Recommendation 7.3: NASS should investigate and implement improve-
ments to the current jackknife replicates to make them more useful for 
the types of analyses performed by users in ERS and other organizations. 
In particular, NASS should increase the number of replicates and apply 
bounds to the magnitude of the weight adjustments. 

Applying Model-Based Inference

As an alternative to the weighted, design-based analysis described 
above, it is also possible to consider a model-based analysis. This approach 
has a number of advantages, most importantly the fact that a wider range 
of statistical methods for analysis become available, many of which are 
already implemented in statistical software programs. The critical issue in 
this type of analysis is to ensure that the sampling design (and, as discussed 
above, the nonresponse mechanism) is ignorable with respect to the model 
of interest. As noted in Little (2004), “the major weakness of model-based 
inference is that if the model is seriously misspecified, it can yield infer-
ences that are worse (and potentially much worse) than design-based infer-
ences.” Therefore, unless the researcher has been able to determine that, to 
the best of his or her knowledge, the design and nonresponse are either a 
priori ignorable or sufficiently accounted for in the model, the results from 
a model-based statistical analysis will not be scientifically credible. Model 
building, model estimation, and model checking for survey data are difficult 
and time-consuming tasks that should be attempted only by experienced 
researchers with knowledge in both survey statistics and statistical methods 
in the subject-matter discipline.

As noted earlier, valid model-based analysis of survey data requires a 
model for which the design and nonresponse are ignorable. In the regres-
sion context, this is typically achieved by expanding the model by including 
so-called design variables as predictors, by themselves and in interaction 
with other predictors. In the more general modeling context, incorporating 
the design and the nonresponse mechanism requires explicitly modeling 
what is seen as the important dimensions of selectivity (see below). In the 
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case of multistage or clustered designs, it might also be necessary to specify 
a variance structure to account for design-induced correlation. Although 
the specific techniques for specifying the variance structure to account 
for design-induced correlation are not suggested here, they could include 
generalized estimating equation (GEE) methods, hierarchical modeling, or 
simply adding design variables to a regression model. In order to construct 
this expanded model, detailed information on the sampling design and the 
nonresponse characteristics of the survey is required, and each analysis may 
require different considerations for how to incorporate the informativeness 
of the sample in the model. It should be noted that the resulting model can 
be quite complex, both in terms of the mean structure and the variance 
structure.

The process of building a model for which the design and nonresponse 
are ignorable is often iterative. Once a suitable candidate model is specified, 
it is necessary to determine whether the design and the nonresponse are 
indeed ignorable. This can initially be done informally, through a compari-
son between the estimates obtained by traditional model-based methods 
and those obtained by a fully weighted analysis. If these estimates differ 
substantially, it is very likely that some aspect of the design is not yet fully 
incorporated into the model, so that further model expansion is required 
before proceeding with a model-based analysis. However, even when indi-
vidual estimates are approximately similar, ignorability is not guaranteed 
and more formal statistical checks should be performed. In addition to gen-
eral model diagnostics (e.g., residual plots, outlier detection) and goodness-
of-fit tests on all aspects of the model, particular attention should be paid 
to possible effects related to the design variables, for example by plotting 
model residuals against survey weights. For a discussion of diagnostic plots 
for survey data, see Korn and Graubard (1999, Chapter 3.4).

A limited number of formal statistical tests are available to directly as-
sess the effect of the design on regression model parameter estimates, based 
on the difference between the sample-weighted and the unweighted estima-
tors (e.g., DuMouchel and Duncan, 1983; Fuller, 1984; Nordberg, 1989; 
and other references in Pfefferman, 1993, Sec. 4). The test procedure by 
DuMouchel and Duncan (1983) is particularly easy to implement, because 
it can often be performed as part of a fully model-based analysis.

Instead of incorporating the design variables as predictors in a regres-
sion, a more sophisticated approach involves modeling the sampling de-
sign and the nonresponse mechanism as part of the analytical model. This 
implies that the probability structure of the design becomes part of the 
model, and a full likelihood that includes the original model and the vari-
ous selection mechanisms needs to be constructed. In situations involving 
complex stratification, clustering, and multiphase sampling, simply adding 
the design variables as predictors is often not sufficient, and this type of 
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explicit modeling is required. Some relevant work in this area includes 
Chambers (1986), Skinner (1994), Breckling et al. (1994), and Pfeffermann 
and Sverchkov (1999).

As an alternative to the fully model-based approaches described above, 
some researchers use the design-based (weighted) estimator but evaluate it 
from a model-based perspective. This has the advantage that the estimator 
itself will be design consistent and hence avoids the main risk of model 
misspecification due to selectivity issues. The other advantage is that many 
software programs that do not do proper survey inference are still able to 
include weights in their estimation routines. However, using standard soft-
ware to compute the weighted estimates of the unknown parameters does 
not generally provide either correct design-based or correct model-based 
confidence intervals or statistical tests of significance. The reason for this is 
that in most statistical programs, the weights are used as adjustments for 
heteroskedasticity, with the sampling weight taken as the inverse of the vari-
ance of the observation. Hence, unless the model is truly heteroskedastic 
with observation variances related to their inclusion probabilities, the vari-
ance estimator of the weighted estimator is incorrect. This is true regardless 
of whether the weights have been normalized or not (normalized weights 
mean that they have been scaled so that they sum to the sample size).

However, the idea of considering the model properties of the design-
weighted estimator does have merit in assessing the ignorability of the 
design. If weights are treated as fixed constants rather than heteroskedastic-
ity variance adjustments in the model fitting, then the resulting estimated 
variance of the model estimators will target varξ(B̂). A few programs might 
have built-in options to treat the weights as constants, while for others, 
special macros or functions would have to written. In the specific case of a 
linear regression model with uncorrelated errors, some programs, includ-
ing STATA, have implemented the Huber-White robust sandwich estimator, 
which is an appropriate estimator for

 
varξ(B̂). The model-based variance 

varp(B̂) is generally not equal to varp(B̂), which is the correct variance 
from a design-based perspective and an approximation to the full variance 
varξp(B̂), as explained in the section on concepts of analytical inference for 
surveys. However, when the design is ignorable with respect to the model 
being fitted, then it is usually the case that varp(B̂) ≈ varξ(B̂). This motivates 
an informal but useful way to assess the presence of a nonignorable design 
for the model-based analysis of a weighted estimator, by comparing the 
estimate of varx(B̂) and the estimate of varp(B̂) obtained by a design-based 
method, for example the ARMS jackknife weights. If these two estimates 
are very different, then the design is likely to be nonignorable and the 
model-based inference is not reliable.

While the model-based analysis of weighted estimators may seem at-
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tractive because of its simplicity, it is not robust to model failure. Some 
ERS researchers have used the Huber-White robust sandwich estimator 
available in the STATA package. This estimator is used by STATA whenever 
a probability weight is specified for all procedures that allow the “robust” 
option. It is also used as the default variance estimator for all weighted 
analyses in NLOGIT, and in SAS the MIXED and GLIMMIX procedures 
can compute the Huber-White estimator by specifying the EMPIRICAL 
option. However, such model-based robust estimators of the variance are 
still using some (weaker) model assumptions that may not necessarily hold. 
If they do hold, the model-based robust estimators would be similar to the 
design-based estimator, such as would be obtained from a delete-a-group 
jackknife estimator.

If, however, the assumed model is indeed true, then the weighted es-
timators of the parameters of interest are less efficient under the model 
than the unweighted estimators. Hence, researchers who are interested in 
conducting a fully model-based (unweighted) analysis should consider in-
corporating the design into the model as described above. 

Recommendation 7.4: NASS and ERS should investigate the feasibility 
of providing sufficient information on the design and nonresponse char-
acteristics of ARMS, in order to perform design-based statistical analysis 
without using the replicate weights and to allow users to incorporate de-
sign and nonresponse information in model-based analyses. 

ERS researchers in particular might be interested in investigating the 
appropriateness of these model-based approaches for some types of analy-
ses. Access to the full set of microdata as well as the element-level design 
information could put ERS in a unique position with respect to the ability 
to evaluate alternative modeling approaches for ARMS, obtaining the most 
statistically rigorous and efficient estimators for their models of interest. Be-
cause of the importance of fully accounting for the design and nonresponse 
in the model, this might require ERS researchers to gain fuller access to 
potentially confidential portions of the ARMS design data and develop a 
more in-depth understanding of survey design issues and statistical survey 
expertise.

Recommendation 7.5: ERS should build an enhanced level of in-house 
survey statistics expertise, in cooperation with NASS. The specialized 
expertise in both econometrics and survey statistics needed to accomplish 
this is currently not present in ERS and is likely to require a significant 
effort in recruiting and training.
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GUIDE FOR RESEARCHERS

When researchers first started using ARMS data, the focus of the analy-
sis was primarily on descriptive quantities of the population, such as means, 
proportions, and totals for the complete population or for subpopulations. 
As the richness of the data for more in-depth analysis became apparent, 
the demands for taking fuller advantage of such a rich data source grew. 
However, questions on the appropriateness of certain methods also became 
more apparent. As a result, researchers at ERS and elsewhere would benefit 
greatly from guidance on how to approach certain commonly used analyti-
cal methods. This would ensure that analyses done using ARMS data are 
conducted appropriately, make it easier for new users to begin working 
with those data, and provide a clear indication to the user community that 
NASS and ERS are committed to ensuring that this survey meets a high 
standard. It would also help officials at ERS explain the rationale behind 
the approaches adopted in the production of analytical outputs.

