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FOREWORD 

The Committee on Ground Failure Hazards is charged to (1) survey ongoing 
geologic and engineering research relating to landslides, subsidence, 
and other ground failure hazards, (2) define nationwide research needs 
and research priorities, (3) publish accounts of ongoing research and 
recent research results, and (4) foster the exchange of information 
within the United States and abroad. 

In this, its first report, the committee discusses the context in 
which landslide research is carried out and the gaps that now exist, in 
the United States, between the conduct of landslide research and the 
successful reduction of landslide losses. 

During the period in which this report was prepared, the committee's 
activities were supported by the u.s. Geological Survey and the Office 
of Surface Mining, which are both within the Department of the Interior, 
by the Department of Transportation, and by the Federal Emergency 
Management Agency. 

vii 
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EXECUTIVE SUMMARY 

In the United States, losses from landslides, subsidence, and other 
ground failures exceed the losses from all other natural hazards 
combined. This first report from the committee on Ground Failure 
Hazards addresses landsliding~ subsidence and other forms of ground 
failure will be covered in subsequent reports. 

Landsliding in the United States causes at least $1 to $2 billion in 
economic losses and 25 to 50 deaths each year. Despite a growing 
geologic understanding of landslide processes and a rapidly developing 
engineering capability for landslide control, losses from landslides are 
continuing to increase. This is largely a consequence of residential 
and commercial development that continues to expand onto the steeply 
sloping terrain that is most prone to landsliding. 

Landsliding occurs in every state in the nation and is an econo~ 
ically significant natural hazard in more than half the states. While 
landslides can and do occur as individual local events, as much as one 
third of the nation's annual landslide loss is associated either with 
heavy rains or with the melting of winter snows. Landsliding of this 
sort often extends beyond the boundaries of any single state or local 
governmental entity. Because of this, and because effective measures 
for reducing landslide losses require the cooperation of federal, state, 
local, and private entities, reduction of landslide losses should be 
viewed as a national goal requiring national leadership. 

Successful and cost-effective national landslide mitigation programs 
can be implemented, and such programs exist in other countries (e . g., 
Japan). In the United States, although there have been some impressive 
and successful local demonstrations of landslide control, information 
about these activities has not been widely disseminated. There has been 
no recognized national leadership and no systematic basis for the ex
change of information among governmental entities, scientists, and 
engineers. 

Compared with the amounts spent on other geologic hazards, u.s. 
expenditures for landslide research and mitigation programs are very 
low. Yet practical application of corrective measures, based on 
appropriate research and enforced by local regulations, can lead to 
dramatic reductions in landslide losses. This has been demonstrated in 
the Los Angeles area, where reductions in losses of more than 90 percent 
have been achieved for new construction. 

1 
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Appropriate land use management, effective building and grading 
codes, the use of well-designed engineering techniques for landslide 
control and stabilization, the timely issuance of emergency warnings, 
and the availability of landslide insurance can significantly reduce the 
catastrophic effects of landslides. All of these approaches require, as 
a starting point, the identification of areas where landslides are 
either statistically likely or immediately imminent, and the repre
sentation of these hazardous locations on maps. 

In the United States, reduction of landslide losses is viewed pri
marily as a local responsibility. While the federal government plays a 
key role in research, in the development of mapping techniques, and in 
landslide management on federal lands, the reduction of landslide losses 
through land use management and the application of building and grading 
codes is essentially a function of local government. The programs 
undertaken by localities across the nation vary considerably, and there 
are no widely accepted procedures or regulatory approaches for taking 
landslide hazards into account in community planning and land use 
management. 

The same applies to building and grading codes. These are the 
primary regulatory vehicles through which local governments ensure 
proper design and construction practices. While some localities 
(especially in California) have developed and implemented strong 
building and grading codes, and while Chapter 70 (Excavation and 
Grading) of the Uniform Building Code provides a model, the majority of 
construction and land surface modification in this country, both public 
and private, is carried out without reference to a major design code. 

The physical method of landslide control most commonly used in the 
United States, both by private landowners and developers and by 
governmental agencies, is the control of ground and surface water in 
landslide-prone areas. Surface water is diverted from landslide-prone 
areas by ditches, and groundwater is collected and removed by under
ground drainage systems and pumping wells. 

Other techniques used to prevent slope movement or to minimize 
damage are modification of the ground surface by removal of all or part 
of the material driving the landslide, construction of large earth 
buttresses at the toes of slides, and the use of retaining walls, piles, 
caissons, or rock anchors to stabilize earth masses on slopes. In some 
locales, structural debris barriers are used to divert mudflows and 
debris flows away from critical areas, and debris storage basins are 
built behind check dams to collect landslide debris prior to its hitting 
critical areas. These structures, which are major, expensive engi
neering works, are mostly found in parts of the western United States 
where debris flows are a common and hazardous form of landsliding. 

Although some techniques for predicting landslides have been 
developed, there has been insufficient research in this area. The use 
of recurrence interval techniques and other temporal descriptions of 
risk has essentially been unexplored. Some research has been carried 
out on the use of early warning systems to alert the public to 
individual local landslides, and there have been a few successful 
demonstrations of such techniques. But there has never been extensive 
implementation of an early warning system in the United States or 
elsewhere. 
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Insurance is in principle a viable option for mitigating losses from 
landsliding. Insurance not only redistributes losses among the popula
tion, thereby reducing their catastrophic impact, but can also be used 
to encourage risk-reducing managerial decisions. However, to implement 
an effective insurance program requires a degree of specification of 
risk that is not generally thought to be possible for landslides. At 
present, very few companies in the United States offer landslide 
coverage, and then only for certain areas. A particular problem of 
landslide insurance is the potential for adverse selection by the 
insured population. Landslide risk is not uniformly distributed 
throughout the population or throughout a region. Rather, it is 
associated with certain distinctive physical features. The homeowner 
living on a flat surface has no interest in buying landslide insurance 
and sharing the risk and cost with the homeowner living on a steep 
hillside. Landslide insurance is virtually unavailable today in this 
country, with the exception of the insurance coverage provided for a 
single type of landslide (mudslides) under the National Flood Insurance 
Program. 

The development of landslide mapping methodologies in the United 
States has received substantial effort, but much of the country's 
landslide-prone area remains insufficiently mapped. Rectifying this 
situation will require a program of landslide hazard mapping supple
mented by other techniques such as aerial photointerpretation. Land
slide susceptibility has been mappedi for the United States as a whole, 
but at a scale that is not useful for regional or local planning. The 
appropriate scale for regional maps is between 1:125,000 and 1:500,000, 
while maps for site-specific purposes may require scales as large as 
1:2,000. 

A wide variety of federal, state, and local mapping programs have 
been carried out in the United States. All of this mapping has been 
done in the absence of universal (or even widely accepted) standards of 
accuracy, comprehensiveness, scale, symbols, or format. There are no 
guidelines available to assist in the preparation of these maps (except 
for examples such as the u.s. Geological Survey series). The technical 
capability with which landslide susceptibility maps are prepared varies 
widely, and the value of the final products is extremely variable. 

There is much that can be done to reduce landslide losses in the 
United States. There are obvious needs for geologic and engineering 
research, for the development of new mapping techniques, for more 
widespread adoption and enforcement of appropriate building and grading 
codes, for more effective land use planning and management, for wider 
dissemination of information about landslide risk and landslide loss 
reduction, and for serious examination of the feasibility of landslide 
insurance. 

The greatest need, however, is not for new knowledge or new 
engineering methods but for more effective implementation of the 
capabilities we have today. To achieve this will require focused, 
national leadership that today is almost totally lacking. This 
leadership need not come from the federal government. It could be 
provided by a consortium of research and engineering institutions or 
professional societies, by a national public interest organization, or 
by a u.s. national committee composed of representatives of government, 
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industry, academia, and the professional societies. What is essential 
is to provide a continuing context for the development and effective 
implementation of loss reduction techniques and for the exchange of 
technical information that will enable private and local organizations 
to take steps that will effectively reduce landslide-related costs. 

An effective program to reduce landslide losses in the United States 
can be undertaken today. Existing knowledge about landslide processes 
and loss reduction practices in a few u.s. communities and in some other 
countries can provide a basis for more widespread and effective imple
mentation of the loss reduction techniques now available. At the same 
time, research should be undertaken to develop better loss reduction 
techniques than those that are in hand today. 

A national landslide loss reduction program should center on the 
following activities: 

• Adoption by local governments of regulations requiring the 
identification and mapping of landslide-prone lands. 

