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Preface

. .. the mountain falls and crumbles away . . .
and the rock is removed from its place
Job 14:18

ﬁ Imost every part of the world is subject to landslides. Wherever

there are mountains, or even hills, there have been, there are, and

there will continue to be landslides. Landslides are a component
of the erosion process, a continued leveling of the surface features of the
earth—both on land and beneath the sea—that are thrust up by the colli-
sion of tectonic plates. Landscapes are shaped by such erosional processes,
most dramatically by landslides.

Henry David Thoreau remarked, “The finest workers in stone are not
copper or steel tools, but the gentle touches of air and water working at
their leisure with a liberal allowance of time.” However, there are times
when the finest workers are not very gentle, when the natural sculptor
seems to be angry and impatient, flinging large pieces from the emerging
landscape, the sooner to finish the work. When people are in the way, the
natural process is termed a catastrophe. Its imminence constitutes a
natural hazard to mankind.

As the world’s population has increased rapidly over the past century
and as people move onto previously uninhabited land, there has been a
greater interaction between humans and landslides, often to the detriment
of humans. Just as people who live in earthquake zones, and who do not
understand earthquakes, rebuild with the same erroneous methods of the
past, so do people who challenge nature by building and living in harm’s

vil
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way in landslide zones without understanding that the control of nature
is, in the long run, not possible.

Thus, this report is not about the prevention of landslides. What it is
about is improved understanding of the hazards posed by landslides, of
the role that improved education and the dissemination of information
can play, and about the mitigation of such hazards through improved
building and inspection codes and through improved engineering prac-
tice. The identification and assessment of landslide hazards and the evalu-
ation of the risks associated with acts of mitigation are discussed in this
report from two points of view. First is the objective point of view of the
natural sciences, and second is the subjective point of view that people
have to understand the bargain they make with nature when they choose
to live in rugged terrain.

J. Freeman Gilbert
Chair
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Executive Summary

to a wide variety of natural conditions and triggering processes

that include storms, earthquakes, and human activity. Landslides
in the United States constitute a serious hazard that cause substantial
human and financial losses, estimated to average 25 to 50 deaths annually
and to cost approximately $1 billion to $3 billion per year. In addition to
direct and indirect financial losses, landslides cause significant environ-
mental damage and societal disruption. Primarily because individual
landslides usually affect limited local areas and individual landowners,
damage resulting from landslide hazards has not generally been recog-
nized as a problem of national importance and has not been addressed on
anational basis. The absence of a coordinated, national approach to mitigat-
ing the detrimental effects of landslides has resulted in a reduced ability
of state and local government agencies to apply the important lessons
learned, often at considerable expense, in other parts of the country.

As a result of a congressional directive, the U.S. Geological Survey
(USGS) addressed the need for a national approach by preparing the Na-
tional Landslide Hazards Mitigation Strategy (Spiker and Gori, 2000).!
The proposed strategy describes in broad overview the nine major com-
ponents, ranging from basic research activities to improved public policy
measures and enhanced mitigation, considered as the essential elements

I andslides occur in all geographic regions of the nation in response

1A modified version of this report, with the same title, was recently published as USGS
Circular 1244 (Spiker and Gori, 2003).

Copyright © National Academy of Sciences. All rights reserved.
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2 PARTNERSHIPS FOR REDUCING LANDSLIDE RISK

required to address the hazards arising from landslides at a national level.
The National Research Council was asked to review this proposal, with
the charge given in Box ES.1.

The review committee established to address this charge received
input from a wide variety of interested parties during its information-
gathering meetings—from federal agencies, state agencies, local jurisdic-
tions, private companies, and the academic community. Based on this
input and its own collective experience, the committee was particularly
cognizant both of the diversity of issues associated with the national land-
slide problem that arise from regional considerations and of the consider-
able variations in institutional capability and responsibility at regional
and local levels. It is this range of capabilities, and the widespread demand
at the local level for tools and information to address this national prob-
lem that present such a clear argument for the coordination and assis-
tance that would be provided by a national program for landslide haz-
ards mitigation. The committee agrees that a national approach to the
mitigation of landslide hazards is needed and considers that the nine

BOX ES.1
STATEMENT OF TASK

In response to a request from the U.S. Geological Survey, an ad hoc
committee established under the auspices of the Board on Earth Sciences
and Resources will provide advice regarding the optimum approaches and
strategies that could be applied to implement federal-state-local-private
partnerships to mitigate the effects of landslides and other ground failures.
The study committee will:

e Assess the approach described in USGS Open-file Report 00-450,
National Landslide Hazards Mitigation Strategy, comment on the federal-
state-local-private partnership concept described in that report, and evaluate
whether all the appropriate partners that should be involved in a national
landslide hazard mitigation strategy are identified. This assessment should
be provided in the form of a brief interim report.

e Consider the potential roles for each of the federal, state, local, and
private sectors, and provide advice regarding implementation and funding
strategies to stimulate productive, effective, coordinated partnerships.

As part of its analysis, the committee will provide an overview of
research priorities required to support the activities of each sector.

Copyright © National Academy of Sciences. All rights reserved.
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EXECUTIVE SUMMARY 3

components briefly described in the USGS proposal are the essential
elements of a national landslide hazard mitigation strategy.

Responsibility for the problems posed by landslides, and for the
solutions to those problems, is widely shared among different levels of
government and among different stakeholders at each level. This shared
responsibility emphasizes the role of the partnerships that will be required
to develop and implement a national landslide hazards mitigation strat-
egy. A key starting point for considering landslide partnerships is the
recognition that for a national policy to be effective, it must shape not
only federal actions but also those of state and local governments, and
ultimately those of private landowners. The committee agrees that a
national landslide hazards mitigation strategy should be based on part-
nerships involving federal, state, local, and nongovernmental entities.

The description of the components of the national landslide hazards
mitigation strategy proposed by the USGS is brief and requires a more
complete discussion of the comparative importance of each element. The
committee concludes that any analysis and discussion of the proposed
national strategy should include a sense of priorities, and accordingly, the
commentary and recommendations presented in the following para-
graphs are designed to convey the committee’s priorities for a national
program:

The committee recommends that a national strategy for landslide
loss reduction promotes the use of risk analysis techniques to guide
loss reduction efforts at the state and local level. Because the state of the
art of landslide risk analysis is evolving, further development of risk
analysis methods, and documentation and dissemination of their use, are
important components of the research and application program for a
national landslide strategy. Use of risk analysis for guiding appropriate
choice of landslide loss reduction tools should be an important element of
the technical assistance and outreach programs provided to state, local,
and nongovernmental entities.

The National Landslide Hazards Mitigation Program must play a
vital role in evaluating methods, setting standards, and advancing pro-
cedures and guidelines for landslide hazard maps and assessments.
National landslide hazard information gathering and mapping should be
undertaken as a component of the proposed partnerships. The program
must establish standards and procedures for the collection, long-term
management, and maintenance of this information. Metadata? must be
associated with all data collected under the auspices of the program, in

2Metadata refers to information about data (e.g., information describing data source, date
collected, method of collection, etc.)

Copyright © National Academy of Sciences. All rights reserved.
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4 PARTNERSHIPS FOR REDUCING LANDSLIDE RISK

accordance with National Spatial Data Infrastructure protocols. Hazard
zonation mapping must be developed for multiple mapping scales by
utilizing the best available technologies and accurate, high-resolution
terrain information.

In order to provide tools for landslide hazard mitigation, it will be
necessary to conduct basic research on monitoring techniques and on
aspects of landslide process mechanics. An integrated research program
is recommended in which intensive field studies are used to (1) improve
site and laboratory characterization techniques; (2) develop new field
monitoring methods; (3) obtain greater understanding of failure and
movement mechanisms; and (4) develop and test models to predict failure
timing, location, and ultimate mass displacement. Studies of debris flows,
bedrock slides, and submarine landslides deserve greatest attention.
Innovative remote-sensing technologies are now offering researchers the
possibility of rapid and detailed detection and monitoring of landslides.
Additional support to exploit these new technologies and develop prac-
tical tools for a broad user community is needed.

Improved education and awareness of landslide hazards and miti-
gation options, for decision-makers, professionals, and the general
public, must be primary components of a national landslide hazard
mitigation program. Collecting and disseminating information on land-
slide hazards to federal, state, and local governmental agencies and non-
governmental organizations, planners, policy makers, and private citizens
in a form useful for planning and decision making is critically important
for an effective mitigation program. Education and awareness partner-
ships will be most effective if implemented at the outset of the program. If
the national landslide hazard mitigation program is to materialize, then
broad-based acceptance, participation, and support are essential for its
success.

The committee agrees that substantially increased funding will be
necessary to implement a national landslide hazards mitigation pro-
gram. The committee considers that the figure of $20 million, presented in
the USGS proposal as the amount required to support an enlarged Land-
slides Hazards Program within the USGS, would provide an adequate
basis for the initial stages of a national strategy with a 10-year target for
achieving substantial loss reduction goals. However, the committee con-
siders that over the course of the program, the distribution of funds should
progress from an initial emphasis on research, development of guidelines,
and start-up to the later widespread implementation of landslide risk
reduction measures through various partnership programs. The commit-
tee considers that additional increases—to annual funding of $35 million
for years 4-6 and $50 million for years 7-10 and beyond—will be required
to support these later parts of the program. The committee recognizes the

Copyright © National Academy of Sciences. All rights reserved.
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EXECUTIVE SUMMARY 5

reality that national budgetary considerations will determine the total
annual funding provided to implement the strategy and emphasizes that
it is the distribution of total available funding among the program’s dif-
ferent components that is of paramount importance for an appropriately
balanced national program.

The committee commends the USGS for undertaking the important
initial steps toward a comprehensive national landslide hazards miti-
gation strategy. The committee recommends that the USGS—in close
partnership with other relevant agencies—produce the implementation
and management plans that will provide the practical basis for an effec-
tive national strategy that can be applied at the local level.

Copyright © National Academy of Sciences. All rights reserved.
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Introduction

The surface of the land is made by Nature to decay . . .
Our fertile plains are formed from the ruins of the mountains.
James Hutton, 1785

continually being modified by mass movements operating in

response to gravitational forces. One effect of the mass movements
termed landslides can be to reduce the gradient of hillslopes to stable
angles. In this report, the term “landslide” will include all types of gravity-
caused mass movements, ranging from rock falls, through a variety of
slumps and slides, to debris flows. Both subaerial and submarine mass
movements are included. Although precipitation, earthquakes, and vol-
canic eruptions are the principal natural drivers of landslides, in many
cases landslides result directly from disturbance of hillsides by road con-
struction or other human activity.

Landslides contribute to the erosion, transport, and deposition of
earth materials. Over geologic time, they help produce stable land suit-
able for agriculture and habitation and provide materials that form fertile
plains and valleys, beaches, and barrier islands. Unfortunately, landslides
are not completely benign to human beings, and because at the scale of
the typical human life span the benefits accruing from landslides are over-
shadowed by their destructive characteristics, they are viewed as hazards
that should be understood and, if possible, mitigated. This report is
focused on the identification, understanding, and mitigation of landslide
hazards—the destructive aspect of landslides.

r I 1 he surface of the earth, both on land and beneath the oceans, is

6
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INTRODUCTION 7

1.1 PROPOSAL FOR A NATIONAL STRATEGY

The Disaster Relief Act of 1974 (now the Robert T. Stafford Disaster
Relief and Emergency Assistance Act—the Stafford Act) assigned respon-
sibility for landslide hazard warning to the Director of the United States
Geological Survey (USGS), providing a basis for the USGS to assume a
prominent leadership role in national landslide hazard mitigation. The
primary objective of the existing USGS Landslide Hazards Program is to
reduce long-term losses from landslide hazards by improving scientific
understanding of the causes of ground failure and suggesting mitigation
strategies. The USGS Landslide Hazards Program has hitherto been
funded at a modest level of $2 to $3 million each year. However, impetus
for an increased emphasis on this program was provided by the House
Report accompanying the Department of the Interior Appropriations Bill
for FY 2000, which directed the USGS to develop a comprehensive strat-
egy to address the hazards posed by landslides. During 1999-2000 the
USGS convened a series of workshops and meetings to plan and develop
a national strategy, resulting in the compilation of USGS Open-File Re-
port 00-450, National Landslide Hazards Mitigation Strategy—A Frame-
work for Loss Reduction (Spiker and Gori, 2000).! This report proposed a
national strategy based on partnerships between the USGS—as the re-
sponsible federal agency—and an array of federal, state, local, commu-
nity, and industry partners. This partnership strategy envisioned a sub-
stantially increased federal investment for the USGS Landslide Hazards
Program, requiring almost an order-of-magnitude increase from the
present annual funding level of $2.6 million to at least $20 million. Of this
total, $10 million would support increased USGS activities and $10 mil-
lion would be provided to partners.

The USGS strategy proposal (Spiker and Gori, 2000) presents an out-
line of the elements required for a national approach to the landslide
hazard problem, with the 10-year goal of reducing the risk of loss of life,
injuries, economic costs, and destruction of natural and cultural resources
caused by landslides. The report identifies nine elements of a national
landslide hazard mitigation program: (1) research to develop a predictive
understanding of landslide processes; (2) hazard mapping to delineate
susceptible areas; (3) real-time monitoring of active landslides; (4) loss
assessment to determine economic impacts of landslide hazards; (5) infor-
mation collection, interpretation, and dissemination to provide an
effective system for information transfer; (6) guidelines and training for
scientists, engineers, and decision makers; (7) public awareness and edu-

1A modified version of this report, with the same title, was recently published as USGS
Circular 1244 (Spiker and Gori, 2003).
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cation; (8) implementation of loss reduction measures; and (9) emergency
preparedness, response, and recovery to build resilient communities.

The partnerships referred to in the USGS strategy document (Spiker
and Gori, 2000) are described in broad outline:

e Partnerships with state and local governments to assess and map
landslide hazards, to be funded through competitive grants ($8 million
annual allocation, requiring 30% matching funds)

e Partnerships with other federal agencies (e.g., National Park Service,
U.S. Forest Service [USFS], Bureau of Land Management) to increase the
capabilities of federal agencies to address landslide hazards ($2 million
for USGS participation as requested by other agencies)

e Partnerships with universities, local governments, and the private
sector to support research and implementation efforts ($2 million annu-
ally, distributed through competitive grants)

The committee has reviewed the National Landslide Hazards Mitiga-
tion Strategy (Spiker and Gori, 2000) and agrees that the nine major
components identified in the proposed national strategy, ranging from
basic research activities to improved public policy measures and enhanced
mitigation, are the essential elements required to address the hazards
arising from landslides at a national level. However, the treatment of these
components in the strategic plan is brief and requires a more complete
description of the comparative importance of each element. The com-
mittee considers that in its analysis and discussion of each element of the
proposed national strategy, it is essential that a sense of priorities be pre-
sented.

In framing its assessment and review of the National Landslide Hazards
Mitigation Strategy, the committee has been particularly aware of the
diversity of issues associated with the national landslide problem that
arise from regional considerations and of the considerable variations in
institutional capability and responsibility at the regional level. It is this
range of capabilities, and the widespread demand at the local level for
tools and information to address this national problem, that present such
a clear argument for the coordination and assistance that would be pro-
vided by a national program for landslide hazards mitigation.

1.2 COMMITTEE CHARGE AND SCOPE OF STUDY

To be assured that the strategy advanced by the USGS was the most
appropriate approach to this problem, the USGS requested that the National
Research Council (NRC) conduct a review, with the charge presented in
Box 1.1.
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BOX 1.1
STATEMENT OF TASK

In response to a request from the U.S. Geological Survey, an ad hoc
committee established under the auspices of the Board on Earth Sciences
and Resources will provide advice regarding the optimum approaches and
strategies that could be applied to implement federal-state-local-private
partnerships to mitigate the effects of landslides and other ground failures.
The study committee will:

e Assess the approach described in USGS Open-file Report 00-450,
National Landslide Hazards Mitigation Strategy, comment on the federal-
state-local-private partnership concept described in that report, and evaluate
whether all the appropriate partners that should be involved in a national
landslide hazard mitigation strategy are identified. This assessment should
be provided in the form of a brief interim report.

e Consider the potential roles for each of the federal, state, local, and
private sectors, and provide advice regarding implementation and funding
strategies to stimulate productive, effective, coordinated partnerships.

As part of its analysis, the committee will provide an overview of
research priorities required to support the activities of each sector.

The review committee established by the NRC to address this charge
received input from a variety of interested parties during its information-
gathering meetings—from representatives of federal agencies, state agen-
cies, local jurisdictions, private companies, and the academic community.
Participants in these meetings uniformly supported a national approach
to providing assistance for state and local agency landslide mitigation
efforts. However, the wide variation in the nature and extent of existing
state and local agency activities means that these are treated in a more
generic sense when compared with federal agencies, where the committee
was able to evaluate current activities on a nationwide basis and suggest
specific roles in a future national partnership strategy.

One issue that the committee grappled with was the extent to which
other—non-landslide—ground failure hazard mitigation should or could
be addressed in this assessment. The USGS national strategy proposal
addresses only “. . . landslides, the most critical ground failure hazard
facing most regions of the nation” (Spiker and Gori, 2000, p. 3) but asserts
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that the strategy “provides a framework that can be applied to other
ground failure hazards.” In the absence of any detailed consideration of
non-landslide ground failure in the national strategy proposal, the com-
mittee considered that it was not possible to provide a review of non-
landslide hazard mitigation and, accordingly, has restricted its assessment
to landslides. However, the commentary on approaches to mitigation pre-
sented in this report, particularly the emphasis on risk-based approaches,
applies to ground failure hazard mitigation in the broadest sense.

1.3 SOCIOECONOMIC IMPACTS OF LANDSLIDES

Landslides within the United States constitute a major geologic haz-
ard, occurring in all 50 states and causing on average some 25 to 50 fatalities
and damage of approximately $1 billion to $3 billion each year (NRC,
1985; Schuster and Highland, 2001). The socioeconomic effects from the
thousands of landslides that occur each year impact people, their homes
and possessions; industrial establishments; and transportation, energy,
and communication lifelines (e.g., highways, railways, communications
cables). Socioeconomic losses are increasing as the pressure of expanding
populations causes the built environment to expand into more unstable
hillside areas.

Landslides are responsible for considerably greater economic losses
and human casualties than is generally recognized—although they repre-
sent a significant element of many major disasters, the magnitude of their
effects is often overlooked by the news media. The losses attributed to
most individual landslides are relatively small, although they can be
devastating to individual property owners. Because damage costs are
borne mostly by individuals, with only some involvement of federal, state,
and local government relief and rehabilitation programs, the nation has
largely ignored the financial risk posed by landslides.

Landslide costs include both direct and indirect losses affecting pri-
vate and public properties. Direct costs can be defined as the costs of
replacement, rebuilding, repair, or maintenance resulting from direct
landslide-caused damage and destruction of property or installations
(Schuster and Fleming, 1986; Schuster, 1996; Schuster and Highland, 2001).
All other costs of landslides are indirect, for example:

* reduced real estate values in areas threatened by landslides;

® loss of tax revenues on properties devalued as a result of land-
slides;

® loss of industrial, agricultural, and forest productivity, and of
tourist revenues, as a result of damage to land or facilities or interruption
of transportation systems;
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® loss of human or domestic animal productivity because of death,
injury, or psychological trauma; and
® costs of measures to prevent or mitigate potential landslide activity.

Private costs to individuals or corporations are incurred mainly as
landslide-caused damage to land and structures, including private prop-
erty and corporate industrial facilities. A destructive landslide can result
in financial ruin for property owners because landslide insurance or other
means to offset damage costs usually are not available.

Public costs are those borne by government agencies—national,
regional, or local. Probably the largest direct public costs resulting from
landslides are for the repair or relocation of transportation facilities (e.g.,
Box 1.2). Based on a survey of state transportation departments, Walkinshaw
(1992) found that the average annual direct costs of maintenance and
repairs to U.S. highways as a consequence of landslide damage from 1985
to 1990 were nearly $106 million. Although this survey reflected actions
only for state and federal highways, which represent about 20% of the
entire U.S. road system, these have the larger cut-and-fill structures and
are likely to account for the majority of landslide costs. Nevertheless, the
survey may have underestimated these costs because many state trans-
portation departments do not maintain detailed records of their landslide-
related highway maintenance costs.

Indirect public costs are diverse and include such disparate elements
as loss of tax revenues, reduced capacity or capability of lifelines, reduced
productivity of government forests, and impacts on the quality of sport
fisheries. An interesting comparison of indirect to direct costs of landslides
was provided by the 1983 closure of heavily traveled U.S. Highway 50
in California as a result of landslide activity, which prevented tourist
access to popular Lake Tahoe. Although highway repairs totaled $3.6 mil-
lion, the estimated loss of tourist revenues was a staggering $70 million
(San Francisco Chronicle, 1983).

Widespread and numerous landslide occurrences caused by storms—
many of which were probably related to El Nifo—have plagued Califor-
nia for the past 50 years. Exceptional landslide activity occurred in 1951-
1952, 1956, 1957-1958, 1961-1962, 1968-1969, 1977-1978, 1979-1980, 1982,
1995, and 1997-1998. As an example, in the six southern counties of
California total losses due to landslides caused by heavy winter rainfall in
1979-1980 were estimated at $500 million (Slosson and Krohn, 1982). In
January 1982, an intense storm triggered 18,000 debris flows and land-
slides in the San Francisco Bay area, damaging or destroying about 6,500
homes and 1,000 businesses. The direct costs of these landslides were in
excess of $66 million, but in addition, 930 lawsuits and claims in excess
$298 million were filed against city and county agencies (Smith, 1982). In
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BOX 1.2
THE THISTLE LANDSLIDE, UTAH

The mountain areas of the western United States experienced abnor-
mally high precipitation in 1982-1984, probably related to a strong El Nifio
influence. Thousands of landslides occurred across the region, including a
very large debris slide at Thistle, Utah, in April 1983. The Thistle debris
slide formed a lake by damming the Spanish Fork River and severed three
major transportation arteries: U.S. Highways 6/50 and 89, and the main
transcontinental line of the Denver and Rio Grande Western Railroad. The
railroad and Utah highway engineers undertook emergency work to reestab-
lish routes outside the devastated area.

Anderson et al. (1984) estimated that the total direct costs of all land-
slides that occurred in Utah during the spring of 1983 exceeded $250 mil-
lion. A subsequent economic analysis by the University of Utah (1984)
evaluated both direct and indirect costs of the Thistle landslide and esti-
mated the total direct costs to be $200 million. In addition, numerous
indirect costs were reported; most of these involved temporary or perma-
nent closure of highways and railroads to the detriment of local coal,
uranium, and petroleum industries, several types of businesses, and tourism.
Perhaps the largest losses due to the Thistle slide were incurred by the
Denver and Rio Grande Western Railroad, which spent about $40 million,
mostly to construct a twin-bore tunnel about 900-m long that bypassed the
landslide and lake, while facing an additional $81 million in lost revenue
due to the closure of the line during 1983. The total costs (direct and indi-
rect) of this slide were probably on the order of $400 million. Although
there were no casualties as a result of the Thistle slide, it ranks as the most
economically costly individual landslide in North America, and probably
in the world (Schuster and Highland, 2001).

January and March 1995, above-normal rainfall in southern California trig-
gered damaging debris flows, deep-seated landslides, and flooding in Los
Angeles and Ventura Counties (Harp et al., 1999). The most notable land-
slide that occurred at this time was the deep-seated La Conchita landslide
(Figure 1.1), which, in combination with a local debris flow, destroyed or
badly damaged 11-12 homes in the small town of La Conchita (O’'Tousa,
1995). In the late winter and early spring of 1998, heavy rainfall again
caused major landslide activity and damage totaling approximately $156
million in the 10-county San Francisco Bay region (Godt and Savage, 1999).
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The 1983 Thistle landslide in Utah dammed the Spanish Fork River and severed
major transportation arteries, causing direct and indirect costs estimated at close to
$400 million.

SOURCE: Schuster and Highland (2001).

Although landslides are common throughout the Appalachian region
and New England, the greatest landslide hazard in the eastern United
States, at least in terms of financial losses within a fairly restricted area, is
from landslides affecting clay-rich soils in Pittsburgh, Pennsylvania, and
Cincinnati, Ohio (see Box 1.3). Landslides also occur across the Great
Plains and into the mountain areas of the western United States, where
weathered shales and other clay-rich rocks occur near the surface, and
they are particularly common where there are steep slopes, periodic heavy
rains, and vegetation loss following wildfires. Earthquakes and volcanoes
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FIGURE 1.1 The 1995 La Conchita landslide, southern California.
SOURCE: Schuster and Highland (2001).
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BOX 1.3
LANDSLIDE HAZARDS IN CINCINNATI, OHIO

The severity of landslide problems in the Cincinnati area became widely
known after Fleming and Taylor (1980) compiled and compared estimates
for the annual per capita cost of landslide damage in three metropolitan
areas. They concluded that these costs were $5.80 for Hamilton County
(greater Cincinnati), compared with $2.50 for Allegheny County, Pennsyl-
vania (Pittsburgh area), and $1.80 for the nine-county San Francisco Bay
region in California.