In view of this need, the ERS staff has taken the initiative to develop 
materials to assist outside users, albeit on an ad hoc basis. One such 
publication is Robert Dubman’s ERS staff paper, “Variance Estimation 
With USDA’s Farm Costs and Returns Surveys and Agricultural Resource 
Management Study” (Dubman, 2000). This useful paper was published 
with caveats. It was “reproduced for limited distribution to the research 
community outside the U.S. Department of Agriculture and does not reflect 
an official position of the Department.” It serves a useful purpose in that it 
provides an overview of survey estimators, sample design, hypothesis test-
ing, disclosure rules, and reliability measures for the two surveys and covers 
sums, ratios, means, multiple regression, binomial logit analysis, and order 
statistics. It is a beginning, in that it addresses one way to analyze the data, 
but the prescription does not cover all types of analysis and analysis at all 
scales, for example, small versus large samples.

In the panel’s view, the Dubman paper is a good primer on how to use 
the existing weights and replication method, but it does not cover the full 
range of possible applications of the ARMS data. The user’s guide should 
provide background on the issues associated with estimation for survey data 
(as we attempted to do, at a higher level of abstraction, in the current docu-
ment) and also provide guidance for as close as possible to the full range of 
modeling and estimation problems encountered by users of the ARMS data. 
Because the range of estimation scenarios is so broad, it was not possible for 
us to recommend a single approach for all of them. Therefore, instead of 
attempting to recommend specific methods for all of them (or reverting to 
a one-size-fits-all approach), our goal was to provide a background on the 
issues and a set of recommendations on how NASS and ERS can broadly 
address the estimation needs of the ARMS data user community.
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The panel recommends but has not developed a user’s guide. This is 
because of our view that the process of developing a guide should be man-
aged by the USDA and conducted in a truly collaborative environment. The 
guide would best be designed jointly by experts at ERS and NASS working 
with key data analysts. 

To help set the stage for the necessary user’s guide, this section builds 
on the previous discussion of the merits of adopting a design-based ap-
proach for many of the analyses. In this section, we now focus on some 
of the specific questions that arise from using the delete-a-group jackknife 
method to make inferences from the survey data. 

To assist ERS in preparing the necessary user’s guide, we give a specific 
example of the type of issue that should be included. Suppose one is inter-
ested in estimating a production function such as 

y = ƒ(X1,X2;R) + e,

where y is output, the X1,X2 are inputs, R is a measure of the farm’s envi-
ronment or organization, and e denotes residual stochastic noise. Initially, 
the researcher may specify a simple but restrictive functional form for a 
regression model: 

log(y) = a + b1 log(X1) + b2 log(X2) + b3R + e.

This is a fairly standard representation of a production relationship. 
It is quite restrictive, and economic theory suggests that a more flexible 
form—allowing for a wider range of input substitution, scale relationships, 
and environmental interactions—might be called for, for example: 

log(y) = a + b1 log(X1) + b2 log(X2) + b3R + c11[log(X1)]
2 + c22[log(X2)]

2

  d12 log(X1)log(X2) + d13 log(X1)R + d23 log(X2)R + e.

This new model includes 15 parameters. To decide which model is ap-
propriate, design-based methods can be used to apply the Wald test to com-
pare the full and reduced models (on 5 degrees of freedom) for the nested 
hypothesis or an appropriate design-based F-test that accounts for the 
degrees of freedom associated with the estimate of the variance-covariance 
matrix. A weighted likelihood-ratio test could also be computed, although 
the distributional properties of such a test are less well known. It has been 
suggested that a Rao-Scott adjustment to the likelihood ratio could be ap-
plied, but, for most purposes, we would suggest using the Wald test. The 
guide could make recommendations to allow users to choose between these 
different methods.
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Several other common questions face researchers using ARMS data, for 
which the guide would be extremely valuable. For example, one important 
question to address is the most appropriate approach (design-based versus 
model-based) for analysis for different types of questions. The best method 
for analysis depends on the survey design, the sample size, and the type and 
reason for the analysis. Simple linear models may need a different treatment 
than hierarchical models, small domains may need different procedures 
than large ones, etc. When the sample size is small, a model-based approach 
may be preferred to a design-based approach, especially if the design-based 
approach leads to much higher variances (see Kalton, 1983).

When a particular method is known not to be appropriate, then this 
should be explicitly mentioned in the guide. For example, design-based 
estimation of random effect variances in hierarchical models is problem-
atic. Caveats should also be added regarding the use of such methods as 
clustering and classification for data coming from a complex survey such 
as ARMS. The limitations of the delete-a-group jackknife should also be 
explicitly addressed in the guide, including the limit on the number of pa-
rameters that can be tested simultaneously.

It should be noted that when the sampling is ignorable, the model-
based approach to inference could lead to better inferences than the design-
based approach; however, this approach may not be as robust to departures 
from the model, especially with respect to the correlation structure of the 
model errors. A discussion of the pitfalls in modeling under nonignorable 
sampling, as well as guidelines on model construction and on testing for 
nonignorability of the design, would be very useful.

The guide should also discuss the issue of using weights in standard 
nonsurvey software, which provides the correct point estimates but poten-
tially misleading inference. It might be possible to determine that certain 
programs provide inferences in this manner that are close to correct (pos-
sibly after weight normalization), in which case these could be recom-
mended. For example, the Huber-White robust sandwich estimator for 
linear regression provides a way to estimate the model-based variance of 
the weighted estimator. For other programs, no automatic way is available 
to obtain valid variances for the weighted estimators, so that additional 
programming may be required. In general, the guide should stress that the 
model-based variance needs to be compared with the design-based vari-
ance, with any significant deviations between the two a cause for concern. 
The discussion in previous sections makes additional points that could be 
included on these topics.

Many analyses are based on domains (subpopulations) of the entire 
national population, so questions on the appropriateness of the delete-a-
group jackknife come into play. Analysts notice that the sum of the domain 
weights for each jackknife replicate varies greatly among replicates, and 
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they wonder if the variance is unduly inflated as a result. A standard design-
based method is still appropriate here, since the fact that the sum of the 
weights varies appreciably is a reflection of the randomness in the sample 
for estimating domains. For such quantities as domain means or regression 
coefficients, the effect of this variability may be less pronounced, compared 
with the estimation of domain totals. However, compared with a model-
based analysis, the variances may appear to be large. This demonstrates 
more the deficiency in the model-based approach, which does not account 
for the randomness in the domain sample size, rather than reflecting badly 
on the design-based approach. This should be explained in the guide, so 
that researchers encountering this problem will understand the reason.

Another question of interest to researchers is how to integrate data 
from more than one survey. These questions are more complex, especially 
if there is a need to use a coordinated jackknife, so some guidelines to users 
would be very valuable. In this area ERS and NASS may not currently have 
the necessary expertise. In general, there are two choices for analyzing the 
data when it is thought that the parameters of interest are similar across 
surveys: (1) the separate approach, in which the estimates are produced for 
each survey separately and then combined using a composite weight, and 
(2) the combined approach, in which the files are combined and analyzed 
as one file with a possibly adjusted weight variable. Under the separate 
approach, it is possible to use meta-analytic methods to combine evidence 
from different surveys (e.g., Zieschang, 1990). If the combined approach 
is pursued, it is always recommended that the assumptions about equality 
of the parameters of interest across surveys be subjected to a statistical 
hypothesis test.

Finally, the guide should also include a list of relevant references for 
researchers dealing with survey data. Some possible references are Lohr 
(1999), Pfeffermann (1993), and Korn and Graubard (1999). A gentle 
introduction to the basic issues of design-based and model-based inference 
for survey data is provided by Carrington et al. (2000), which is available 
online at http://www.ces.census.gov/index.php/ces/1.00/cespapers.

Recommendation 7.6: ERS and NASS should collaborate on writing a 
Guide for Researchers for performing multivariable analyses using data 
from complex surveys, particularly data from ARMS. In areas in which 
expertise is not available for writing parts of such a guide, expertise 
should be sought from the statistics and economics community, especially 
those with experience in the analysis of survey data from complex survey 
designs. 
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Dissemination

In reviewing the dissemination procedures in place for the Agricultural 
Resource Management Survey (ARMS), the panel drew on our own 
experience as users of the aggregated and microdata and reached out 

to data users in government and the research community. This chapter 
outlines the steps the Economic Research Service (ERS) and the National 
Agricultural Statistics Service (NASS) have taken to improve access. Inter-
net capabilities have grown with the ARMS briefing room and the various 
levels of access and resources available. 

Both ERS and NASS have taken some significant steps in the past few 
years to increase access to ARMS data, in both aggregated and individual 
record formats. Although hard copy publications are still prepared and of-
fered, aggregated data are provided via the Internet for the most part, and 
individual record data are accessed mainly by computer terminals at ERS 
or NASS state offices. 

Hard copy publications are fast becoming a thing of the past. NASS 
publishes two hard copy reports from ARMS. The first, called Agricultural 
Chemical Usage—Field Crops, is released in May following the Phase 
II data collection. The second report, Farm Production expenditures, is 
compiled from the Phase III and released in July. ERS prepares several 
hard copy state, regional, and national reports using ARMS data, including 
Commodity Production Costs and Returns, Farm Operating and Financial 
Characteristics and the Annual Report to Congress on the Status of Family 
Farms (National Agricultural Statistics Service, 2007c).

As a general rule, however, hard copy sources are being supplanted by 
websites supported by sophisticated web tools, microdata files, and special 
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centers for access to confidential data in a protected environment. These 
new forms of dissemination have increased the need for training, formal 
mechanisms for communication with users, and tightened procedures for 
control over the data.

NEW DATA SOURCES AND PRODUCTS

The most ambitious new product is the ERS-managed online ARMS 
briefing room.1 This website provides summary data as well as extensive 
ARMS documentation and access to questionnaires. The data available on 
the website are retrievable in the form of tailored reports and summary 
tables. The tables provide means and standard error estimates, they can 
be saved as comma separated value (CSV) or Excel files, and they have a 
capacity for graphical display of data. 

There are several means of accessing less aggregated data. The ERS 
produces special tabulations, typically for government agencies. ERS has 
provided data and research support using ARMS directly to the U.S. Depart-
ment of Agriculture (USDA) Office of the Secretary, the Office of the Chief 
Economist, Research, Education and Economics, the National Resource 
Conservation Service (within NASS), the Farm Service Agency, the Foreign 
Agricultural Service, the Animal and Plant Health Inspection Service, and 
the Risk Management Agency. ERS has also used the data to respond to 
requests from Congress, the Office of Management and Budget, the Bureau 
of Labor Statistics, universities, and international organizations. 