• Adoption by local governments of land use regulations that 
restrict the purposes for which landslide-prone land can be developed. 

• Adoption by local agencies of design, building, and grading 
codes that will ensure construction practices appropriate to the 
maintenance or enhancement of slope stability. 

• Research to improve the technical base for the development of 
design, building, and grading codes applicable to landsliding. 

• Landslide mapping activities by the federal government focusing 
on (1) the development of improved landslide mapping methodologies on a 
broad range of map scales, (2) the delineation of landslide hazards on a 
national scale, (3) demonstrations of landslide mapping on a regional 
scale, (4) landslide mapping on federal lands, and (5) landslide mapping 
in support of the missions of federal agencies. 

• A nationwide program to provide information and technical 
assistance to state, local, and private organizations wishing to 
undertake landslide hazard mapping programs. 

• Federally sponsored research on landslide processes, including 
landslide initiation and the mechanics of landslide transport and 
deposition. 

• Research and technology transfer aimed at (1) using recently 
developed techniques in remote sensing, geophysics, hydrology, and 
geotechnics for the delineation of areas of landslide hazard, (2) 
assessing the effectiveness of ground improvement practices, such as 
soil drainage, for landslide control, (3) testing and evaluating 
innovative landslide engineering techniques, especially on public lands 
where the problem of legal liability is small, (4) monitoring recurrent 
landslides, and (5) instrumenting landslide-prone areas and establishing 
early warning systems. 

- • Research and data collection pertaining to landslide risk that 
can be used to provide a basis for decisions by private sector insurers 
concerning the feasibility of landslide insurance and for clarification 
by the federal government of its role in landslide insurance. 

A program of this nature will require: 
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• Leadership at the national level drawing upon a number of 
professions and disciplines, including geology, civil engineering, 
planning, and economics, and involving federal, state, local, and 
private entities having responsibilities related to the reduction of 
landslide losses. 

• An information dissemination and education effort spanning the 
spectrum from federal agencies through state and local agencies to the 
private sector. 

• Legislation and funding at federal, state, and local levels, as 
needed. 

• The active cooperation of the private sector. 
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THE LANDSLIDE PROBLEM 

INTRODUCTION 

The National Research council's Task Group on Landslides and Other 
Ground Failures, whose report (National Research Council, 1981) led to 
the establishment of the Committee on Ground Failure Hazards, 
highlighted ground failures as the nation's most economically 
significant class of natural hazards. As the task group pointed out, 
although individual ground failures involving landsliding, subsidence, 
or expansive soils are generally neither so spectacular nor so costly as 
such natural disasters as earthquakes, volcanic eruptions, major floods, 
and tornadoes, they are far more frequent and widespread. In fact, the 
total financial losses from ground failure hazards in the United States 
are greater than the losses from all other natural hazards combined. 
During the period 1925-75, the combined losses (unadjusted for 
inflation) from floods, hurricanes, tornadoes, and earthquakes totaled 
nearly $20 billion. In contrast, ground failure of only two types, 
landslides and subsidence, caused at least $75 billion in losses during 
the same per iod. 

This first report by the committee on Ground Failure Hazards 
addresses the problem of landsliding in the United States. Subsidence 
and other forma of ground failure will be covered in subsequent reports. 

LANDSLIDING IN THE UNITED STATES 

Landslides, especially those caused in whole or in part by human activ
ity, are often both predictable and preventable. Yet landslides cause 
staggering losses in the United States--typically $1 to $2 billion in 
economic losses and 25 to 50 deaths each year. The loss of life from 
landaliding is comparable to the total loss of life from floods, 
earthquakes, and hurricanes (Krohn and Sloason, 1976). The economic 
losses involve both public and private property. They include not only 
the direct costs of replacing and repairing damaged facilities but also 
the indirect coats associated with lost productivity and the disruption 
of utility and transportation systems . Much of the economic loss is 
borne by federal, state, and local agencies that are responsible for 
disaster assistance, flood insurance, and highway maintenance and 

6 

Copyright © National Academy of Sciences. All rights reserved.

Reducing Losses From Landsliding in the United States
http://www.nap.edu/catalog.php?record_id=19286

http://www.nap.edu/catalog.php?record_id=19286


7 

repair. The indirect costs, including revenue losses that result from 
reduced property values and casualty loss deductions, may exceed the 
direct costs. 

Landsliding is widely distributed in the United States and is not 
restricted to a few localized areas. Many different physiographic and 
climatic regions are subject to landslides, and in much of the United 
States landsliding is a dominant process of landscape alteration. 
Landslides can occur as isolated phenomena or in conjunction with heavy 
rains, earthquakes, and volcanic action. Landsliding is also a major 
problem along riverbanks. 

Landslides also occur underwater, on lake and ocean floors, fre
quently in areas of extremely gentle slopes. underwater landsliding 
occurs episodically due to a variety of triggering factors such as rapid 
sedimentation, earthquake shock, faulting, and storm-generated waves. 

The number of damaging landslides has increased in the past two 
decades, largely because of the continuing expansion of the population 
into the vicinity of steeply sloping terrain. The building of resi
dential and nonresidential structures, and the accompanying construction 
of infrastructure corridors and planting of irrigated landscaped areas, 
alters the hillslope configuration and upsets established equilibrium 
conditions. This compounds the natural instability of many slopes and 
can reactivate older landslides. 

In addition, the use of offshore areas for oil and gas exploration 
and production, waste disposal, submarine communication, and military 
warning systems has increased dramatically in recent years. Many of 
these activities are severely affected by active submarine landsliding. 
Oil and gas production facilities off the Mississippi Delta and sub
marine cable systems off Hawaii have been damaged by underwater 
landslides. 

The purposes of this report are to provide government and private 
decision makers with an overview of the landslide problem in the United 
States and to recommend approaches to reducing domestic landslide 
losses. The report is not intended to be a definitive analysis of the 
problem, nor does it offer a critical comparative evaluation of the 
options for loss reduction. The report makes five main points: (1) 
landsliding is a widely distributed and costly natural hazard in the 
United States and constitutes a national problem, (2) landslides are 
widespread and cause extensive damage in other countries as well, (3) 
landslide losses can be reduced, and successful national programs to 
reduce landslide lOSses are being carried out in some other countries, 
(4) what is most lacking in the United States is not geologic knowledge 
or technical capability but national leadership, and (5) it is possible 
to identify specific steps that could be taken to reduce landslide 
losses in the United States. 

Figure 1 shows, in a qualitative way, the severity of the landslide 
problem in each state. The assignment of severity classes in this 
figure is relatively crude. It is based on admittedly incomplete 
records of past landslide losses and on assessments of the degree to 
which each state is prone to landslides as a consequence of its geology 
and physiography. The severity of landsliding within a particular state 
may change with time. If hillside development expands without proper 
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c:::::J No landsliding 

c:::J Low severity 

r::=::J Moderate severity 

- High severity 

FIGURE 1 Qualitative indication of the severity of landsliding 
in the United States by state. 

geotechnical measures to minimize loss, the severity may increase. 
Conversely, with proper planning and engineering, a state's landslide 
severity may diminish despite continued expansion of the population into 
landslide-prone terrain. 

Figure 1 does not indicate the spatial variation of landsliding 
within each state. This variation can be quite large. In North Caro
lina, for example, the relatively flat eastern half of the state is 
virtually free of landslides while the mountainous western part of the 
state is almost entirely landslide-prone. Many excellent maps showing 
the detailed geographic distribution of landsliding based on physio
graphic and geologic considerations appear in the technical literature 
(e.g., Wiggins et al., 1978J* and Radbruch-Hall et al., 1982). 

The purpose of Figure 1 is to display the number and locations of 
states in which landsliding is a serious or potentially serious source 
of economic loss. It is clear that no state is entirely free of land
sliding, and that in more than half the states landsliding is a signif
icant problem. While individual landslides can be widely scattered in 
space and time, a substantial portion--perhaps as much as one third--of 
the annual landslide loss is associated with major catastrophic events. 

*This map has also been reproduced in u.s. Geological Survey (1982). 
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Examples include the mudflows and mud floods of January 1982 in the San 
Francisco Bay region and the floods, landslides, debris flows, and mud
flows that occurred along the Wasatch Front in Utah during the spring 
seasons of 1983 and 1984. In each of these instances, a single storm or 
sequence of climatic events produced extensive landsliding. Cata
strophic events such as these can occur in many parts of the nation. 
The areas affected by such landslides often extend beyond the borders of 
individual states and individual governmental jurisdictione. such 
events can overwhelm the local or state capability for response. The 
emergency response to catastrophic landslides therefore constitutes a 
national problem, and expediting this response should be a responsi
bility of the federal government. 