About one-fifth of Cincinnati and Hamilton County has steep hillsides
forming natural green belts between hilltop communities and neighboring
valley communities. Although landslides have occurred in the area before
the 1850s, landslide damage has become increasingly expensive as urban
development encroached upon these hillsides. Most landslides in the Cin-
cinnati area occur in surficial materials, most frequently in the colluvium-
covered valley sides; landslides involving bedrock failures are extremely
rare. The colluvium forms wedge-shaped deposits that are thin on the
steeper, higher slopes and gradually become thicker (as much as 45 feet
thick) near valley bottoms.

continued

The proximity of housing development and transportation corridors (the Columbia
Parkway) to landslide-prone hills is strikingly apparent in Cincinnati, Ohio. Each
year this hillside causes problems during spring rains.

SOURCE: File photo, Cincinnati Department of Transportation and Engineering.
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BOX 1.3 Continued

The City of Cincinnati and Hamilton County, in conjunction with the
general public and the geotechnical community, have undertaken and fi-
nanced a major effort to reduce the damages from landslides, based on
collaborative investigations conducted by federal and state agency geolo-
gists, aided by faculty and students at the University of Cincinnati and by
private consultants. Federal, state, and local governments, as well as pri-
vate foundations, have financed these studies. Private individuals have
donated additional time and services to community planning groups. The
most visible successes are in the quality of new construction, where grad-
ing is performed under strict regulations, with inspection of plans and con-
struction activities by technical staff from the city or county. The enthusias-
tic involvement of both the public and the private sectors is achieving major
gains in landslide damage reduction.

also cause landslides: the 1994 Northridge Earthquake in the San
Fernando Valley triggered thousands of landslides in the Santa Susana
Mountains north of the epicenter.

In terms of loss of life, by far the most disastrous landslides to occur
within the United States and its territories have been caused by hurri-
canes or tropical storms making landfall from the western Atlantic Ocean.
Hurricane Camille in 1969 caused extensive debris flows in central Vir-
ginia—although the exact number cannot be ascertained; most of the 150
who died as a result of Hurricane Camille are thought to have been victims
of debris flows triggered by heavy rains associated with the hurricane
(Williams and Guy, 1973). In October 1985, heavy rain in Puerto Rico from
Tropical Storm Isabel caused a major rock slide that obliterated much of
the Mameyes district of the city of Ponce. The slide destroyed about 120
houses and killed at least 129 people—the greatest death toll in North
American history from a single landslide (Jibson, 1992).

1.4 ENVIRONMENTAL CONSEQUENCES OF LANDSLIDES

Although landslides routinely cause local changes to the land surface,
occasionally much larger changes are produced that affect subaerial and
submarine landscapes, natural forests and grasslands, the quality of
streams and other bodies of water, and the habitats of native fauna, both
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on the earth’s exposed surface and in its streams and oceans (Schuster,
2001; Schuster and Highland, 2001). Giant prehistoric landslides have been
identified on the slope of Sinking Creek Mountain in the Appalachians of
Virginia. These are among the largest known landslides in eastern North
America and among the largest in the world. They were probably trig-
gered in colder and wetter conditions during the last Ice Age, and these
areas appear stable today. However, they have produced many disrupted
terrain features, including scarps, ponds, and wetlands, that form important
local ecosystems within the National Forest. Although historic landslide
events usually are not as large as these examples, many large landslides
have had significant impact on topography. One example is the Thistle,
Utah, landslide of 1983 that dammed the Spanish Fork River, causing the
valley to be flooded and forcing the relocation of major transportation
routes (see Box 1.2).

High volumes of landslide-derived sediment can be delivered to
stream channels. Debris flows can follow stream channels for great dis-
tances, causing substantial channel modification, and they also provide
important sediment transport links between hillslopes and alluvial chan-
nels. Two examples illustrate these points. Studies in northern Idaho show
that rotational landslides produce about 40% of stream sediment, debris
avalanches produce an additional 40%, and only 20% is derived from
surface-flow erosion (Wilson et al., 1982). In a similar study in Puerto Rico,
Larsen and Torres Sanchez (1992) found that 81% of sediment transported
within the Mameyes River basin was contributed by mass wasting. An
equally important aspect is that sediment levels may remain high for
decades following major landslide events, increasing flood risks for down-
stream communities and threatening efforts to restore fisheries and aquatic
ecosystems (e.g., Madej, 1995). Nearly 20 years after the eruption of Mount
St. Helens, sediment eroded from landslide and debris flow deposits con-
tinues to elevate sediment levels in the Toutle River by 10 to 100 times
(Bernton, 2000).

Although most kinds of wildlife are able to retreat fast enough to pre-
vent injury from all but the fastest-moving landslides, all wild creatures
are subject to landslide-caused habitat damage and destruction. Birds and
other animals that nest or live in underground burrows are at high risk.
Schuster and Highland (2001) reported that springtime landslides in
fluvial-lacustrine sediments along the Columbia River in south-central
Washington probably kill very large numbers of nesting cliff swallows.

Landslides can adversely impact fish habitats, especially those of
anadromous fish (e.g., salmon) which live in the oceans but return to
freshwater streams to spawn. Landslides cause many changes in aquatic
habitat. Elevated sediment delivery due to landslides can lead to increased
mobility and scour of spawning gravels, increased fine sediment in
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spawning gravels, increased fine sediment in pools, bank destabilization,
and diminished availability of food organisms (e.g. Swanston, 1991). In
the Pacific Northwest, the increased occurrence of debris flows due to
timber harvest activities (Sidle et al., 1984; Schmidt et al., 2001) and the
coincident rapid decline in aquatic habitat and salmon stocks have led to
the enactment of numerous state and federal land-use regulations and to
frequent lawsuits over their application and validity (e.g., see University
of California Committee on Cumulative Watershed Effects, 2001). The
USFS has conducted numerous studies of the relationship between
destructive landslides, forest cover, and logging operations in this area
(Swanston and Swanson, 1976; Megahan et al., 1978; Swanston, 1991;
McClelland et al., 1999). It has become standard practice in assessing
timber management plans to conduct watershed-scale surveys to map
landslides (and landslide potential) and their possible association with
and sensitivity to land-use practices. There is debate as to the most effi-
cient and accurate way to do this, and how to interpret such maps in
terms of land-use decisions. No standards have been established in the
United States, and maps vary widely in their detail and accuracy and,
consequently, their usefulness. It is important that not only should land-
slide occurrence or relative slope stability be established for an area, but
also the sediment and wood production associated with landslides should
be estimated, because sediment and woody debris strongly influence
aquatic habitats. Federal leadership is needed to establish methods and
standards of reporting and interpretation.

Landslides have occasionally directly caused human health problems.
Following the 1994 Northridge, California, earthquake, Ventura County
experienced a major outbreak of coccidioidomycosis (valley fever)—a
respiratory disease contracted by inhaling airborne fungal spores (Jibson
et al., 1998). The earthquake and its aftershocks produced many highly
disrupted, dust-generating landslides in canyons northeast of Simi Valley,
and prevailing winds transported dust into the Simi Valley and to com-
munities farther west (Figure 1.2). In the following eight weeks, 203
coccidioidomycosis cases were reported, about an order of magnitude
more than would otherwise be expected. The temporal and spatial distri-
bution of coccidioidomycosis cases indicated that the outbreak resulted
from inhalation of spore-contaminated dust generated by the earthquake-
triggered landslides.

1.5 THE CONCEPT OF LANDSLIDE MITIGATION

The preceding sections, and the suite of case studies presented in
Appendix A, highlight the immense socioeconomic and environmental
damage and losses that result from landslides. A considerable variety of
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FIGURE 1.2 Dust clouds created by earthquake-triggered landslides in Santa
Susana Mountains. Dust was blown southwestward over Simi Valley where an
epidemic of valley fever (coccidioidomycosis) occurred.

SOURCE: Harp and Jibson (1995).

techniques and practices have been employed to mitigate the potential
losses arising from landslide hazards. Although landslide losses will be
negligible if all landslide hazards are correctly identified and landslide-
prone areas are avoided, such an approach is rarely feasible, and it is
neither possible nor desirable to proscribe development on all landslide-
prone areas. The question then becomes one of identifying the most
effective of the various mitigation approaches and obtaining funding to
apply the optimum mitigation.

The USGS proposal for a national landslide hazards mitigation strat-
egy (Spiker and Gori, 2000) clearly summarizes the major mitigation
approaches, including

¢ restricting development in landslide-prone areas;

¢ enforcing codes for excavation, construction, and grading;
¢ engineering for slope stability;

¢ deploying monitoring and warning systems; and

¢ providing landslide insurance.
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This emphasizes that mitigation strategies extend far beyond engi-
neering or technical measures designed to stabilize a landslide. Achieving
mitigation by enforcing strict building code, excavation, and fill ordi-
nances, as applied in the Cincinnati area (see Box 1.3), depends upon a
sound scientific knowledge of the distribution and properties of the earth
materials and potential landslide processes. Local zoning and subdivision
regulations in California have been used creatively by some communities
to concentrate building on stable land while leaving unstable land as open
space to serve the development. This model could be adapted in other
states. Also in California, public districts have been formed to provide
funds for potential landslide repairs. Although mitigation options could
include this type of financial arrangement to pool the exposure of indi-
viduals to landslide hazards and to compensate for losses, such mecha-
nisms have not been widely applied in the United States and there seem
to be considerable obstacles to providing a broadly based national land-
slide insurance program (see section 5.2). As a consequence, the mitigation
of landslide hazards for many existing developments and transportation
networks is accomplished by using a variety of monitoring and warning
systems—which protect lives and property but do not prevent land-
slides—or by resorting to expensive engineering stabilization solutions.

Engineering solutions are often expensive and may not provide a per-
manent solution. In some cases a “permanent” solution is unnecessary—
the landslide hazard is high for only a relatively short time, such as dur-
ing excavations for a new structure. One example of early and innovative
temporary landslide hazard mitigation is provided by the construction of
Grand Coulee Dam on the Columbia River in Washington State (U.S.
Bureau of Reclamation, 1936; Hansen, 1989). The north abutment of the
dam was threatened when a huge mass of water-soaked silt began to creep
into the excavation. Engineers placed numerous pipes into the silt mass
and a refrigerant was pumped through these pipes, thereby freezing the
water in the silt and temporarily stabilizing the landslide until the concrete
for the abutment had been poured and cured. This temporary mitigation
activity was accomplished in about six weeks, saving considerable time
and expense.

Occasionally, opportunities arise that allow for ingenious engineer-
ing solutions of a more permanent nature. The construction of Inter-
state 70 over Vail Pass in the 1970s encountered highly unstable conditions
and numerous landslides along the route, especially on the western side
of Vail Pass where several sections of almost continuous landslides are
found along Black Gore Creek. Many innovative concepts and designs
were utilized or developed on this project because slope stability and
erosion control were paramount concerns. At one location on the western
side of Vail Pass, two landslides on opposite sides of the valley were
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stabilized by allowing them to buttress each other. Fill was added to the
valley, the stream profile was raised and controlled to prevent further
erosion of their toes, and the highway was constructed on the fill
(Robinson and Cochran, 1983). Where land values are high or the need for
a lifeline is high, the cost of expensive engineering solutions can be justi-
fied. In other instances, especially in larger developments, it may be pref-
erable to build on stable terrain and use the potentially unstable terrain as
valuable open space.

One can argue that the most beautiful parts of the world are where
the hazard of landslides is greatest and, because such areas are increas-
ingly a focus for development, where the risks are most extreme. For this
reason, the present report emphasizes the identification and mitigation of
landslide hazards rather than either completely disallowing development
or proposing to prevent landslides. By knowing the hazard and the risk,
the informed citizen, developer, or public official can calculate the trade-
offs among beauty, health, and wealth, and between fortune and fate. We
must learn to live intelligently among the mountains and their ruins.

1.6 OVERVIEW OF NATIONAL STRATEGY PRIORITIES

Landslides are widely distributed geographically and pose differing
types of hazards depending on geologic setting and terrain type. The
diversity of landslide problems, and the breadth of the needed elements
of a national landslide hazard reduction program, can be illustrated by
examples:

¢ Debris flows triggered by extreme rainfall events have had devas-
tating effects in mountainous regions of the United States, and there are
indications that differences in climate, materials, vegetation, and topogra-
phy may cause a variety of debris flow phenomena in different regions.
Accordingly, debris flow hazard reduction will require improved under-
standing of the initiation and propagation of these flow events and their
region-specific characteristics. Once such basic science questions have
been answered, the hazards posed by debris flows can be reduced by
application of appropriate risk assessment and mitigation techniques.

® Rock falls pose severe hazards, particularly along transportation
corridors in many mountainous states. Although often involving only a
small volume of material, the speed of rock falls and the hazard they pose
to motorists have prompted several state departments of transportation
to support rock fall research. The science of rock fall mechanisms is rela-
tively well understood, and several computer simulation programs have
been developed to aid in evaluating the hazard. However, improvements
are needed in establishing standards for risk management and for certify-
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ing the effectiveness of rock fall barrier systems. This can be achieved by
encouraging more widespread adoption of established techniques through
technology transfer.

® Bedrock slides occur in many locations throughout the United
States, displaying a range of movement types and resulting from a wide
variety of triggering events. They can be local events involving small vol-
umes or multiple events and large masses that involve a considerable area.
Slides can move quite slowly or very rapidly, and the hazards they pose
range from relatively minor to catastrophic. Once initial movement has
occurred, bedrock slides can be mapped readily if the needed resources
are available. Nevertheless, they continue to cause extensive economic
losses due to ineffective regulatory controls on development in slide-
prone areas.

In general, improved risk assessment is needed for all types of land-
slide hazards (see Chapter 4 below), as are advances in methods of cost-
effective mitigation that might include hazard insurance and other financial
instruments. Specifically, the establishment of landslide hazard mitiga-
tion priorities should incorporate existing knowledge and the potential
for cost-effective results.

The matrix presented in Figure 1.3 evaluates the six broad landslide
types? against five activities that should be included in an effective
national strategy to address the diversity of landslide hazard problems:

1. Improvement of the science base to provide an adequate understand-
ing of landslide triggering and landslide movement mechanisms is an
essential first step to fill gaps in current understanding and is a funda-
mental requirement for other activities.

2. Technology integration and transfer is important for both the dissemi-
nation of scientific understanding of the hazard and the identification of
appropriate mitigation methods.

3. Mapping and monitoring provides the fundamental database for
identification and delineation of landslide hazards.

4. Risk assessment integrates the many factors relating to slide occur-
rence and consequence; it can be applied at various levels, ranging from
qualitative to quantitative.

5. Mitigation takes many forms, with land-use regulation being the
most important. Other mitigation activities include stabilization through
engineering activities and construction of diversion works.

2A detailed classification and description of the numerous landslide types is presented in
Cruden and Varnes (1996); these have been simplified into six broad landslide categories for
this report.
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FIGURE 1.3 Matrix evaluating the six broad landslides types against the activi-
ties required for an effective national strategy. Shaded boxes indicate activities
with the highest payoff potential.

This matrix emphasizes that for a range of reasons described through-
out this report, some of the component activities have greater “payoff”
potential than others and should be accorded greater priority in a national
strategy. This variability of potential depends on the particular type of
landslide:

® Debris Flow: Investment in basic research to improve understand-
ing of debris flow initiation and movement has a high payoff potential.
Although scientific understanding of the phenomenon is still inadequate
to identify technology transfer as having the highest payoff potential,
much could be achieved with better risk-based zonation. The basic scien-
tific advances will also contribute to improved mapping, which is a
priority requirement. In addition, clarification of magnitude-frequency-
runout characteristics can be anticipated, and these are important for risk
assessment and mitigation (including regulation). Improved mitigation
methods and the establishment of appropriate risk assessment techniques
are needed.
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® Rock Fall: Rock fall processes are relatively simple and reasonably
well understood. The Federal Highway Administration and some state
highway departments have made substantial progress in developing rock
fall hazard rating systems and in technology integration and transfer. It
appears that widespread dissemination of this information would encour-
age implementation and have a high payoff potential. At the same time,
improved mitigation methods, such as improved criteria for testing, certi-
fying, selecting, designing, and installing rock fall barriers, are needed.
Establishment and broad acceptance of appropriate risk assessment tech-
niques are also required.

® Bedrock Slides: There is reasonable understanding of the mechanics
of bedrock slide initiation, although additional case histories would add
significantly to the body of knowledge. Although rare, very large, fast-
moving bedrock slides are potentially life-threatening, and their move-
ment dynamics are poorly understood and require further study. Post-
failure movement dynamics and deformations of many bedrock slide
types are poorly understood, and further expansion of the science base in
this area is desirable. Once initial movement has occurred, bedrock slides
can be identified with current technology and there is high payoff poten-
tial associated with mapping them in areas of high risk in order to assist
regulation. Improved mitigation methods and the establishment of appro-
priate risk assessment techniques are needed.

e Liquefaction Flow: Liquefaction flows are often caused by earth-
quakes, but they can also occur in some types of glaciomarine clays. The
basic science of liquefaction flow has received considerable attention in
recent years, and liquefaction susceptibility criteria have been established
and tested in the field. A high payoff potential can be expected from map-
ping this hazard. As with other landslide types, improved mitigation
methods and the establishment of appropriate risk assessment techniques
are needed.

e Soft Clay Slides: Geotechnical engineers have devoted substantial
effort to understanding the mechanics of soft clays; as a result, the initia-
tion and movement of landslides in these deposits are the best understood
of all landslide types. Mapping is straightforward. Improved mitigation
methods and the establishment of appropriate risk assessment techniques
are needed.

® Submarine Landslides: Because of the likelihood that submarine
landslides will cause highly destructive tsunamis (e.g., the 1998 Papua
New Guinea tsunami; Bardet et al., 2003; Liam Finn, 2003; Wright and
Rathje, 2003), there is an urgent need to better understand the mechanics
of submarine slide movement, particularly the role of gas hydrates in caus-
ing shelf edge instability. At present there is a vast amount of geotechnical
data scattered among hydrocarbon exploration and development compa-
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nies, offshore geotechnical companies, and academic institutes, and these
data have to be collated and the gaps identified. Areas of potential sub-
marine failure will have to be mapped and procedures determined for
submarine landslide risk assessment.

The elements of a national landslides hazards mitigation strategy are
dealt with in more detail in the following chapters; Chapter 2 describes
requirements and priorities for research into landslide processes; Chap-
ter 3 describes the status of mapping and monitoring techniques and their
application; Chapter 4 describes the importance of loss and risk assess-
ment; Chapters 5 and 6 describe the technology transfer and integration
components of a national mitigation strategy; and Chapters 7 and 8
describe the partnerships and funding that will be required for implemen-
tation of an effective national strategy. Chapter 9 contains the committee’s
conclusions and recommendations.
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Disaster Relief and Emergency Assistance Act—the Stafford Act)

delegates the responsibility to issue disaster warnings for land-
slides to the Director of the U.S. Geological Survey (USGS), it is important
to appreciate that this is neither an easy nor a routine task. Some landslide
events are widespread, whereas others are local. Some occur suddenly,
while others develop slowly over time. Many landslides are triggered by
ground saturation caused by intense storms, spring snowmelt, or irriga-
tion and other human disturbance of surface or subsurface drainage
systems. Others are triggered by earthquakes and volcanoes, and still
others appear to occur for no obvious reasons. Therefore, an understand-
ing of landslide processes—the science of landslides—is an essential
requirement both for issuing warnings and for undertaking the host of
other mitigation activities ranging from land-use planning to the construc-
tion of engineered solutions.

The National Landslide Hazards Mitigation Strategy (Spiker and Gori,
2000) proposes that the USGS should lead a research program directed at
developing a predictive understanding of landslide processes and trigger-
ing mechanisms. The strategic objective of such a research program would
be the following;:

ﬁ Ithough the Disaster Relief Act of 1974 (now the Robert T. Stafford

® Develop aresearch agenda and an implementation plan to improve
understanding of landslide processes, thresholds, and triggers and to
improve the ability to predict landslide hazard behavior.

26
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¢ Develop improved scientific models of ground deformation and
slope failure processes that could be implemented in predicting landslide
hazards.

¢ Develop predictive systems capable of interactively displaying
changing landslide hazards in both space and time in areas prone to dif-
ferent types of hazard-triggering mechanisms, such as severe storms and
earthquakes.

The committee concurs that an expanded research effort that would
contribute to an improved understanding of landslide processes and their
triggering is an essential component of a national landslide hazards miti-
gation program. However, such research activities should be prioritized
to address those areas of landslide science with the highest payoff poten-
tial—namely, debris flow, bedrock slide, and submarine landslide mecha-
nisms (as outlined in section 1.6). This chapter focuses on the strategic
research objectives presented in the proposal and an assessment of the
role and efficacy of such research in landslide hazard mitigation.

Reliable landslide warnings and effective mitigation must be under-
pinned by an understanding of the mechanics of landslide processes. For
any potential landslide situation, this implies finding answers to the
following questions:

e How would the landslide be initiated?
¢ What are the warning signs?

¢ How large will it be?

e How far will it move?

e How fast will it move?

Answers to the preceding questions will vary with landslide type and
with the nature of the material composing the slide mass. A single rock
landing on a highway may cause dire results, and a small, fast-moving
landslide in a high-population-density area may pose a greater threat to
public safety than a large, slow-moving slide. In Hong Kong, slides with
volumes as low as 200m? have caused fatalities (Works Bureau, 1998).

The diversity of landslide problems was emphasized in the matrix
presented in Figure 1.3, showing those activities that have a high payoff
potential within the next five years. In addition, although many aspects of
landslide process mechanics are well understood for many landslide
types, the understanding of slide mobility—the mass and speed of earth
movements—is inadequate to support hazard warnings and other means
of mitigation for all landslide types. The scientific research program for a
national landslide hazards mitigation strategy should include investigat-
ing models of ground deformation, slope failure processes, landslide
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triggering, and prediction. Basic science activities should be directed
toward answering a series of questions:

1. Debris Flows: Often triggered by extreme rainfall events, debris
flows have had devastating effects in mountainous regions.

* How are they initiated?

¢ How can runout characteristics be established?

¢ What controls their magnitude-frequency relationships and return
periods?

2. Bedrock Slides: A large part of the United States is underlain by weak
bedrock in which ancient and current landslides are found.

What factors control the distribution of bedrock slides?
How do they respond to climatic events?

What controls their velocity?

How safe should a stable slide be to support development?

3. Submarine Slides: The national strategy for landslide hazard mitiga-
tion should extend to the offshore, recognizing the special problems—
particularly the difficulties involved with surface and subsurface sam-
pling and in situ geotechnical measurement—associated with submarine
landslides.

How can they be effectively mapped?

What is the role of gas hydrates in slope instability?

How can their geotechnical characteristics be assessed?

How can geotechnical characteristics be translated into risk assess-
ments?

To answer these questions, a comprehensive research program should
be designed to produce improvements in the following;:

in situ characterization,

laboratory characterization,

advances in formulating geomechanical and geohydrological models,
advances in kinematic modeling, and

field studies at sites to facilitate in situ characterization and model
validation.

Many important questions related to landslide processes can be
addressed only by a scientific research program based at a number of
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long-term field sites around the nation, selected for their generic interest
and their capacity to yield important results. These problems would range
from material characterization, to pore pressure response studies, to
geomechanical analyses, to large deformation evaluation, according to the
specific priorities for landslide type and geological environment. The
selection of field sites and the development of site-specific programs
should be based on partnerships between the USGS and other federal or
state agencies. Specific activities at a given site could be undertaken by
the private sector as well as by public agencies, which will facilitate tech-
nology transfer. Although priority should be given to debris flow and
weak bedrock slide field sites, and to submarine slide sites where possible,
other types of slides should not be excluded if a suitable opportunity is
available. In the past, landslide activities within the USGS have focused
primarily on field-based hazard mapping and assessment. Although
mechanistic studies have not been a dominant part of the USGS program,
the development of a debris flow flume and related studies into the funda-
mentals of debris flow mechanics (Iverson, 1997) is an important exception.

In developing a research program, it is important to realize that
research into landslide mechanisms by or on behalf of federal agencies
has not been the prerogative of the USGS alone. Different agencies bring
different skills and experience to address the research agenda:

¢ In the past, the U.S. Army Corps of Engineers (USACE) conducted
extensive research into landslides in clay-shale slopes, particularly when
the USACE was closely involved with operation of the Panama Canal
(Lutton et al., 1979) and during the construction, operation, and mainte-
nance of major dams on the Missouri River (e.g., USACE, 1983, 1998). In
addition, the USACE has both conducted and supported research into
seismically induced liquefaction. Although landslide-related research
within the USACE is currently at a low level, experimental facilities and
experienced personnel exist within laboratories and district offices of that
organization.