The myriad uses of ARMS data require sophisticated access to data in 
order to depict increasingly complicated relationships. For example, recent 
analyses of the financial status of farming used ARMS data to prepare 
outlook information for farms and farm households by type of farm, size 
of farm, and U.S. region; balance sheets for farms by size of farming opera-
tion; a cumulative distribution of farms by economic cost-to-output ratios; 
and the distribution of key commodity production by production cost level. 
Other examples abound. ARMS data were used to provide a wide variety 
of information types:

• Distribution of government payments by farm size
• Farm household income by farm typology
• Impacts of energy price increases on farm businesses 
• Impacts of seed price increases
• Characteristics of U.S. production of biotechnology-derived crops
• Crop insurance usage by typology, commodities, and regions
• Types of farm management practices

1 Available: http://www.ers.usda.gov/Briefing/ARMS/
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• Agricultural land ownership by women
• Cost of production for corn and soybeans
• Limited resource farmers by state
• Changes in American farming from 1988 to 2001

In addition to supporting research that depends primarily on ARMS 
data, ARMS contributes to other research, analyses, and situation-and-
outlook work in federal and state governments, academic institutions and 
other organizations because it provides the basic cost-of-production and 
supply response information on which other analyses depend. Examples of 
ARMS use in such research include

• USDA agricultural baseline projections to �0�0. Baseline reports 
provide long-run (10-year) baseline projections for the agricultural sector. 
The reports contain cost-of-production data that are the baseline for pro-
jections covering supply and demand for agricultural commodities, agricul-
tural trade, and aggregate indicators of the sector, such as farm income and 
food prices.

• Cotton. Background and issues for farm legislation. Recently issued 
commodity background reports, developed to inform the farm bill debate, 
provide charts and discussion on the distribution of costs across farms and 
other data derived from ARMS. 

• Managing risk in farming. Concepts, research, and analysis. This 
report on the risks confronted by grain and cotton farmers and risk man-
agement tools and strategies used at the farm level uses ARMS-based data 
on farmers’ assessments of the risks they face and their use of alternative 
risk management strategies. 

• effects of federal tax policy on agriculture. Comparisons between 
financial and tax variables reported on farmers’ tax returns and the ARMS 
data highlight differences between accounting for tax purposes and the 
underlying economic realities. 

ARMS Web Tool

ERS advertises that any user can get customized data summaries provided 
by the publicly available online data tool at http://www.ers.usda.gov/Data/
ARMS/. Tailored reports enable custom queries, in which users can select 
from a set of variables and customize the estimates they receive, refine queries 
with specific samples or populations, group summary statistics for compari-
sons, and choose among output options for results (tables, charts, etc.). 

The basic customized data summaries available through the ARMS 
briefing room are broken into four major data topics: (1) farm structure 
and finance, (2) crop production practices, (3) commodity production costs 
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and returns, and (4) featured states. Within each topic area users can create 
tailored reports from the survey data.

Farm structure and finance reports contain information on the structure 
and financial status and performance of U.S. farm operators, their house-
holds, and farm businesses. Crop production practices summaries include 
information about the status and trends in crop production practices for 
several field crops. Commodity production costs and returns summaries 
include statistics on the annual production costs and returns for major field 
crop and livestock commodities. Special reports for the 15-state oversample 
are available for the time period 2003-2005. 

The ARMS web tool for customized summaries is a convenient and ef-
fective way to disseminate findings from ARMS to the general population. 
It is user-friendly, and the summaries and findings are easy to interpret. 
A major strength is that the ARMS web tool can also provide summaries 
of variables by categories or for multiple years. Individuals interested in 
ARMS can conveniently begin their exploration using the web tool. In the 
panel’s view, ERS should continue to update and develop the web tool as 
their primary means of disseminating ARMS findings to the public and to 
data users. One suggestion for improvement is to continue to expand the 
list of variables that are summarized. 

ARMS Extranet Web Tool

In addition to the publicly available ARMS web tool, ERS has de-
veloped an advanced statistical analysis web tool, which is available to 
approved researchers with proper authorization. Currently this web tool 
can perform regression analysis with variables and by categories that are 
predefined and provided by ERS. All output is screened to ensure data 
confidentiality.

The ARMS extranet web tool has great potential to facilitate research-
ers in the conduct of preliminary or full analyses of their models. It allows 
researchers more flexibility to estimate advanced models and the convenience 
of using the ARMS data remotely, without compromising data confidential-
ity. This tool has great potential to increase the availability of the ARMS 
data to researchers for whom it is costly or inconvenient to access the data 
on-site. Although it is useful for preliminary analyses with the data, the cur-
rent functionality of the tool is limited to ability to support ordinary least 
square regressions with predefined variables, and this has prevented data 
users from fully using the tool for research. It can be made more useful for 
research purposes. One improvement would be to allow researchers to use, 
redefine, and combine variables in the raw data set instead of only the ag-
gregate, predefined variables that are available now. A second improvement 
would be to continue to expand the models that are available for estimation 
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(limited dependent variable models, etc.). Another improvement would be to 
allow for different years of data to be included in one model.

Recommendation 8.1: ERS should continue to improve the ARMS web tool 
by providing summaries on more variables and more subsets from ARMS, 
and to improve the ARMS extranet web tool by adding the ability to link 
over years and to more sophisticated models. 

Special Tabulations

On occasion, users may request special tabulations of ARMS data 
beyond what is available in published or downloadable reports and tabula-
tions. Special tabulations require a commitment of time and expertise of 
agency staff. Under ERS policy, the agency may provide special tabulations, 
reimbursed on the basis of staff time required to prepare the tabulations, 
provided the staff are available. ERS policy is that special tabulations, once 
prepared, are available to the public, and the agency reserves the right to dis-
seminate the results of special tabulations on the agency website or in agency 
publications. NASS has a similar program (National Agricultural Statistics 
Service, 2007d) and has produced special requests for users for a fee—an 
example that is cited is a report for John Deere. The reports produced in this 
manner are nonproprietary and are published on the USDA website. 

MICRODATA ACCESS FOR DATA USERS

The individual records derived from ARMS have been collected and 
acquired exclusively for statistical purposes under a strict pledge of con-
fidentiality. However, with the recognition that the individual records are 
valuable in understanding the status of farms and farm families, procedures 
have been established to provide access to microdata in an environment that 
ensures that the confidentiality of the records is maintained. 

Currently, approved data users can access the ARMS microdata either 
onsite at ERS or NASS offices. They can also access the data in a more 
limited form and run simple regressions online. As discussed in this section, 
alternative means of dissemination, particularly through the Census Bureau 
Data Centers, may increase access for some researchers or facilitate analysis 
that combines data sets. 

Procedure for Accessing the ARMS Microdata

ARMS individual-record microdata can be made available to research-
ers and other government agencies that have collaborative projects with 
ERS or NASS that contribute to USDA’s public-sector mission. These proj-
ects must be formally administered through a cooperative research relation-
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ship between ERS and a responsible research organization. Users apply by 
submitting a memorandum of understanding for research purposes between 
ERS and the research institution, an approved research project agreement, 
and a NASS confidentiality agreement. Users also must participate in a 
security briefing on the security and confidentiality requirements of using 
ARMS data. Once formal agreements have been signed, access to ARMS 
data is provided at ERS or NASS headquarters or at a NASS state statistical 
office, depending on availability of office and computer resources. 

ERS takes these steps to ensure that ARMS data are used for statistical 
purposes only, not for other purposes, such as regulatory or enforcement 
purposes or release under the Freedom of Information Act. The objective 
is that confidential data will not be disclosed. In addition, all reports, pub-
lications, and releases based on ARMS data must pass strict nondisclosure 
reviews. Entities and individuals outside USDA with access to confidential 
survey data are subject to the same federal statutes that apply to USDA and 
its employees. Under these statutes, individuals who unlawfully disclose 
confidential data are subject to fines and other penalties. The procedures for 
accessing the microdata are designed to establish widespread and uniform 
confidentiality protections that cooperators must adhere to. They take ad-
vantage of the Confidential Information Protection and Statistical Efficiency 
Act of 2002, which grants “licensed agents” use of confidential data for 
statistical purposes, providing criminal and civil penalties for misuse. 

Current Users and Projects

Researchers can access the data through their institutions or directly 
with USDA. Over 25 institutions, primarily academic institutions and some 
government agencies, have agreements in place to gain access to the ARMS 
data on-site at ERS or NASS offices or online via the ARMS extranet 
tool. 

A number of ongoing initiatives are aimed at improving the dissemi-
nation of and access to ARMS data. They include cooperative agreements 
with the University of Illinois and the University of Minnesota, web design 
changes, and continuing research on alternative approaches to access. 

On-site Data Access at ERS and NASS State Offices

To access the ARMS microdata at ERS or NASS state offices, research-
ers contact the NASS office in their state and arrange visits to estimate their 
models with the ARMS microdata. NASS offices provide data users with 
a secure computer on which the ARMS data and the statistical analysis 
system (SAS) software and Microsoft office programs are installed. Because 
time spent at NASS offices is limited by travel costs and work schedules, 
researchers need to arrive well prepared. They typically bring computer 
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programs to the NASS offices and spend the majority of their time running 
and modifying their programs and compiling the results. Before they leave, 
ERS or NASS staff inspect all output and results for compliance with the 
confidentiality of the records. 

