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1. INTRODUCTION

L andslides have been recorded for several
centuries in Asia and Europe. The oldest
landslides on record occurred in Honan Province
in central China in 1767 B.C., when earthquake-
triggered landslides dammed the Yi and Lo rivers
(Xue-Cai and An-ning 1986).

The following note by Marinatos may well refer
to a catastrophic landslide resulting in serious so-
cial and economic losses:

"In the year 373/2 B.C., during a disastrous win-
ter night, a strange thing happened in central
Greece. Helice, a great and prosperous town
on the north coast of the Peloponnesus, was
engulfed by the waves after being leveled by a
great earthquake. Not a single soul survived.
(Marinatos 1960)

Research by Marinatos indicated that Helice prob-
ably was engulfed as the ground slipped toward the
sea a distance of about 1 km. Seed (1968) con-
cluded that this was a major landslide, resulting
from soil liquefaction caused by the earthquake.
Slope failures have caused untold numbers of
casualties and huge economic losses. In many
countries, economic losses due to landslides are
great and apparently are growing as development
expands into unstable hillside areas under the
pressures of expanding populations. In addition to
killing people and animals (both livestock and

wildlife), landslides destroy or damage residential
and industrial developments as well as agricultural
and forest lands and negatively affect water qual-
ity in rivers and streams.

Landslides are responsible for considerably
greater socioeconomic losses than is generally rec-
ognized; they represent a significant element of
many major multiple-hazard disasters. Much land-
slide darr'lage is not documented because it is con-
sidered to be a result of the triggering process (i.e.,
part of a multiple hazard) and thus is included by
the news media in reports of earthquakes, floods,
volcanic eruptions, or typhoons, even though the
cost of damage from landslides may exceed all
other costs from the overall multiple-hazard disas-
ter. For example, it was not generally recognized
by the media that most of the losses due to the
1964 Alaska earthquake resulted from ground fail-
ure rather than from shaking of structures.

Government agencies and those who formulate
policy need to develop a better understanding of
the socioeconomic significance of landslides. That
knowledge will allow officials at all levels of gov-
ernment to make rational decisions on allocation
of funds needed for landslide research; for avoid-
ance, prevention, control, and warning; and for
postfailure repair and reconstruction.

2. FUTURE LANDSLIDE ACTIVITY

In spite of improvements in recognition, predic-
tion, mitigative measures, and warning systems,
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worldwide landslide activity is increasing; this
trend is expected to continue in the 21st century.
The factors causing this expected augmented ac-
tivity are

1. Increased urbanization and development in
landslide-prone areas,

2. Continued deforestation of landslide-prone
areas, and

3. Increased regional precipitation caused by
changing climate patterns.

2.1 Increased Urbanization and
Development

. Population pressures are increasing in most of the
world today and have resulted in rapid urbaniza-
tion and development. For example, in the
United States the land areas of the 142 cities with
populations greater than 100,000 increased by 19
percent in the 15-year period from 1970 to 1985.
Legget (1973) estimated that by the year 2000,
360 000 km? in the 48 conterminous United
States will have been paved or built upon. This is
an ared about the size of the state of Montana. As
a result of these population pressures, human
activities have disturbed large volumes of geologic
materials in housing development and in con-
struction of industrial structures, transportation
routes and facilities, mines and quarries, dams and
reservoirs, and communications systems. Because
of the huge extent of these activities, they increas-
ingly have expanded into landslide-prone areas;
thus, these developments have been a major factor
in the recent increase in damaging slope failures.

In other countries, particularly developing coun-
tries, this pattern is being repeated, but with even
more serious consequences. As development occurs,
more and more of it is on hillside slopes that are
susceptible to landsliding. All predictions are that
worldwide slope distress due to urbanization and de-
velopment will accelerate in the 21st century.

Population pressures are also causing increased
landslide losses in other ways. An obvious example
is the necessary construction of transportation fa-
cilities required by expanding populations. In land-
slide-prone areas, these facilities are often at risk.

2.2 Continued Deforestation

In many of the developing nations of the world,
forests are being destroyed at ever-increasing rates.

Removal of forest cover increases flooding, ero-
sion, and landslide activity. Deforestation, which
is expected to continue unimpeded into the 21st
century, is causing serious landslide problems in
many of these countries, Nepal being the best-
documented example. According to the World
Resources Institute (Facts on File Yearbook 1990),
approximately 15 to 20 million ha of tropical for-
est is currently being destroyed annually, an area
the size of the state of Washington.