¢ Although current expenditures directed toward landslide issues
are modest, research into landslide mechanisms has been conducted at
universities for many decades, mainly in departments of civil engineering
but also within geological engineering and engineering geology programs.
Almost all theoretical methods of slope stability analysis have emerged
from university-based research.

* Demonstration projects and technology synthesis related to land-
slide hazard assessment and mitigation have also been supported by the
Federal Highway Administration, often in partnership with state depart-
ments of transportation. The focus on user needs has been both appropriate
and effective. This effort has been directed to a large degree at problems
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of rock fall and small slides, where the basic scientific understanding is
generally adequate. However, there are also situations in which large
slides threaten or impact transportation corridors, but because of
restricted legislative mandates, the authorities are unable to assess the full
range of regional considerations.

e The U.S. Forest Service supports research stations in the Pacific
Northwest that have been important in documenting the relationships
between timber management practices and slope instability and the influ-
ences of landslides on rivers and river ecosystems. It has been the lead
agency in establishing the role of root strength in controlling shallow soil
stability.

Although the USGS undoubtedly is a major stakeholder in influencing
this agenda and in conducting some of the research, the diversity of skills
and perspectives of other stakeholders (federal and state agencies, uni-
versities, private sector) should be recognized as an asset and incorpo-
rated into the national research program at the outset. In particular, the
intrinsic value of merit-based competitive selection of research projects,
as implemented by the National Science Foundation, should be emphasized
as an effective means of conducting such research. Although research into
the science of landslide processes, in accordance with the priorities based
on payoff potential outlined here, should be undertaken as an important
component of a comprehensive national landslide hazards mitigation
strategy, the committee emphasizes that such research should be carried
out in concert with other critically important research activities—into new
technologies for mapping and monitoring; new mitigation approaches;
the intermixed physical science and social science issues related to public
awareness, understanding, and professional education and capacity build-
ing; and particularly, the application of risk analysis techniques to guide
mitigation decisions—described in the following chapters.
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to damaging landslides are first and necessary steps toward

loss-reduction” (Zeizel, 1988). Because individuals or groups
do not undertake mitigation actions when they do not understand what
to do, lack training, or do not have access to appropriate and understand-
able technical information, the communication and use of technical infor-
mation is crucial for effective landslide hazard mitigation programs. There
are four general categories of potential users of landslide hazard informa-
tion (Wold and Jochim, 1989):

Yy A I 1 he identification and map portrayal of areas highly susceptible

1. scientists and engineers who use the information directly;

2. planners and decision makers who consider landslide hazards
among other land-use and development criteria;

3. developers, builders, and financial and insuring organizations; and

4. interested citizens, educators, and others with little or no technical
experience.

Members of these groups differ widely in the kinds of information they
need and in their ability to use that information (Wold and Jochim, 1989).

Most local governments do not have landslide hazard maps and do
not have funding available for mapping activities, and such communities
usually look to a higher level of government for mapping. The U.S. Geo-
logical Survey (USGS) has provided maps in some areas (e.g., demonstra-
tion mapping of San Mateo County, California; Brabb et al., 1972), but in
general, landslide hazard mapping by the USGS has had limited geo-

31
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graphic coverage. Although most local communities look to their state as
the primary source of maps, few states have undertaken significant land-
slide hazard mapping programs. However, there are important excep-
tions. California and Oregon, for example, have undertaken landslide
hazard mapping at standard USGS mapping scales. These maps provide
an excellent starting point for local communities and, importantly, form
the basis for state laws that require a certain level of compliance with the
information they provide.

The considerable variability among state geological agencies, particu-
larly in terms of their existing mapping capabilities and projected funding
environments, makes it difficult to provide detailed commentary and
suggestions regarding the partnerships between the USGS and states for
landslide hazard mapping and assessment. Historically, there have been
strong ties between the USGS and state geological surveys in the realm of
mapping (e.g., Ellen et al., 1993; Coe et al., 2000b) and, to a lesser extent,
for the identification and mitigation of natural hazards. The suggestion in
the national strategy proposal (Spiker and Gori, 2000) of mapping part-
nerships, using a model based on competitive grants and matching funds
(as with the existing National Geologic Cooperative Mapping Program),
would undoubtedly provide resources for a considerable amount of
much-needed mapping. However, such a model raises the possibility that
hazard mapping assessed as having a high priority might not be possible
if state matching funds are not available. It is important that the details of
the cooperative mapping partnership be worked out carefully, in close
consultation with state geologists, as the national strategy implementa-
tion plan is being developed.

The principles and scope of the landslide hazard mapping, assess-
ment, and delineation task contained within the USGS National Land-
slide Hazards Mitigation Strategy (Spiker and Gori, 2000) are defined in
section 3.1. This section uses several important terms, such as “hazard,”
“susceptibility,” “zonation,” and “vulnerability,” that are defined in
Box 3.1. Landslide hazard zonation is commonly portrayed on maps.
Preparation of these maps requires a detailed knowledge of the landslide
processes that are or have been active in an area and an understanding of
the factors that may lead to an occurrence of potentially damaging land-
slides. Accordingly, this is a task that should be undertaken by geo-
scientists. In contrast, vulnerability analysis, which assesses the degree of
loss (see Box 3.1), requires detailed knowledge of population density,
infrastructure, economic activities, and ecological and water quality values
and the effects that a specific landslide would have on these elements.
Specialists in urban planning and social geography, economists, and
engineers should perform these analyses.
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BOX 3.1
DEFINITIONS

The terminology used in this report concerning landslide hazards and
associated concepts reflects the following definitions, based on Varnes
(1984), the Australian Geomechanics Society (AGS, 2000), and the more
general terminology presented in the International Strategy for Disaster
Reduction (ISDR) draft report (UN, 2002):

e lLandslide hazard refers to the potential for occurrence of a damaging
landslide within a given area; such damage could include loss of life or
injury, property damage, social and economic disruption, or environmental
degradation.

* Landslide susceptibility refers to the likelihood of a landslide occur-
ring in an area on the basis of local terrain conditions. Susceptibility does
not consider the probability of occurrence, which depends also on the
recurrence of triggering factors such as rainfall or seismicity. The terms
hazard and susceptibility are frequently used incorrectly as synonymous
terms.

¢ Landslide vulnerability reflects the extent of potential loss to a given
element (or set of elements) within the area affected by the hazard, expressed
on a scale of 0 (no loss) to 1 (total loss); vulnerability is shaped by physical,
social, economic, and environmental conditions.

e [Landslide risk refers to the probability of harmful consequences—
the expected number of lives lost, persons injured, extent of damage to
property or ecologic systems, or disruption of economic activity—within a
landslide-prone area. The risk may be individual or societal in scope,
resulting from the interaction between the hazard and individual or societal
vulnerability.

e FElement at risk refers to the population, public and private infra-
structure, economic activities, ecologic values, et cetera, at risk in a given
area.

e Specific landslide risk means the expected degree of loss due to a
particular landslide, based on risk estimation—the integration of frequency
analysis and consequence analysis.

e [Landslide risk evaluation is the application of analyses and judgments
(encompassing physical, social, and economic dimensions of landslide
vulnerability) to determine risk management alternatives, which may include
determination that the landslide risk is acceptable or tolerable.

e Landslide hazard zonation refers to division of the land into homo-
geneous areas or domains and the ranking of these areas according to their
degrees of actual or potential hazard or susceptibility to landslides.
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Because landslides both leave a topographic signature when they
occur and are driven largely by topographic effects, improved sources of
high-resolution topographic information have the potential to greatly
increase the accuracy of landslide hazard maps. The probable impacts of
new remote-sensing tools on the creation of such maps are reviewed
briefly in section 3.2.

The fundamental importance of landslide hazard mapping, assess-
ment, and delineation to the development of effective loss reduction strat-
egies is discussed in section 3.3. It defines the role of landslide zonation
mapping in defining priorities for landslide investigations, monitoring
activities, or mitigation programs within national, regional, or local land-
slide hazard mitigation plans.

In some cases, engineered mitigation may be undertaken immediately
after the susceptibility of an area is identified, but frequently an engineered
approach to mitigation is not cost-effective. In such cases, monitoring
systems, discussed in section 3.4, may provide the most appropriate miti-
gation option. Even in cases where engineered mitigation is eventually
planned, interim monitoring capabilities are often installed to ensure that
any landslide movement is identified as early as possible so that injury or
economic costs can be avoided. Thus, monitoring of landslide-prone
regions is an important adjunct to susceptibility and hazard mapping.

3.1 SUSCEPTIBILITY AND HAZARD MAPPING

The USGS proposal for a national strategy (Spiker and Gori, 2000)
identified three activities that will be required to provide the maps, assess-
ments, and other information needed by officials and planners to reduce
landslide risk and losses:

1. Develop and implement a plan for mapping and assessing land-
slide and other ground failure hazards nationwide.

2. Develop an inventory of known landslide and other ground failure
hazards nationwide.

3. Develop and encourage the use of standards and guidelines for
landslide hazard maps and assessments.

The USGS proposal states that “landslide inventory and landslide
susceptibility maps are critically needed in landslide prone regions of the
nation. These maps must be sufficiently detailed to support mitigation
action at the local level. To cope with the many uncertainties involved in
landslide hazards, probabilistic methods are being developed to map and
assess landslide hazards” (Spiker and Gori, 2000, p.13). The proposal also
notes that “these maps and data are not yet available in most areas of the
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United States.” The committee concurs that the national strategy proposal
appropriately identifies the landslide hazard zonation task as the primary
responsibility of the USGS, to be undertaken in partnership with states;
the following analysis and recommendations concern implementation of
this task.

Hazard zonations may be mapped at various scales; user require-
ments and the intended applications determine the appropriate scale
(Box 3.2). Because a clear understanding of the different types of land-
slide hazard maps is critical for successful implementation of a national
strategy, the definitions from Spiker and Gori (2000) are reproduced in
Box 3.3. In the absence of accepted national standards for landslide hazard
maps, a variety of mapping styles have been employed for each type of
map. This even applies to landslide inventory maps—the most basic type
of landslide map. These document the locations and outlines of landslides
that have occurred in an area during a single event or multiple events.
Small-scale landslide inventory maps may show only landslide locations
and general outlines of larger landslides, whereas large-scale maps may
distinguish landslide sources from landslide deposits, classify different
kinds of landslides, and show other pertinent data (Figure 3.1).

The quantitative definition of hazard or vulnerability requires analysis
of landslide-triggering factors, such as earthquakes or rainfall, or the
application of complex models. Both tasks are extremely difficult when
dealing with large areas. Consequently, the legends for most landslide
hazard maps usually describe only the susceptibility of certain areas to
landslides (Figure 3.2), or provide only relative indications of the degree
of hazard, such as high, medium, and low.

Over the past decades, geoscientists have developed several approaches
to landslide hazard analysis, which can be broadly classified as inferen-
tial, statistical and process-based (Hansen, 1984; Varnes, 1984). All three
approaches (Box 3.4) are currently applied to produce the different map
types defined in Box 3.3, and there is no standard approach used in the
United States. Not all methods of landslide zonation are equally applicable
at each scale or for each type of analysis. Some require very detailed input
data that can be collected only for small areas because of the required
levels of effort and the high cost. Consequently, selection of an appropriate
mapping technique depends on the type of landslide problems occurring
within an area of interest and the availability of data and financial resources,
as well as the duration of the investigation and the professional experience
of the experts involved.

When carefully applied by well-qualified experts, the inferential
approach may describe the real causes of slope instability, based on scien-
tific and professional criteria. However, due to the scale and complexity
of slope instability factors, the basic inferential approach is unlikely to be
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BOX 3.2
HAZARD ZONATION SCALES

Data Acquisition and
Characteristics and Use Mapping Procedures

 National zonation maps:

Provide a general inventory of National summary of regional
landslide problem areas for the landslide inventories and map
nation with a low level of detail. products.

These maps are useful to national
policy makers and the general

public.

* Regional zonation maps:

Provide engineers and planners Detailed data collection for

an overview of potential landslide individual factors (geomorphology,

impacts on large projects or lithology, soils, etc.) is not a cost-

regional developments during effective approach. Data gathered

initial planning phases. The areas from stereoscopic satellite imagery

investigated are quite large and combined with regional geologic,

the required map detail is low. tectonic, or seismic data should
delineate homogeneous terrain
units.

¢ Neighborhood zonation maps:
Identify landsliding zones for large Data collection should support

engineering structures, roads, and the production of detailed

urban areas. The investigations multitemporal landslide

may cover quite large areas; yet a distribution maps and provide
considerably higher level of detail information about the various

is required. Slopes adjacent to parameters required in statistical
landslides should be evaluated analysis.

separately and may be assigned
different hazard scores depending
on their characteristics.

e Site-specific zonation maps:

Used during site investigations to Data collection should relate to

provide absolute hazard classes the parameters needed for slope
and variable safety factors as a stability modeling (e.g., material
function of slope conditions and sequences and geotechnical

the influence of specific triggering properties, seismic accelerations,
factors. hydrologic data).
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BOX 3.3
LANDSLIDE HAZARD MAP TYPES

A landslide inventory map shows the locations and outlines of land-
slides. A landslide inventory is a data set that may represent a single event
or multiple events. Small-scale maps may show only landslide locations,
whereas large-scale maps may distinguish landslide sources from deposits,
classify different kinds of landslides, and show other pertinent data.

A landslide susceptibility map ranks slope stability of an area into cat-
egories that range from stable to unstable. Susceptibility maps show where
landslides may form. Many susceptibility maps use a color scheme that
relates warm colors (red, orange, and yellow) to unstable and marginally
unstable areas and cool colors (blue and green) to more stable areas.

A landslide hazard map indicates the annual probability (likelihood) of
landslides occurring throughout an area. An ideal landslide hazard map
shows not only the chances that a landslide may form at a particular place,
but also the chances that a landslide from farther upslope may strike that
place.

A landslide risk map shows the expected annual cost of landslide dam-
age throughout an area. Risk maps combine the probability information
from a landslide hazard map with an analysis of all possible consequences
(property damage, casualties, and loss of service).

definitive over large areas when mapping is conducted at small scales.
For such applications, the combination of expert inference and qualita-
tively weighted contributing parameters greatly improves the objectivity
and reproducibility of the zonations. Combined statistical and process-
based approaches may efficiently provide reliable regional landslide
zonations over large areas, by classifying the terrain into susceptibility
classes that reflect the presence and intensity of causative factors of slope-
instability. For detailed studies of small areas, large amounts of data may
become available, and in such cases, simple process-based models become
increasingly practical for establishing landslide hazard zonations. They
allow variations in the safety factor to be approximated and, thus, yield
information useful to design engineers. In an environment where choices
must be made from a number of possible mapping approaches, the pro-
posed National Landslide Hazards Mitigation Program can play a vital
role in evaluating methods, setting standards, and ratifying procedures.
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FIGURE 3.1 Detail of inventory map showing recently active and dormant land-
slides near La Honda, Central Santa Cruz Mountains, California. Information
shown on this map includes state of activity, dominant type of movement, scarp
location, and depth and date of movement.

SOURCE: Wieczorek (1982).

3.2 NEW REMOTE-SENSING TECHNOLOGIES

Remote-sensing is used here in its broadest sense to include aerial
photography as well as imagery obtained from a variety of platforms,
ranging from ground-based mobile units to airborne or satellite platforms.
Because landslides directly affect the ground surface, remote-sensing tech-
niques are well suited to slope instability studies. Remote-sensing images
can provide diagnostic information concerning the overall terrain condi-
tions that often are critical for determining susceptibility to slope instability.
Landslide information extracted from remote-sensing images is related
mainly to the morphology, vegetation, and drainage conditions of the
slope. The interpretability of slope instability or movements on remote-
sensing images is related to both the size of the landslide features and
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FIGURE 3.2 Map showing areas susceptible to landslides in the Green Mountain
area of the Morrison Quadrangle, Colorado.
SOURCE: Scott (1972).

their contrast to “background” conditions in the vicinity. Results are
greatly dependent on the skill and experience of the interpreter (Soeters
and van Westen, 1996).

Interpretation of aerial photographs, especially stereographic images,
for identifying slope instability has long been accepted as a valuable land-
slide investigation technique. However, a number of new remote-sensing
opportunities now exist for landslide investigators. Earlier satellite imagery
with relatively low spatial resolution was of little use for landslide studies
except for basic inventories of large regional extent. The comparatively
recent advent of commercial satellites capable of providing images with
1-m, and even submeter resolution suggests that such satellite imagery
will form an important component of future landslide studies.
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BOX 3.4
APPROACHES TO LANDSLIDE MAPPING

The Inferential Approach

This approach is very common and relies on visual analysis of aerial
photographs, Light Detection and Ranging (LIDAR) (see section 3.2) and
other remote-sensing images, topographic and geologic maps, and field
observations and historical data, to create interpretative maps of the extent
and relatively activity of landslide features. Four major classes of maps may
be produced by the inferential approach:

1. Landslide inventory maps show the spatial distribution of mass move-
ments, represented either as affected areas to scale or as point symbols
(Wieczorek, 1984).

2. Landslide density maps show landslide distributions by landslide
isopleths (Wright et al., 1974).

3. Landslide activity maps are usually based on interpretation of aerial
photographs taken at different times.

4. Qualitative combination maps result when a scientist uses individual
expert knowledge to assign weights to a series of parameter maps and then
sums these to produce a series of relatively homogeneous slope instability
zones (Stevenson, 1977).

Limitations. Maps produced by the inferential approach, while rooted
in direct observation, are strongly dependent on the experience and skill of
the mapmaker. Inventory, density, and activity maps are costly to create
and require repeated updating after major landslide-producing storms.
Qualitative combination maps may be unreliable when insufficient field
knowledge of the important factors prevents the proper establishment of
factor weights, leading to unacceptable generalizations.

The Statistical Approach

The statistical approach consists of mapping a large number of parameters
considered to potentially affect landslides, and subsequent (statistical)
analysis of all potential contributing factors. This analysis hopefully identi-
fies conditions leading to slope failures. The advent of digital elevation
data has encouraged the use of two distinct statistical approaches:

1. Bivariate statistical analysis evaluates each factor map (e.g., slope,
geology, land-use) in turn with the landslide distribution map, and weight-
ing values based on landslide densities are calculated. Brabb et al. (1972)
provided an early example of such an analysis. USGS personnel in Menlo
Park, California later applied geographic information system (GIS) tech-
niques to statistical landslide mapping (Newman et al., 1978; Brabb, 1984,
1987; Brabb et al., 1989). Subsequently several statistical methods have
been applied to calculate the weighting values (van Westen, 1993).
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2. Multivariate statistical models for landslide hazard zonation have
been developed in Italy, mainly by Carrara (1983, 1988) and his colleagues
(Carrara et al., 1991, 1992). All relevant factors are evaluated spatially
within grid cells or by morphometric units. The statistical model is built up
in a “training area,” where the spatial distribution of landslides is well
known. Then the model is extended to the entire study area, based on the
assumption that the factors that cause slope failure in the target area are the
same as those in the training area. Bernknopf et al. (1988) applied multiple
regression analysis to a GIS data set, using presence or absence of land-
slides as the dependent variable and the factors used in a slope stability
model (soil depth, soil strength, slope angle) as independent variables.

Limitations. Statistical approaches have the advantage of using an objec-
tive procedure for hazard delineation and are relatively inexpensive to
create once the digital data are available and statistical analyses have been
performed. Good results are found in homogeneous zones or areas with
only a few types of slope instability processes. In more complex situations,
very large data sets may be required because the methods do not make use
of selective criteria based on professional experience. Another disadvan-
tage of the statistical approach is that specific empirical relationships may
be of limited generality; hence statistical relationships have to be deter-
mined for each study region, the boundaries of which are not clear.

The Process-Based Approach

This approach uses a deterministic or process-based analysis to delineate
relative landslide potential. Quantitative theory for slope instability is
applied using digital elevation data and other digital information, such as
geologic attributes and vegetation cover. The slope instability theory is
commonly coupled to process-based hydrologic models. This approach
emerged in the past 10 years and is undergoing rapid evolution, driven in
part by new observational technology (see below).

Despite problems related to collection of sufficient and reliable input
data, deterministic models are increasingly used for hazard analysis over
larger areas, especially with the aid of GIS techniques, which can handle
the large number of calculations involved when determining safety factors
over large areas. Yet this approach is applicable only when the geomorphic
and geologic conditions are fairly homogeneous over the entire study area
and the landslide types are simple

Limitations. The main problem with process-based methods is their high
degree of simplification. Slope stability is often strongly dependent on local
conditions, such as planes of weakness in bedrock, root strength, or ground-
water conductivity, which are at present nearly impossible to map at the
resolution needed over a large area. Hence, the controlling parameters in
processed-based models can be difficult to estimate, and considerable
uncertainty must be accepted in model results.
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Perhaps the most important of the new remote-sensing tools is the
use of airborne mounted lasers (LIDAR [Light Detection and Ranging]) to
produce remarkably fine-scale topographic maps. Landslides occur where
the landscape steepens, and small differences in topography can produce
large differences in the likelihood of ground failure. Computer-based
analysis of topography will increasingly play a crucial role in identifica-
tion of the location and analysis of the relative potential for landsliding.
High-quality digital elevation data must be one of the foundations of a
national program for landslide hazard mapping and mitigation.

Currently, the best available digital elevation data derived from
digitizing standard 1:24,000 USGS topographic maps (with 10-m spacing)
are inadequate to perform this analysis. High-resolution topographic
maps can now be made quickly over large areas using LIDAR methods,
which allow a grid spacing of as little as 1 m. In forest terrain, LIDAR-
based terrain maps can be more revealing than high-resolution aerial
photographs (Figure 3.3). The first landslide hazard maps based on LIDAR
imagery are now being reported and analyzed by various groups, includ-
ing the USGS. These early maps show that high-resolution airborne
LIDAR surveys can reveal previously unrecognized deep-seated land-
slides, can capture the sharp edges of small shallow landslide scarps and
debris flow runout tracks, can show debris flow fans, and can greatly
improve models for mapping shallow landslide potential. Much work lies
ahead in learning how to exploit these data.

At present, airborne laser mapping is carried out by one federal group,
two universities, and a variety of private companies. The National Aero-
nautics and Space Administration (NASA) Airborne Topographic Mapper
(ATM) pioneered LIDAR surveying, with predecessors that go back to the
1970s. Two major contributions arising from the ATM flights have been
the ALACE (Airborne LIDAR Assessment of Coastal Erosion) program
and the mapping of glacier fields in Antarctica, the Arctic, and Greenland.
Much of the coastline of the United States (excluding Alaska and Hawaii)
has been covered by the ALACE program. The USGS and the National
Oceanic and Atmospheric Administration (NOAA) have both established
projects associated with the ALACE program. Unlike the coastal program,
the USGS is using commercial sources to generate LIDAR for its work on
fault and landslide hazards. The ATM has recently completed some flights
to address inland problems such as floodplains development.

The USGS Coastal and Marine Geology Program participated in
coastal erosion studies along the Washington, Oregon, and California
coasts to assess the damage caused by the El Nifio winter storms of 1997-
1998 (USGS, 2003a). These studies used repeat LIDAR surveys to generate
accurate topographic models of the coastal areas before and after the
storms to strikingly illustrate topographic changes.
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FIGURE 3.3 Computer-generated shaded relief map from LIDAR imagery show-
ing the distinct topographic signature of a large deep-seated bedrock landslide
complex 65 km north of Christchurch, New Zealand. Ground surface elevation
points were recorded about every 2.6 m, with an estimated vertical error of 15 cm
and horizontal error of 1 m. Small sinuous roads are visible on both sides of the
landslide. McKean and Roering (2003) show that the data can be used to automati-
cally detect and map the landslide complex. Two distinct earthflows are visible
within the landslide; the one labeled E2 is currently active. Small compressional
folds in the earthflows can be mapped accurately and automatically to provide
insight into mechanical behavior and strength characteristics. Repeat surveys of
such sites can be used to quantify additional landslide movement.

SOURCE: Reprinted from McKean and Roering (2003); copyright 2003, with per-
mission from Elsevier.
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The most active group in the USGS using LIDAR, located in Seattle,
has collaborated with various county and state agencies to form the Puget
Sound Lidar Consortium (http://duff.geology.washington.edu/data/
raster/lidar/). Through grants from NASA, USGS, and various cities and
counties, LIDAR surveys of a large area of the lowland southern Puget
Sound have been completed. Another example of cooperation between state
and federal agencies in the use of private company-derived LIDAR is the
North Carolina Floodplain Mapping program (NCGS, 2003), which is sup-
ported through a cooperative agreement between the Federal Emergency
Management Agency (FEMA) and the state. The state has established
stringent surveying standards, tested the results of various commercial
vendors, and disseminated the data. The entire State of Louisiana is also
being surveyed by LIDAR to generate 1-foot contour maps, using a combi-
nation of state funds and support from FEMA. These data are easily avail-
able through the Internet (see LSU CADGIS Research Laboratory, 2003).