LOng-term landslide mitigation programs, on the other hand-
including hazard mapping and delineation programs, building codes, and 
land use management programs--can be most effectively pursued at the 
state and local level. Local governments and the private sector must 
bear the major part of the long-term landslide cost and are in the best 
position to develop and enforce mitigation practices. 

LANDSLIDE LOSSES IN THE UNITED STATES 

Landslides can have both direct and indirect costs. Direct costs are a 
result of the actual damage sustained by buildings and property. In
direct costs include lose of tax revenues, reduced real estate values, 
loss of productivity, losses in tourism, and·loseee from litigation. 
Indirect costs are harder to measure than direct costs and may exceed 
them in magnitude. 

Although no comprehensive cost-reporting mechanism is in use 
nationally, the u.s. Geological survey has developed a method for 
estimating the cost of landslide damage (Fleming and Taylor, 1980). 
Application of this method suggests that incomplete and inaccurate 
records have resulted in reported costs that are much lower than those 
actually incurred. It also appears that losses are on the increase in 
most regions, despite an increased understanding of the causes of 
landslides and the development of improved methods for handling them. 
Thus the problem is growing at a faster pace than is the progress in 
applying solutions. 

The three geographical areas that have experienced the greatest 
landslide damage are the Appalachian region, the Rocky Mountain region, 
and the Pacific coast region. 

Landslides are indigenous to much of the Appalachian Highlands, 
particularly southwestern Pennsylvania, southeastern Ohio, and northern 
West Virginia. More than two million mappable landslides are estimated 
to have occurred in the Appalachian Highlands from New England to the 
Gulf coastal plain. These include landslides in the portions of the 
highlands that extend into New England, New York, Maryland, Kentucky, 
Virginia, Tennessee, North carolina, south carolina, Georgia, and 
Alabama. The following examples illustrate the magnitude of landsliding: 

• In Allegheny County, which surrounds Pittsburgh, Pennsylvania, 
damage from landslides in recent years has averaged over $4 million per 
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year. OVer 90 percent of the landslides in Allegheny County are attrib
utable to human modification of hillslopes. 

• In Hamilton County, Ohio, which includes the greater Cincinnati 
area, damage from landslides in recent years has averaged over .5.2 
million per year. In Cincinnati a single landslide was responsible for 
•22 million in damage from 1974 to 1980. 

• In eastern West Virginia in 1969, a single storm associated 
with Hurricane Camille resulted in 1,534 landslides in one small 
drainage basin, the Spring Creek watershed. 

Much of the Rocky Mountain region is characterized by unstable 
slopes. Population growth, increasing development of energy and mineral 
resources, and increasing use of large areas for recreation in the Rocky 
Mountain states portend an increase of landslide-related losses in the 
next few decades. TWO specific examples are: 

• In Utah, landslides, debris flows, and debris floods caused 
upwards of $250 million in losses in 1983 and $50 million in 1984. vast 
damage occurred to private and public works in populated areas along the 
mountain fronts, transportation routes were severed, and facilities in 
leas populated areas were damaged. 

• In Colorado, where landslides occupy about 8 percent of the 
area of the state, annual landslide damage to buildings is estimated to 
exceed $3 million, and damage to highways and railroads is estimated at 
several times that amount. 

In the Pacific Coast region, California, washington, and, to a 
lesser extent, Oregon have some of the most severe landslide problema in 
the United States. In this century, landslides have resulted in bil
lions of dollars in losses in these states. It is estimated that losses 
due to landaliding will total almost •10 billion in California from 1970 
to the year 2000 if no preventive action is taken (Alfora et al., 
1973). Some examples of specific landslide situations are: 

• In January 1982, 25 people were killed by landaliding in the . 
nine-county San Francisco Bay area, with losses totaling •66 million. 

• Between 1966 and 1981, Orange County, California, experienced 
40 major bedrock landslides that resulted in a total economic loss of 
over •40 million. The 1978 Bluebird Canyon landslide in Laguna Beach 
destroyed 25 homes and accounted for •15 million of the •40 million 
total; providentially, no lives were lost. 

• Storm-triggered landslides in the LOa Angeles area during the 
winters of 1951-52, 1957-58, 1961-62, 1964-65, 1968-69, 1977-78, and 
1978-79 produced an average loss of •soo million in each season of heavy 
storm activity. 

• The Big ROck Mesa landslide west of LOs Angeles is currently 
moving, with more than 300 homes in jeopardy in an area of high property 
values. 

• Collapse of the northern part of the cone of Mount St. Helena, 
washington, immediately before the May 18, 1980, eruption of that vol
cano, resulted in a debris avalanche of 2.8 billion cubic meters, the 
world's largest landslide in historical times. This huge landslide 
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destroyed everything within an area of 60 km2; however, because of 
evacuation of residents and visitors in anticipation of the eruption, 
only 5 to 10 people were killed by the landslide. 

LANDSLIDE LOSSES IN OTHER COUNTRIES 

Annual losses due to landslides in Japan, Italy, India, and a few other 
countries are of the same order of magnitude as those in the united 
States. N. Ohhira, Director General of the Japanese National Research 
Center for Disaster Prevention, has noted that annual losses in Japan 
from landslides total about $1.5 billion (personal communication, 
1982). The unpublished results of a 1976 UNESCO survey of landslide 
effects indicate that annual landslide losses in Italy are about $1.1 
billion (M. Arnould, personal communication, 1982). Landslide losses in 
other countries with significant landslide problema are not as well 
documented and are not thought to be as large as those noted above. 
However, landslides probably cause losses of more than $100 million a 
year in many countries, including Austria, France, and the Soviet 
Union. In addition, the urban area of Hong Kong has experienced 
extremely costly landslides. 

Deaths due to catastrophic slope failures have occurred all over the 
world since people began to congregate in areas subject to such fail
urea. The burgeoning population of the world in this century has 
worsened the problem. During the period 1971-74, an average of nearly 
600 people per year were killed by slope failures worldwide (Varnes, 
1981). Interestingly, about 90 percent of those deaths occurred within 
the Circum-Pacific region (i.e., in those areas in or on the margins of 
the Pacific Basin). 

The greatest recorded loss of life in any single group of landslides 
occurred in Kanau Province, China, in 1920, when approximately 100,000 
people were killed by earthquake-triggered loess landslides (Close and 
McCormick, 1922). A number of other landslides in this century have had 
large death tolls. In Peru, three major landslides during the past 20 
years killed more than 20,000 people and destroyed villages, agricul
tural lands, and highways (Cluff, 1971; Kojan and Hutchinson, 1978; 
Plafker and Ericksen, 1978). The greatest landslide catastrophe in the 
Soviet Union occurred in 1949, when an earthquake in the Tien Shan Moun
tains of Soviet Tadzhikistan triggered a aeries of massive landslides 
that buried some 33 population centers, killing an estimated 12,000 to 
20,000 people (Wesson and wesson, 1975; Jaroff, 1977). In 1921 a large 
debris flow in Alma-Ata, the capital of the Kazakh Republic, killed 500 
people and inflicted considerable damage to the city (Yeaenov and 
Degoveta, 1982). The moat disastrous European landslide in recent time 
was the 1963 vaiont Reservoir slide in Italy. This massive rockalide, 
with a volume of about 250 million cubic meters, slid into the reservoir 
at high velocity, sending a wave at least 100 meters high over the crest 
of the dam into the valley below that destroyed five villages and took 
2,000 to 3,000 lives (Muller, 1964, 1968; Voight and Faust, 1982). 

Among industrialized nations, Japan has probably suffered the 
greatest continuing loss of life and property from landslides. Casu
alties have been particularly high in heavily populated urban areas 

Copyright © National Academy of Sciences. All rights reserved.