For most university researchers, the availability of the ARMS data at 
the NASS state offices significantly reduces their travel costs in comparison 
to the alterative of traveling to Washington, DC. Nonetheless, many users 
find it inconvenient having to travel sometimes considerable distances to a 
state office. In addition, some have encountered difficulties in processing the 
data at the state centers. Users have called for making the data available in 
the state centers in a format that would facilitate the use of standard com-
puter languages other than SAS, such as STATA, Limdeb, and Matlab. Poli-
cies on software vary from state office to state office. The software available 
may differ, and some state offices seem to be uncomfortable with allowing 
users to upload their own software to computers in the state office.

At the panel’s session for ARMS data users at the 2006 meeting of the 
American Agricultural Economics Association (AAEA), the group consisted 
mainly of academic researchers but also included some private-sector users. 
They raised several concerns and made a number of useful observations 
about access to the ARMS data:

• NASS state offices vary with respect to computer and staff resources 
dedicated to ARMS research and the ability to host data users. Most are 
able to accommodate the specific needs of researchers with respect to their 
preferred time for visits or software needs, but some state offices require 
advance planning and scheduling of visits and are not very responsive dur-
ing peak work activity periods.

• A suggestion for improving access was that ERS should create 
more comprehensive documentation of the content of the data files, so that 
researchers could better prepare before arriving at the state data center. 

• Despite the relative convenience of the state centers, some research-
ers prefer to travel to Washington, DC, to access and work with the ARMS 
data at the ERS facility. This affords them special attention from knowl-
edgeable ERS staff. 

• Nonacademic and nongovernment researchers face particular dif-
ficulties in accessing ARMS data. Independent researchers cannot disag-
gregate the online data: they do not have access to the restricted data, and 
they often do not have the resources to request ERS staff to run a study for 
their purposes.

Census Bureau Research Data Center Program

An alternative means of allowing researchers to access federal govern-
ment survey micro records is offered by the Census Bureau through its 
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research data centers (RDCs). Incorporating access to ARMS microdata 
in the RDCs would expand the number of points of access, and it could 
facilitate the linkage of ARMS data with other data sets, which could add 
value to the models that are built. 

The Census Bureau operates the RDCs under the authority of the sec-
retary of commerce to grant special sworn status, which allows individuals 
outside the Census Bureau access for tasks that benefit the Census Bureau’s 
mandated programs. This “benefit” test means that users must go through a 
number of steps, including working with an RDC administrator, and submit 
an online proposal, which is reviewed on scientific merit, benefit to the Cen-
sus Bureau, disclosure risk, policy sensitivities, feasibility, and proof of a 
clear need for nonpublic data. These proposals are reviewed by both Census 
Bureau and external (academic) reviewers. If another agency developed or 
sponsored the data, necessary proposals are also required to be forwarded 
to that agency for review. If the proposal is approved after these steps, all 
researchers on a project must undergo a background check, provide a Social 
Security number, sign an oath that they will preserve confidentiality, and 
take data and information technology security training.

A recent decision by the Census Bureau leadership to consider allowing 
non–Census Bureau data at RDCs has made them a potentially attractive 
alternative to other agencies that now maintain their own data access pro-
grams. At the time this report was being prepared, the Census Bureau had 
begun to house confidential data at the RDCs for the National Center for 
Health Statistics and to work out arrangements for others to house their 
confidential data at the RDCs. An agency owning data housed in an RDC 
would be responsible for proposal review and setting disclosure standards 
but would use the RDC infrastructure, including online proposal capture, 
computer labs, and management capacity at the data centers. In return, 
the agencies would contribute to the cost of maintaining, upgrading, and 
expanding the RDC infrastructure.

Recommendation 8.2: USDA should consider extending the availability 
of ARMS microdata through the Census Bureau research data centers to 
increase access opportunities for using additional data sets and enabling 
researchers to match ARMS files with other data sets.

TRAINING FOR DATA USERS

ERS provides data users with information, documentation, and train-
ing through the Internet and a help desk operation. In the online ARMS 
briefing room, interested users can learn about the survey and how to 
apply for access to the microdata. Users can use the ARMS web tool to 
generate custom data summaries and obtain downloadable copies of all 
survey questionnaires. Users seeking access to the microdata are directed 
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to contact the ERS Survey and Data Coordinator who provides help desk 
assistance, including relevant questionnaires, electronic copies of respon-
dent booklets, NASS and ERS variable listings, format listings, summary 
programs, and artificially generated nonsurvey data for use in optimizing 
computer programs before visiting the state office or the ERS office in 
Washington, DC.

ERS provides initial statistical guidance to microdata users. Research-
ers are assumed to have adequate statistical and economic modeling skills 
to accomplish their projects, including sufficient SAS abilities. ERS sends 
copies of reports on variance estimation under the complex sample design 
in ARMS and offers samples of SAS programs that illustrate jackknife 
techniques and regressions. ERS also provides on-site advice and support 
to microdata users who wish to come to ERS for a few days of hands-on 
learning and experience. 

ERS continues to explore ways to enhance access to ARMS data and 
training for users. A recent cooperative agreement between ERS and the 
National Opinion Research Center seeks to develop training guidelines for 
users on data security and on ways to use ARMS. ERS also organized a 
preconference workshop as part of the 2006 AAEA annual meeting entitled 
“The State-of-the Art in the Analysis of Survey Data with Complex Sample 
Designs.” The objective of the workshop was to illuminate the underlying 
statistical issues in analyzing data with complex sample designs. 

Many university researchers are interested in using the ARMS data for 
research but have not done so because of the steep learning curve and the 
travel costs associated with accessing the microdata. Training programs 
targeted at new data users and online tools for preliminary analyses are 
likely to be effective in attracting more data users. Because of the complex-
ity of the survey design and the generally used estimation procedures, new 
data users will benefit from additional information and training to reduce 
startup costs of using the ARMS data. 

At the panel’s session for data users at the 2006 AAEA meeting, discus-
sions among the existing data users revealed that the documentation related 
to ARMS is generally helpful and adequate for most purposes. However, it 
also became clear that many data users are not fully aware of all available 
documentation and resources, mostly because the materials are delivered on 
a case-by-case basis and because researchers visit NASS state offices without 
direct contact with other data users or ERS staff. Therefore, it would be 
helpful for the existing information to be packaged into a data user manual 
and delivered through training programs. 

The panel thinks that the complexity of ARMS access requirements and 
the data themselves, combined with the high costs and steep learning curve 
involved, especially for first-time users, have seriously impaired the value 
of ARMS as a research tool.
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Recommendation 8.3: ERS should provide more training for new data 
users, including developing a data user manual, which also includes the 
recommended guide on statistical estimation (see Recommendation 7.5), 
and offering training workshops.

USER FORUMS AND FEEDBACK

In the ARMS briefing room, users can submit an open-ended feedback 
form to the ARMS team. The site also includes a few quick links through 
which users can discuss specific issues, such as ARMS content issues, and 
can request special tabulations or access to the online tools or the micro-
data. Recommendations for specific content to include in the survey and 
requests for special tabulations go directly to the data and survey coordina-
tor in ERS. Users can also sign up to receive the ARMS update newsletter, 
which is also available through the briefing room.

Since the feedback options available through the briefing room go di-
rectly to ERS staff, they do not allow users to actively discuss issues with 
one another. At the panel’s data user session at the AAEA’s 2006 annual 
meeting, users and potential users of ARMS data expressed interest in de-
veloping a process to facilitate communication within the user community 
as well as an ongoing feedback process to NASS and ERS. One idea is to 
schedule regular data-user meetings, in which researchers exchange ideas 
among themselves and offer feedback to ERS. Another idea is for ERS to 
help launch a “wiki” or some other type of interactive online documenta-
tion for ARMS, in which researchers themselves post ARMS-related in-
formation. This would also allow users to share programs, tips, and ideas 
about the ARMS data. 

DATA CONSISTENCY

Although the panel has found no reason to doubt that ARMS data are 
equal in quality to those of other federal statistical agencies, occasionally 
clear errors have been found in the data by users, despite the review at 
NASS, ERS, and the state offices. A formal revision policy would encourage 
users to report outliers and data inconsistencies. As data files are updated, 
it will be useful to keep records of data corrections and updates. 

In order to access and process summary and microdata in electronic 
form, users must use codes that identify individual variables, and these 
codes change over time (see Table 8-1). Changes in questions over time are 
also another serious complication for users. A problem many of them face is 
that the questionnaires change over time and the questions change between 
versions—an issue discussed in this report. Table 8-1 provides examples of 
codes for the variables included in the debt section of the survey. 
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For these variables, there is a high level of consistency in the questions 
included in the survey every year, but the codes change and sometimes 
change back. NASS and ERS should develop a variable naming conven-
tion that does not permit code changes unless underlying concepts change. 
Although any arbitrary set of codes could be used by NASS and ERS in 
developing the data, but these should be mapped into a stable system of 
nomenclature. NASS and ERS have a very strong comparative advantage 
in judging the comparability of variables over time, particularly since they 
need such information to perform their own work.

Like the variables themselves, the summary statistics are not consistent 
over the years. ERS should make the names and definitions of the sum-
mary statistics as consistent over the years as possible. This can be solved 
for future years by a policy of maintaining consistency in the names and 
definitions of summary statistics. In addition, ERS would be providing a 

TABLE 8-1 Examples of Codes for Debt Variables, 1996-2005

Year
Lender  
Type

Loan  
Balance

Interest 
Rate

Loan  
Term

Year  
Obtained

1996 R611 R615 R619 R623 R627
1997 R938 R939 R940 R941 R942
1998 R931 R932 R933 R934 R935
1999 R1001 R1002 R1003 R1004 R1005
2000 R1001 R1002 R1003 R1004 R1005
2001 R1001 R1002 R1003 R1004 R1005
2002 R1161 R1162 R1163 R1164 R1165
2003 R1001 R1002 R1003 R1005

2004 R1001 R1002 R1003 R1005

2005 R1001 R1002 R1003 R1008 R1005
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service to its users by revisiting the definition and naming of summary sta-
tistics from previous years to make them consistent with the names used in 
the most recent years. Only in this manner can a consistent time series for 
the summary series be ensured. In addition, if possible, the introduction of 
new aggregate or categorical variables (such as the new “combined farm” 
typology) should be accompanied by the revision of older data sets to in-
clude those variables. At a minimum, ERS should, when possible, provide 
computer code to users that provides for an intertemporally consistent 
definition of the key variables they publish. 