A number of states have completed or developed proposals for par-
tial or complete statewide coverage by LIDAR mapping, and a coordi-
nated effort to generate high-resolution topography nationwide would
provide a consistent and uniformly high-quality data set for national and
local applications. The two universities with LIDAR capability (Univer-
sity of Florida and University of Texas) are undertaking the much-needed
role of training students and developing and testing the latest technology.
Although they have both been involved in landslide studies, their pri-
mary focus is not on landslides, and their programs are oriented toward
research. The National Science Foundation (NSF) has recently approved
funding for an NSF-sponsored Center for Airborne Laser Mapping
(NCALM), to be jointly managed by the University of Florida and the
University of California at Berkeley. This center will provide research-
grade LIDAR data and data analysis training to NSF-supported researchers
and will be a valuable resource for advancing basic landslide research.

3.3 THE ROLE OF LANDSLIDE HAZARD ZONATION MAPS

There is currently no national inventory of known landslide and other
ground failure hazards, although the USGS published Landslide Overview
Map of the Conterminous United States in 1982—the only map with national
coverage that delineates areas where large numbers of landslides have
occurred or areas that are susceptible to future landslide events (Radbruch-
Hall et al., 1982). Because the map is highly generalized, at a relatively
small scale, and based on imprecise landslide information for much of the
country, it is completely unsuitable for local planning purposes.

Several states or regions have reasonably detailed landslide invento-
ries in map or database formats that, in many cases, have been compiled

Copyright © National Academy of Sciences. All rights reserved.



Partnerships for Reducing Landslide Risk: Assessment of the National Landslide Hazards Mitigation Strategy
http://lwww.nap.edu/catalog/10946.html

LANDSLIDE MAPPING AND MONITORING 45

by state geological surveys in partnership with local governments or other
state emergency organizations. The preparation of such maps was largely
the result of mandates within the Stafford Act. A hazard mitigation clause
is incorporated into FEMA-state agreements for disaster assistance, stipu-
lating the identification of hazards and the evaluation of hazard mitiga-
tion opportunities as a requirement for federal assistance. In the case of
state-declared disasters, some states also require the development of local
hazard mitigation plans, and thus landslide zoning maps, as a prerequisite
for receiving state emergency relief funds. Some areas have been subject
to extensive landslide mapping and inventorying programs, in collabora-
tion with federal agencies (e.g., Cincinnati, see Box 1.3; the San Francisco
Bay Area, Box 3.5; and Colorado, Box 3.6).

BOX 3.5
LANDSLIDE HAZARD INVENTORY MAPPING
IN THE SAN FRANCISCO BAY AREA

Landslide hazards in the San Francisco Bay region received considerable
attention in the early 1970s when local and state agencies, in collaboration
with the USGS and the Department of Housing and Urban Development
(HUD), undertook the San Francisco Bay Region Environment and Resources
Planning Study to provide assistance for land-use planning. A large number
of landslide inventory maps were produced (e.g., Radbruch-Hall and
Wentworth, 1971; Taylor and Brabb, 1972), in some cases representing
experimental methods of communicating landslide hazards to different user
communities. In 1997, the USGS reviewed these earlier maps and created
a six-part “landslide folio” containing digital data and map files outlining
areas of potential landslide activity in the 10-county San Francisco Bay
region (USGS, 1997). This folio includes digital maps showing the distribu-
tion of slides and earth flows (Wentworth et al., 1997), likely debris flow
source areas (Ellen et al., 1997), and the extents of earlier detailed land-
slides inventory maps (Pike, 1997). Because the folio is directed explicitly
toward the emergency services community, the information is presented at
a content, accuracy, and scale commensurate with its needs. In addition,
the folio could be used for identifying risks arising from slope failure in
areas of future development. In anticipation that the folio might be used in
determining landslide susceptibility for individual land parcels, the follow-
ing disclaimer was included as a special note (USGS, 1997): “Although we
recognize the need for such assessments, it is neither possible nor appro-
priate to render site-specific judgments based only on the generalized
information released in this report. A licensed geotechnical engineer or
engineering geologist should always be consulted to evaluate any issues of
slope failure for house lots and other properties.”
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BOX 3.6
COLORADO LANDSLIDE INVENTORY MAPPING

A landslide inventory map for Colorado, along with several larger-scale
regional and local landslide maps, was prepared by USGS geologists in the
mid-1970s (Colton et al., 1976). In response to increased landslide activity
throughout the state during several “wet years” in the mid-1980s, Colorado
developed and published a statewide landslide hazard mitigation plan in
1988 (Jochim et al., 1988). The Colorado Geological Survey (CGS) and the
Colorado Division of Disaster Emergency Services undertook this plan
cooperatively, with the encouragement and financial support of FEMA and
the USGS (Wold and Jochim, 1989; Rogers, 2003).

The 1988 Colorado landslide plan listed 49 locations where landslides
posed serious risks to communities, areas, or facilities, divided into “land-
slide or rock fall” and “debris flow” categories. The landslide plan and its
priority list incorporated all available information—it was designed to pro-
vide an action plan of manageable size that could be addressed with scarce
staff and funding resources (Rogers, 2003). Landslide inventory maps and
information, along with experience gained from local landslide hazard
investigations, were crucial to development of the plan (Jochim et al., 1988).

Some 15 years later, the CGS has revised the priority list, and a new
map of critical landslide areas has been developed (Rogers, 2003). This
critical landslides map and revised list now include 46 locations. Several
locations listed in 1988 have been dropped because their hazards have
been substantially reduced, and other locations have been modified; some
have been merged into a larger hazard area or corridor. The two categories
of hazards—Ilandslides or rock falls and debris flows—have been retained,
but the locations within each category are classified into three tiers accord-
ing to severity (Rogers, 2003):

e Tier 1 listings are serious cases requiring immediate or ongoing action
or attention.

e Tier 2 listings are very significant but less severe, where adequate
information exists, some mitigation is in place, or current development
pressures are less extreme.

e Tier 3 listings have less severe consequences or primarily local impacts.

A national landslide inventory would form an important first step
toward an appreciation of the true scope and distribution of landslide
hazards. An accurate inventory would provide metrics for national poli-
cies and would greatly reduce the present uncertainty concerning the
magnitude of economic loss and environmental damage caused by land-
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slides. Individual components of a national inventory should be compiled
by relevant state and local agencies in partnership with federal agencies.
In an environment where choices must be made from a number of pos-
sible approaches, the proposed National Landslide Hazards Mitigation
Program can play a vital role in evaluating methods, setting standards,
and ratifying procedures. The USGS National Cooperative Geologic Map-
ping Program’s STATEMAP component provides an excellent model for
the provision of federal assistance to states, on a matching-funds basis, to
carry out the mapping that ultimately will populate the national inven-
tory. The combination of resources from both federal and state spheres,
with input from local agencies where possible, offers the potential for
effective identification and increased understanding of landslide hazards.
The long-term management and maintenance of a national inventory
would require commitments and resources that could best be provided
by the federal government, through the USGS.

3.4 LANDSLIDE MONITORING TECHNIQUES

Monitoring existing landslides and sites of potential landslides plays
an important role in landslide loss mitigation and landslide research.
Monitoring serves several important purposes:

¢ Identification of initiation of sliding or increased rates of sliding to
provide a basis for alarms and warnings that can reduce landslide hazards

¢ Determination of the depths and shapes of landslide masses as an
adjunct to susceptibility and hazard mapping

¢ Development of improved understanding of landslide processes
and triggering mechanisms

¢ Development of improved understanding of causative factors, such
as earthquakes or high rainfall events

¢ Evaluation of the effectiveness of control measures.

Geophones, tape extensometers, piezometers, and rain gages have
been used to monitor landslide movements for many years (USGS, 1999).
However, monitoring technologies have improved rapidly in recent years,
reducing the cost and expanding the range of monitoring possibilities.
This has resulted in more widespread deployment of landslide warning
systems that will also provide detailed data to enhance understanding of
landslide mechanisms. Programmed, automated Electronic Distance
Measurement systems have been employed in many locations where
slopes must be monitored continuously. Global positioning system (GPS)
and differential GPS (dGPS) technologies have been used to monitor land-
slide movements since the mid-1990s. The USGS conducted field tests at
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the Slumgullion landslide in Colorado (Box 3.7) and demonstrated that
the observed rate of change of high precision GPS coordinates could be
used to determine slide velocities within 10% on a time scale of a few days
(Jackson et al., 1996). More recently, dGPS techniques have been used at
the Panama Canal to measure landslide movements with extremely high
accuracy. Satellite-based interferometric synthetic aperture radar (InSAR)
technology is capable of measuring vertical ground displacements with

BOX 3.7
LANDSLIDE MOVEMENTS MEASURED BY GPS,
SLUMGULLION LANDSLIDE, COLORADO

Movement of the Slumgullion landslide, in southwest Colorado, has
been monitored using precise GPS measurements. In an initial monitoring
effort (Jackson et al., 1996), station benchmarks consisting of 1-m sections
of capped steel pipe were inserted flush with the landslide surface to pro-
vide the basis for relative and absolute movement determinations. The
coordinates of station SEIT (see below), which were assumed to be stable,
were held fixed relative to the rest of the station network. Movements were
calculated during a four-day measurement period and ranged from a few
millimeters per day at the toe of the slide to 15 mm per day in the central
part. More recent GPS-based monitoring efforts (Coe et al., 2000a, 2003)
have taken advantage of improved precision from more advanced GPS
technology to define the seasonal variation in slide movement, with the
aim of understanding the influence of meteorological and climatic controls
and their related surface and subsurface hydrological parameters. These
measurements showed that velocities range up to 7.3 m per year, and that
maximum velocities occur during the spring.
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Location of GPS stations on the Slumgullion landslide during the initial GPS survey,
with benchmark velocities calculated during a four-day measurement period. Dotted
lines indicate the location of major structural elements of the landslide.

SOURCE: Jackson et al. (1996).
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millimeter-level accuracy. Lower-cost, aircraft-deployed InSAR is being
developed through NASA-sponsored research at Brigham Young Univer-
sity and is being used to monitor movement of the Slumgullion landslide.

Five landslides along U.S. Highway 50 in California have been moni-
tored in real time using 58 instruments since heavy rains in January 1997
caused slope failures that destroyed three homes and blocked the highway
(USGS, 1999). This network, operated in cooperation with the California
Department of Transportation, provides engineers and geologists with
early notification of landslide activity and with information useful in the
design of remedial measures to halt these slides. Real-time data from one
of these landslides are available to the public on the Internet (USGS, 2003b).

The USGS operates other remote real-time landslide monitoring sites.
Near Seattle, Washington, real-time systems monitor the Woodway land-
slide and two other unstable bluffs that threaten a major railway (USGS,
2003c). Remote monitoring by the USGS in Fremont, California, monitors
movement of a landslide that threatens homes, and in New Mexico,
remote monitoring has recorded the effects of wildfire on slope stability
(USGS, 1999). In Colorado, remote monitoring provides notification of
ground movement caused by the very large landslide in DeBeque Canyon
that threatens Interstate 70 (see section 7.3). In Rio Nido, California, the
county government has assumed responsibility for operating a former
USGS system that monitors a large landslide threatening more than 140
homes.

The national strategy proposal suggests that all partners (federal,
state, local, private, and academic) be involved in (1) improving capabili-
ties for monitoring, (2) monitoring landslides, and (3) establishing land-
slide warning systems. One part of the strategy proposes that real-time
monitoring be integrated with NEXRAD (next-generation radar) data to
improve warning capability. An existing partnership between USGS and
NOAA'’s National Weather Service seeks to understand the relationship
between rainfall intensity and duration with the thresholds for landslide
initiation and the geologic determination of areas susceptible to land-
slides, so that real-time rainfall monitoring can be used for landslide
hazard warning (e.g., Wieczorek et al., 2001, 2003). There is potential for
broad application of such efforts to critical areas, with the likelihood that
the involvement of FEMA in the partnership would assist emergency
management. The USGS has taken the lead in applying the latest monitor-
ing technologies in its volcano hazard program, and in its use of such
technology for landslide monitoring at the Highway 50, Rio Nido, and
Mission Peak landslides in California, it has worked with state agencies
with the intention of ultimately transferring these capabilities to the state.

It is desirable that the USGS maintain a research program that stays
abreast of rapidly advancing monitoring technologies, so that it is able to
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assist state and local government agencies to acquire the capability to
deploy the latest systems where they can be used to enhance public safety.
The USGS also has a logical role in using these technologies to develop
detailed field data that will improve understanding of landslide mecha-
nisms and in supporting university-based research toward this end.
Private firms in the electronic and telecommunication fields will play an
essential role in developing new technologies and bringing them to market.
Private firms in the geotechnical consulting field will make use of these
technologies to improve the state of practice in landslide monitoring for
their private and public sector clients. The USGS, together with NSF and
NASA, should also play a role in developing monitoring capabilities by
supporting studies to explore new technologies and reduce their costs.
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Landslide Loss and Risk Assessment

n understanding of the economic and societal impacts of land-

slides is essential for informed decisions that address the risks

from landslides and other ground failure hazards. Documenta-
tion of injuries and deaths, property damage, economic disruption, relief
and repair costs, and environmental consequences is part of such an
understanding. Undertaking risk assessments of prospective losses for
failure-prone areas is an allied and equally important process. Loss and
risk assessments are essential for

¢ establishing a sound rationale for risk reduction programs based
on documented economic and societal impacts;

* evaluating the cost-effectiveness of proposed interventions for
landslide-prone areas;

® creating mechanisms for risk sharing involving the public and
private sectors through insurance, special assessment districts, or other
financial risk pooling;

¢ partitioning responsibility for landslide-related cleanup, repair,
and rehabilitation costs; and

¢ understanding the noneconomic consequences of landslides events,
especially to the environment (e.g., damage to critical watersheds).

The terminology of loss and risk assessment can be confusing. The
term loss assessment is generally used in reference to retrospective assess-
ments of the economic and societal consequences of a given event, and

more refined loss analyses go beyond an accounting of direct damages to
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consider the economic and societal consequences of the event. The term
risk assessment is generally used in reference to systematic prospective
analysis of the extent of a hazard, the exposure of people and property to
that hazard, the likelihood of a damaging event, and the likely resultant
economic and societal consequences of that event. As articulated in the
National Research Council “red book” (NRC, 1983) on risk assessments,
risk assessments are the foundation for making decisions about the best
means for managing a particular risk. Risk assessments can involve quali-
tative characterizations or more sophisticated quantitative calculations,
and they can be based on scenarios describing individual events or proba-
bilistic assessments across a series of potential events.

4.1 LOSS ASSESSMENT

The need for and problems in obtaining usable assessments of eco-
nomic and other impacts of disasters constitute a problem that has been
recognized in a number of recent studies. The basic problem is articulated
in an NRC report addressing loss estimation for natural disasters: “There
is no widely accepted framework or formula for estimating the losses of
natural disasters to the nation. Nor is any group or government agency
responsible for providing such an estimate” (NRC, 1999, p. vii). This issue,
as it relates to landslides, was recognized with the 1980 publication of a
U.S. Geological Survey (USGS) Circular that documented the costs of
selected landslide events and called for systematic collection of loss infor-
mation (Fleming and Taylor, 1980; also see Schuster, 1996; Schuster and
Highland, 2001). Box 4.1 describes the conceptual and practical issues
involved in undertaking systematic loss assessments.

The proposed National Landslide Hazard Mitigation Strategy identi-
fied the need for a “. . . framework for compiling and assessing a compre-
hensive data base of losses from landslides and other ground failure
hazards, which will help guide research, mapping, and mitigation activities
nationwide” (Spiker and Gori, 2000, p. 15). The Federal Emergency Man-
agement Agency and the insurance industry are identified as prospective
leaders for two activities. The first is an assessment of the current status of
data on losses from landslides and other ground failures nationwide. The
second is to establish and implement a national strategy for compilation,
maintenance, and evaluation of data on the economic and environmental
impacts of landslides and other ground failures. The proposed strategy
designates federal and state entities as responsible for creating a “robust
national landslide hazards information clearinghouse system,” local and
private entities as responsible for collecting and distributing needed
information, and the academic community as responsible for developing
and sharing information.
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BOX 4.1
ISSUES IN UNDERTAKING LOSS ASSESSMENTS

1. Definition of losses: Relevant considerations are the economic con-
sequences, consisting of the value of harm to physical infrastructure and
other direct impacts, together with the economic consequences of lost
income, increased unemployment, and other indirect economic effects.
These latter impacts are different, and typically much larger, than the dollar
losses or damages directly associated with a particular event.

2. Definition of direct and indirect components of loss: The distinction
between a direct and indirect loss is not always clear. Some consider lost
revenues to be a direct cost, whereas others consider them an indirect cost.
Loss accounting decisions can result in losses being double-counted or
inappropriately counted.

3. Value of life, injuries, and other noneconomic considerations: Most
loss estimates do not monetize these considerations but report them sepa-
rately as other impacts.

4. Meaningtul losses or costs for different decisions: Whereas economic
losses are the relevant considerations for policy making and project evalua-
tion, the relevant budgetary items for government reimbursement or insur-
ance claims are the direct costs associated with damages, debris cleanup,
and repair.

5. Relevant level of geographic aggregation of costs: As the geographic
scope changes, issues arise concerning which losses, costs, and impacts
accrue within a particular area and which accrue outside that area.

6. Collecting damage and loss information: Good data about losses are
a key requirement. However, such data are difficult to obtain, because they
have not been collected systematically in the aftermath of landslides (or
any other natural disaster).

7. Providing loss information in a timely and usable form: Loss informa-
tion must be provided in time for relevant decisions to be made and in a
form that is meaningful for those decisions. At present, retrospective
accounting of losses often requires months to collect even partial data.

Despite the identification in the national strategy proposal of other
entities as appropriately leading loss assessment activities, the USGS and
the Association of American State Geologists (AASG) have already taken
the lead by establishing a partnership to undertake a loss assessment pilot
project (Davis et al., 2003). The USGS provided funding to the AASG for a
trial program to determine annual losses attributable to landslides in
seven states (results from this pilot program were not available at the time
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of publication of this report). The committee commends the USGS and
AASG for establishing this partnership and suggests that a series of such
pilot projects will be necessary to determine optimum approaches to the
collection and management of loss data that encompass both the economic
and the social consequences of landslides. The committee endorses the
USGS proposal for a “landslide loss information” clearinghouse to act as
the focus for loss information (see section 5.3) and urges the USGS and
state geological and other agencies to collaborate to ensure that appropri-
ate protocols for data collection and storage are established as part of the
National Spatial Data Infrastructure (OMB, 2002).

The committee further recommends creation of a Learning from Land-
slides (LFL) program to constitute a focal point for documenting the losses
and other detrimental effects caused by landslides. Such a program could
be modeled after the existing Learning from Earthquakes program funded
by the National Science Foundation and coordinated by the Earthquake
Engineering Research Institute. This LFL program would fund reconnais-
sance teams comprised of relevant specialists to examine and document
notable landslide events and their impacts, including economic conse-
quences (see section 6.3).

4.2 RISK ASSESSMENT

Risk assessments are the foundation for making decisions about the
best means for managing a particular risk. The challenges of undertaking
effective risk assessments include many of the issues associated with loss
assessments, as well as others noted in Box 4.2. Figure 4.1 illustrates the
role of risk assessment in guiding management of landslide risks, as pre-
sented in guidelines developed by the Australian Geomechanics Society
(AGS, 2000).

Risk assessments provide informed options for risk management. As
shown in the upper half of Figure 4.1, risk assessments are prospective
analyses of the extent of a hazard, the exposure of people and property to
that hazard, the likelihood of a damaging event, and the likely resultant
economic and societal consequences of that event. Risk assessments can
involve qualitative characterizations or more sophisticated quantitative
calculations. They can be based on scenarios describing individual events
or probabilistic assessments across a series of potential events. Although
a number of American researchers and practitioners have been leaders in
the development of landslide risk assessments (e.g., Einstein, 1988, 1997;
Wu et al., 1996; Roberds et al., 1997), the range of procedures and their
role in decision making are in general poorly understood in American
practice, and consequently the use of formalized risk analyses is limited.
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BOX 4.2
ISSUES IN UNDERTAKING RISK ASSESSMENTS

1. Adequacy of understanding of process mechanisms and consequences:
Risk assessments entail projections of the consequences of future events for
which a good understanding is required of the hazard itself, the exposure
of people and property to that hazard, and the likely consequences of an
event for that exposure.

2. Adequacy of data for undertaking risk assessments: Good data about
the hazard and prospective losses are essential for undertaking risk assess-
ments. Data and simulation capabilities are required to permit the predic-
tion of events and their consequences on a localized basis.

3. Predictions of likelihood of events and consequences: Probabilistic
risk assessment considers the likelihood of various events and the likeli-
hood of various consequences following one or more of the possible events.
This is a more refined approach than considering a particular scenario
event.

4. Consequences for life, injury, and other noneconomic considera-
tions: As with loss estimates, most risk analyses do not monetize these
considerations. However, they are an important component that should be
addressed.

5. Relevant geographic focus for the risk assessment: As with loss assess-
ments, the consequences will differ depending on the geographic focus of
the risk assessment.

6. Addressing uncertainties: Each step in undertaking a risk assessment
is subject to uncertainty. Uncertainties result both from the probabilistic
nature of landslide events and from a lack of knowledge of basic physics
and damage fragilities associated with the events. The evaluation and com-
munication of uncertainties are important issues.

7. Providing risk assessments in a timely and usable form: As with loss
assessments, the information must be provided in time for relevant deci-
sions to be made and in a form that is meaningful for those decisions.

A nationally coordinated approach to publicizing landslide risk assess-
ments offers the opportunity for broader dissemination and understand-
ing, particularly at the local level.

Risk assessments are not just technical undertakings. As emphasized
in an NRC report that analyzed risk (NRC, 1996), risk assessments can be
important processes for informing relevant stakeholders about potential
consequences and for gaining consensus about appropriate steps to address
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FIGURE 4.1 Schematic illustration of landslide risk assessment and risk manage-
ment decision processes.
SOURCE: Australian Geomechanics Society (AGS, 2000).
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potential harms. In this respect, an understanding of the risk posed by
potential landslides is a central ingredient of determining appropriate risk
management strategies to address that risk.

An example of qualitative approaches to risk assessment is the use of
a scoring system for rock fall hazards by the Oregon Department of Trans-
portation (Wu et al., 1996). Highway segments are evaluated for the likeli-
hood of rock falls based on past frequency of rock falls, geological structure,
and other considerations. The potential hazard is then considered along
with potential for accidents (related to highway width and sight distance)
to produce a rock hazard rating score. A number of other states have
implemented similar approaches, and one role of a national strategy
would be to ensure that all states have access to techniques and informa-
tion that have been field-tested and refined.

An example of state-of-the-art quantitative risk assessment proce-
dures for landslide problems is their use in Hong Kong (Box 4.3), where
there is a substantial ongoing investment in improving hillside stability
(Ho et al., 2000). Quantitative risk analysis has been applied to assess the
cost of managing risk and the direct and indirect benefits that result, to
optimize the allocations of available resources, and to identify areas of
concern for improvement. A recent review of trial applications of quanti-
tative risk assessment in Hong Kong (Lo, 2001) concluded that it can be a
very valuable tool in landslide risk management.

Although the proposed actions described above for documenting
landslide losses and risks are important and necessary for understanding
the consequences of landslides, they should be perceived as one compo-
nent of a dual approach. Risk assessments, together with loss analyses,
are essential for informed decisions about the management of landslide
risks. The committee strongly recommends that a national strategy for
landslide loss reduction establish and promote the use of sound risk
analysis methods for understanding landslide risks and making informed
loss reduction choices. Because the state of the art of such methods is
evolving, further development of landslide risk assessment methods and
documentation of their use are important components of a landslide
research program. Technical assistance in the conduct of landslide risk
analyses should be central features of educational and other outreach
activities established as part of the national program.
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BOX 4.3
SAVING LIVES IN HONG KONG

On August 25, 1976, soon after 10:00 a.m., the fill slope immediately
behind Block 9 of the Sau Mau Ping Estate in Hong Kong failed. The resulting
mud avalanche buried the ground floor of the block killing 18 people. This
followed equally horrific events in 1972 in which more than 100 fatalities
occurred as a result of slope failures.

After an investigation, the government accepted the recommendation
“that a control organization be established within the government to pro-
vide continuity throughout the whole process of investigations, design,
construction, monitoring and maintenance of slopes in Hong Kong.” Imple-
mentation of this recommendation has evolved into the internationally
recognized Geotechnical Engineering Office. The basic mandate of the
Geotechnical Engineering Office resides in enhancing public safety. This is
recognized in government policy statements that describe targets for over-
all risk reduction. Current policy estimates are that by 2010, the overall
landslide risk associated with man-made slopes will be less than 25% of
the level that existed in 1977. The current annual budget for the Landslip
Preventative Measures Programme to achieve this is approximately $US115
million per year (2003 estimates), expended primarily in upgrading exist-
ing high-risk slopes.