Reducing Losses From Landsliding in the United States
http://www.nap.edu/catalog.php?record_id=19286

http://www.nap.edu/catalog.php?record_id=19286


12 

at the base of steep mountain slopes. In July 1938, Kobe, one of 
Japan's largest cities, was swept by debris flows generated by tor
rential rainfall, resulting in 450 to 600 deaths and the destruction 
of more than 100,000 houses (Nakano et al., 19741 Japan Ministry of 
construction, 1983). In the city of Kure in 1945, 1,154 people were 
killed by debris flows generated by heavy rains accompanying a typhoon 
(Nakano et al., 1974). Data accumulated by the Japan Ministry of 
Construction (1983) indicate that landslides killed an average of 150 
people per year in Japan from 1967 to 1982. 
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REDUCING LANDSLIDE COSTS 

INTRODUCTION 

Successful and cost-effective national landslide mitigation programs can 
be implemented. Such programs exist in other countries (e.g., Japan) 
but not in the United States. Although there have been some impressive 
and successful local demonstrations of landslide control programs within 
the United States, information about these programs has not been widely 
disseminated. This is characteristic of the state of landslide knowl
edge in this country, where such information tends to be scattered and 
diffused. There is no recognized national leadership or systematic 
basis for communication. 

Compared with other ground failure hazards, the budgets for land
slide research and mitigation programs are very low. Table 1 gives the 
committee's estimate of the annual national losses and annual federal 
research budgets for a number of ground failure hazards. Landsliding 
stands out as a severe and relatively underfunded hazard. Yet practical 
application of known corrective measures, based on appropriate research 
and enforced by local regulations, can lead to dramatic loss reduc
tions. This has been demonstrated in the Los Angeles area, where 
reductions in losses of 92 to 97 percent have been achieved for new 
construction (Slosson and Krohn, 1982). 

METHODS FOR REDUCING LANDSLIDE COSTS 

There are two distinct components to reducing the costs of landsliding: 
emergency management and long-term hazard reduction. 

Emergency management includes (1) the anticipation, prediction, and 
issuance of warnings of the occurrence of life- and property-threatening 
landslides, (2) the response that is required when landslides occur, and 
(3) the identification of landslide-prone areas and the planning, 
training, and other preparatory measures that are necessary to ensure 
that the warning and response will be effective. Emergency response 
focuses on minimizing property damage and loss of life and on restoring 
critical public facilities. It includes such activities as evacua
tion7 rescue; provision of emergency food, water, shelter, clothing, 
health care, and waste disposal7 and repair and restoration to service 
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TABLE 1 Estimated Annual Losses and Annual Research runds for Selected 
Ground railure Hazards in the united States 

Hazard 

Landslides 
Permafrost 
Subsidence 
Swelling soils 
rrost action 
Rock deformation 
Earthquakes a 
Volcanoes a 

*Not available. 

Annual Loss 
of Life 

25-50 
0 
* 
0 
0 
1 

15 
1 

Annual Economic Loss 
(millions of dollars) 

1,000-2,000 
20 

500 
6,000 

* 
* 

100 
10 

Annual Research 
runds (millions 
of dollars) 

3-5 
2 

10 
2 
* 
3 

50 
10 

aA major earthquake or volcanic eruption affecting a large urban area 
could greatly affect the estimated annual losses from these hazards. 
The other hazards in the table are less episodic, and the estimates 
given are probably .ore reliable as estimates of future annual losses. 

of roads, power lines, water and sewer linea, transportation and 
communication facilities, and homes, businesses, and public services. 
The emergency response to landslides is thus similar to the response to 
other disasters such as dam failures, flooda, and major storms. 

Long-term hazard reduction focuses on means for reducing the 
frequency with which landslides occur, reducing the likelihood that 
landslides will cause damage, and minimizing the damage when landslides 
do occur. Landslides can be caused by natural events such as heavy 
rain, erosion, and earthquakes. They can also be caused by human 
activities that change the nature of the ground surface or alter 
drainage patterns. Such activities as construction, clearing of 
vegetation, and watering of lawns can trigger landslides directly or 
make a location more prone to landsliding triggered by natural causes. 

Landslide losses can be reduced in two ways. The first is to reduce 
the occurrence of landslides by requiring that excavation, grading, 
landscaping, and construction be carried out in ways that do not con
tribute to slope instability. The second is to minimize the damage when 
landslides do occur by (1) restricting development in landslide-prone 
terrain and (2) protecting buildings and other structures from landslide 
damage, either by designing them to be relatively damage-resistant or by 
erecting protective barriers that direct the moving rock and soil away 
from the vulnerable property. 

There are four basic approaches to reducing the long-term losses 
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from landslidinga avoidance, design, building, and grading codes, 
landslide control and stabilization, and insurance. 

Avoidance involves eliminating or restricting development in 
landslide-prone terrain. While total avoidance, i.e., a total prohi
bition on the use of landslide-prone lands, is not possible, it is 
feasible to use these lands in a way that minimizes landslide losses. 
Thus, it is possible to use such land for recreational open spaces, 
watersheds, agriculture, and other activities for which the loss in the 
event of a landslide will be small. It is even possible to allow low
intensity physical development in such areas if appropriate precautions 
are taken. The principal issue in programs of avoidance is the lowering 
of land values associated with designation as a landslide-prone area. 
In the'united States, restrictions on land use are generally imposed and 
enforced by local governments. 

Design, building, and grading codes are regulatory tools available 
to local government agencies for achieving desired design and building 
practices. They can be applied to both new construction and preexisting 
buildings. In rare cases, such as those involving large offshore 
structures, the effect of landslides can be considered explicitly as 
part of the design, and the facility can be built to resist landslide 
damage. In some cases, existing structures in landslide-prone areas can 
be modified to be more accommodating to landslide movement. The extent 
to which this is successful depends on the type of landsliding to which 
the structure is exposed. Pacilities other than buildings (e.g., gas 
pipelines and water mains) can also be designed to tolerate ground 
movement. Codes and regulations governing grading and excavation can 
reduce the likelihood that construction of buildings and highways will 
increase the degree to which a location is prone to landslides. various 
codes that have been developed for federal, state, and local implemen
tation can be used as models for landslide-damage mitigation. A funda
mental concern with design and building codes is their enforcement in a 
uniform and equitable way. 

The control and stabilization of landslides can dramatically reduce 
the likelihood of earth movement. The control of drainage on slopes and 
the building of walls and diversion and storage structures can be used 
to control landslides and to minimize the damage they do to developments 
and facilities. The principal difficulty with landslide control is the 
high cost involved. 

Insurance works in two ways. It provides a means for distributing 
the cost of landslides over a larger population or a longer period of 
time. This redistributes costs and losses but does not reduce thea. 
Insurance also can encourage managerial decisions that reduce risk, 
leading to real loss reductions. Landsliding presents essentially the 
same problems to an insurer as any other hazard. These problems include 
definition of the risk, the difficulty of adverse selection by the 
insured population, and the development of actuarial data. 

Two basic capabilities constitute the starting point for both 
emergency management and long-term mitigation: a capability for 
identifying areas where landslides are either statistically likely or 
immediately Lmminent, and a capability for representing these hazardous 
locations on maps. Although some techniques for predicting landslides 

---

Copyright © National Academy of Sciences. All rights reserved.

Reducing Losses From Landsliding in the United States
http://www.nap.edu/catalog.php?record_id=19286

http://www.nap.edu/catalog.php?record_id=19286


16 

have been developed, research on landslide prediction has been insuf
ficient. The use of recurrence interval techniques and other temporal 
descriptions of risk in landslide prediction is essentially unexplored. 
Some research has been carried out on the use of early warning systems 
to alert the public to individual local landslides, and there have been 
a few successful demonstrations of such techniques. However, there has 
never been extensive implementation of an early warning system in the 
United States or elsewhere. 

Detailed landslide mapping is primarily the responsibility of state 
and local agencies and the private sector. The federal responsibility 
for mapping and hazard delineation has been limited to fundamental 
research, de110nstrations of methodologies, and the mapping of federal 
lands. Considerable research has been done on mapping, and successful 
mapping programs have been implemented in parts of the United States and 
in many other countries with severe landslide problems. 

PROGRAMS FOR REDUCING LANDSLIDE COSTS IN THE UNITED STATES 
AND OTHER COUNTRIES 

In the United States, the responsibility for reducing the costs of 
landsliding is distributed among various elements of the public and 
private sectors, although the formal responsibilities of various 
agencies in the private and public sectors have not been defined. Table 
2 presents some of these responsibilities in the context of the two 
principal types of cost reduction programs. 

The federal role in landslide management had its origin in the 
Organic Act of 1879 (43 u.s.c. 3la) that created the u.s. Geological 
Survey. From the general mandate in this act, the Geological Survey has 
developed the institutional competence and the programs in research, 
hazard warning, technical assistance, and disaster response that now 
exist within that agency. 