Recommendation 8.4: Database management practices should include a 
system for managing and reporting errors found by users for consistent 
labeling of the codes for raw variables, and for using the consistent names 
of the ERS-created summary variables over time. 

TABLE 8-1 Continued

Percent for 
Farm Use

Loan 
Guarantee

Type of 
Loan

Purpose of 
Loan

Number of 
Other Loans

Balance on 
Other Loans

R631 R639 R635 R643 R644
R943 R944 R966 R967
R936 R937 R959 R960
R1006 R1007
R1006 R1007 R1036 R1037
R1006 R1007 R1036 R1037
R1166 R1167 R1196 R1197

R1006
R1008
R1009

R1004 R1007 R1046 R1047

R1006
R1008
R1009

R1004 R1007 R1046 R1047

R1006 R1004 R1007 R1046 R1047
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Conclusions and Recommendations

The Agricultural Resources Management Survey (ARMS) is a complex 
undertaking. It began, just over a decade ago, as a melding of data 
collected from the field, the enterprise, the farm, and the household, 

in a multiphase, multiframe, and multiple mode survey design, and it has 
increased in complexity in the ensuing years as more sophisticated demands 
for its outputs have expanded. Today, at the outset of its second decade 
of operations, the survey faces difficult choices and challenges, including a 
need for a thorough review of its methods, practices, and procedures. This 
report contributes to that necessary endeavor. 

This chapter summarizes the panel’s review in a short statement of 
our major conclusions and presents the recommendations that appear in 
Chapters 2 through 8. 

CONCLUSIONS

ARMS is an invaluable source of information on the current state of 
American agriculture, as well as the sole source of some important infor-
mation on the linkages between fields, farms, and families that serves to 
illuminate the challenges faced by agriculture policy makers and farm fami-
lies. Because the survey is so critical to understanding agriculture, it carries 
a special burden. Its methods, practices, and procedures must be designed 
to yield data of impeccable quality in view of their uses, and the data must 
be made available to the research community both inside and outside the 
federal government in order to generate the improved analytical knowledge 
the data makes possible.
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The panel’s review of several aspects of the survey’s statistical qual-
ity was challenging. At several points in this report, some of the methods 
and practices used in ARMS are characterized as “unique” or “unconven-
tional.” In large part, the unique nature of the survey is due to it complex-
ity, with multiple modes and phases and with a goal to collect, classify, 
and aggregate several types of information from three interrelated but not 
entirely overlapping reporting units. ARMS reflects some unique practices 
that are part of the U.S. Department of Agriculture’s (USDA) way of doing 
business, such as its board review process, which are not within the panel’s 
purview to assess. Nonetheless, the panel has been able to document and 
assess the adequacy of the survey design, data collection, analysis, and 
dissemination. 

The panel concludes that appropriate attention is being paid by the 
National Agricultural Statistics Service (NASS) and the Economic Research 
Service (ERS) to the basic elements of survey quality, although much more 
could be done to improve important features of the survey. Several aspects 
of survey operations need more attention, including the employment of 
analytical tools to investigate the quality of survey responses, additional 
control and further automation of the interview process, shifting the focus 
from nonresponse rates to nonresponse bias, introduction of new methods 
of imputation of missing values and documentation of the results of imputa-
tion, improvements to variance estimation that are more compatible with 
the types of data analysis uses that are now employed, and more attention 
to facilitating access to the data files for research and analysis.

In addition to identifying areas of needed improvement in current 
methods and practices, our review identifies several emerging challenges. 
These challenges are associated with the changing structure of farming, 
overall trends in federal surveys—such as the growing difficulty of obtain-
ing satisfactory survey response—and the growing sophistication of survey 
data users, both inside and outside the federal government. The agencies 
have attempted to respond to these challenges with some foresight—adding 
new questions, testing such initiatives as incentives for increasing reporting, 
developing proposals to collect longitudinal data, and enhancing the provi-
sion of microdata files in a protected environment. Our review leads to the 
conclusion that several areas still need attention, and the recommendations 
that follow may be considered a roadmap to the future for ARMS. 

We are aware that our list of recommendations is long and that some of 
them will be costly to implement. Full implementation of all of them would 
require a significant fraction of the ARMS budget. In our view, if addi-
tional funds cannot be obtained, at least those recommendations involving 
methodological research and development directly related to data quality 
assurance should be undertaken, even at the expense of reducing the size or 
scope of the survey. For other costly recommendations, notably the training 
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programs and other services for data users outside USDA, additional fund-
ing could reasonably be sought, even from unconventional sources in the 
user community. For example, the land grant universities could be asked to 
support, and perhaps to assist in implementing, the training and data access 
improvements. The universities rely on other sources of USDA funding, 
through the Cooperative State Research, Education, and Extension Service, 
which might be interested in funding competitive National Research Initia-
tive or other grants for these purposes. 

RECOMMENDATIONS

Although the panel did not attempt to prioritize the issues or our rec-
ommendations, we do draw special attention to the need for an ongoing, 
joint, and appropriately funded methodology research and development 
program. Such a program needs adequate resources both to support current 
and future research, development, and statistical analysis needs throughout 
the implementation of the ARMS and to assess and manage the quality of 
the data. We also call attention to the need for better channels of communi-
cation with providers and users of the data. These initiatives will require an 
infusion of funding and, in the case of ERS, enhancement of staff expertise 
in mathematical statistics and data analysis skills. The panel believes that 
all of the recommendations are feasible and important, but some are more 
important than others and are worded to convey that immediacy.

In the pages that follow, we present the recommendations that appear 
in context throughout the report.

Data Integration and Relevance

Recommendation 2.1: The National Resources Conservation Service, 
NASS, and ERS should engage in a focused research and testing program 
and use experience with integrating the Conservation Effects Assessment 
Project and ARMS to assess the feasibility of integrating ARMS with other 
surveys and data sources. 

Recommendation 2.2: In preparation for funds becoming available for a 
longitudinal design of ARMS, ERS and NASS should systematically con-
duct research and explore the need for and feasibility of obtaining panel 
data from ARMS. Furthermore, as a test of the power of such information, 
more use should be made of the existing longitudinal microdata from the 
Census of Agriculture. One possible approach would be to create a pseudo-
panel of such data. Another would be to make a retrospective link between 
the Census of Agriculture and a year of ARMS.
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Survey Management

Recommendation 3.1: The ARMS program should have structured mecha-
nisms in place for stakeholder feedback and discussion on ARMS, beyond 
what is currently done, such as organized stakeholder forums, with some 
obligation to respond. Specifically, USDA should solicit input in developing 
the survey from stakeholders from within USDA and from other government 
agencies, universities, professional associations, and the private sector. 

Recommendation 3.2: The NASS Advisory Committee on Agriculture Sta-
tistics should expand its scope to include an annual review of ARMS. 

Recommendation 3.3: ERS and NASS should establish an ongoing, jointly 
sponsored, and appropriately funded methodology research and develop-
ment program. Such a program should provide adequate resources to sup-
port current and future research, development, and statistical analysis needs 
throughout the implementation of ARMS and to assess and manage the 
quality of the data. If new funds cannot be obtained, funds from existing 
programs must be reallocated. 

Recommendation 3.4: NASS and ERS should commit resources to develop-
ing a five-year plan tied to the Census of Agriculture for ARMS content, 
coverage, and methodology. The agencies should develop measures to con-
trol changes during the five-year period to minimize disruptions to the time 
series of the core content in ARMS.

Sample and Questionnaire Design

Recommendation 4.1: The methodology research and development pro-
gram the panel recommends should systematically (1) evaluate current 
instruments and practices, (2) collect data that inform both the revision of 
existing items as well as the creation of new items, (3) test revised instru-
ments before they are put into production, (4) use experimental control 
groups to evaluate the differences between the old and new questionnaires, 
(5) improve understanding of respondent record-keeping practices and 
their effect on survey quality, and (6) designate a subsample of the existing 
ARMS sample for research and testing purposes. Key parts of this work 
would best be conducted in a cognitive or usability laboratory facility. 
It would be enabled by obtaining a generic clearance from the Office of 
Management and Budget for testing of all phases of the survey to allow for 
broader cognitive testing, evaluate the quality of data reported in response 
to each question, and evaluate the impact of mode of data collection across 
the three phases. 
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Recommendation 4.2: ERS and NASS should improve the consistency of 
variables across ARMS versions and over time. 

Recommendation 4.3: NASS and ERS should explore the collection of 
auxiliary information on a formal basis, as well as feasibility of enriching 
the ARMS data files with information from administrative data sources, 
geospatial data, and the like. 

Data Collection

Recommendation 5.1: ARMS should use automated means to collect para-
data on interviewer assignments to cases, the relationship between the 
interviewer and the sample farm respondent (i.e., whether they know each 
other), demographic characteristics of the interviewer and the character-
istics of the sample farms for nonrespondents that are coordinated with 
information obtained for respondents, either through the interview or 
interviewer observation. These paradata could be used to determine the 
need for additional research on the impact of the relationship between the 
interviewer and the respondent on the quality of answers. This data collec-
tion can best be facilitated using computer-assisted technologies.

Recommendation 5.2: NASS should systematically explore the conse-
quences of interviewer departures from standardization in the interview. 
To facilitate this, NASS should collect paradata on the frequency with 
which interviewers follow the order of the questionnaire, read questions as 
worded, provide clarification, and similar indications of departures from 
standardized procedures.

Recommendation 5.3: NASS should use available analytic tools, for exam-
ple, cognitive interviews, interviewer debriefing, recording and coding of in-
terviews, and reinterviews, to investigate the quality of survey responses. 