Analysis of known landslide fatalities in Hong Kong over the past 52
years (Chan, 2000) showed that, notwithstanding the extraordinary growth
in Hong Kong since 1976, there has been a dramatic reduction in risk to
public safety from landslide hazards. In addition, property values have been
enhanced, although data on this aspect are not readily available.

The early phases of the slope management system in Hong Kong con-
centrated on inventory, mapping, and geological and geotechnical assess-
ments. However, experience showed that enhancing public safety could
not be achieved by technical considerations alone. Regulatory instruments,
inspection and maintenance requirements, risk analysis, warning systems
in response to intense rainfall, and an increased emphasis on community
preparedness and response have all required development (e.g., Yim et al.,
1999). The table presented below (from Malone, 1998) summarizes the
components of the Hong Kong slope safety system. The Geotechnical
Engineering Office has integrated all aspects of geotechnical engineering,
together with the additional nontechnical tools required for effective risk
management in a public setting.
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Known landslide fatalities in Hong Kong before and after establishment of the
Geotechnical Engineering Office.

SOURCE: Modified after Chan (2000); figure courtesy of the Geotechnical Engineer-
ing Office of the Government of the Hong Kong Special Administrative Region.

contribution by each component

Slope Safety System components | to reduce landslip risk | to address

hazard | vulnerability | Public attitudes

policing
cataloguing, safety screening
and statutory repair orders for slopes
checking new works
maintenance audit
inspecting squatter areas and
recommending safety clearance
input to land use planning
safety standards and research
specialist works projects
upgrading old Government slopes
preventive works for old tunnels
education and information
maintenance campaign
personal precautions campaign
awareness programmes
information services
landslip warning and emergency
services

Components of the Hong Kong Slope Safety System.
SOURCE: Malone (1998); reproduced with permission.
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Loss Reduction Strategies

application of landslide information at federal, state, and local

levels. While recognizing that significant improvements in our
ability to mitigate landslide losses undoubtedly will be developed in the
future, a wide range of effective loss reduction measures exist now. Out-
reach programs and additional assistance measures are needed to help
ensure that such loss reduction strategies are in fact used by state and
local agencies and private entities.

The major responsibility for employing loss reduction measures for
any particular project resides with the person or entity actually develop-
ing the project. All government units, including cities, special districts,
counties, states, and federal agencies, have a responsibility to use appro-
priate loss reduction measures when undertaking public projects. Most
development, however, is undertaken privately. In these cases, it is up to
the government agencies that approve private development to ensure that
appropriate loss reduction measures are followed. Professionals in the
field share this responsibility to use the most up-to-date mitigation mea-
sures.

The National Landslide Hazards Mitigation Strategy proposal (Spiker
and Gori, 2000) acknowledged that a successful strategy must include a
mitigation component and that mitigation activities are generally under-
taken by state and local governments, private businesses, and individuals.
The proposal notes that a range of mitigation measures exist—including
land-use planning and regulation, engineering, building codes, assess-
ment districts, financial incentives and disincentives, emergency warn-

ﬁ successful loss reduction program must be based on effective
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ing, and emergency preparedness—but also points out that there are
impediments to the use of such measures. It then proposes the following
actions:

1. Evaluate the impediments to effective planning and controls on
development and identify approaches for removing these impediments.

2. Develop an education program for state and local elected and
appointed officials to sensitize them to the risk and costs of landslide
hazards.

3. Develop and disseminate prototype incentives and disincentives
for encouraging landslide mitigation to government agencies, the private
sector, and academia.

4. Evaluate engineering and construction approaches to mitigate
landslide hazards and develop a national plan for research to improve
these techniques.

5. Encourage implementation of successful landslide mitigation tech-
nologies.

6. Improve the ability to prepare for, respond to, and recover from
landslide disasters.

5.1 IMPLEMENTATION OF LOSS REDUCTION MEASURES

The loss reduction measures suggested in the National Landslide
Hazard Mitigation Strategy proposal (Spiker and Gori, 2000), presented
above, form part of the range of items that should be considered in a
comprehensive national loss reduction program. These measures are
described only briefly in the strategy proposal. The education and public
awareness components of loss reduction are dealt with in the following
chapter; here the committee’s comments and suggestions related to the
other loss reduction measures are presented. Section 5.2 discusses a
number of additional measures that should be considered as components
of a national loss reduction strategy, and a commentary on the informa-
tion collection, interpretation, dissemination, and archiving components
of the strategy can be found in section 5.3.

Impediments to Effective Planning and Controls on Development.
Although considerable information exists in some areas of the country
with respect to landslides, in general, such information is not sufficiently
known or used by local governments. In many cases, this is because nega-
tive information (e.g., information concerning natural hazards) is not
highly attractive to local elected officials and the development commu-
nity. Considerable literature exists in the social science field that addresses
these issues—this literature must be assessed and the results employed in
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designing an effective outreach program. The Natural Hazards Center at
the University of Colorado in Boulder! is an important resource in this
respect, making available a substantial library on natural hazards and
human responses to such risks. The center also hosts an annual workshop
attended by a broad spectrum of federal, state, and local officials involved
in natural disaster mitigation; academic researchers; and representatives
of professional and nongovernmental organizations.

As noted earlier, most local governments do not have landslide haz-
ard maps, and communities usually look to a higher level of government
for mapping. In California, to comply with the Seismic Hazards Mapping
Act, the state is preparing maps that identify areas subject to landslides
and enhanced ground shaking. Prior to approval of a development project,
cities and counties must require a geotechnical report on the subject
property. In addition, property sellers or their agents must disclose infor-
mation shown on these maps prior to property sale. Oregon has adopted
similar legislation that specifically addresses fast-moving landslides (debris
flows). This legislation directs the state to undertake mapping of landslide-
prone areas and directs local governments to take actions to reduce
potential damage from mapped landslides. Funding for this mapping pro-
gram was provided by the Federal Emergency Management Agency’s
(FEMA’s) Project Impact (FEMA, 2003). In addition to these examples
from California and Oregon, some other state geological surveys have
carried out extensive mapping of geological hazards (e.g., Alabama,
Colorado [see Box 3.6], Kentucky).

Asnoted in Chapter 3, the substantial opportunities arising from high-
resolution digital elevation mapping using LIDAR (Light Detection and
Ranging) have prompted several states to undertake or propose partial or
complete statewide LIDAR mapping programs. A nationally coordinated
program to accelerate LIDAR mapping would provide significant assis-
tance to local governments and make a major contribution toward land-
slide hazard mapping.

However, from a national perspective, state landslide hazard map-
ping activities are severely restricted by the minimal funds available.
Some federal assistance has been provided (e.g., U.S. Geological Survey
[USGS] demonstration mapping, FEMA Project Impact support), but there
is a clear need for additional funding for this activity. The payoff from
such state-level funding comes in the form of enhanced awareness and
mitigation at the local level. Conditions vary across the country, but a
balance between USGS, state, and local mapping should be established
for each state. States could then implement legislation to require that local

1See http:/ /www.colorado.edu/hazards/

Copyright © National Academy of Sciences. All rights reserved.



Partnerships for Reducing Landslide Risk: Assessment of the National Landslide Hazards Mitigation Strategy
http://lwww.nap.edu/catalog/10946.html

LOSS REDUCTION STRATEGIES 63

governments take account of such information. In addition, guidelines
could be developed and disseminated to assist states in their efforts to
ensure that such maps are used effectively at the local level.

Encouraging Landslide Mitigation for Government Agencies, the
Private Sector, and Academia. Emphasis should be placed on developing
and disseminating incentives for mitigation. Communities must be con-
vinced that it is in their own best interest to avoid the effects and reper-
cussions of landslide disasters. Materials should describe such repercussions,
which can include loss of life, injuries, financial losses to the private and
public sectors, and lawsuits. Examples of successful land-use planning
approaches should be documented and distributed. In some instances,
land-use planning may lead to development of landslide-prone areas
being avoided while at the same time allowing increased development in
stable areas as compensation. In other instances, high land values may
call for expensive engineering solutions for unstable land. Outreach
activities, either as hard-copy publications or web-based information, are
needed to inform communities of the seriousness of development in
landslide-prone terrain and the advantages of recognizing and realisti-
cally dealing with the problem.

Another approach is to establish disincentives in the situation where
development may be allowed in spite of hazards. For example, a dis-
incentive can exist where a community allows a development in a landslide-
prone area with the provision that the developer must disclose to property
purchasers that they are buying property with a potential natural hazard.
Otherwise, the developer may be disinclined to plan properly and the
purchaser, particularly if notified at the last minute, is often disinclined to
call off the deal. It is important that this information also be available to
financial institutions (mortgage and insurance providers) that may be
stakeholders.

Evaluation of Engineering and Construction Approaches to Mitigate
Landslide Hazards and Development of a National Plan for Research
to Improve These Techniques. Considerable information already exists
that describes current engineering and construction approaches to miti-
gating landslide hazards. This information must be assembled and ana-
lyzed so that the major needs for the development of new engineering
solutions to landslide problems can be identified. A specific research pro-
gram could then be implemented to both improve existing techniques
and develop new mitigation techniques. Analysis to determine if more
effective and cost-efficient approaches can be developed would also be
useful. In addition, new information continues to come from landslide
experiences. This information should be analyzed to determine whether
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new engineering designs and practices are needed, and any such designs
and practices should then be disseminated to the user community. In
situations where legal liability issues might otherwise lead to a reluc-
tance by industry to adopt new mitigation techniques, sponsorship and
support of such techniques by government agencies may ensure more
widespread application.

Implementation of Successful Landslide Mitigation Technologies. This
can be accomplished largely through dissemination, via a national infor-
mation clearinghouse (see section 5.3), of model approaches and good
case histories. It is necessary to convince state and local agencies that
although they might potentially be affected by landslides, there are effec-
tive ways to mitigate the hazard. This should be part of a coordinated
outreach program undertaken as part of the national mitigation strategy.

Improving the Ability to Prepare for, Respond to, and Recover from
Landslide Disasters. Landslide disasters normally affect small areas, com-
pared to the more regional effects of events such as earthquakes, floods,
or hurricanes. Nonetheless, they can cause major disruption in the affected
and immediately surrounding areas. Accordingly, geologists, engineers,
and emergency response professionals must be trained to understand the
likely problems associated with a landslide, the emergency response that
may be necessary, and the potential longer-term reconstruction needs. The
full range of public utilities must be included in such preparation.
Although such education and training should be included in the normal
disaster plans and training programs at the local level, there is an impor-
tant role for the national mitigation strategy to encourage such efforts and
make available supporting materials.

5.2 ADDITIONAL LOSS REDUCTION MEASURES

The USGS proposal (Spiker and Gori, 2000) recognized and was
responsive to many issues related to loss reduction activities; however,
several additional areas should be addressed.

Standards of Care for Landslide Mapping and Engineering. Local regu-
lations not only must require detailed landslide hazard mapping, but must
ensure that the quality of hazard mapping meets appropriate standards
of care. Such standards for hazard mapping and interpretation must be
spelled out in local regulations, and the maps and reports prepared on
behalf of a developer should be peer-reviewed by a qualified geologist on
behalf of the jurisdiction. Finally, the actual grading and construction must
be approved by both the preparer and the reviewer of these reports and
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plans. These standards of care are necessary to ensure that the final prod-
uct meets the approved design. Institutionalization of such requirements
in local regulations will help ensure that geological hazard mapping is
used effectively. Model standards of care should be developed as a com-
ponent of the national strategy to assist in the administration of local regu-
lations, and an ultimate goal of partnership activity in this area would be
incorporation of model standards of care into the Uniform Building Code
and other building codes.

Linking Hazard Mapping to Land-Use Planning. Land-use planning
approaches at the local level consist of general plans, zoning regulations,
and subdivision regulations. Mapping, even at the standard USGS topo-
graphic map scale (1:24,000), can be useful to a community in helping
shape its general plan for future development. Major areas of potential
instability can be identified as needing special investigations or, in some
instances, designated for open space use. In extreme conditions, general
plans may propose cluster development in which construction is limited
to stable areas and unstable areas serve as open space attendant to the
development. The creative use of geological hazard information in pre-
paring general plans, however, depends on a staff that has had training in
the application of geologic information to plan making. Recognition that
there are often negative implications from the identification of landslide-
prone areas, in the form of decreased valuations, emphasizes the impor-
tant support role that nationally accepted standards of practice have for
staff at the local level.

Local zoning regulations stipulate, usually in great detail, how land
can be used. Some communities have developed landslide matrices that
are included in the zoning ordinance or as an adjunct to the ordinance.
These matrices correlate categories of land stability with permitted or
recommended land uses; they reflect a certain level of risk that the com-
munity has accepted. Two examples of this system occur in Morgan Hill
and Portola Valley, both in California (Spangle Associates, 1988; Morgan
Hill, 1994). A similar approach, although not incorporated in zoning, was
prepared for the Portland, Oregon, regional government (DOGAMI,
1998). In some cases, not only are land uses identified, but they may be
tied to general building types. Somewhat similar approaches have been
applied in other parts of the country (e.g., Cincinnati, Ohio; see Box 1.3).

It is at the subdivision stage (neighborhood zonation maps, see Box 3.2)
that the future pattern of ownership and land use is firmly established. It
is at this stage that a community must demand the most detailed informa-
tion about geologic hazards. The preparation of subdivision regulations
that address geologic hazards is not complicated—a more difficult task is
to ensure that the regulations are properly administered. In addition,
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elected officials have to be convinced of the need for such regulations, and
there must be both an administrative process and a staff capable of imple-
menting the regulations. Guidance and assistance, in the form of publica-
tions and effective outreach, should be provided to local governments as
part of the national strategy outreach, so that they are better able to incor-
porate landslide mitigation provisions into their general plans, zoning
regulations, and subdivision regulations.

Protection of Existing Development. Unfortunately, many urban areas
were developed prior to the adoption of good hazard mapping and review
practices in landslide-prone areas. Each year, the news media report cases
in which houses are damaged due to differential settlement, lost in land-
slides, or in the worst cases, destroyed by debris flows. Although most of
these cases result in financial losses, in the case of debris flows the results
are often much more catastrophic and can include loss of life. For devel-
oped landslide-prone areas, the developers have left the scene in most
cases and property owners face the prospect of potentially or actually
losing their homes. The problems for governments when landslides impact
government property are less serious than for homeowners, since the loss
usually represents a small fraction of a government’s assets. However,
with private property the loss can represent most of the owner’s assets. It
is in this area that governmental assistance is needed.

Landslide Insurance. Landslide insurance could potentially provide a
financial mechanism for spreading the costs of addressing or recovering
from landslides among broad categories of those at risk, while also being
linked to incentives for reducing risks. Costs arising from landslides are
already a significant charge to insurance companies as those affected by
landslides engage in litigation to determine fiscal responsibility for
remediation costs. Landslide insurance is not presently offered because of
the “adverse selection” of potential policyholders (Olshansky, 1996). That
is, without mechanisms for expanding the pool of policyholders, only
those who are at greatest risk would purchase policies, making it finan-
cially infeasible to offer insurance. In addition, landslide loss records are
insufficient for establishing risk-based rates for landslide insurance. These
problems are similar to those associated with establishing a viable pro-
gram for earthquake insurance.

The National Flood Insurance Program (NFIP) has often been cited as
a model that could be applied to landslide hazards, and in fact there have
been instances in which the NFIP has covered damage caused by mud-
slides. In this program, the federal government produces maps of areas
that are subject to flooding across the nation. In order for local govern-
ments to have properties in their jurisdiction eligible for the NFIP, they
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must adopt local ordinances to ensure that losses from flooding will be
minimized. The same type of requirements for cities and counties would
be needed for landslide insurance. Another potential insurance approach
would be to include landslide hazards into an all-hazard residential risk
insurance program, as is the case for homeowners under New Zealand’s
governmentally subsidized natural disaster insurance program (Box 5.1)
which covers earthquakes, landslides, tsunamis, and other natural haz-
ards (Earthquake Commission, 2003). It is important to recognize that loss-
sharing mechanisms such as insurance are only a means for spreading the
financial burden of landslides; they accomplish nothing themselves in
terms of reducing risks. However, if mitigation measures are required as
conditions for insurance, they can result in significant loss reduction.
Accordingly, losses arising from landslides should be incorporated into
any future national program of disaster insurance as long as such a pro-
gram includes encouragement of or requirements for landslide mitigation
measures.

Assessment Districts and Homeowner Associations. At least two addi-
tional types of financial arrangement—special assessment districts and
homeowner associations—are worthy of consideration for addressing
landslide hazards. Both can provide financing for remedial actions prior
to or in the aftermath of landslides. Special assessment districts are
political jurisdictions created by state legislation for the purpose of taxing
residents of those districts in order to carry out designated functions.
California, for example, has statutory provisions that enable creation of
Geological Hazard Abatement Districts. Another vehicle for remedial
action is through homeowner associations. The covenants and conditions
that govern the association can provide for assessments to care for areas
that fail due to landslides. This can be critically important because in many
developments, the homeowner association actually assumes the responsi-
bility for maintenance of major areas and facilities that are owned in
common by the association.

5.3 INFORMATION COLLECTION, INTERPRETATION,
DISSEMINATION, AND ARCHIVING

The proposed National Landslide Hazards Mitigation Strategy incor-
porates a plan for information collection, interpretation, dissemination,
and archiving (Spiker and Gori, 2000). The objectives of this component of
the strategy are the following:

¢ Evaluate and use state-of-the-art technologies and methods for the
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BOX 5.1
NEW ZEALAND NATURAL DISASTER INSURANCE

The New Zealand Earthquake Commission is a government agency that
provides natural disaster insurance to residential property owners (Earth-
quake Commission, 2003; Geonet, 2003). Despite its name, it actually
provides insurance coverage for the full range of natural disasters—earth-
quakes, volcanic eruptions, hydrothermal activity, tsunamis, and natural
landslides. Coverage is primarily for property loss or damage, but there is
also limited coverage for land loss resulting from any of these hazards or
from storms or floods.

The Earthquake Commission has a three-pronged approach to natural
disaster management that seeks to achieve the following:

1. Facilitate research and education about matters relevant to natural
disaster damage and its mitigation, noting that “for the purposes of manag-
ing risk it is necessary to have knowledge of New Zealand’s natural hazards
and our vulnerability to them, since risk is a function of hazard and vulner-
ability.” (Earthquake Commission, 2003).

2. Provide mandatory insurance coverage, obtained automatically for a
premium of 5 cents per $100 covered with any home or contents fire insur-
ance policy. This insurance coverage was instituted in 1993, although
precursors date back to 1945.

3. Provide assistance with postdisaster recovery and replacement. One
component of this role is the existence of rapid-response teams of engi-
neering geologists and geotechnical engineers that can be mobilized within
24 hours of a major event, to provide appropriate advice to maximize
public safety and to collect reliable and consistent landslide information.

dissemination of technical information, research results, maps, and real-
time warnings of potential landslide activity.

e Develop and implement a national strategy for the systematic
collection, interpretation, archiving, and distribution of this information.

The proposed national strategy will collect a large quantity of infor-
mation that must be interpreted correctly and translated into usable
products, and then effectively disseminated to users. The information
must also be archived in a manner that will permit ease of access by inter-
preters and users at all levels and also will ensure permanent future
access. The types of information to be collected and archived will include:
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Some of the 69 houses wrecked or displaced as a result of the 1979 Abbotsford
landslide in New Zealand. This 1960s-era suburb was constructed despite an earlier
recommendation that the unstable soils were unsuitable for housing.

SOURCE: Photo courtesy of New Zealand Earthquake Commission; reproduced with
permission.

e digital information, including images, maps, and reports;

e nondigital information, including hard copies of maps and images;

e nondigital technical research, loss estimation, and implementation
reports;

e information from real-time monitoring;

e weather information and hazard alerts; and

e manuals, videos, and other training materials.

The committee offers the following comments on specific items in the
plan to assist with the development of detailed implementation strategies.

Information Collection. An extensive program of information collection
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is essential for the development of maps and other interpretative products
for hazard mitigation. Much of the information will be aerial photographs
or electronic imagery from which high-accuracy topographic, geologic,
and landslide inventory maps can be compiled. The proposed program
anticipates that many workers will be involved in information collection,
including USGS scientists, personnel from other federal agencies, per-
sonnel from state geological surveys and agencies, university researchers,
and private consultants. Effective coordination is required to ensure that
the most important information is collected, archived, and made available
using efficient and high-quality procedures. In all cases, digital geospatial
data should have associated metadata in accordance with Federal Geo-
graphic Data Committee (FGDC) guidelines (Box 5.2), as a component of
the National Spatial Data Infrastructure (NSDI).

Interpretation of Information. Information must be interpreted by trained
scientists and engineers. At the national level, scientists and engineers
with the USGS and other federal agencies will have lead responsibility for
collection and interpretation of information. At the state level, scientists
and engineers in state geological surveys, highway departments, emer-
gency response units, and other agencies will take the lead in preparing
interpretive products. Contracts with universities and private companies
should be used to expand the resource pool of qualified data collectors
and interpreters. The products at the state level, however, will be devel-
oped for use at the local level by counties, cities, transportation and utility
districts, and so forth. In many instances, local agencies will have to adapt
or develop interpretive products for their specific application. Local per-
sonnel must to be trained to ensure that these products are interpreted
and applied correctly, as well as widely used for hazard mitigation (see
Chapter 6 for additional discussion).

Dissemination of Landslide Hazard Information. Because implementa-
tion occurs primarily at the local level, dissemination of data and infor-
mation to the local level is a key element of the program. To ensure that
dissemination occurs and that those receiving the information are able to
interpret and apply the products, effective cooperative partnership pro-
grams must be developed between federal, state, and local partners. To
provide incentives for local users to participate, a program of local grants
and cost-sharing is needed. At present, the Federal Highway Administra-
tion has programs for disseminating technical information and providing
financial aid to states in applying that information, and the USGS National
Landslide Information Center has an active program for distributing land-
slide information to the public, researchers, and planners and to local,
state, and federal agencies. The national strategy should contain a pro-
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BOX 5.2
FGDC AND THE NATIONAL SPATIAL DATA INFRASTRUCTURE

The Federal Geographic Data Committee (FGDC) is a federal inter-
agency committee responsible for facilitating and coordinating the activities
of the National Spatial Data Infrastructure (NSDI). The NSDI encompasses
policies, standards, and procedures for organizations to cooperatively
produce and share geographic data. The 19 federal agencies that make up
the FGDC are developing the NSDI in cooperation with organizations from
state, local, and tribal governments; the academic community; and the
private sector. The NSDI is relevant to any agency that collects, produces,
acquires, maintains, distributes, uses, or preserves analog or digital spatial
data, including all geographic information system activities, that are financed
directly or indirectly, in whole or in part, by federal funds.

Different federal agencies have lead responsibilities for the various
spatial data themes (e.g., USGS is responsible for all geologic mapping
information and related geoscience spatial data). Lead agencies are required
to populate each data theme, principally by development of partnership
programs with states, tribes, academia, the private sector, and other federal
agencies, and also to facilitate the development and implementation of
FGDC standards for each theme.

To build and support the NSDI, any agencies that collect, use, or dis-
seminate geographic information and/or carry out related spatial data
activities are required to do the following, both internally and through their
activities involving partners, grants, and contracts:

e Develop a strategy for advancing geographic information and related
spatial data activities appropriate to their mission.

e Collect, maintain, disseminate, and preserve spatial information such
that the resulting data, information, or products can be shared readily with
other federal agencies and non-federal users.

e Allocate agency resources to fulfill the responsibilities of effective
spatial data collection, production, and stewardship.

e Use FGDC data standards, FGDC Content Standards for Digital
Geospatial Metadata, and other appropriate standards; document spatial
data with the relevant metadata; and make metadata available on-line
through a registered NSDI-compatible clearinghouse node.

e Coordinate and work in partnership with federal, state, tribal, and
local government agencies; academia; and the private sector to efficiently
and cost-effectively collect, integrate, maintain, disseminate, and preserve
spatial data, building upon local data wherever possible.

e Support emergency response activities requiring spatial data in accor-
dance with provisions of the Stafford Act and other governing legislation.

e Search all sources, including the National Spatial Data Clearing-
house, to determine if existing federal, state, local, or private data meet
agency needs before expending funds for data collection.
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gram of partnerships and cost-sharing between each of the federal agen-
cies and their state counterparts, combined with effective education and
training programs, to ensure that information is disseminated and applied
at the user level.