Other, more recent legislation has addressed a federal role in 
landsliding, at least indirectly, for the Geological Survey and other 
agencies. The Dam Inspection Act of 1972 includes responsibilities for 
the safety of dams that are affected by landslides in their abutments or 
foundations. Landslides into reservoirs are also recognized as a 
potentially serious threat to dam safety. Under the 1974 Disaster 
Relief Act and subsequent authorities, the Geological Survey was given 
specific responsibility for issuing warnings of potential natural 
disasters. Landslide hazards are included in this responsibility. 

The Federal Emergency Management Agency (P'BMA) has a number of 
responsibilities involving both emergency management and long-term 
mitigation of natural hazards, including landslides. Under the Disaster 
Assistance Program, FBMA is the federal coordinating agency for emer
gency response, disaster relief funding, and hazard mitigation plan
ning. Disaster funding is made available to individuals and, on a 
cost-sharing basis, to state and local governments. FEMA takes the lead 
in activating hazard mitigation planning with the states after a dis
aster and in leading intergovernmental, interagency hazard mitigation 
teams. All of these disaster assistance activities are initiated when 
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TABLE 2 Partial Listing of Public and Private Roles in Reducing the 
Costa of Landaliding 

Pederal 

s.erqency Manaqe .. nt 

Conduct reaearcb on 
real-tt.e prediction of 
landalidea, and develop 
techniquea for .anitor
inq and aurveillance 

Provide expert advice to 
atate and local govern
aents during an .-ergency 

Provide technical assis
tance, training assis
tance, and funda to 
state and local govern
aents for eaergency 
planning, training, 
and response 

Lonq-Tera Hazard Reduction 

Pund and undertake 
research on landslide 
aechanisms, and dissea
inate research results 

Develop •thode for 
inventorying landslides, 
and inventory landslides 
on federally aanaged lands 

Require federal agencies 
to avoid or design for 
landslides in federal 
construction prograas 

Iaprove design and con
struction techniques for 
ainiaizing landslide 
da.age to federal 
buildings, highways, and 
other facilities 

Manage federal forest 
lands to ainiaize 
landslide da.age 

Provide financial incen
tives and disincentives 
to encourage aakinq 
appropriate provisions 
for landslides in feder
ally financed develop
.. nt activities 

State 

MOnitor landalidea and 
landalide-prone areaa 

Aaaeaa hazard and risk 

Mobilize resource• and 
provide expert assis
tance for response and 
rescue operations 

Pund and undertake 
research on landslide 
problems in the particu
lar state, and dissea
inate research results 

Inventory landslides 
within the state 

Require or provide dis
closure of landslide 
hazards during real 
estate transactions 

Require state agencies to 
avoid or design for land
slides in state construc
tion prograas 

Establish special assess
•nt districts to pay for 
landslide aitigation 

Establish landslide 
warning systeu 

Require state geologist 
to designate landslide 
areas for special studies 

Provide model ordinances 
and building codes to local 
governaents for landslide 
aitigation 

LOcal 

Iaaue warning• of 
ta.inent landalidea 

Coordinate reaources of 
private sector for 
... rgency responae 

Manage e .. rgency 
operations 

Iapl ... nt research 
results 

Monitor landslides 

Require recognition, 
avoidance, or design for 
landalides aa pert of 
land use planning and 
develo~nt 

Enact and enforce grading 
ordinances and building 
codes to ainiahe land
slide occurence and 
daaage 

Private 

Cooperate with, and aake 
reaourcea available for, 
eaergency operation• 

conduct research and 
use reaearch results 

Share inforaation about 
potential landslide haz
arda and aonitor landslides 

Recognize, avoid, or design 
for landslide hazards in 
land acquisition, develop
aent, and construction 

Incorporate geotechnical 
engineering advice in 
construction and aanage
aent of buildings and 
facilities 

Issue warnings and post Incorporate geotechnical 
signs to discourage entry engineering advice in 
and use of landslide-prone investaent and loan 
areas decisions 

Avoid construction of 
public facilities in land
slide-prone areas, and re
locate obsolete public 
facilitiea in landslide
safe areas 

Provide inforaation to local 
governaents and to the public 
concerning landslide hazards 
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the President declares a major disaster or emergency upon request of a 
state's governor in a situation beyond the capabilities of state and 
local forces. 

Recently, PEMA has expanded the conditions under which disaster 
assistance funds may be used to supplement repairs to public facilities 
after landslides. If the stability of the natural site is in question, 
a feasibility study by the applicant may be approved to determine the 
practicability of replacing the facility at the original site. After 
stabilization of the landslide, which remains a responsibility of local 
government, FBMA restores the function of the damaged facility. 

Under the National Flood Insurance Program, created by the Housing 
and urban Development Act of 1968, PEMA provides insurance coverage for 
losses due to flooding. Amendments to that act in 1969 extended this 
coverage to include •mudslides,• however, implementation of this 
extension has been complicated by the absence of an accepted technical 
definition of a •mudslide• and an accepted engineering methodology for 
delineating mudslide hazard areas (National Research council, 1982). 
Landslides other than mudslides are not covered under this program. 

Other federal agencies directly involved with landslides are the 
Agricultural Research Service, the Forest service, the Bureau of 
Reclamation, and the corps of Engineers. Agencies less directly 
involved include the Department of Transportation and the Nuclear 
Regulatory commission. 

What is probably the world's .oat comprehensive program of landslide 
loss reduction is found in Japan, where a strong national program for 
landslide control has developed since the late 1940s (Japan SOCiety of 
Landslides, 1980). Initially, Japanese landslide control activities 
were tied to other programs, such as river improvement, erosion control, 
and agricultural and forest land maintenance. The first programs in 
Japan devoted explicitly to landslides were created by the 1958 •Land
slide Prevention Law.• Other legislative measures have been adopted 
since 1958, culminating in 1969 with the •Law for the Prevention of 
Disasters caused by the Collapse of Steep Slopes.• This legislation 
authorizes the government to assume expenses and guide the recovery from 
natural disasters for which no individuals bear responsibility. These 
measures provide not only for the repair of damage and the restoration 
of property to its original form but also for construction efforts to 
prevent future slope failures. The estimated annual cost of this 
program is about $500 million (N. Ohhira, personal communication, 1982) • 

Japan has been a leader in mapping landslides. The la50,000-scale 
morphometrical map of large-scale landslide landforms in Kyushu by 
Batano et al. (1974) is an outstanding example. Other maps in this 
series are currently being produced by the National Research Center for 
Disaster Prevention, Ministry of Construction (N. Oyagi, personal com
munication, 1983). 

The SOviet Union has also developed programs to deal with landslide 
hazards. As early as 1924 the Soviet government set up a special com
mission to direct landslide control measures along the south coast of 
the Crimea (A. Shako, personal communication, 1983). Over the next 40 
years, landslide observation stations were created in many parts of the 
Soviet Union. In 1967, legislation entitled •on Measures to Protect 
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Soils from Wind and Water Erosion• was adopted by the SOViet government, 
this decree defined specific tasks in the field of mudflow and debris 
flow control in the 110untainous regions of the SOViet Union. In 1978 
the Soviet Council of Ministers passed a new law entitled •an Measures 
to Improve the Protection of Population Centers, Enterprises, and Other 
Properties and Lands Against Mudflows, Snow Avalanches, Landslides, and 
Rockfalls.• State plans for the development of the Soviet national 
economy provide special allocations for the study and prediction of 
weather conditions and natural disasters, including landslides. 

The study and prediction of landslides in the SOViet union is 
carried out by many federal and regional ministries. As examples, the 
Ministry·of Geology maps landslides and studies their regimes, the State 
committee on Bydrometerology and the Environment conducts studies of 
mudflows and debris flows, and the Ministry of Melioration and water 
Resources Management, together with the Ministry of Railroads and var
ious provincial ministries of public utilities, conducts research on 
specific problems in landslide control and carries out the appropriate 
construction work. All scientific research on landslides is coordinated 
by the State Committee on Science and Technology. 

To date, landslide prediction maps up to the year 2000 have been 
published for those areas of high landslide risk that are of greatest 
importance to the Soviet economy (the Black Sea coast of the caucasus, 
Moldavia, the Baikal-Amur Railway zone, and the European part of the 
Soviet Union). Based on a 1978 decree of the Soviet Council of Mini
sters, plans are being formulated to map geologic hazards (including 
landslides) for the entire Soviet Union (A. Sheko, personal communica
tion, 1983) • 

In Prance the ZERMOS (Zones Exposed to Risks of Movements of the 
Soil and Subsoil) plan provides for the production of landslide-hazard 
maps at scales of about 1:25,000 or larger. It also provides guidelines 
for selecting locations suitable for development and for identifying 
permissible land use (Porcher and Guilliope, 1979). 