Recommendation 5.4: NASS should move to computer-assisted interview 
and possibly web-based data collection, after research and testing to deter-
mine possible effects of the collection mode on the data. Computer-assisted 
personal interviews and web-based data collection will provide opportuni-
ties to increase timeliness, improve data quality, reduce cost, and obtain 
important paradata. 

Recommendation 5.5: NASS and ERS should develop a program to define 
metadata and paradata for ARMS so that both can be used to identify 
measurement errors, facilitate analysis of data, and provide a basis for 
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improvements to ARMS as part of the broader research and development 
program the panel recommends.

Nonresponse, Imputation, and Estimation

Recommendation 6.1: NASS should routinely report ARMS case disposi-
tions linked across survey phases to provide the foundation for appropriate 
response rate calculations for Phases II and III.

Recommendation 6.2: All published ARMS response rates for Phase II 
and III should be calculated to reflect the nonresponse from the preceding 
phase(s). 

Recommendation 6.3: The nature of the ARMS nonresponse bias should 
be a key focus of the research and development program the panel recom-
mends. This research and development program should focus, initially, on 
understanding the characteristics of nonrespondents.

Recommendation 6.4: The research and development program should con-
tinue NASS’s work on both public relations and incentives, and it should do 
so with a focus on nonresponse bias, not simply nonresponse rate.

Recommendation 6.5: The research and development program should ana-
lyze whether there are differences in ARMS unit and item nonresponse rates 
between census and noncensus years, with an eye toward deciding whether 
making ARMS mandatory would improve data quality.

Recommendation 6.6: The research and development program should ex-
amine how questionnaire design and interviewing changes could reduce 
item nonresponse.

Recommendation 6.7: NASS and ERS should consider approaches for 
imputation of missing data that would be appropriate when analyzing the 
data using multivariate models. Methods for accounting for the variability 
due to using imputed values should be investigated. Such methods would 
depend on the imputation approach adopted.

Recommendation 6.8: All missing data that are imputed at any stage in the 
survey should be flagged as such on files to be used for analysis.

Recommendation 6.9: NASS and ERS should provide more clarification 
and transparency of the estimation process, specifically the effect of calibra-
tions on the assignment of weights and the resulting estimates.

Understanding American Agriculture: Challenges for the Agricultural Resource Management Survey

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11990


��� UnDeRStAnDing AMeRiCAn AgRiCUltURe 

Methods of Analysis

Recommendation 7.1: NASS should continue to provide sampling weights 
with the ARMS data set, combined with replication weights for variance 
estimation. 

Recommendation 7.2: NASS and ERS should continue to recommend the 
design-weighted approach as appropriate for many of the analyses for us-
ers of ARMS data and as the best approach for univariate or descriptive 
statistics. 

Recommendation 7.3: NASS should investigate and implement improve-
ments to the current jackknife replicates to make them more useful for the 
types of analyses performed by users in ERS and other organizations. In 
particular, NASS should increase the number of replicates and apply bounds 
to the magnitude of the weight adjustments. 

Recommendation 7.4: NASS and ERS should investigate the feasibility of 
providing sufficient information on the design and nonresponse characteris-
tics of ARMS, in order to perform design-based statistical analysis without 
using the replicate weights and to allow users to incorporate design and 
nonresponse information in model-based analyses. 

Recommendation 7.5: ERS should build an enhanced level of in-house 
survey statistics expertise, in cooperation with NASS. The specialized ex-
pertise in both econometrics and survey statistics needed to accomplish this 
is currently not present in ERS and is likely to require a significant effort 
in recruiting and training.

Recommendation 7.6: ERS and NASS should collaborate on writing a 
Guide for Researchers for performing multivariable analyses using data 
from complex surveys, particularly data from ARMS. In areas in which ex-
pertise is not available for writing parts of such a guide, expertise should be 
sought from the statistics and economics community, especially those with 
experience in the analysis of survey data from complex survey designs.

Dissemination

Recommendation 8.1: ERS should continue to improve the ARMS web tool 
by providing summaries on more variables and more subsets from ARMS, 
and to improve the ARMS extranet web tool by adding the ability to link 
over years and to more sophisticated models. 
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Recommendation 8.2: USDA should consider extending the availability 
of ARMS microdata through the Census Bureau research data centers to 
increase access opportunities for using additional data sets and enabling 
researchers to match ARMS files with other data sets.

Recommendation 8.3: ERS should provide more training for new data users, 
including developing a data user manual, which also includes the recom-
mended guide on statistical estimation, and offering training workshops.

Recommendation 8.4: Database management practices should include a 
system for managing and reporting errors found by users, for ensuring the 
consistent labeling of the codes for raw variables, and for using consistent 
names of the ERS-created summary variables over time. 
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Appendix A

Panel Data-Gathering Activities

The panel conducted the bulk of its business in open forum, eliciting 
input from staff of the Economic Research Service (ERS) and the 
National Agricultural Statistics Service (NASS) as well as key data 

users, policy makers, and additional technical experts. The panel’s public 
sessions included a workshop on statistical methodology, June 8-9, 2006; 
a session for data users at the annual meeting of the American Agricultural 
Economics Association, July 24, 2006; a workshop on concepts and mea-
surement, September 28-29, 2006; a workshop on inference, December 
7-8, 2006; and an open discussion of cost-of-production issues, January 
18, 2007.

At the panel’s introductory meeting in February 2006, Katherine Smith, 
then associate director of ERS, and Carol House, associate director of 
NASS, set the stage for the work of the panel. They discussed the purpose 
of the study from their perspective, and the charge to the panel. Their frank 
and open exposition on the need for a review of the survey were instrumen-
tal in focusing our attention on key issues to be addressed in the study and 
in enhancing our understanding of the partnership between these agencies 
that directs and sustains the survey. In Carol House’s presentation, the 
panel was challenged to consider not only the question of whether the agen-
cies were doing the right things in terms of content, but also whether they 
are doing things correctly in terms of approach and methodology. Katherine 
Smith emphasized the critical importance of the survey as the main source 
of information on farm economics, production, and structure.

These presentations were supported and elaborated by a thorough dis-
cussion of the state of the survey by Robert Bass and Mary Bohman, who 
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addressed issues arising from the complexity of the Agricultural Resource 
Management Survey (ARMS): the complicated survey form, the problem 
of missing observations and nonresponse, the lack of comparability of 
measures across subsamples, and the difficulties in analysis imposed by the 
complex estimation and other procedures, among other topics. 

At our second meeting, the panel focused on issues of statistical meth-
odology and heard mainly from staff of NASS and ERS with responsibility 
for various aspects of survey design and data collection, estimation, and 
processing. In the discussion of questionnaire content, the panel learned 
from Doug Kleweno, Jim Johnson, Carol Jones, and Bill McBride about 
the determinants of the content of ARMS from the perspective of resource 
use, farm business performance, farm household well-being, and commodi-
ties, respectively. Two presentations were made on the process of turning 
concepts into questions, as well as the methods of testing and implementing 
the questionnaires by Danna Moore of the University of Washington, and 
Kathy Ott of NASS. Collection methodology and other statistical aspects 
of the survey were discussed by Bob Bass, Bill Iwig, Alix Riley, Richard 
Barton, and Chadd Crouse. In the final session, Phillip Kott, Bob Dubman, 
and Nigel Key introduced the challenging topic of methods of imputation 
and analysis of the ARMS data. The panel revisited the difficult issues in-
volved in imputation with a complex survey design in our fourth meeting.

At the annual meeting of the American Agricultural Economics Asso-
ciation (AAEA) in August 2006, several panel members met informally with 
a large group of frequent ARMS data users to discuss accessibility of the 
data and data dissemination. The users also introduced issues regarding re-
sponse rates, survey design, content, classification, editing and imputation, 
coding, cross-survey comparisons, and ongoing user forums. A summary of 
the discussion was reported to the entire panel at our third meeting. 

The third meeting focused on the needs of major public- and private-
sector data users and on data dissemination. Useful insights on data needs 
by major federal users were provided by Jim Langley, Joseph Cooper, 
and Joseph Glauber, representing the perspective of the Congressional 
Budget Office, the Council of Economic Advisers, and the Office of the 
Chief Economist, U.S. Department of Agriculture (USDA), respectively. 
Bob Young discussed the data needs of the general interest U.S. American 
Farm Bureau Federation, and Gary Adams laid out the requirements of 
the statistics program of the National Cotton Council, one of the major 
commodity-oriented interest groups. Discussing concepts and measures for 
understanding environmental analysis, commodities, and farm household 
well-being were Timothy Kiely and Arthur Grube, U.S. Environmental 
Protection Administration; Jeff Goebel, National Resources Conservation 
Service, USDA; and Roger Claasen, Bill McBride, Carol Jones, and Jim 
Johnson, ERS. 
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 The panel conducted a lively discussion of issues involved in dissemi-
nation of survey data, particularly to users of individual record data for 
research purposes, supported by presentations by Mitch Morehart, ERS, 
and Ron Jarmin, U.S. Census Bureau. 

Two substantive topics were revisited in the fourth and fifth panel meet-
ings, which otherwise were largely focused on report preparation and discus-
sion of potential recommendations. The panel delved more deeply into the 
problem of data analysis for complex surveys, with presentations by William 
Greene, New York University, who served as a consultant to the panel, Phillip 
Kott, and Jim MacDonald, ERS, who elaborated earlier presentations.

Bill McBride rejoined the panel to add detail to prior discussions of the 
treatment of commodities in ARMS, with a focus on the implementation of 
recommendations by a special AAEA panel on cost of production. 

Agendas of the panel’s data-gathering meetings appear below.

MEETING AGENDAS

First Meeting 
February 2-3, 2006

Goals for the first meeting:
Introduce panel members to each other and to the supporting staff.
Conduct the bias and conflict of interest discussion.
Hold an open session with representatives of the sponsoring agency 

and other experts to discuss the charge to the panel and to learn 
more about the Agricultural Resource Management Survey.