Archiving of Information. Repositories will be required to archive the
data and make it accessible to all potential users. As much information as
possible should be stored in digital format and made accessible through
web sites. There should be a central point of contact, probably most effi-
ciently managed through expansion of the existing National Landslide
Information Center, with links to distributed data centers. Each state could
provide links to these distributed data centers on state government sites,
with emphasis on material most useful for its personnel and local user
communities. Federal and state departments of transportation could
include links to the central and distributed repositories of landslide infor-
mation on their web sites. In effect, the primary national source for data
and information would be a web-based national information clearing-
house. Digital images, digital data files, interpreted maps, and many other
useful materials will be stored in these web sites, which should be inter-
linked to allow ease of access by users at all levels of interest. In addition
to the web sites, archival libraries will be needed at the national and state
levels to store nondigital documents and historical images. The USGS
could locate regional landslide data repositories at each of its regional
libraries, and each state geological survey or other lead agency participat-
ing in the program should secure a special section in its state library for
archiving landslide information. These collections of archived informa-
tion should be made readily available to users at all levels.
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Public Awareness, Education, and
Capacity Building

that “before individuals and communities can reduce their risk

from landslide hazards, they need to know the nature of the threat,
its potential impact on them and their community, their options for reduc-
ing the risk or impact, and how to carry out specific mitigation measures.
Achieving widespread public awareness of landslide hazards will enable
communities and individuals to make informed decisions on where to
live, where to purchase property, or locate a business. Local decision
makers will know where to permit construction of residences, business,
and critical facilities to reduce potential damage from landslide hazards”
(Spiker and Gori, 2000, p. 19). The strategy indicates that a range of
activities, tailored to local needs, will be needed to raise public awareness
of landslide hazards and encourage landslide hazard preparedness and
mitigation activities nationwide:

I I 1he U.S. Geological Survey (USGS) national strategy proposal states

* Develop public awareness, training, and education programs
involving land-use planning, design, landslide hazard curricula, landslide
hazard safety programs, and community risk reduction.

e Evaluate the effectiveness of different methods, messages, and
curricula in the context of local needs.

® Disseminate landslide hazard-related curricula and training modules
to community organizations, universities, and professional societies and
associations.

73
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This component of the strategy recognizes that knowledge—about the
risk and about various options for mitigating the risk—must form the
fundamental basis for providing support to communities at risk from
landslides. Providing the data and information that will lead to knowl-
edgeable communities is a complex undertaking that can best be accom-
plished with a combination of federal-level coordination and resources
and state-level interaction with decision makers, professionals, and the
general public. Education and information dissemination activities should
be carefully targeted, recognizing that these different groups have differ-
ing education and information requirements. Outreach materials may
have to be prepared in multiple forms targeted toward the different
audiences, and scientific information, maps, and monitoring data must be
available in appropriate forms for use in emergency management, land-
use, and public and private policy decisions.

Disasters that occur provide an excellent opportunity to educate the
public about natural hazards and lessons one can learn, especially with
respect to improving hazard mitigation. Although this information is
important for decision makers, it is of critical importance for educating
the general public. The public can, in turn, bring pressure to bear on
elected officials to take appropriate mitigation measures.

The committee agrees that the brief statement in the strategy proposal
provides a broad outline of public awareness and education requirements.
The remainder of this chapter presents comments and suggestions related
to capacity building for decision makers and professionals, together with
a brief description of a program—Learning from Landslides—for gaining
the maximum information from past landslides.

6.1 EDUCATION FOR DECISION MAKERS

Planning for the education component of a national landslide hazard
reduction strategy must recognize that the reduction of landslide losses
through land-use planning and application of building and grading codes
for private lands is the function of local government and will be imple-
mented by local government decision makers. All of the advice and infor-
mation supplied to decision makers will be of little value if they are not
convinced of the need to take a recommended course of action and guided
in understanding and using the available information. Well-prepared
landslide risk analyses that relate to the geographic area of a jurisdiction
are an excellent way of pointing out to decision makers the seriousness of
a landslide hazard and the consequences of not taking appropriate miti-
gation steps. Well-illustrated studies that describe the risk of financial and
personal losses can also be an effective tool.

Copyright © National Academy of Sciences. All rights reserved.



Partnerships for Reducing Landslide Risk: Assessment of the National Landslide Hazards Mitigation Strategy
http://lwww.nap.edu/catalog/10946.html

PUBLIC AWARENESS, EDUCATION, AND CAPACITY BUILDING 75

The strategy should ensure that information about the need for land-
slide hazard mitigation and the available tools to achieve mitigation are
available at the local level in all areas of the country where landslides
pose a significant threat to urban and urbanizing areas, and that decision
makers are provided with natural hazard decision support systems that
are appropriate for their particular jurisdictions. Education and training
at national, state, and local levels will be required, designed and targeted
to ensure that they reach those most responsible for hazard mitigation.
This must be tied to major natural hazard mapping efforts undertaken at
the federal and state levels. As well as provision of maps, it should also
include interpretive materials and guidelines to assist with using the maps
in the local planning and regulatory environment, recognizing that locali-
ties throughout the nation differ in both their regulatory authority and
their approach to reducing losses from landslide hazards. It is likely that
programs specifically developed for lower levels of governments, with
local involvement (e.g., participation of state geologists), will be more
readily received and widely implemented at the local level. In some areas,
regional associations of government entities might also become a focus of
such programs, and regional offices of federal agencies (e.g., Federal
Emergency Management Agency [FEMA], Federal Highway Administra-
tion [FHWA], U.S. Army Corps of Engineers [USACE]) could play a sig-
nificant role in coordination and funding efforts. In addition, centers
should be identified in each state to which cities and counties can turn for
additional information and assistance. Such outreach must be a continu-
ing effort rather than a single occurrence.

Several agencies, such as FHWA and FEMA, operate regular training
programs for state and local officials that might serve as models for devel-
oping training courses for the landslide hazard mitigation program.
Another model might be the successful training program developed and
operated by the Colorado Geological Survey, where specialists from the
state survey meet regularly in various parts of the state with engineering
and building practitioners and local government personnel, including
elected officials, to discuss geologic issues of concern to local communi-
ties. During these sessions, the agenda includes education components
and discussion of specific problems. Similar education activities involving
interaction between state and local officials, to target aspects of landslide
mitigation, should be developed for all landslide-prone areas.

In addition, examples of successful past programs exist. Two pro-
grams financed by FEMA in California, the Southern California Earth-
quake Preparedness Project and the Bay Area Regional Earthquake Pre-
paredness Project, attest to the success of vigorous outreach programs. In
each instance, boards representing the user constituency provided overall
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guidance. Staff then went out to local communities with materials and
assistance, and remained available on a continuing basis. More recently,
the HAZUS program and Project Impact, both developed and promoted
by FEMA, have been major steps in providing information and assistance
to local communities. In addition, local training sessions have been held
in some areas, with information about geologic hazards being supplied
and practical applications explained. In the mid 1990s, the USGS funded a
series of such workshops in the San Francisco Bay area. These workshops
were conducted by earth scientists and planners and addressed local
government employees (including engineers, building inspectors, plan-
ners, and consultants). The objective was to improve the level of under-
standing and performance at the local level. In the late 1970s-1980s, the
USGS and the Department of Housing and Urban Development spon-
sored the San Francisco Bay Region Environment and Resources Planning
Study (see Box 3.5) (USGS-HUD, 1971; USGS, 1974; Kockelman, 1975).
That study focused on developing geologic information and guidelines
for using the information in planning and policy making. It was highly
successful in the region and serves as a model for what might be accom-
plished in other areas. These efforts have depended on a combination of
federal assistance and a receptive audience. If loss reduction with respect
to landslides is to occur, these types of programs must be instituted and
promoted vigorously in landslide-prone regions.

Another avenue for increased interaction among the various practi-
tioners would be to implement a formal arrangement among federal, state,
and local governments to loan or rotate employees. This effort could use
the Intergovernmental Personnel Act (IPA) program that presently exists
and would only require active encouragement by senior management.
Such cross-fertilization would help to create a working, effective network;
would aid effective communication; and would broaden the experience
base of the employees involved.

It is clear that there is no single correct approach to developing a
strategy for providing the required education and information to decision
makers. Rather, it will take the varied efforts of many agencies and indi-
viduals to be successful. Some of these efforts will require a high level of
coordination, whereas others will depend on the actions of individuals
under differing circumstances.

6.2 ASSISTANCE FOR PROFESSIONALS

An extensive amount of research and practice has occurred in land-
slide science and engineering over the past 150 years. Consequently, a
substantial amount of valuable information regarding landslides exists,
encompassing fundamental science; hazard identification; assessment and
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mapping; techniques and methods for evaluation and analysis; and strat-
egies, tools, and procedures for mitigation. This knowledge is available
from a wide range of agencies and locations, including the published
literature (e.g., Turner and Schuster, 1996); federal, state, and local agen-
cies; private engineering and applied science firms; and developers,
planners, and others. One of the most valuable aspects of a national land-
slide mitigation program would be the efficient dissemination of existing
and future knowledge to engineers, scientists, planners, developers, and
other professionals who deal with various landslide issues on a day-to-
day basis.

At present, there are a number of agencies and institutions offering
continuing education programs in landslide assessment, analysis, and
mitigation for practicing professionals, including FEMA, FHWA, USACE,
some academic institutions, and several state highway departments. Many
academic institutions offer undergraduate and graduate courses in geo-
science and engineering that focus on, or include, landslide mitigation
topics. However, despite the large number of education programs and the
involvement of several agencies offering valuable guidance, there is no
coordinated approach to ensure that the required education and guidance
are provided to the wide range of professionals and offices having inter-
ests and responsibilities in landslide hazard mitigation.

There are at least five fundamental areas in which coordinated educa-
tional programs for professionals should be established: (1) the funda-
mental science of landslide mechanisms; (2) landslide hazard and risk
assessment and mapping; (3) geotechnical engineering evaluation and
analysis of landslides; (4) mitigation of active and potentially active land-
slides; and (5) social issues in landslide hazard mitigation. Educational
programs for each of these five areas are described briefly below:

1. Understanding the fundamentals of landslide mechanisms is a
basic requirement before the other issues and challenges can be addressed.
For the most part, the mechanisms of various landslide processes are
reasonably well known (see Chapter 2). The problem in predicting land-
slides is a lack of understanding regarding the detailed site conditions
and subprocesses that change in time and space. Education in the funda-
mental mechanics of slope failure processes would provide the necessary
scientific background for the scientists, engineers, and planners at the local
level that deal with landslide problems on a frequent basis.

2. Planners, scientists, and local engineers must be trained in the
methods and concepts of landslide hazard and risk assessment and map-
ping (and even, in some cases, in the use of maps). Many city, county, and
state offices have the data systems (geographic information systems and
databases) with which to begin to develop landslide hazard and quantita-
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tive risk evaluation and mapping programs. Several localities, such as
Cincinnati, Ohio (see Box 1.3), have already developed an impressive
capability for landslide hazard and risk evaluation and mapping. Lessons
learned from the Cincinnati program and other successful efforts should
be considered during the development of a standard recommended
approach and the preparation of educational programs for local and state
agencies.

3. One of the most important activities following the occurrence of a
landslide in a critical area is the geotechnical evaluation and analysis of
the feature. There appear to be as many methods of geotechnical investi-
gations as there are practitioners. One reason for the broad range of
investigational procedures is the uniqueness of each landslide. There are,
however, fundamental data requirements for every type of landslide
investigation that should be determined before mitigation activities are
initiated. Several chapters in Landslides, Investigation, and Mitigation (Turner
and Schuster, 1996) provide an excellent foundation for the development
of a standard geotechnical investigation program for engineers and geo-
scientists. The educational program for geotechnical investigations should
focus especially on the roles of the geologist and the engineer in terms of
each person’s responsibility, the criticality of dialogue between the two at
all phases of the investigation, and opportunities for synergy.

4. Upon completion of the geotechnical investigation of active or
potentially active landslides, mitigation activities commence. Mitigation
may include decreasing driving forces, increasing resisting forces, avoid-
ance, or some combination of all of these approaches. Many state and
local agencies and private engineering firms have substantial experience
in developing and implementing engineering methods for landslide miti-
gation. These agencies and firms have developed methods that work in
their area or in the various areas in which they have been involved. A
concerted effort should be made to catalogue these experiences and
methods and to develop a comprehensive educational program for agen-
cies and firms in all areas. This would ideally be undertaken by a federal-
state-local-private partnership, probably with state geological surveys
acting as the principal point of contact because of the geological variability
among states.

5. The social issues in landslide hazard mitigation are often more
difficult to resolve than the technical issues. Generally, the social issues
revolve around the mitigation alternative of avoiding landslide hazard
areas when possible. Use of the alternative of avoidance for landslide miti-
gation requires that a large number of issues be addressed, many of which
are dear to persons in the area affected. Consequently, those with the
responsibility for developing mitigation plans have to be aware of all of
the challenges associated with the social issues of landslide mitigation. In
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this respect, the social science-focused activities of the Natural Hazards
Center at the University of Colorado, Boulder, represent a valuable resource.

Professional societies such as the American Society of Civil Engineers,
the Association of Engineering Geologists, the American Geological Insti-
tute, the American Institute of Professional Geologists, and the American
Planning Association (APA) serve as conduits of information from
researchers to practitioners and from practitioners to researchers. The
recently established two-year partnership between USGS and APA to pro-
vide training and technical support to local planners (Gori et al., 2003) is
an example of this type of activity. Professional societies are generally the
source of model codes, handbooks, and professional training for their
membership, who in turn use the information to improve the state of
knowledge of landslide loss reduction in the private and public sectors.
These all can become valuable assets in the dissemination of information
on landslide hazards.

There are at least four areas in which guidelines and specifications
could be developed from existing information that would offer immediate
benefit:

1. landslide hazard and qualitative risk assessment;

2. methods and procedures for landslide identification, evaluation,
investigation, and analysis;

3. tools, materials, and conceptual designs for landslide mitigation; and

4. decision making by the public.

6.3 LEARNING FROM LANDSLIDES

Lessons learned though investigation and documentation of land-
slides can result in important insights that are invaluable for reducing
losses from future events. To accomplish this, a Learning from Landslides
(LFL) program should be created to carry out field investigations of sig-
nificant landslides and to record and disseminate their findings. Such a
program would generate new knowledge and should lead to changes in
practice across many disciplines. This LFL program would provide a
forum to observe and document landslide-generating mechanisms, as well
as the effects of landslides on the natural and built environment and their
resultant social, economic and policy implications. Findings from the LFL
program, available on the web, would stimulate new research in each of
the interrelated fields that landslides impact. The Earthquake Engineering
Research Institute, a highly regarded national nonprofit association of
earthquake engineering academics and practitioners, has a well-developed
Learning from Earthquakes program that is in the process of being expanded
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to include additional hazards (e.g., floods), and this program could serve
as a model for the LFL program.

The LFL program should be overseen by a broad, cross-disciplinary
steering committee that would develop criteria for selecting the landslides
to be investigated, determine the level of investigative response, and select
members and define the responsibilities of the investigating team. The
range of expertise of team members would encompass geological and
geotechnical engineering, transportation and public utilities, emergency
management and response, urban planning, and public policy. The range
of factors that would influence the choice of particular landslides to be
investigated would include the location relative to public works or popu-
lation centers, risk of death or injuries, potential secondary or consequen-
tial impacts, and so forth. The LFL program could provide small grants
during the one- to five-year period after a major landslide to document
lessons learned from the recovery and reconstruction process.
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A National Partnership Plan—
Roles, Responsibilities, and Coordination

account the numerous federal, state, and local government entities

that are already involved in addressing aspects of the problem.
In addition, relevant stakeholders also include owners and managers of
vulnerable transportation and utility networks, insurers and financial
institutions that have a financial stake in property at risk, and researchers
who contribute to understanding the problems and determining potential
solutions. Consequently, responsibility for the problems posed by land-
slides and the solutions to those problems are widely shared among
different levels of government and among different entities at each level.
Recognition of this shared responsibility emphasizes the need for and role
of partnerships in developing and implementing a national landslide miti-
gation strategy.

Stating that partnerships should be the foundation for carrying out a
loss reduction strategy says little in itself. Partnerships can take a variety
of forms. Too often partnerships constitute agreements on paper that have
little practical effect. Partnerships are often established with a template
that treats all partners in a similar fashion. Yet, partners often differ in
their expertise, resources, and commitment. Moreover, each of these
aspects rarely remains constant so that changes over time require adjust-
ments to the partnership. Periodic reassessments to confirm that existing
partnerships are still effective and useful are an essential element of a
partnership strategy. In short, any partnership approach must recognize
the differences between partners and also allow for changes in partner-
ship relationships over time.

ﬁ ny national effort to address landslide risks must take into

81
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A key starting point for considering landslide partnerships is the
recognition that for a national policy to be effective, it must shape not
only federal actions but also those of state and local governments, and
ultimately those of private landowners. This fundamental reality con-
fronts a “shared governance” implementation dilemma that is common to
the range of natural hazards policies (May and Williams, 1986). On the
one hand, federal officials have a strong stake in promoting hazard miti-
gation. On the other hand, in the aggregate, it is ultimately the actions of
state and local governments and of individuals owning property in
hazardous areas that directly affect the success of loss reduction efforts.
The dilemma arises because federal officials have little direct control over
the effectiveness of such local efforts and because in many instances, given
other priorities and competing pressures, state and local entities are often
unwilling or unable to take the requisite actions to reduce prospective
landslide losses. This reluctance has been documented in a number of
studies of state and local government hazard mitigation planning (e.g.,
Berke and Beatley, 1992; Burby and May, 1998; May and Deyle, 1998).

7.1 PARTNERSHIP PRINCIPLES

Recognition of the diversity of entities and the need for shared gover-
nance of landslide programs leads to consideration of a set of principles
for guiding the formation of partnerships. These principles are derived
from studies of the shared governance of hazard mitigation programs
(May and Williams, 1986; Paterson, 1998; Godschalk et al., 1999) and from
evaluation of existing geoscience-related partnership programs (e.g.,
NRC, 1994, 2001).

The principles to be considered in the formation of landslide mitiga-
tion partnerships are the following;:

1. The need to allow for multiple partnership arrangements: Given the
diversity of entities at federal, state, and local levels, it is clear that mul-
tiple partnerships must be formed. A balance must be struck between
fostering many relationships and relying on only a few well-established
networks. The former may be hard to manage, whereas the latter may not
open desired new avenues. Potential partnership networks include those
among state geological organizations, local governments, research partners
(including academic entities), and federal agencies.

2. The need to embrace existing intra- and intergovernmental arrangements
while allowing for development of partnerships with nongovernmental organiza-
tions: Existing relationships should form the basis for development of vital
partnership networks. These include partnerships involving multiple
levels of government carried out under cooperative agreements. One such
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example is the National Cooperative Geologic Mapping Program’s part-
nership arrangements for coordinating mapping requirements that entail
partnerships among federal and state entities (STATEMAP) and with
academic institutions to fund mapping research (EDMAP). In addition, it
is useful to foster nongovernmental partnerships with nonprofit organi-
zations that can serve as forums for addressing aspects of the landslide
problem. Examples of such forums include the National Association of
State Floodplain Managers (a network of state flood management officials)
and the Open GIS Consortium (a forum of private and public entities
involved in developing protocols for geographic information systems).

3. The need to share costs and responsibility: A key tenet of partnership
arrangements is the sharing of costs and responsibilities. This is essential
for providing all partners with a sense of ownership and to minimize
dependence on the financial resources of one partner. The specifics of
sharing, of course, must be worked out in advance to be equitable, and
they should be flexible enough to allow for changes in the circumstances
of different partners over time.

4. The need to minimize funding strings: Discretion, within broad bound-
aries, in the use of funds or in approaches to achieving program objectives
is desirable for promoting innovative solutions and approaches. Given
the diversity of landslide problems, the differences in expertise among
relevant organizations, and the differences in needs, such discretion
would seem to be paramount.

5. The need to tie partnerships to programmatic objectives: Too often, part-
nerships languish during endless discussions of purpose, governance, and
roles. While some level of discussion is often essential for building trust
among partners, by definition partnerships that are all process achieve
little. Accomplishments are more likely if partnerships are defined with
respect to carefully described programmatic objectives. Partnership objec-
tives should be defined in a manner to permit gauging progress with
respect to key goals, while also allowing for innovation and necessary
change.

7.2 RECOMMENDED PARTNERSHIPS

Because the responsibility for mitigating landslide risk is so widely
distributed, it is imperative that a national strategy be based on a set of
partnerships involving federal, state, local, and nongovernmental entities.
The committee recommends creation or continuation of multiple partner-
ship relationships for carrying out a national landslide strategy. These
partnerships, their roles, and makeup are summarized in Table 7.1. Each
of the entries shows the functions and focal point of the partnership. In
most instances, partnerships will necessitate the involvement of multiple
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TABLE 7.1 Recommended Partnerships

Partnership Functions Makeup

Federal-level
partnership

Federal-state
risk assessment
partnership

State, local, and
nongovernmental
partnership

Research
partnership

International
partnership

Leadership of national
strategy

Coordination and funding
of research

Coordination and funding
of other partnerships
Resolution of landslide
issues for federal lands
and facilities

Hazard identification

and mapping

Promotion of risk analysis
and mitigation practices
for landslides affecting
state land and properties

Promotion of risk analysis
and mitigation practices
for landslides affecting
local and private entities
Educational outreach to
the general public and
relevant professions

Research on process
mechanics, monitoring
techniques, loss and risk
assessment methods, and
mapping techniques
Guidelines development
and outreach activities

Sharing of research and
practices for addressing
landslide risks
Cooperative follow-up to
major international
landslide events

Federal coordinating organization
comprised of key federal agencies,
led by U.S. Geological Survey

Cooperative program with state
geological entities

Cooperative program with state
departments of transportation
and other relevant state entities

“User group” partnership of local
entities and nongovernmental
stakeholders, potentially formed
as a nongovernmental users

group.

Partnerships between universities
and both governmental agencies
and other stakeholders.

Bilateral agreements between
federal landslide coordinating
council and relevant entities in
other countries

Participation of U.S. professionals
in international activities (e.g.,
International Consortium on
Landslides, see Box 7.2;

Joint Technical Committee on
Landslides, see Box 7.3).
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levels of government and of nongovernmental organizations. As such,
the envisioned partnerships are not intended to be mutually exclusive.
The formation and operation of each of the partnerships should be guided
by the overarching partnership principles outlined above.

The specifics of these partnerships will have to be refined as part of an
implementation plan for the national strategy for landslide loss reduction.
With this caveat in mind, the committee envisions each partnership as
functioning in the following manner:

1. Federal-level partnership: A national strategy should recognize the
need for an interagency organizational structure to ensure leadership and
coordination at the federal level. There are several potential models for
such coordination, including the Federal Geographic Data Committee,
charged with overseeing the National Spatial Data Infrastructure; the
Interagency Committee of Seismic Safety in Construction, charged with
oversight of Executive Orders concerning seismic safety of federal facili-
ties; and the National Earthquake Hazard Reduction Program, respon-
sible for coordination of federal earthquake risk reduction programs.

A federal-level landslide hazards reduction coordinating committee
would consist of representatives from the major federal agencies that
address landslide risks. An appropriate chair would be the Director of the
U.S. Geological Survey (USGS) (or designee), with participation on the
committee by an extensive group of agencies with responsibilities in this
area (e.g., National Park Service [NPS], Bureau of Land Management
[BLM], Federal Emergency Management Agency [FEMA], National
Science Foundation [NSF], National Aeronautics and Space Administra-
tion [NASA], U.S. Army Corps of Engineers [USACE], U.S. Forest Service
[USES], Federal Highway Administration [FHWA], Federal Railway
Administration [FRA]). As appropriate, representatives of states and
major national organizations (Association of American State Geologists
[AASG], Association of Engineering Geologists [AEG], American Insti-
tute of Professional Geologists, American Geological Institute [AGI],
American Planning Association [APA], American Society of Civil Engi-
neers [ASCE]) could be asked to serve on subcommittees of the federal-
level coordinating entity.

The key functions of the federal coordinating partnership would be
leadership of the national strategy, coordination and funding of research,
coordination and funding of other partnerships, and addressing common
issues concerning federal lands and properties including standards and
guidelines for such facilities.

2. Federal-state partnership: The federal-state partnership is envisioned
as the central mechanism for promoting hazard identification, mapping,
and risk analyses at the state level. This partnership could be based on
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cooperative agreements between the USGS and state geological agencies,
between the FHWA and state highway departments, and between other
relevant federal and state agencies. In keeping with the partnership prin-
ciples articulated here, the cooperative programs would be undertaken
on a matching funds basis. Existing organizations such as the AASG could
form important components of this intergovernmental partnership.

3. State, local, and nongovernmental partnership: This partnership is
envisioned as a broad-based coordinated effort among state governments,
local governments, environmental and other nongovernmental organiza-
tions, relevant professional associations, and financial stakeholders. In
essence, these constitute a “users group” for mapping and risk manage-
ment products, as well as the key groups for implementing landslide risk
loss reduction measures at the local level. In addition to undertaking
specific mitigation measures (e.g., see Box 7.1), such groups are important
for developing and carrying out the educational functions discussed in
this report.