In 1978 the SWedish Geotechnical Institute, in cooperation with the 
Geological Survey of Sweden, was commissioned by the Swedish government 
to carry out general geologic mapping of areas of sensitive clays where 
a high risk of spontaneous landslides may exist. As of 1983, 14 maps at 
a scale of 1:50,000 had been completed; these maps show the extent of 
the clays and note where special attention should be paid to slope 
stability conditions (Cato and Engdahl, 1982). 

In eastern Europe, czechoslovakia has been a leader in landslide 
mapping. Maps produced at a scale of lzlO,OOO represent the advanced 
state of the art in landslide hazard zonation (Mahr and Malgot, 1978). 
Romania has also fostered significant landslide mapping; of particular 
note has been a computer-processed geotechnical zonation mapping of land 
stability at a scale of 1:25,000 (Buma and Radulescu, 1978). 

Information on land use regulation in countries other than the 
United States is sparse. However, in a summary of the responses to an 
international survey on landslides conducted by UNESCO, Arnould and Prey 
(1978) noted regulatory efforts by a few countries. As an example, the 
1975 Forestry Law in Austria requires zonation of landslide risk before 
general planning. In Prance a 1970 decree pertaining to Plans of 
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Occupation requires the prevention of landslides in use of the land. 
Tasmania, Australia, has adopted a landslide zoning system for buildings 
in urban areas (Stevenson and Sloane, 198~). In cases of severe risk, 
proscriptive zones are established under Tasmanian statutes. The moat 
restrictive of these prohibita all building, with aa.e minor excep
tions. A leas restrictive zone controls buildings in respect to size, 
siting, drainage, earthworks, and the removal of trees. 

Codes and associated regulations are not well developed in other 
countries, with a few exceptions. Japan and Canada practice some degree 
of grading regulation to control landslides, as do SWeden and England. 

The physical methods of landslide control used in other countries 
are much the same as in the United States. These methods are moat 
commonly used in heavily populated countries, such as Japan and Bong 
Kong, where land is very expensive. Japan probably leads the rest of 
the world in development of physical landslide control measures. Since 
the enactment of Japan's Sabo Law in 1897, preventive aeaaurea called 
aabo works (primarily check dams in gullies and on streams) have been 
promoted as public works to prevent debris flows and mudflows on moun
tain slopes and to reduce discharge into mountain atreaaa. Although no 
estimates are available of the coat of construction and maintenance of 
aabo works and other physical protective measures in Japan, it probably 
represents the major part of the •soo million estimated as the total 
annual expenditure by the Japanese government for landslide mitigation 
and research. Check dams are also cOIIIDOnly used in other mountainous 
countries such as the Soviet Union and Indonesia. 

New zealand has a national insurance program that covers losses froa 
landslides. This program assists homeowners whose dwellings have been 
damaged by landslides or other natural hazards that are not within the 
reasonable control of homeowners to prevent. This natural hazard 
insurance program is an outgrowth of the Earthquake and war Dallage Act 
of 1944 (O'Riordan, 1974). A disaster fund, accumulated fro• a sur
charge to the fire insurance program, reimburses property owners for 
losses. 
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LONG-TERM LANDSLIDE HAZARD MITIGATION IN THE UNITED STATES 

INTRODUCTION 

The four approaches to long-term hazard reduction--avoidance, design and 
building codes, landslide control, and insurance--are used, to varying 
extents and with varying degrees of effectiveness, in many parts of the 
United States today. An understanding of what is practiced now can 
provide a basis for recommendations concerning steps that can and should 
be taken to further reduce landslide losses in the united States. 

AVOIDANCE 

A program of landslide avoidance requires a process for effectively 
controlling land use. This process must be implemented by governmental 
decision makers with input from planners, geologists, and engineers. In 
the United States, experience with implementing land use planning for 
landslide control has been mixed. In some areas in California, land use 
programs by local governments to mitigate landslide damage have been 
extensive and successful. Across the nation, some individual private 
development projects have employed a very high standard of practice to 
avoid landslide damage. However, there are many examples where high 
standards have not been employed, and there has not been a consistent 
implementation of programs to mitigate landslide damage by avoidance. 
Furthermore, there are no widely accepted procedures or regulations for 
considering landslides as part of the land use and planning process. 

DESIGN AND BUILDING CODES 

Design, building, and grading codes are the regulatory vehicle through 
which governmental entities ensure proper design and construction 
practices. In the United States, many agencies at all levels of 
government apply design criteria for slope stability tailored to their 
specific needs. No uniform standard is applied. There is also no 
federal building code or federally sponsored design code that all 
governmental departments, or even all federal agencies, must use. While 
some private and governmental agencies have produced outstanding design 
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criteria or docu.enta that have served as guides for other agencies,* 
the majority of building and land surface modification throughout the 
country, both public and private, is carried out without any reference 
to a major design code. 

A great deal of individual judgment is exercised when design 
criteria are established for specific projects. When professional 
engineering judgaent is used alone, in the absence of standards-
especially where there is pressure from owners and land developers-
there is danger that the quality of design and construction will be low 
and will lack the consistency that would result from nationally accepted 
codes. 

While the federal government has not generally participated directly 
in the formulation and enforcement of building codes, it has exerted 
influence on construction practices through the codes adopted by 
agencies responsible for government construction. The standards 
established and used for programs involving government financing for 
buildings have also been effective. In addition, federal standards for 
excavation--such as those established by the u.s. Army corps of Engi
neers, the SOil Conservation Service, the Office of Naval Research, and 
the Bureau of Reclamation--are often used by private and public sector 
organizations. 

In some states, certain cities and counties have developed and 
implemented strong building codes and grading regulations, often with 
encouragement and support from the state government. California, for 
example, has regulations concerning geologic hazards, and southern 
California communities have had experience with landslide mitigation 
codes for nearly 20 years. By publication and circulation of guidelines 
and reports, the California Division of Mines and Geology has estab
lished a standard for use throughout the state. The division is also 
actively involved in the review process for approval of various con
struction activities. By means of other legislation and regulation, 
California comaunitiea have established the nation's moat extensive 
statewide program of codes and regulations designed to minimize land
slide damage. While some other states have adopted similar regulations, 
these have not been extensive or coordinated. As a consequence, the 
implementation of landslide design codes at the local level is irregular 
throughout the nation. 

Nevertheless, some of the most effective landslide regulations have 
been implemented by local governments. Examples of successful local 
programs include those in Loa Angeles, Cincinnati, Prince Georges county 
in Maryland, and Fairfax county in Virginia. Local design and building 
codes are often patterned after Chapter 70 of the Uniform Building Code, 

*For example, the Grading and Geometric Design Criteria established by 
the American Association of State Highway and Transportation Officials 
are widely used as landslide design criteria. The u.s. Office of Naval 
Research Design Manual on SOil Mechanics, Foundations, and Barth Struc
tures (NAVFAV D~l971) is also used extensively as a guide for earthwork 
and slope stability. 
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•Bxcavation and Grading• (International Conference of Building Offi
cials, 1979). This docu.ent provides a general statement about the 
requirements for design to control landslides and allows extensive 
interpretation or modification to suit the local user. In addition to 
the Uniform Building Code, many local or regional building codes have 
been developed through consultation with local professionals. 

TWo factors stand out concerning the experience with design and 
building codes in the United States. The first is the lack of uni
formity and leadership in establishing codes applicable to landsliding. 
The second is the need to continue to add to the technological base for 
the development of codes. While there is considerable potential for 
reducing landslide losses through the adoption and effective enforcement 
of building codes based on today's technical understanding, it is clear 
that a greater understanding of landsliding processes would make it 
possible to develop codes that would provide an even greater capability 
for reducing landslide losses. 

LANDSLIDE CONTROL 

In the United States, the most commonly used physical method of 
landslide control is the control of ground and surface water in 
landslide-prone areas. The method is extensively used both by private 
landowners and developers and by governmental agencies. In general, 
surface water is diverted from landslide-prone areas by ditches, and 
groundwater is collected and removed by underground drainage systems and 
pumping wells. 