Organize the approach to the task.
Set dates for future meetings. 

thursday, February �

12:00 – 1:00 p.m. Welcome and Panel Introductions
 Bruce Gardner, Chair

 Michael Feuer, Executive Director, Division of 
Behavioral and Social Sciences and Education

 Constance Citro, Director, Committee on 
National Statistics

Understanding American Agriculture: Challenges for the Agricultural Resource Management Survey

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11990


��0 UnDeRStAnDing AMeRiCAn AgRiCUltURe 

1:00 – 1:45 p.m. Overview of the Agenda
 Bruce Gardner, Chair

 Begin Discussion of the Statement of Work
 Panel Discussion

1:45 – 2:00 p.m. Break

2:00 – 3:00 p.m. Charge to the Panel

 Kitty Smith, Associate Director, Economic 
Research Service

 Carol House, Associate Director, National 
Agricultural Research Service

3:00 – 4:30 p.m. Status of the Agricultural Resource 
Management Survey/Issues to Be Addressed

 Mary Bohman, Director, Resource Economics 
Division, ERS

 Robert Bass, Director, Census and Survey 
Division, NASS

4:30 – 5:00 p.m. Bias and Conflict of Interest Discussion
 Kirsten Sampson-Snyder

5:00 – 5:45 p.m. Discussion of ARMS Program Issues
 Bruce Gardner, Chair

5:45 p.m. Adjourn for the Day

Friday, February �

8:30 – 10:00 a.m. Working Session
 • Review information sharing exercise 

from prior day; identify needed 
adjustments to approach

 • Discuss issues to be examined; develop 
plans to address each; assign panel 
responsibilities

 • Develop plans for follow-on activities
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10:00 – 10:15 a.m. Break

10:15 a.m. – 12:00 p.m.  Working Session Continues

12:00 – 1:00 p.m. Lunch 

1:00 – 3:00 p.m. Working Session
 • Revisit adequacy of panel expertise
 • Determine if consultant assistance is 

needed
 • Discuss audience for final report
 • Develop outline of final report
 • Develop plans for future meetings

3:00 p.m. Adjourn

SECOND MEETINg

June 8-9, 2006

Goals for the statistical methodology workshop:
To discuss statistical methodology issues in the ARMS program.
To plan for the upcoming Concepts and Measurements workshop. 
To develop an outline for the final report.

Thursday, June 8

8:30 – 9:00 a.m. Panel Business
 Bruce Gardner, Chair

 Bias and Conflict of Interest Discussion
 Kirsten Sampson-Snyder

9:00 – 9:15 a.m. Welcome and Overview of the Agenda
 Bruce Gardner, Chair

9:15 – 10:00 a.m. Interagency Interaction on Issues of Statistical 
Methodology
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 Robert Bass, Director, Census and Survey 
Division, NASS 

 Mary Bohman, Director, Resource Economics 
Division, ERS

10:00 – 10:15 a.m.  Break

10:15 a.m. – 12:00 p.m.  Survey Management and Data Collection 
Issues and Statistical Methodology Issues: 
Questionnaire Content

  Cynthia Clark, Moderator

 Information on Resource Use and 
Allocation at the Field Level

  Doug Kleweno, NASS
 Information on Farm Business 

Performance: Resources, Environment, 
Other Enterprise Information

  Jim Johnson, ERS 
 Information on the Farm Household: 

Economic Well-Being 
  Carol Jones, ERS 
 Information on Commodities
  Bill McBride, ERS 

12:00 – 1:00 p.m.  Lunch 
        
1:00 – 5:30 p.m.  Survey Management and Data Collection 

Issues and Statistical Methodology Issues 
(Continued)

  Fred Conrad, Moderator

  Questionnaire Design
   TBA
  Questionnaire Development 
   Kathy Ott, NASS

Collection Methodology—Current and 
Options (CATI, CAPI, web-based); 
Recruiting and Training of Interviewers

   Bob Bass, NASS
 
5:30 p.m. Adjourn for the Day
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Friday, June 9

8:30 – 10:00 a.m. Survey Management and Data Collection 
Issues and Statistical Methodology Issues 
(Continued)

  Arthur kennickell, Moderator

 Sample Design and Frame (list and area)
  Bill Iwig, NASS
 Nonresponse (unit and item)
  Alix Riley, NASS
 Estimation and Imputation
  Richard Barton, NASS
 Nonresponse and Calibration
  Chadd Crouse, NASS

10:00 – 10:15 a.m.  Break

10:15 a.m. – 12:00 p.m.  Survey Management and Data Collection 
Issues and Statistical Methodology Issues: 
Methods for Analysis

  David binder, Moderator

  Complex Design; Jackknife
   Phil Kott, NASS
  ERS Procedures for Statistical Analysis 
   Bob Dubman, ERS 
  Scientific Uses in Research
   Nigel Key, ERS

Review of Statistical Packages for 
Improving Analysis

   TBA

12:00 – 1:00 p.m. Lunch 

1:00 – 3:00 p.m.  Working Session
 • Review information gathered during 

workshop
 • Develop outline of final report
 • Develop plans for upcoming concepts 

and methods workshop

3:00 p.m. Adjourn
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THIRD MEETINg

September 28-29, 2006

Goals for the concepts and measurements workshop:
To discuss conceptual and measurement issues in the ARMS program.
To explore the needs of data users.
To consider possible improvements in data dissemination, particularly 

for protected dissemination of sensitive individual records for 
research purposes. 

To explore issues regarding tests of inference for regression analysis 
using ARMS data.

To further refine the outline for the final report and make plans for 
the upcoming meeting on December 7-8, 2006.

Thursday, September 28

8:30 – 9:00 a.m.  Panel Business
 Bruce Gardner, Chair

9:00 – 9:15 a.m.  Welcome and Overview of the Agenda
 Bruce Gardner, Chair

9:15 – 10:00 a.m.  Report on the AAEA Data Users Forum
 Bruce Gardner, Panel Members

10:00 – 10:15 a.m. Break

10:15 a.m. – 12:00 p.m. Data Uses and Users

12:00 – 1:00 p.m. Lunch 

1:00 – 5:30 p.m. Concepts and Measures

5:30 p.m. Adjourn for the Day

Friday, September 29

8:30 – 10:00 a.m. Tests of Inference for Regression Analysis

10:00 – 10:15 a.m. Break
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10:15 a.m. – 12:00 p.m.  Discussion of Methods of Analysis Issues
 David binder, Moderator

12:00 – 1:00 p.m. Lunch 

1:00 – 3:00 p.m. Working Session
 • Review information gathered during 

workshop
 • Develop outline of final report
 • Develop plans for upcoming December 

7-8 meeting 

3:00 p.m. Adjourn

FOURTH MEETINg

December 7-8, 2006

Goals for the inference workshop:
To discuss issues regarding tests of inference for data analysis using 

ARMS data.
To further refine the outline for the final report.
To discuss preliminary findings and recommendations.
To make assignments for tasks for completing the final report.
To make plans for the upcoming meeting on January 18-19, 2007.

Thursday, December 7

8:30 – 8:45 a.m.  Introduction to Problem of Inference and 
Summary of Prior Discussion on the Topic

  Bruce Gardner, Chair

8:45 – 9:30 a.m.  Issues in Data Analysis for Complex Surveys
 William Greene, New York University 

(Consultant)

9:30 – 10:00 a.m. Alternatives to Current Methods of Estima-
tion and variance Computation 

  David Binder, Discussion Leader
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10:00 – 10:15 a.m. Break

10:15 – 10:45 a.m.  Practical Issues in Applying Methods of Infer-
ence to Complex Data Sets 

  Bill Greene, Discussion Leader

10:45 – 11:00 a.m. Summary of Issues in Complex Data Analysis
  Bruce Gardner, Chair

11:00 a.m. – 12:00 p.m. general Discussion of ARMS Issues
  Bruce Gardner, Chair

12:00 – 1:00 p.m.  Lunch 

1:00 – 5:30 p.m. Working Session
  Panel discussion of issues

 5:30 p.m.  Adjourn for the Day

Friday, December 8

8:30 – 10:00 a.m. Working Session
  Review of information gathered
  Refine outline for final report

10:00 – 10:15 a.m.  Break

10:15 a.m. – 12:00 p.m.  Working Session
  Assignments for preparation of final report
 
12:00 – 1:00 p.m.  Lunch 

1:00 – 3:00 p.m. Working Session
 • Plans for meeting on January 18-19, 

2007 

3:00 p.m. Adjourn
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FIFTH MEETINg

January 18-19, 2007

Goals for the meeting:
To discuss issues regarding cost of production estimates from the 

ARMS survey with ERS/NASS staff.
To further refine the final report.
To further develop sections written since the December meeting.
To make additional assignments for tasks for completing the final 

report.
To validate initial findings and recommendations.
To make plans for the upcoming meeting in March 2007.

Thursday, January 18

8:30 – 9:00 a.m. Discussion of Approach to this Meeting
  Bruce Gardner, Chair

9:00 – 11:00 a.m. Discussion of AAEA Cost of Production 
Report and Status of Implementation of 
Recommendations in ARMS

  Bill McBride, ERS

11:00 a.m. – 12:00 p.m. general Discussion of ARMS Issues with 
Department of Agriculture Staff

  Bruce Gardner, Chair

12:00 – 1:00 p.m. Lunch 

1:00 – 2:30 p.m. Break-out Working Sessions

2:30 – 5:30 p.m. Panel Discussion of Issues

 5:30 p.m. Adjourn for the Day

Friday, January 19

8:30 – 10:00 a.m. Working Session
  Refine Final Report
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10:00 – 10:15 a.m. Break

10:15 a.m. – 12:00 p.m. Working Session:
  Assignments for Final Report
 
12:00 – 1:00 p.m. Lunch 

1:00 – 3:00 p.m. Working Session
  Plans for Meeting in March 

3:00 p.m. Adjourn
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Appendix B

Biographical Sketches of  
Panel Members and Staff

BRUCE gARDNER (Chair) is professor and interim dean of the College 
of Agriculture at the University of Maryland. Previously he was a faculty 
member at Texas A&M University and North Carolina State University. 
During 1975-1977, he was a senior staff economist with the Council of 
Economic Advisers, covering agricultural issues during the time of the first 
Soviet grain trade agreement and the development of the 1977 Farm Bill in 
the Carter administration. During 1989-1992, he was assistant secretary of 
agriculture and the chief economist at the U.S. Department of Agriculture. 
His writings have concentrated on agricultural commodity and trade policy, 
marketing, and farm income distribution and have received three awards 
for excellence from the American Agricultural Economics Association. He 
is a fellow of the association and was its president in 1999. He has a B.S. 
in agricultural science and economics from the University of Illinois and a 
Ph.D. in economics from the University of Chicago.