Local educational and loss reduction programs could be promoted
through demonstration programs and cooperative federal agreements.
However, it is important to consider the feasibility of forming a non-
governmental user group entity that would have membership open to
these designated entities and would serve as a mechanism for sharing
and promoting loss reduction practices. Examples of nongovernmental
users groups are the Open GIS Consortium and the GeoData Alliance—
consortia of government and nongovernmental organizations that have a
stake in data formats and use (NRC, 2001).

4. Research partnership: Earlier parts of this report described critical
research gaps encompassing aspects of landslide process mechanics,
monitoring techniques, loss and risk assessment methods, and mapping
techniques. Research on these topics is envisioned as continuing, in col-
laboration with state, local, and nongovernmental partners, with increased
funding through intra- and extramural research programs of federal
agencies (e.g., NSF, NASA, USGS). One option would be the establishment
of a research center to provide a focus for these geoscience and geological
engineering aspects of landslide mitigation. This would complement the
present social science-focused activities of the Natural Hazards Center at
the University of Colorado, Boulder. Whereas the Boulder center acts as a
national and international clearinghouse to provide information on natural
hazards and human adjustments to these risks, a natural science-focused
center would act as a clearinghouse for technical and loss information and
would perform important educational and outreach functions. Such a
center could be distributed among a number of institutions, perhaps
modeled on the Earthquake Engineering Research Centers at State Univer-
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BOX 7.1
PARTNERSHIP CASE HISTORY—ROCK FALL MITIGATION

Serious rock fall hazards exist in Vail, Colorado, where ledges of resis-
tant limestone and sandstone form cliffs above residential structures. After
a severe rock fall in May 1983, the Colorado Geological Survey assisted
the town in assessing the rock fall hazard. The town and some property
owners in Vail Village formed a Geologic Hazard Abatement District
(GHAD) and mitigated much of the hazard by constructing a ditch and
berm on the slope above the residences.

The ditch and berm were designed with the aid of rock fall simulation
software developed by university researchers with financial support from
the Colorado Department of Transportation. Another very serious rock fall
occurred within the GHAD in 1997, both above and to the west of the
protective envelope provided by the ditch and berm. The ditch and berm
stopped all rocks that fell toward it, as predicted, but rocks falling outside
this protection zone caused substantial damage to other condominiums.

This case history demonstrates a successful partnership between state
and local governments, academia, and local citizens groups to develop
and install an effective mitigation system. It also shows the limitations of
such arrangements—financial constraints resulted in the ditch and berm
being constructed over too short a distance.

Concepfual

ditch and berm
rockfall-hazard
mitigation at Booth
Creek near Vail

SOURCE: Colorado Geological Survey (CGS, 1998).
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sity of New York at Buffalo, University of Illinois at Urbana-Champaign,
and University of California at Berkeley, with a charter to

* develop interdisciplinary curricula to provide the cross education
for individuals working or desiring to work in landslide hazard mitigation;

® conduct basic research into all aspects of the programmatic area; and

® assist in the massive and key effort related to outreach; this would
include outreach in its broadest sense—to scientists, engineers, planners,
decision makers, and the public.

5. International partnership: Much can be learned from research and
landslide experiences and practices in other countries, and the United
States has an important role in sharing advances in this country with other
countries. Consequently, international partnerships are an important com-
ponent of a national strategy. The committee envisions the international
partnerships as a set of bilateral agreements between the U.S. federal
coordinating entity and relevant foreign partners. Participation of U.S.
professionals in international activities could be managed under the
auspices of the proposed natural science research center, including involve-
ment in the International Consortium on Landslides (ICL; see Box 7.2) and
the Joint Technical Committee on Landslides (JTC-1; see Box 7.3).

7.3 OVERVIEW OF FEDERAL, STATE, LOCAL, AND
NONGOVERNMENTAL ROLES

The partnerships proposed here constitute the institutional frame-
works for coordinating and carrying out a national landslide loss reduc-
tion strategy. Within these frameworks, federal, state, and local governments
and nongovernmental entities have a range of roles and responsibilities.
These are too numerous to identify in detail, but it is useful to consider
the multiple levels of involvement of these entities and the key roles that
are involved at each level (e.g., multisector partnership for the DeBeque
Canyon landslide described in Box 7.4).

7.4 FEDERAL AGENCY ROLES

The federal role in a national landslide loss reduction strategy should
be leadership, funding, and coordination of federal, state, local, and non-
governmental efforts. The primary mechanisms for carrying this out are
envisioned as the partnerships identified in the preceding section. The
national strategy proposal (Spiker and Gori, 2000) contains substantial
information concerning the USGS role in the national strategy, but it has
considerably less detail concerning the roles of other agencies. Although
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BOX 7.2
INTERNATIONAL CONSORTIUM ON LANDSLIDES

The International Consortium on Landslides (ICL) is an international non-
governmental and nonprofit scientific organization supported by the United
Nations Educational, Scientific and Cultural Organization (UNESCO), the
World Meteorological Organization, the Food and Agricultural Organiza-
tion of the United Nations, the United Nations International Strategy for
Disaster Reduction, and intergovernmental programs, such as the Inter-
national Hydrological Programme of UNESCO, the Government of Japan,
and other government bodies. The ICL was registered in August 2002 in
Kyoto Prefecture, Japan, as a nonprofit organization, and the Secretariat is
currently located in Kyoto.

The objectives of the ICL are the following:

e Promote landslide research for the benefit of society and the envi-
ronment, and promote capacity building, including education, particularly
in developing countries.

e Integrate geosciences and technology within the appropriate cultural
and social contexts in order to evaluate landslide risk in urban, rural, and
developing areas, including cultural and natural heritage sites; contribute
to the protection of the natural environment and sites of high societal value.

e Combine and coordinate international expertise in landslide risk
assessment and mitigation studies, thereby resulting in an effective inter-
national organization that will act as a partner in various international and
national projects.

e Promote a global, multidisciplinary program on landslides.

The central activity of the ICL is the International Programme on Land-
slides, which sponsors research projects. Other activities planned include
international coordination of landslide studies, exchange of information
and dissemination of research activities, capacity building through meet-
ings, dispatch of experts, development of landslide databases, and publica-
tion of the forthcoming ICL journal, Landslides.

the committee appreciates that the publication of one agency might avoid
being particularly prescriptive concerning the roles of other agencies, a
truly national strategy must nevertheless include a balanced description
of the different roles. The committee’s suggestions for the roles and
activities of key federal agencies within the overall partnership frame-
work—from an illustrative rather than comprehensive perspective—are
as follows:
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BOX 7.3
JOINT TECHNICAL COMMITTEE ON LANDSLIDES

The Joint Technical Committee on Landslides was formed in 2002 as a
joint technical committee of the International Society for Soil Mechanics
and Geotechnical Engineering (ISSMGE), the International Association for
Engineering Geology and the Environment (IAEG), and the International
Society for Rock Mechanics (ISRM). In representing these three international
geotechnical professional societies, the committee is responsible for

1. discussing, advancing, and developing the science and engineering
of landslides and constructed soil and rock slopes;

2. encouraging the collaboration of those who practice soil mechanics,
rock mechanics, engineering geology, mining engineering, geomorphology,
and geography, as applied to landslides on natural and engineered slopes;

3. fostering and organizing conferences, symposia, and workshops,
including the international Symposia on Landslides, which are held at four-
year intervals; and

4. contributing to the international congresses and conferences of
ISSMGE, IAEG, and ISRM.

Department of the Interior. The Department of the Interior (DOI) is envi-
sioned as serving as the chair of the federal agency coordinating council.
Within DOI, important components of the strategy should be carried out
by USGS, BLM, and NPS.

e LS. Geological Survey: The USGS will have a central role in funding
and carrying out research, in funding and carrying out cooperative hazard
identification and mapping programs (in conjunction with state geological
agencies), in serving as the central repository (clearinghouse) for geo-
spatial data concerning landslide hazards, and in providing technical
assistance and education. The USGS strategy proposal provides consider-
able information on the role that its Landslide Hazards Program, in part-
nership with state geological surveys, would play in a national mitigation
strategy. The primary modification that the committee would suggest to
the role proposed by the USGS is the addition of risk assessment, as an
underlying principle guiding the prioritization of program activities, and
the development and broad dissemination of landslide hazard risk assess-
ment methods. Landslide Hazard Program activities should also include
cooperative partnerships with other programs within the USGS, including
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BOX 7.4
DEBEQUE CANYON LANDSLIDE: AN EXAMPLE OF A
SUCCESSFUL FEDERAL-STATE-ACADEMIC-PRIVATE SECTOR
PARTNERSHIP FOR LANDSLIDE MITIGATION

The DeBeque Canyon landslide is located on the south side of DeBeque
Canyon in western Colorado. The landslide is very large—it extends about
1700 feet along the canyon and about 1,000 feet from the canyon top to
the river. The landslide has more than 450 feet of elevation difference from
head to toe (see aerial photograph below). Because of the importance of
the combined I-70 and railroad transportation corridor, a major failure of
the landslide has the potential to cause severe disruption to the Colorado
and regional economy.

The landslide first affected Colorado transportation in 1924, when it
disrupted the railroad. Later, U.S. Highway 6 was constructed through the
canyon. Alignment improvements to this highway cut into the toe of the
landslide in 1957, and subsequent movements affected the highway in
1958. Interstate 70 was constructed through the canyon in the early 1980s.
Landslide investigations were conducted, and a design that incorporated
additional loads on the slide toe was selected. The slide was stable until
1994 when slow creep failures began, and annual maintenance repairs
have continued since then. More serious movement occurred in 1998,
causing road damage and traffic delays on I-70.

Not only is the landslide huge; its movements are complex. The lower
portions include a number of rotational elements, whereas the upper por-
tions show translational movements. One very large block appears to be
creeping slowly toward the canyon. Crevices have opened behind this
block, which is composed of several extremely massive subblocks.

In response to the 1998 failures, the FHWA funded an emergency inves-
tigation program through the Colorado Department of Transportation. A
partnership was formed to undertake the investigation, including the USGS,
the Colorado Geological Survey, the Colorado School of Mines, and Golder
Associates, a private consulting company. The Colorado Department of
Transportation provided project oversight. The project team mapped the
landslide and surrounding area, drilled test holes, designed an emergency
response monitoring system, installed field instrumentation, modeled and
interpreted the stability and potential failure modes of the landslide, and
prepared cost-benefit mitigation scenarios. Each of the partnership mem-
bers brought complementary skills to these tasks.

The DeBeque Canyon landslide continues to be monitored. The federal-
state-academic-private sector partnership was successful in developing a
cost-effective and timely response to a critical landslide hazard.

continued
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BOX 7.4 Continued

DeBeque Canyon landslide near Grand Junction, Colorado, affects 1-70 and the
Colorado River. Scale is provided by cars and trucks on the highway.

SOURCE: Colorado Geological Survey (CGS, 2000, 2003); photo by Jonathan L.
White.

the Coastal and Marine Program, to address submarine landslide hazards
and with Biological Discipline programs for greater emphasis on identify-
ing the ecological effects of landslides.

® Other DOI Bureaus: The BLM and NPS are essentially “customer”
agencies, with USGS playing an important role in the provision of land-
slide hazard identification, mapping, and hazard mitigation on federal
lands.

Department of Homeland Security—Federal Emergency Management
Agency. Increasingly, it is clear that presentation of hazard information in
terms of risks to people, risks to the built environment, and impacts on
the social and economic spheres, can be an inducement to governments at
all levels to take responsible action. The HAZUS program and Project
Impact, both developed and promoted by FEMA, have been major steps
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in this direction, but they do not currently focus on landslides. FEMA has
developed interactive exercises involving local communities in dealing
with earthquakes, floods, and hurricanes. These exercises are designed to
educate local government officials as to the types of problems they might
face and pose questions concerning what steps could have been taken
prior to the event in order to avoid or control the hazard. Such exercises
could be developed for landslides.

At present, much of FEMA’s landslide-related activity is focused on
post-disaster cleanup activity following ground failure events. The
committee’s perception of FEMA’s role as part of a national partnership is
that it would place a much greater emphasis on landslide mitigation,
including the provision of technical resources for the development of risk
assessment methods, guidelines for risk assessments, and educational and
other outreach materials concerning best practices for landslide loss
reduction. FEMA'’s existing partnerships with state and local governments
are important conduits for outreach programs. In addition, the recent
post-landslide residential buyouts by FEMA using Hazard Mitigation
Grant Program (HMGP) funds (see Box 7.5) show real promise for reduc-

BOX 7.5
FEMA-STATE BUYOUT PARTNERSHIPS

In 1998, the El Nifio winter caused severe landslide damage to many
parts of the western United States. In California, which was especially hard
hit by the storms, FEMA and the Governor’s Office of Emergency Services
(OES) provided financial support under the FEMA HMGP for a statewide
landslide acquisition or relocation program. Local communities that suf-
fered El Nifo landslides applied for buyout funds through OES, which re-
viewed and prioritized all proposals. OES then recommended eligible
projects to FEMA for its review and funding. Although there was prece-
dence for FEMA and California using HMGP funds to acquire properties
that had been flooded repeatedly, this was the first time that money was
provided for local governments to buy or relocate homes affected by land-
slides. Any structures that remained on the acquired properties were de-
molished, and the land was converted to open space, maintained by the
appropriate local government entity. The total cost of the various approved
acquisitions was $30 million, of which FEMA provided a 75% federal share
($22 million). Since that initial program in California in 1998, FEMA has
undertaken similar property buyouts in other landslide-damaged areas in
Oregon and Colorado.
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ing future losses. To fulfill such an expanded role, FEMA would require
additional funding, institutional commitment, and increased collabora-
tion and interaction with other agencies.

Department of Defense—U.S. Army Corps of Engineers. As both an
applied and a research organization, the USACE is envisioned as fulfill-
ing a number of important roles within a national strategy, with particular
leadership responsibility for engineered mitigation activities. The network
of USACE districts and divisions will be important for technology trans-
fer, to assist state and local government entities and other federal agencies
with the planning and provision of engineering options to decrease land-
slide hazards. The USACE role should also include the development of
guidelines and standards concerning engineered landslide mitigation.

Department of Commerce—National Oceanic and Atmospheric Admin-
istration (NOAA). Two of NOAA'’s organizations, the National Weather
Service (NWS) and the National Ocean Service (NOS), should play impor-
tant roles in a national strategy. A USGS-NWS partnership for landslide
hazard warning, building on past partnerships, offers considerable potential
for reducing the risk of injury or loss of life from rainfall-induced land-
slides. NOS and USGS partnered effectively to conduct coastal mapping
activities for the Airborne LIDAR Assessment of Coastal Erosion (ALACE)
project, and development of this partnership offers considerable potential
for mapping coastal landslide hazards.

Department of Transportation—Federal Highway Administration and
Federal Railway Administration. The FHWA is envisioned as having an
important role in providing technical assistance and promoting loss
reduction efforts undertaken at the state level by state highway agencies.
The FRA has a similar role in providing technical assistance and promot-
ing adoption of risk management practices for national railways. There is
scope for both agencies to promote effective transfer of technology
through demonstration projects.

Department of Energy. The national laboratories administered by the
Department of Energy have a potential role as participants in research on
landslide processes within their facilities addressing earth and environ-
mental sciences.

Department of Agriculture—U.S. Forest Service. The USFS has an impor-
tant role in addressing landslide hazards within federal forest lands. USFS
geologists and engineers have extensive landslide expertise, particularly
with the application of low-cost mitigation solutions along USFS access
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roads that are often located in unstable, mountainous regions. They have
had a long tradition of conducting basic research on landslide mecha-
nisms and the environmental consequences of landsliding associated with
forest practices (e.g., Sidle et al., 1984). Increased landsliding mapping
and research activity by the USGS on forested lands would contribute to
the continued debate about how to minimize landslide occurrence.

National Aeronautics and Space Administration. NASA will have an
important role in supporting basic research to develop and exploit remote-
sensing techniques for hazard reduction. NASA will be a source of raw
data on topography and other images (Synthetic Aperture Radar [SAR],
hyperspectral, photographic, etc.) that can be “fused” to assist in land-
slide delineation, monitoring, and prediction. A recent report commis-
sioned by NASA’s Earth Science Enterprise (Solid Earth Science Working
Group, 2003) explicitly calls for a “one time global mapping at 2- to 5-m
resolution and 0.5-m vertical accuracy” of topography in the next 5 to
10 years. This would lead to a “continuously operating, targeted, high-
resolution topographic mapping and change-detection capability” in the
next 10 to 25 years (Solid Earth Science Working Group, 2003) that would
contribute greatly to landslide hazard mitigation.

National Science Foundation. NSF is envisioned as having an important
role in providing basic principal investigator-driven research support for
understanding landslide hazards and processes. This would be conducted
through a combination of existing extramural research programs and the
proposed research center. The Interferometric SAR [INSAR] component of
NSF’s EarthScope initiative, requiring a dedicated L-band InSAR satellite
to be developed and managed by a NASA-NSF partnership, offers con-
siderable potential for landslide hazard studies. INSAR will be of particu-
lar value for the identification and quantification of movement in large
landslides. The recent decision by NSF to support the Center for Airborne
Laser Mapping will provide research-grade LIDAR data and training
opportunities for researchers.

7.5 STATE AND LOCAL GOVERNMENT ROLES

The committee recognizes the paramount role of states, and particu-
larly of localities, in carrying out a national landslide loss reduction
strategy. States have important responsibilities in addressing landslide
risks for state properties, in promoting local adoption of appropriate land-
slide loss reduction measures, and in identifying and mapping landslide
hazards. These roles include involvement of the following;:
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e State geological agencies: State geological agencies, as part of the
envisioned federal-state mapping partnerships, should continue and
expand their roles in identification and mapping of landslide hazards.
The discussion of education and outreach efforts (Chapter 6) emphasizes
that for such maps to be effectively employed, state geological agencies
must be proactive in providing technical assistance, education, and out-
reach programs for planners, geotechnical engineers, and others involved
in risk analysis and loss reduction.

e State highway departments: State highway departments, as part of
the envisioned federal-state highway landslide risk partnerships, should
continue and expand their activities in addressing landslide hazards
affecting state highways. These entities also have important roles in
providing technical assistance to local public works departments.

e State planning and building code agencies: State planning and build-
ing agencies have important roles in setting and enforcing state standards
concerning comprehensive planning requirements and building code pro-
visions carried out by local governments. These entities also are involved
in providing technical assistance to local governments. Appropriate con-
sideration of landslide risks should be included in such state require-
ments.

o State forestry departments. State forestry and natural resource agencies
have roles in addressing landslide potential and environmental impacts
on state forest lands. In California, for example, the California Geological
Survey provides landslide maps and field reviews of industrial forest
lands to guide harvest plans.

e Local planning and building departments. Local planning entities
(which might variously include county engineer offices, agricultural
extension agents, soil conservation offices, etc.) have important roles in
setting forth zoning and other planning provisions and in reviewing and
approving plans for development and construction. As discussed in Chap-
ter 5, land-use planning and development controls are essential instru-
ments for addressing landslide risks. These entities also have important
educational functions with respect to the general public and private sector
planning and design professionals. Landslide risk should be part of these
education and outreach efforts.

e Local public works departments. Local public works departments have
responsibilities for municipal highways and infrastructure that is poten-
tially at risk from landslides. These agencies should be aware of landslide
risks and options for addressing them.

e Emergency planning and response organizations. Local emergency
planning and response agencies have significant roles in promoting pre-
paredness and in disaster response. As discussed in Chapter 5, improving
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the capabilities of these agencies to promote preparedness and to respond
to landslide events is an important aspect of loss reduction.

7.6 ROLE OF NONGOVERNMENTAL ORGANIZATIONS

Owners and managers of vulnerable transportation and utility net-
works, insurers and financial institutions that have a financial stake in
property at risk, engineering consultants, and university and other
researchers who contribute to understanding the problems and potential
solutions are relevant stakeholders. These entities are envisioned as being
important players in the proposed local or nongovernmental user part-
nership and in the proposed research partnership. Their involvement is
envisioned as consisting of sharing of technical expertise and experience,
participation in partnership committees that develop approaches to pro-
moting landslide loss reduction, participation in research activities, and
financial contributions to user and research partnership programs. Key
players among these entities include professional associations (e.g., AEG,
APA, AGI, ASCE) and university researchers. Like other nongovernmental
stakeholders, professional associations and university researchers are
envisioned as being active participants in the user and research partner-
ships. In addition, the Public Risk Management Association, the Nonprofit
Risk Management Center, and the Public Entity Risk Institute have col-
laborated to establish the Risk Management Resource Center to provide
information on-line to help local governments, nonprofit organizations,
and small businesses manage risks effectively (RMRC, 2003).
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Funding Priorities for a National Program—
Realizing the Vision

landslide hazards, expanding on the strategy outline presented in

the U.S. Geological Survey (USGS) proposal (Spiker and Gori,
2000). Experience with landslides and advances in landslide research in
the past decades have led to a better understanding of the physical
processes of landslides, their potential consequences, and the means for
reducing losses. Despite these advances, many gaps remain and attention
to landslide risks in much of the country is haphazard at best. The vision
of this report is one of a comprehensive national program that establishes
a strong leadership role for the federal government but is based on part-
nerships with states, localities, and the research community, and empha-
sizes the translation of knowledge into practical applications.

I I 1 his report provides a vision for a national strategy for mitigation of

8.1 FEDERAL FUNDING LEVELS

A comprehensive national program for addressing landslide risks
requires a considerably increased level of federal funding for landslide
partnership programs compared with current funding levels, and the
committee believes that this ultimately will require more than the $20 mil-
lion envisioned as the target budget for the USGS Landslide Hazards
Program in the national strategy proposal (Spiker and Gori, 2000). The
committee recognizes the reality that national budgetary considerations
will determine the total annual funding provided to implement the strat-
egy and emphasizes that it is the distribution of total available funding
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among the different components that is of paramount importance for an
appropriately balanced national program.

This recommendation for substantially increased funding can be use-
fully compared with the current and recommended funding for National
Earthquake Hazard Reduction Program (NEHRP). For this comparison,
useful benchmarks are provided by a recent earthquake loss reduction
research and action plan prepared by the Earthquake Engineering Research
Institute (EERI) (EERI, 2003). Federal funding for the NEHRP program as
of FY 2001 was approximately $100 million, distributed across the four
partner agencies: USGS (48%), National Science Foundation (NSF) (30%),
Federal Emergency Management Agency (FEMA) (20%), and National
Institute of Standards and Technology (2%). The EERI research and action
plan recommended annualized federal funding of $358 million for the
first 5 years of a 20-year period (EERI, 2003). Annualized losses from
earthquakes in the United States have been estimated as ranging from
$4.1 billion (direct damage only) to $10 billion (including indirect losses),
compared with estimated average annual losses from landslides of approxi-
mately $1 billion to $3 billion (NRC, 1985; Schuster and Highland, 2001).
The landslide program funding level proposed here is equal to 20% of
current earthquake funding and 5% of the EERI proposed funding level
for a 20-year program of earthquake research and applications.

8.2 FUNDING PRIORITIES

The committee recognizes that the program proposed here requires a
substantial funding increase that, for maximum efficacy, should be phased
in over several years. In addition, it is important to recognize that the
funding requirements of the program will change over its life. The national
strategy proposal (Spiker and Gori, 2000) identified goals and implemen-
tation actions for a 10-year time scale, and accordingly, the following
description of funding levels uses the perspective of a 10-year program.
The proposed funding levels for such a program are based on three
periods: (1) an initial funding phase of $20 million per year for three years;
(2) an established program phase for three years of $35 million per year;
and (3) a mature program period of $50 million per year for four years. As
the program progresses from the initial, through established, to mature
phases, the funding priorities also change from an initial emphasis on
research, development of guidelines, and startup, to the later widespread
implementation of landslide risk reduction measures through various
partnership programs.

Table 8.1 provides a summary that compares the USGS proposed
funding levels (Spiker and Gori, 2000) with the funding levels proposed
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TABLE 8.1 Proposed Funding Levels for a National Landslide Hazards
Mitigation Program (million dollars)

Proposed Annual Funding

USGS Proposed  Initial Established Mature

Program Element Annual Funding  (Years 1-3) (Years 4-6) (Years 7-10)

Process mechanics 15 2 2 1

Monitoring techniques 2 3 2 1

Loss and risk assessment 0 2 3 1
methods

Mapping techniques 2 3 3 1

Hazard identification and 12 4 10 15
state mapping

Mitigation measures and 0 2 7 20
programs

Learning from Landslides 0 1 2 2

Enhancing professional 0 1 3 4
capabilities

Program management and 2.5 2 3 5
staffing

Total 20 20 35 50

here for each of the three phases of a 10-year program. These figures are
based on the committee’s expert opinion regarding necessary funding
levels for each of the program elements.

Initial Funding Phase (Years 1-3)—$20 million Annually. The emphasis
during the initial funding phase would be on initiating a federal program,
establishing the essential partnerships for carrying out the program, and
developing the research and application foundation for the program.