Modification of the ground surface by removal of all or part of the 
material driving the landslide is another commonly used method of 
preventing slope movement. Large earth buttresses are often used to 
support the toes of slides, and in California this is the most common 
mechanical (as contrasted with hydrologic) method used to control 
landslides. 

The most universal form of structural control for landslides is the 
retaining wall. Where walls will not suffice, other structural controls 
such as piles, caissons, or rock anchors are often used to stabilize 
earth masses on slopes. Structural debris barriers are used to divert 
mudflows and debris flows away from critical areas, and debris storage 
basins behind check 4ams collect landslide debris before it hits criti
cal areas. These structures, which are major, expensive engineering 
works, are mostly found in parts of the western United States where 
debris flows are a common and hazardous form of landsliding. Landslide 
diversion structures, debris barriers, and debris basins have been built 
by governmental agencies at all levels, as well as by the private sector. 

INSURANCE 

Insurance is in principle a viable option for mitigating losses from 
landsliding, however, to implement an effective insurance program 
requires a degree of specification of risk that is not generally thought 
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to be possible for landslides (although some recent studies by the u.s. 
Geological Survey, the Federal Emergency Management Agency, and some 
private consultants suggest otherwise). The history of landslide 
insurance in the United States indicates that the private sector ia 
relatively uninterested at present in offering this coverage. This 
reluctance to provide landslide insurance ia long-standing. several 
highly publicized instances of landaliding, including the Portuguese 
Bend landslide in LOa Angeles in 1956 and the extensive coastal land
slides in California during the late 1960s, have contributed to this 
reluctance. At present, very few companies in the United States offer 
landslide coverage, and then only for certain areas. 

A particular problem of landslide insurance ia the potential for 
adverse selection by the insured population. Landslide risk ia not 
uniformly distributed throughout the population or throughout a region. 
Rather, it ia associated with certain distinctive physical features. 
The homeowner living on a flat surface has no interest in buying land
slide insurance and sharing the risk and coat with the homeowner living 
on a steep hillside. 

An alternative to private sector insurance would be a public 
insurance program, along the linea of the National Flood Insurance 
Program. 

MAPPING 

For all of the above approaches to landslide hazard mitigation, it ia 
essential to know where the landslide-prone areas are and how serious 
the hazard ia. This requires a program of landslide hazard 111apping 
supplemented by other techniques such aa aerial photointerpretation. 
Landslide susceptibility has been 111apped for the united States aa a 
whole (Radbruch-Ball et al., 1982), but at a scale that ia not ..enable 
to regional or local planning. The appropriate map scale for regional 
land use planning and hazard reduction programs ia between 1:125,000 and 
1:500,000. Mapping at this scale has been conducted in many locations 
throughout the nation. Local land use planning requires mapping at a 
scale of 1:24,000 or larger. Planning of individual projects requires 
mapping at a scale much larger than those noted above: map scales of 
1:2,000 to 1:5,000 are used for individual projects. SOme 111apping at 
this scale has been carried out by local authorities and by private 
sector groups. 

Landslide mapping at the federal level is conducted priaarily by the 
u.s. Geological Survey. The Geological survey has limited ita landslide 
mapping to a few demonstration areas, to areas where problema are moat 
severe, and to overview 111aps on a national scale. The Geological survey 
and the Forest Service have also carried out extensive landslide 111apping 
of federal lands. Other agencies (e.g., the Bureau of Reclamation) also 
do some landslide mapping and monitoring in connection with their mis
sions. 

Landslide mapping at the state level has generally been conducted by 
state geological surveys. The selection of areas to be mapped reflects 
the perception of the hazard. In general, mapping has been lillited to 
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extremely hazardous areas or areas experiencing rapid urbanization 
(Brley and Kockelman, 1981). In 1982 and 1983, landslide mapping was 
carried out by state geological surveys in selected areas of California, 
Idaho, New York, Pennsylvania, Virginia, and Wyoming with cooperative 
funding from the u.s. Geological survey. 

The greatest governmental involvement in landslide susceptibility 
111apping has been at the regional and local level. Maps are typically 
prepared for local governmental agencies by the u.s. Geological survey, 
by state geological surveys, and by private consulting geologists. 

Landslide susceptibility identification and 111apping are also per
formed for private sector groups. This work is almost exclusively done 
as part of land development programs and is often a result of government 
codes or regulations. Consultants usually prepare these 111aps. 

All of this mapping is carried out in the absence of universal (or 
even widely accepted) standards of accuracy, comprehensiveness, scale, 
symbols, or format. There are no guidelines available to assist in the 
preparation of these maps (except for examples such as the u.s. Geo
logical Survey series). The technical capability with which landslide 
susceptibility mapa are prepared varies widely, and the value of the 
final products is extremely variable. 

·-
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RBCOMMENDATIORS 

INTRODUCTION 

This report describes a situation that requires national attention at 
several different levels. The magnitude and extent of landslide damage 
in the United States can be reduced significantly by improvements in 
landslide engineering practice. These in turn will come about as a 
result of research and effective technology transfer. New concepts and 
approaches to forecasting, prevention, and remediation are urgently 
required. The costs and benefits of alternative mitigation strategies 
must be rigorously evaluated. Developing effective interaction among 
federal, state, and local agencies is imperative. The following r~ 
mendations are presented as a basis for addressing this problem. 

LAND USE RBGULATIOR 

One of the most effective ways to reduce damage caused by landslides is 
to locate development on stable ground and leave unstable ground as open 
space or in low-intensity uses (although where land values are high, 
expensive engineering solutions for stabilization may be justified). 
Land use control programs are best carried out at the local level, but 
they require proper mapping and enabling legislation that aay involve 
the participation of state and federal entities. 

Recommendations 

• The federal government should encourage the adoption and 
effective use, by state and local governments, of land use controls to 
mitigate landslide hazards. 

• States should mandate or strongly encourage local governments 
to adopt regulations that will lead to the identification of landslides 
and their avoidance or control by developers. 

• LOCal governments should require developers to map and disclose 
information about hazardous areas, and should allow design flexibilities 
so that hazardous areas can be usefully included within developments. 

26 
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CODES 

The development and implementation of design and building practices that 
minimize damage from landaliding in the United States is severely 
hampered by (1) geographic variations in the nature and degree of land
slide risk, (2) insufficient numbers of trained geotechnical engineers 
assigned to code development and enforcement, and (3) inconsistent 
leadership. In spite of the wealth of experience with landsliding and 
landslide control, insufficient use is made of what has been learned. 
Greater emphasis needs to be placed on the use of existing engineering 
knowledge as a basis for code development. At the same time, further 
research should be undertaken to improve that technological base. 

Recommendation 

• Research should be undertaken, under national leadership, to 
improve the technical base for the development of design, building, and 
grading codes applicable to landaliding. At the same time, leadership 
in establishing appropriate design and building standards should be 
exercised at the national level. The codes themselves should be 
developed at state and local levels in response to regional and local 
conditions. Mechanisms for communication and standardization should be 
encouraged. 

MAPPING 

Landslide identification and delineation are fundamental to any hazard 
reduction or mitigation program. Mapping methodologies must be devel
oped for application at a wide range of scales and coverage. The 
responsibilities for mapping programs must be identified, and there 
should be strong coordination at the national level. The private sector 
is a logical cooperator with state and local governmental agencies, a 
source of expertise in mapping and hazard delineation, and an obvious 
entrepreneur for the production and marketing of mapa. 

Recommendation 

• The federal government should have specific but limited 
responsibilities for landslide mapping. These should include (1) the 
development of methodologies for landslide mapping on a variety of 
scales, (2) the delineation of landslide hazards on a national scale, 
(3) regional-scale mapping demonstrations, (4) landslide mapping on 
federal lands, and (5) landslide mapping in support of the missions of 
federal agencies. In addition, the federal government should work with 
other parties to provide cooperative support, information, and technical 
assistance to state, local, and private organizations wishing to imple
ment effective hazard delineation programs to reduce landslide losses. 
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RESEARCH ON LANDSLIDE INITIATION AND LANDSLIDE PROCESSES 

While there are practical working models of landslide initiation, and 
the mechanics of slope failure and the roles of the controlling vari
ables are generally known, quantitative understanding of this process is 
limited and the time-dependent factors that influence landslides are not 
well understood. 