WALTER J. ARMBRUSTER is president of the Farm Foundation in Oak 
Brook, Illinois. He has previously worked at the U.S. Department of Agri-
culture as a staff economist involved with research in marketing efficiency, 
institutions, and policy issues. He is past president and a fellow of the 
American Agricultural Economics Association and is secretary/treasurer of 
the International Association of Agricultural Economists. He has served on 
the advisory board of the National Agricultural Statistics Service. He has 
B.S. and M.S. degrees in agricultural economics from Purdue University and 
a Ph.D. in agricultural economics from Oregon State University. 
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DAvID BINDER is a consultant on survey design and was previously 
director general of the methodology branch of Statistics Canada. He is a 
fellow of the American Statistical Association and an elected member of the 
International Statistical Institute. He has written extensively on the theory 
and methods for the analysis of complex survey data. At the National Re-
search Council, he served on the Panel on the Research on Future Census 
Methods. He is a past president of the Statistical Society of Canada. He 
has a B.Sc. from the University of Toronto and a Ph.D. from Imperial Col-
lege, London. 

RAy D. BOLLMAN is chief of research and analysis of the agriculture 
division of Statistics Canada. He also serves as adjunct research professor 
at the University of Manitoba. He has written extensively on rural develop-
ment issues and has analyzed data sets on household expenditure patterns 
for rural families. He has B.Sc. and M.Sc. degrees from the University of 
Manitoba and a Ph.D. in economics from the University of Toronto. 

CyNTHIA Z.F. CLARK is an executive director at the U.K. Office for Na-
tional Statistics leading the Methodology Directorate. Previously she served 
as associate director for methodology and standards at the U.S. Census Bu-
reau where she led the large scale evaluation of the 2000 census, established 
an administrative records research program, initiated a framework for 
quality standards, and developed a usability laboratory. She has 13 years 
experience with agriculture surveys and censuses as a division director at 
the National Agricultural Statistics Service and research manager in the Ag-
riculture Division of the Census Bureau. Her professional work focuses on 
survey and census methodology, operations, and research; official statistics; 
survey technologies; privacy and confidentiality; and statistical training in 
the workplace. She is a fellow of the American Statistical Association and 
an elected member of the International Statistical Institute. She has M.S. 
and Ph.D. degrees in statistics from Iowa State University.

FREDERICK CONRAD is research associate professor of the Institute 
for Social Research at the University of Michigan. His research generally 
involves identifying and reducing survey measurement error by applying 
ideas and methods from cognitive science. His current research is focused 
on adaptive user interfaces in web surveys, understanding and misunder-
standing survey questions, estimation processes, evaluation of questionnaire 
pretesting methods, and interviewer-respondent interaction. He has a Ph.D. 
in psychology from the University of Chicago.

ANI L. KATCHOvA is assistant professor in the Department of Agricul-
tural and Consumer Economics of the University of Illinois at Urbana-
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Champaign, where she teaches applied statistical methods, and advanced 
agricultural economics. Her recent publications have made extensive use 
of microdata from the Agricultural Resource Management Survey, and her 
research has focused on agricultural finance with a focus on farm financial 
performance. She has a Ph.D. in agricultural economics from the Ohio 
State University.

ARTHUR KENNICKELL is a senior economics and unit head for the Sur-
vey of Consumer Finances of the Board of Governors of the Federal Reserve 
System. He has been on the staff of the Board of Governors of the Federal 
Reserve System since 1984. His areas of expertise are data collection and 
estimation methodology, microeconomics, and macroeconomics. He is a 
fellow of the American Statistical Association. He has B.A. and M.A. de-
grees from the University of Chicago and a Ph.D. in economics from the 
University of Pennsylvania.

CATHERINE KLINg is professor of economics in the Department of 
Economics at Iowa State University. She also serves as head of the resource 
and environmental policy division in Center for Agricultural and Rural 
Development there. She has been on the staff of Iowa State University since 
1993. She serves as associate editor of the Journal of Environmental Eco-
nomics and Management. Her research has focused on issues of agricultural 
environmental and resource economics. She has a Ph.D. in economics from 
the University of Maryland and a B.B.A. in business and economics from 
the University of Iowa.

CARyN KUEBLER (Associate Program Officer) is an associate program 
officer for the Committee on National Statistics. Previously she worked for 
the University of Chicago’s Cultural Policy Center on a nationally scaled 
research project measuring the relationship between the size and scope of 
a region’s creative sector and its economic growth potential. Her research 
interests include measuring consumer debt burden and income inequal-
ity, economic development, and cultural policy, including access to and 
protection of cultural and natural resources. She has a B.S. from Syracuse 
University and an M.P.P. from the University of Chicago.

JEAN OPSOMER is director of the Center for Survey Statistics and Meth-
odology and associate professor in the Department of Statistics at Iowa 
State University. His research interests and professional practice include 
nonparametric regression; developing advanced statistical tools to increase 
understanding of environmental processes, as well as the human impact 
on the environment; and the design and estimation for the National Re-
sources Inventory survey. He has an M.S. in management engineering from 
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Katholieke Universiteit, Leuven, Belgium, an M.B.A. from the University of 
Chicago, and a Ph.D. in operations research from Cornell University. 

BOBBy R. PHILLS is professor and director of the small fruits program at 
Florida A&M University. He has directed several research projects for the 
U.S. Department of Agriculture’s Agricultural Research Service and serves 
as a member of the advisory board of the National Agricultural Statistics 
Service. He is a member of the National Research Council’s Board on Agri-
culture and Natural Resources. He has a B.S. in horticulture from Southern 
University and A&M College, an M.S. in horticulture from Louisiana State 
University, and a Ph.D. in horticulture/plant breeding from Louisiana State 
University. 

THOMAS J. PLEWES (Study Director) is a senior program officer for 
the Committee on National Statistics and was study director for its Panel 
to Review Research and Development Statistics at the National Science 
Foundation. Previously he was associate commissioner for employment 
and unemployment statistics of the Bureau of Labor Statistics and served 
as chief of the U.S. Army Reserve. He was a member of the Federal Com-
mittee on Statistical Methodology. He is a fellow of the American Statistical 
Association. He has a B.A. in economics from Hope College and an M.A. 
in economics from the George Washington University.

STANLEy PRESSER is professor in the Sociology Department and the 
Joint Program in Survey Methodology at the University of Maryland. His 
research has focused on the interface between social psychology and survey 
measurement, questionnaire design and testing, the accuracy of survey re-
sponses, and ethical issues stemming from the use of human subjects. He is 
a past president of the American Association for Public Opinion Research 
and is a fellow of the American Statistical Association. At the National 
Research Council, he served on the Committee to Review the Bureau of 
Transportation Statistics’ Survey Programs. He has a Ph.D. in sociology 
from the University of Michigan.

ROBERT D. TORTORA is chief methodologist of the Gallup Organi-
zation. Prior to joining Gallup, he was associate director for statistical 
design, methodology, and standards at the U.S. Bureau of the Census. In 
that position, he led the design of the 2000 census; he was responsible for 
the statistical and survey methodology for all Census Bureau programs, as 
well as the development of statistical and survey standards. Prior to joining 
the Census Bureau staff, he was director of the research and applications 
division of the National Agricultural Statistics Service. He also serves as 
adjunct professor of statistics at the University of Nebraska and of applied 
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statistics at George Mason University. He is a fellow of the American Sta-
tistical Association. He has a B.S. in mathematics from Youngstown State 
University, an M.S. in mathematical statistics from the Catholic University 
of America, and a Ph.D. in probability and statistics from Bowling Green 
State University. 

MICHAEL K. WOHLgENANT is William Neal Reynolds distinguished 
professor of agricultural and resource economics at North Carolina State 
University. His specialty is development of economic models of agricultural 
marketing, policy, and price-analysis problems. He has developed economic 
models to understand farm-to-retail price linkages, consumer preferences, 
and the effects of advertising. He has had extensive commodity experi-
ence, including work on applied price and marketing problems for cotton, 
dairy, beef, pork, grapes, sugar, tobacco, wine, and horticultural crops. He 
has extensive experience in modeling the impact of generic advertising on 
farm-level returns to producers. He has also made contributions to under-
standing the allocation of check-off funds between research and advertising. 
He was an innovator of the equilibrium displacement modeling approach, 
which is used extensively in policy and welfare analysis. He has B.S. and 
M.S. degrees in economics and agricultural economics from Montana State 
University and a Ph.D. in agricultural economics from the University of 
California at Davis.
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COMMITTEE ON NATIONAL STATISTICS

The Committee on National Statistics (CNSTAT) was established in 1972 
at the National Academies to improve the statistical methods and informa-
tion on which public policy decisions are based. The committee carries 
out studies, workshops, and other activities to foster better measures and 
fuller understanding of the economy, the environment, public health, crime 
education, immigration, poverty, welfare, and other public policy issues. It 
also evaluates ongoing statistical programs and tracks the statistical policy 
and coordinating activities of the federal government, serving a unique role 
at the intersection of statistics and public policy. The committee’s work is 
supported by a consortium of federal agencies through a National Science 
Foundation grant.
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