Established Funding Phase (Years 4-6)—$35 million Annually. The empha-
sis once the federal program is established would be on moving the
research and guidelines toward practical application through increased
emphasis on cooperative mapping programs, demonstration programs
concerning mitigation measures, and enhancement of professional capa-
bilities.

Mature Funding Phase (Years 7-10)—$50 million Annually. The empha-
sis for the mature level of funding would be on sustaining the established
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initiatives with increased emphasis on translation of knowledge into prac-
tical applications involving risk management and mitigation programs
that would be undertaken cooperatively with states and localities. Federal
funds would be used for dissemination of guidelines and best practices,
outreach efforts to encourage mitigation and loss reduction efforts at state
and local levels, and cooperative mapping and demonstration programs.
Federal funds are not anticipated as being used, other than as part of
demonstration programs, to mitigate specific landslide risks.

8.3 FUNDING ALLOCATIONS

A different way of thinking about the recommended funding targets
is to consider how the recommended federal funding might relate to the
federal, state, local, and other partnerships that the committee envisions.
Table 8.2 illustrates how the committee’s proposed program targets could
be allocated among different program partners across the three phases of
a 10-year program.

The basic and applied research elements of the proposed strategy
(process mechanics, monitoring, loss and risk assessment methods, and
mapping techniques) are expected to be undertaken by a combination of
intramural and extramural federally funded research. An important addi-
tional component of this research is the possibility of funding a landslide
risk science and technology research center. Loss data information and

TABLE 8.2 Allocation of Federal Funds Among Partners (million

dollars)

Proposed Annual Funding

Initial Established Mature
Partnership Element (Years 1-3) (Years 4-6) (Years 7-10)
Intramural and extramural federal research 7 7 2
Landslide research center 3 3 2
Loss data - Learning from Landslides 1 2 2
State mapping partnerships 4 10 15
Local and non-government mitigation 2 7 20

partnerships

Other educational outreach 1 3 4
Federal program management 2 3 5
Total 20 35 50
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consequences are anticipated as being collected as part of a Learning from
Landslides program. Hazard and susceptibility mapping would be under-
taken through the proposed cooperative federal-state mapping program.
Hazard mitigation activities are envisioned as central to the proposed local
and nongovernmental mitigation partnership. Educational outreach is
envisioned as being undertaken through a variety of specialized grant
programs.
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areas and individual landowners, damage resulting from landslide

hazards has not generally been recognized as a problem of national
importance and has not been addressed on a national basis. The absence
of a coordinated, national approach to mitigating the detrimental effects
of landslides has resulted in a reduced ability of state and local govern-
ment agencies to apply the important lessons learned, often at consider-
able expense, in other parts of the country. As a result of a congressional
directive, the U.S. Geological Survey (USGS) addressed the need for a
national approach by preparing the National Landslide Hazards Mitiga-
tion Strategy (Spiker and Gori, 2000). This proposal describes in broad
overview the nine major components, ranging from basic research activi-
ties to improved public policy measures and enhanced mitigation, con-
sidered essential to address hazards arising from landslides at the national
level. The committee agrees that a national approach to the mitigation
of landslide hazards is needed and considers that the nine components
briefly described in the USGS proposal are the essential elements of a
national landslide hazard mitigation strategy.

Responsibility for the problems posed by landslides, and for the
solutions to those problems, is widely shared among different levels of
government and among different stakeholders at each level. This shared
responsibility emphasizes the role of the partnerships that will be required
to develop and implement a national landslide hazards mitigation strat-
egy. A key starting point for considering landslide partnerships is the
recognition that for a national policy to be effective, it must shape not

I )rimarily because individual landslides usually affect limited local
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only federal actions but also those of state and local governments and
ultimately those of private landowners. The committee agrees that a
national landslide hazards mitigation strategy should be based on part-
nerships involving federal, state, local, and nongovernmental entities.
The committee has defined five focal points for partnerships that will
inevitably entail relationships within and among multiple levels of govern-
ment and with nongovernmental entities:

1. partnerships between the federal agencies involved in landslide
mitigation to provide leadership and national coordination;

2. partnerships between federal agencies and their state counterparts
to promote hazard mapping and risk analysis at the state level;

3. partnerships between state agencies and local governments, non-
governmental groups, and private citizens to ensure that education and
assistance is provided to the “front line” of mitigation activities;

4. research partnerships between federal agencies and academic insti-
tutions, in collaboration with state, local, and nongovernmental partners,
to conduct research on landslide process mechanics, monitoring tech-
niques, loss and risk assessment methods, and mapping techniques, and

5. international partnerships for global exchange of knowledge and
techniques.

The description of the components of a national landslide hazards
mitigation strategy in the USGS proposal is brief. The committee con-
cludes that a more complete discussion of the comparative importance of
each element of the proposed national strategy is required and a sense of
priorities must be presented. The recommendations presented in the
following paragraphs are designed to convey the committee’s priorities
for a national program:

The committee recommends that a national strategy for landslide
loss reduction promote the use of risk analysis techniques to guide loss
reduction efforts at the state and local levels. Because the state of the art
of landslide risk analysis is evolving, further development of risk analysis
methods, and documentation and dissemination of their use, are impor-
tant components of the research and application program for a national
landslide strategy. Use of risk analysis for guiding appropriate choice of
landslide loss reduction tools should be an important element of the
technical assistance and outreach programs provided to state, local, and
nongovernmental entities. Development of guidelines and standards
concerning best practices and promotion of those practices at state and
local levels of government are important aspects of the proposed federal
strategy.
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The National Landslide Hazards Mitigation Program must play a
vital role in evaluating methods, setting standards, and advancing pro-
cedures and guidelines for landslide hazard maps and assessments.
National landslide information gathering and mapping should be under-
taken within the proposed partnerships. The program must establish
appropriate standards and procedures for the collection, long-term manage-
ment, and maintenance of this information. Metadata must be associated
with all data collected under the auspices of the program, in accordance
with National Spatial Data Infrastructure protocols. Hazard zonation
mapping must be developed for multiple mapping scales by utilizing best
available technologies. Accurate terrain information is essential, and the
landslide hazard mapping program must be based on the highest-resolution
topographic data.

In order to provide tools for landslide hazard mitigation, it will be
necessary to conduct basic research on monitoring techniques and on
aspects of landslide process mechanics. An integrated research program
is recommended in which intensive field studies are used to (1) improve
site and laboratory characterization techniques; (2) develop new field
monitoring methods; (3) obtain greater understanding of failure and
movement mechanisms; and (4) develop and test models to predict fail-
ure timing, location, and ultimate mass displacement. Studies of debris
flows, bedrock slides, and submarine landslides deserve greatest atten-
tion. Innovative remote-sensing technologies are now offering researchers
the possibility of rapid and detailed detection and monitoring of land-
slides. Additional support to exploit these new technologies and develop
practical tools for a broad user community is needed.

Improved education and awareness of landslide hazards and miti-
gation options, for decision makers, professionals, and the general
public, must be primary components of a national landslide hazard
mitigation program. Collecting and disseminating information about
landslide hazards to federal, state, and local government agencies and
nongovernmental organizations, planners, policy makers, and private
citizens in a form useful for planning and decision making is critically
important to an effective mitigation program. Such education and aware-
ness efforts will be most effective if implemented at the outset of the
program. If the national landslide hazard mitigation program is to mate-
rialize, broad-based acceptance, participation, and support are essential
to its success.

The committee agrees that substantially increased funding will be
necessary to implement a national landslide hazards mitigation pro-
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gram. The committee considers that the figure of $20 million, presented in
the USGS proposal as the amount required to support an enlarged Land-
slides Hazards Program within USGS, would provide an adequate basis
for the initial stages of a national strategy with a 10-year target for achiev-
ing substantial loss reduction goals. However, the committee considers
that the distribution of funding should progress from an initial emphasis
on research, development of guidelines, and startup to the later wide-
spread implementation of landslide risk reduction measures through
various partnership programs. The committee considers that additional
increases—to annual funding of $35 million for years 4-6 and $50 million
for years 7-10 and beyond—will be required to support these later parts of
the program. The committee recognizes the reality that national budget-
ary considerations will determine the total annual funding provided to
implement this strategy and emphasizes that the distribution of total avail-
able funding among the program’s different components is of paramount
importance for an appropriately balanced national program.

The committee commends the USGS for undertaking the important
initial steps toward a comprehensive national landslide hazards miti-
gation strategy. The committee recommends that the USGS—in close
partnership with other relevant agencies—produce the implementation
and management plans that will provide the practical basis for an effec-
tive national strategy that can be applied at the local level.
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Case Studies—A Widespread Problem

ness of the characteristics and variety of landslides—how they are
triggered, their size and speed—and various community, institu-
tional, or technological responses to these hazards.

I I 1he following examples are presented to give the reader an aware-

Coastal Erosion, California. Much of the coastline of California consists
of bluffs composed of relatively soft and poorly consolidated sediments
(Figure A.1) that do not readily withstand erosion and undercutting by
ocean waves and currents. The crest of the bluffs is an old, relatively level
marine erosion surface that constitutes a highly desirable residential
location, with easy access from inland and attractive ocean views. Many
residents do not recognize the hazard of landslides and bluff retreat.
Extensive damage results when winter storms and heavy rainfall combine
to cause the coastal bluffs to fail. Recently, a small landslide on a coastal
bluff received local notice; the following report was printed in the North
County Times (San Diego County, California) on Saturday, May 25, 2002:

DEL MAR—Another chunk of the city’s bluffs crashed onto the beach Friday
morning, bringing the unstable sandstone much closer to the railroad tracks and
creating a sheer precipice along a popular beach access point. The 20-foot-long,
5-foot-deep section slid from beneath a foot path at 11th Street at about 6:30 a.m.
A pile of sandstone and sandstone boulders spread across the narrow beach below,
nearly to the water’s edge. Atop the 60-foot bluff, a number of deep fissures near
the collapse suggest that more of the cliff may slide. The access trail at 11th Street
is a favorite for many surfers and residents, although the city does not maintain
the path, nor does it authorize its use.
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FIGURE A.1 Overview of the sea cliffs near Del Mar, California. The upper two-
thirds of the cliff are formed of relatively soft, young (Pleistocene) Bay Point
Formation, while the lower steep cliff is composed of more durable, older (Eocene)
Torrey Sandstone. Both units retreat under wave attack and require costly retain-
ing walls to provide some erosion protection.

SOURCE: Photo by Chris Metzler, Mira Costa College (http:/ /www. miracosta.cc.ca.us/
home/cmetzler/field_trip/top.html).

This landslide was modest in size; it injured not a soul and caused no
property damage. Yet it occurred in a well-populated area and was wit-
nessed by early morning beachgoers. The landslide hazard at the Del Mar
bluffs persists, and the risk to the nearby railroad has increased.

Fatalities in Oregon. On November 18, 1996, heavy rains on the Oregon
Coast Range dropped more than 18 cm of rain in a 24-hour period, lead-
ing to widespread shallow landsliding and debris flow generation. Along
Rock Creek, near the town of Roseburg, people had built homes on the
sloping surfaces of debris fans formed at the base of steep rocky hillslopes.
When they built their houses, these hillslopes were covered with dense
old forest. However, in the 1980s the slopes were clear-cut, despite con-
cerns raised by Rock Creek residents, and waste wood was tossed into
downslope steep gullies (Squier and Harvey, 2000). Removal of the trees
caused the elaborate root systems that were laced through the stony, loose
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soil to fade away, as first the fine root hairs and then the larger roots died.
With this loss of root strength, the soils became highly vulnerable to slope
instability. In the late afternoon of November 18, the heavy rains of the
day had progressively increased the soil water content until patches of
soil in two small valleys failed and flowed downslope. The first failure
tumbled down a canyon toward a house, but slowed and came to rest in
wooded areas of the broad lower valley. The second tumbled down a
steep canyon, where it picked up debris as it traveled at 5 to 7 m/s. By the
time the debris flow had reached the low, gentler slopes on which houses
were built, the mass had increased by 40 times. More than 4,000 m? of
material, traveling upward of 9 m/s, smashed through one house,
instantly killing the parents of a child who managed to run out the front
door and escape as it swept by. The flow tore down the valley, sweeping
away two more people and headed straight for another house. Fortunately
it banked and turned to travel downstream, eventually coming to rest as
it entered the mainstem Hubbard Creek. This entire event, from initial
landslide, to the crushing death of four individuals, to the halting of the
debris flow at Hubbard Creek, took only a few minutes. Subsequently,
material disturbed by the slide, including wood and many household
items (e.g., family pictures and clothing), continued down Hubbard Creek,
depositing all the way out to the confluence with the Umpqua River (12 km
from the headscarp) and beyond. This tragedy, and others in the storms
of 1996 and 1997, led to the development of a warning system, compila-
tion of hazard maps, and new legislation regarding forest practices.!

Rapid Debris Flow, New York. At approximately midday on April 27,
1993, a large landslide occurred along the foot of Bare Mountain in
LaFayette, Onondaga County, New York, about 12 miles south of Syra-
cuse. The landslide flowed rapidly toward the middle of the Tully Valley,
involving approximately 50 acres of land. It destroyed three homes and
caused the evacuation of four others. Luckily, most residents were away
from their homes at the time, so no fatalities or serious injuries resulted
from the landslide (Wieczorek et al., 1998b). The New York State Geologi-
cal Survey reported that this was the largest landslide to have occurred in
the state in more than 75 years. However, several parts of New York State,
including the Finger Lakes region and the Hudson and Mohawk valleys,
and other limited areas in the northeastern United States, such as Boston,
and in the Puget Sound region of the Pacific Northwest are covered with
similar glacial clays, originally deposited in lakes or in marine environ-
ments. Such clays are characterized by unstable internal structures and

Thttp:/ /www.oregongeology.com/Landslide/Landslidehome.htm.
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are prone to sudden landslide failures and rapid flowage of their debris,
even over very gentle or level terrain. As a consequence, this type of land-
slide hazard became the subject of collaborative studies by the U.S. Geo-
logical Survey (USGS) and the State of New York (Wieczorek et al., 1996a).
Onondaga County has begun to identify areas of landslide hazard and to
zone them accordingly (Jager and Wieczorek, 1994)

Huge Coastal Slide, Michigan. When local resident George Weeks walked
his dog along the shore in Sleeping Bear Dunes National Lakeshore,
Michigan, on an unusually warm February morning in 1995, he was
shocked to find that where there had only recently been a beautiful beach
was now a steep 100-foot drop into Lake Michigan (USGS, 1998; Figure A .2).
The millions of cubic feet of sand that made up the beach and part of the
high bluff above it had disappeared beneath the waters of the lake in a
huge coastal landslide. Luckily, no one was on this popular beach when it
slid off into the lake. The USGS was asked to investigate and determine
the causes of the landslide. In 1997, USGS scientists studied the under-
water part of the 1995 slide. Near the shore they found a deep hole where
formerly there had been a gently sloping lake bottom. They also found
that a thick blanket of slide debris extended more than 2 miles offshore

WARNING
'STEEP DUNE SLOPES

;mm@m;m,w COLLAPSE.

FIGURE A.2 Warning sign put up by National Park Service rangers immediately
after the 1995 slide.
SOURCE: USGS (1998).
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into water depths greater than 250 feet, much further and deeper than
expected. Underwater video of the deeper part of the slide showed trees,
which had been growing on the bluff and had been swept into deep water
by the slide, protruding from the sand. The most probable cause was in-
creased pore pressures within the bluff, resulting from entrapment of
water from snowmelt behind the frozen bluff face or within confined sand
layers. This mechanism is supported by history. Two similar landslides at
Sleeping Bear Point—in December 1914 and March 1971—also occurred
in unseasonably warm weather during winter months.

Sequential Coastal Slides, Massachusetts. Landslides are common along
the Atlantic and Pacific coasts. An example from coastal southern Califor-
nia has been presented already. Cape Cod is formed of unconsolidated
glacial deposits, and the onslaught of Atlantic waves and surges has
caused the coastal bluffs on its outer arm to retreat in a series of land-
slides. The Highland Light lighthouse was built in 1797 and replaced in
1857, set back from the 183-foot bluff a distance of 500 feet. By 1990, a
sequence of landslides caused the bluff to retreat to within 100 feet of the
lighthouse. In 1996, the lighthouse was moved inland a distance of 450 feet.
This sequence of events is an example of mitigation by “strategic retreat.”

Madison County Debris Flows, Virginia. The foothills of the Blue Ridge
in central Virginia are dotted with working farms along meandering
rivers. The setting is peaceful to the casual observer, but closer inspection
reveals massive boulders at the base of hills. These are signs of past vio-
lent geologic events—catastrophic large landslides and debris flows that
have sculpted the local landscape. An intense storm on June 27th, 1995,
produced 30 inches of rain in 16 hours over sections of the foothills of the
Blue Ridge in Madison County, Virginia. Hundreds of debris flows were
triggered on steep slopes and moved rapidly down mountain channels
(Wieczorek et al., 1995). Small flows joined to form larger flows that, upon
entering lowland valleys, spread mud, boulders, and other debris and
inundated homes and farms (Figure A.3). One debris flow traveled nearly
2 miles, and an eyewitness estimated that it moved at a speed approach-
ing 20 miles per hour. Because of the severity of the storm’s effects, rural
communities were isolated when bridges, roads, and power and telephone
lines failed (Burton, 1996). The full extent of the damage was not recog-
nized until aerial surveys were made several days later, and the county
was declared a federal disaster area. Scientists have documented 51 his-
torical debris flow events between 1844 and 1985 in parts of the Appala-
chians—most of them in the Blue Ridge area. Radiocarbon dating of plant
remains from debris flow deposits indicate that these processes have
occurred repeatedly over the last 34,000 years (USGS, 1996) and that
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FIGURE A.3 Aerial view of Madison County, Virginia, debris flows; note destroyed
house in upper right.
SOURCE: Morgan et al. (1999).

recurrence intervals for individual river basins are not more than 2,000 to
4,000 years (Eaton et al., 2003).

Multiple Landslide Types, Pacific Northwest. The Pacific Northwest
coastal mountains are frequently subjected to episodes of numerous
relatively small landslides following winter storms. A typical episode
occurred after two separate regional storms in November and December
1998. The November storm triggered several small landslides in south
King County, Washington, that blocked a few roads, including north-
bound Interstate 5 near the Seattle airport, but caused no serious damage.

Copyright © National Academy of Sciences. All rights reserved.



Partnerships for Reducing Landslide Risk: Assessment of the National Landslide Hazards Mitigation Strategy
http://lwww.nap.edu/catalog/10946.html

APPENDIX A 123

FIGURE A.4 Damage from the head scarp of a small earth slide closed Oregon
State Highway 229, 13 miles north of Siletz, Lincoln County, Oregon. The land-
slide is typical of the numerous landslides caused by heavy winter rains in No-
vember and December 1998 in the Pacific Northwest.

SOURCE: Baum and Chleborad (1999).

The December storm was more serious. It followed a cold spell with con-
siderable snow accumulation, and the runoff from snowmelt combined
with rainfall caused flooding and triggered landslides throughout western
Washington and, especially, western Oregon. A few of the landslides
caused significant damage, and many temporarily blocked roads and
highways (Figure A.4). USGS scientists conducted reconnaissance surveys
to assess the landslide triggering mechanisms (Baum and Chleborad,
1999), and reported that there were a variety of landslide types, including
earth slides, rock slides, rock falls, rapid earth flows, and debris flows.

Yosemite Valley Rock Falls, California. Rock falls and other types of
mass movements are an important element of landscape development in
Yosemite Valley. More than 400 rock falls have occurred in historic times;
nine people have been killed and many others injured. The largest rock
fall in memory occurred in July 1996, when two large rock blocks, with a
combined weight of nearly 70,000 tons, fell more than 2,000 feet from the
cliff face at Glacier Point to the valley floor near Happy Isles, a popular
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FIGURE A.5 Rock fall damage to El Portal Road, Yosemite National Park,
February 12, 2001.
SOURCE: National Park Service photo.

trailhead and concession stand (Wieczorek et al., 1992). The rock fall
created an air blast that flattened about 2,000 trees in the vicinity. One
person was killed at the concession stand, and 14 people were seriously
injured. The National Park Service and USGS geologists conducted assess-
ments and ultimately developed maps showing hazard zones and areas
of rock fall potential in Yosemite Valley (Wieczorek et al., 1998a; Wieczorek
and Snyder, 1999; Wieczorek et al., 1999). However these maps do not
predict when or how frequently a rock fall will occur; consequently,
neither the probability of a rock fall at any specific location nor the specific
risk to people or facilities can be assessed.

Rock fall hazard is a continuing problem at Yosemite. On February 12,
2001, a rock fall closed the El Portal Road (Highway 140) approximately
one-half mile east of the park boundary for about 24 hours. A slab of granite
of unknown size was released approximately 1,000 feet above the road.
On impact, the slab broke into many smaller pieces ranging in size from 2
to 12 feet in diameter, causing damage to the roadway (Figure A.5).

Earthquake-Induced Landslides. Earthquakes trigger landslides (NRC,
2003). There are many examples from Alaska, California, Montana, and
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other states prone to earthquakes. As well as the massive 1964 “Good
Friday” Alaska earthquake, the 1994 magnitude 6.7 Northridge earth-
quake in southern California triggered more than 11,000 landslides—the
vast majority were highly disrupted, shallow falls and slides of rock and
debris that occurred over a wide area (Harp and Jibson, 1995). Landslide
damage from the Northridge earthquake was only moderate because the
area was neither heavily developed nor populated. However landslides
did block roads, damage and destroy homes, disrupt transportation links
and lifelines, and damage oil and gas production facilities.

Volcanic and Submarine Landslides. The slopes of volcanoes frequently
experience landslides (e.g., Zimbelman et al., 2003). The cone of a volcano
is built of material that falls or flows to the angle of repose, so that moder-
ate shaking or subsequent eruptions can cause the volcano flanks to slide.
The landslide hazard for volcanoes in the United States is geographically
restricted and is confined to Alaska, California, Hawaii, Oregon, and
Washington. In some cases, volcanic landslides can occur underwater,
with the potential to cause destructive tsunamis (NRC, 2000). Giant slides
have been identified surrounding the Hawaiian Islands (e.g., Moore and
Clague, 2002) and on many other continental margins (e.g., Lewis and Collot,
2001). These landslides are among the largest known on earth, and most
have occurred within the past 4 million years. Understanding giant sub-
marine landslides is critically important because although they occur
infrequently, they can produce destructive tsunamis and accordingly have
the potential to cause enormous loss of life, property, and resources
throughout surrounding coastal regions (e.g., the 1998 Papua New Guinea
tsunami; Bardet et al., 2003; Dengler and Preuss, 2003; Liam Finn, 2003;
Okal, 2003; Wright and Rathje, 2003).
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Acronyms
AASG Association of American State Geologists
AEG Association of Engineering Geologists
AGI American Geological Institute
AGS Australian Geomechanics Society
AIPG American Institute of Professional Geologists
ALACE Airborne LIDAR Assessment of Coastal Erosion
APA American Planning Association
ASCE American Society of Civil Engineers
ATM airborne topographic mapper
BLM Bureau of Land Management
CGS Colorado Geological Survey
dGPS differential global positioning system
DOGAMI  Oregon Department of Geology and Mineral Industries
DOI Department of the Interior
EERI Earthquake Engineering Research Institute
FEMA Federal Emergency Management Agency
FGDC Federal Geographic Data Committee
FHWA Federal Highway Administration
FRA Federal Railway Administration
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GHAD Geologic Hazard Abatement District

GIS geographic information system

GPS global positioning system

HMGP Hazard Mitigation Grant Program

HUD Department of Housing and Urban Development

IAEG International Association for Engineering Geology and the
Environment

ICL International Consortium on Landslides

ICSSC Interagency Committee of Seismic Safety in Construction

InSAR interferometric synthetic aperture radar

IPA Intergovernmental Personnel Act

IPL International Programme on Landslides

ISDR International Strategy for Disaster Reduction

ISRM International Society for Rock Mechanics

ISSMGE International Society for Soil Mechanics and Geotechnical
Engineering

JTC-1 Joint Technical Committee on Landslides

LFL Learning from Landslides

LIDAR light detection and ranging

NASA National Aeronautics and Space Administration

NCALM NSF-sponsored Center for Airborne Laser Mapping
NEHRP National Earthquake Hazard Reduction Program
NEXRAD  next-generation radar

NFIP National Flood Insurance Program

NOAA National Oceanic and Atmospheric Administration
NOS National Ocean Service

NPS National Park Service

NRC National Research Council

NSDI National Spatial Data Infrastructure

NSF National Science Foundation

NWS National Weather Service

OES California Office of Emergency Services

UNESCO United Nations Educational, Scientific and Cultural

Organization
USACE U.S.Army Corps of Engineers
USFS U.S. Forest Service
USGS U.S.Geological Survey
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