Other aspects of landsliding, especially the mechanics of landslide 
transport and deposition, are even more poorly understood. For example, 
many flow-type landslides move greater distances and at different veloc
ities than might be predicted by existing techniques. In addition, the 
mechanisms by which slides are transformed into debris flows and mud
flows (a common occurrence in Utah in 1983 and 1984, for example) are 
not well understood. These limitations have direct consequences for 
programs of identification, avoidance, and control of landslide hazards. 

Recommendations 

• Field and laboratory research should be undertaken to establish 
quantitative relationships among the variables that control landslide 
initiation. This can only be achieved by controlled laboratory ex
periments dealing with the mechanics of failure and by careful field 
analysis and instrumentation of active and recent landslides. LOng-term 
field measurements are essential to clearly define the influence of 
time-dependent factors and to fully understand the processes of land
slide initiation under adverse conditions. Instrumentation for these 
types of studies is available and not excessively expensive, but field 
deployment is necessary for periods ranging from months to years. 

• Examination of the three-dimensional structure of active and 
historical slope failures should be undertaken as a necessary first step 
in defining the mechanics of landslide transport and deposition. Lab
oratory analysis of the flow properties of various soil-water mixtures 
is also necessary to fully define the movement process in terms of 
variations of velocity and travel distance. 

• Sponsorship of research to achieve these goals should be a 
responsibility of the federal government and should be carried out 
through (1) the support and maintenance of a·research capability in 
universities through continuing National Science Foundation funding and 
(2) the maintenance of relevant interdisciplinary research in federal 
agencies with responsibilities related to landsliding, such as the u.s. 
Geological survey, the Forest Service, the Agricultural Research 
Service, the Bureau of Reclamation, and the Corps of Engineers. 

RESEARCH ON LANDSLIDE HAZARD DELINEATION, MAPPING r AND CONTROL 

Field and laboratory research is needed to develop and test new metho
dologies, and to refine existing methodologies, for identifying and 
controlling landslides and for designing and building structures to 
resist landslide damage. For example, developments in geophysics, such 
as seismic profiling, can be applied to the identification of landslide 
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areas. Hew methods in hydrology linking environmental factors to 
groundwater conditions are being developed and can be applied to the 
evaluation of landslide risk. Landslide incidence and landslide damage 
can be reduced by innovative application of drainage control measures 
and structural ground support. Automated data collection systems based 
on new electronic instrumentation are available for remote measurement 
of groundwater flow and landslide movement. Such systems can serve the 
dual roles of monitoring and early warning. 

Recommendations 

• Newly developed and currently accepted techniques in remote 
sensing, geophysics, hydrology, and geotechnics should be tested, 
adapted, and applied in as many different geologic and climatologic 
situations as possible to provide maximum correlations between effec
tiveness and site conditions. Por example, new and proven geophysical 
methods have a high potential for rapidly defining landslide geometries 
and identifying potentially unstable subsurface conditions. Similarly, 
modern hydrologic techniques need to be tested and applied more widely 
to the identification of groundwater conditions that lead to landslide 
initiation. Advanced remote sensing techniques need to be explored more 
fully for their application to identifying unstable terrain, defining 
controlling parameters, and labeling and mapping downslope impact zones. 

• Pilot studies of the effectiveness of various ground
improvement practices, such as drainage and engineered support 
structures, should be conducted in a variety of geologic and hydrologic 
environments to determine the adequacy of the design criteria and to 
identify suitable application practices in terms of costs and benefits. 

• The behavior of recurrent landslides should be addressed by 
long-term monitoring programs to determine the magnitude and frequency 
of ground movement. Such information is necessary if an adequate 
analysis of landslide risk is to be developed for safety, insurance, 
zoning, and alternative land use purposes. 

• Landslide-prone areas of particular significance to public 
safety should be instrumented to provide early warning of incipient 
hazards. Such early warning systems could also be used to identify 
areas for concentrated investigations and to provide a continuing 
measure of recurrence frequencies. 

• Research in these areas should be carried out by federal 
agencies and by state and local governments through their own programs 
as well as through support and encouragement of private sector activ
ities. Coordination of new activities with existing and planned public 
and private programs is essential. 

TECHNOLOGY TRANSFER 

At the present time, there is no effective vehicle for the transfer and 
dissemination of existing and new technologies applicable to the iden
tification, analysis, and control of landslides. one issue involves 
liability. Increased liability associated with the use of pioneering 
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techniques may tend to perpetuate the conservative and costly •tried and 
proven• methods of routine landslide engineering practice. Another 
issue is the absence of widespread knowledge of existing technologies 
developed in other geographic areas. For example, a number of tech
niques have been developed to identify landslides and to estimate the 
risk resulting from various natural and manipulative disturbances. 
Knowledge of these techniques is often limited outside their area of 
development, and research and development efforts are frequently 
duplicated. A third issue is the lack of perceived usefulness of 
existing technologies for landslide hazard mitigation. For example, new 
developments in remote sensing--including infrared imagery, aide-looking 
radar, image enhancement procedures, and computer graphics--are not 
widely perceived as being useful in landslide identification. 

Recommendations 

• Experimental projects should be carried out in areas of low 
public risk to teat and evaluate new procedures in landslide engineering 
practice in a context of low liability. Such testing and evaluation 
could be effectively pursued on remote areas of public land where 
liability is low and where the application of pioneering engineering 
techniques could provide substantial dollar savings to the federal 
government in terms of design, construction, and maintenance costa as 
well as reduced environmental damage from landslides. The Forest 
Service and the Bureau of Land Management are prime examples of rural 
land managers that have chronic landslide problema and could benefit 
from innovative mitigation techniques. 

• A continuing education, training, and information dissemination 
program should be established to foster the use of existing and inno
vative landslide identification, analysis, and control techniques. This 
should include regional workshops and interagency cooperation and infor
mation exchange. It should also provide for dissemination of knowledge 
to a broad spectrum of user groups, ranging from private landowners to 
managers of state and local agencies. 

• Partnerships between public and private sector groups should be 
encouraged. 

INSURANCE 

Insurance can be a viable mechanism for diatributing,landalide losses 
and encouraging risk-reducing actions. Implementing effective insurance 
programs requires a better understanding of (1) the landslide hazard in 
each area, (2) the likelihood of landslide occurrence, and (3) the risk 
of damage and loss of life. The virtual absence of private insurance 
coverage in the United States may not be justified, and with proper 
encouragement private coverage might be made available in selected 
locations. A public insurance program analogous to the National Flood 
Insurance Program should also be considered as an alternative to the 
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present practice of providing insurance coverage for only one kind of 
landslide (mudslides) under the NFIP. 

Recommendation 

• A better understanding of landslide processes and risk should 
be developed to provide a basis for decisions by private sector insurers 
concerning coverage of landslide hazards. The federal involvement in 
landslide insurance should be clarified. 

NATIONAL LEADERSHIP 

Effective nationwide coordination of landslide research and mitigation 
programs is necessary. A national focus is appropriate as a basis for 
communication among the many federal, state, local, and private entities 
that are involved in landslide management. A national focus is also 
appropriate for interaction with landslide research and mitigation 
activities in other countries. 

Recommendations 

• A single organization drawing upon a number of professions and 
disciplines, including geology, civil engineering, planning, and econom
ics, should have the responsibility for providing national leadership 
in reducing landslide losses within the United States. This organiza
tion could be a federal agency, it could be a consortium of private 
institutions, universities, or professional societies, it could be an 
independent scientific or technical institution of national stature, or 
it could be a u.s. national committee consisting of representatives 
from government, industry, academia, and the professional societies. 
Whatever the nature of the organization, the specific interests of 
federal, state, regional, and local agencies, as well as private 
institutions, having responsibility for various aspects of landsliding 
and landslide losses should be represented. 

• The federal government should establish a mechanism for infor
mation exchange and program coordination among the federal agencies 
having responsibilities related to landsliding and landslide losses. An 
interagency task force or interagency coordinating committee might be an 
appropriate way to accomplish this purpose. 

LEGISLATION 

There exists a body of federal and state legislation addressing the 
problem of landslides. Some specific responsibilities for research, 
mitigation, hazard warning, disaster response, and insurance are defined 
in this legislation and in associated policy documents. On the other 
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hand, some t.portant issues are not addressed by existing legislation. 
In particular, no existing organization--governmental or private--has 
either the authority or the resources to effectively lead a compre
hensive national program to reduce landslide losses. 

Recommendations 

• Existing legislated responsibilities for landslide loss reduc
tion activities should be funded and carried out by the appropriate 
governmental bodies. 

• New legislation to meet the recommendations proposed herein 
should be initiated as appropriate. 
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