2.3 Increased Regional Precipitation

For a period of about 3 years in the early 1980s, El
Nifio caused regional weather changes in western
North America that resulted in much heavier-
than-normal precipitation in mountainous areas.
One of the results was a tremendous increase in
landslide activity in California, Colorado, Nevada,
Oregon, Utah, and Washington. Climatologists do
not know what to expect from future El Nifios
except that these climatic perturbations will also
change climate patterns, certainly increasing pre-
cipitation in some areas of the world and thus caus-
ing landslide activity.

Scientists do not know what to expect from the
much-publicized greenhouse effect either. Will it
cause an overall increase in temperature and
decrease in precipitation (as occurred in central
North America in the late 1980s) or will it disrupt
climate patterns, resulting in drought in some
areas and increased precipitation in others (as
occurred in western North America at the same
time)? If areas that are prone to landsliding are
subjected to greater-than-normal precipitation,
they are apt to experience increased landslide
activity.

3. ECONOMIC LOSSES CAUSED BY
LANDSLIDES

In this discussion of the expense of landslides at
national and local levels, the costs are given in
U.S. dollars for the time at which they were
originally determined, except where noted. In
addition, the original values adjusted to 1990
U.S. dollars are presented in parentheses; the
adjustments were made on the basis of yearly
cost-of-living indexes for the United States
(Council of Economic Advisers 1991).
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and private entities (Fleming and Taylor 1980).
The possibility of a major landslide that could de-
stroy port facilities and create a wave that might
inundate downtown Kodiak, Alaska, is an exam-
ple of a landslide threat during the 1970s and
1980s that is alleged to have caused indirect costs
relating to planning for expansion of the port area
(Schuster and Fleming 1988).

Public costs are those that must be met by gov-
ernment agencies; all others are private costs. The
largest direct public costs commonly have been for
rebuilding or repairing government-owned high-
ways and railroads and appurtenant structures such
as sidewalks and storm drains. Other examples of
direct public costs resulting from landslides are
those for repair or replacement of public buildings,
dams and reservoirs, canals, harbor and port facili-
ties, and communications and electrical power
systems. Indirect public costs include losses of tax
revenues, reduction of potential for productivity of
government forests, impact on quality of sport and
commercial fisheries, and so forth. An interesting
example of indirect public costs due to the impact
on fisheries of mass movement and erosion was
presented by a study of Tomiki Creek, Mendocino
County, California, in the early 1980s. This study
found that production of steelhead trout and
salmon in Tomiki Creek was reduced 80 percent by
landslide, gully, and streambank erosion, resulting
in a continuing loss in fisheries potential of
$844,000 ($1 million) annually (Soil Conserva-
tion Service 1986). In the case of major landslide
events, public costs are sustained by all levels of
government from federal to local and often by
more than one agency within a particular level.

Private costs consist mainly of damage to real
estate and structures, either private homes or
industrial facilities. In the United States, most
railroads are privately owned. Severe landslide
problems can result in financial ruin for affected
private property owners because of the general
unavailability of landslide insurance or other
means to distribute damage costs.

3.2 Difficulties in Determining Losses

Although it often is possible to determine the
costs of individual landslides, reliable estimates of
the total costs of landslides of large geographic en-
tities, such as nations, provinces and states, or
even counties, are generally very difficult to

obtain. In the public sector, accounting for land-
slide costs is often lost within general mainte-
nance operations; this seems to be particularly
common for transportation agencies. To separate
out landslide costs is in itself a costly and compli-
cated operation. In the private sector, the costs
incurred by natural hazards are often downplayed
as much as possible in order to minimize negative
publicity for the company involved.

Landslide cost data commonly are more readily
available for industrialized nations than for devel-
oping countries. For this reason, most of the eco-
nomic dara presented here are for industrialized
countries, such as the United States, Japan, and
those in Europe. However, because the severity of
the worldwide landslide problem is becoming
more widely recognized, the collection of eco-
nomic data for landslide damages is spreading to
all affected nations:

3.3 Losses in the United States

Landslides occur in every one of the United States
and are widespread in the island territories of
American Samoa, Guam, Puerto Rico, and the
U.S. Virgin Islands (Committee on Ground
Failure Hazards 1985). They constitute a signifi-
cant hazard in more than half the states, including
Alaska and Hawaii. In the conterminous United
States, the areas most seriously affected are the
Pacific Coast, the Rocky Mountains, and the
Appalachian Mountains (Figure 2-2).

Most of the loss estimates presented here for
the United States can be related directly to other
industrialized nations with similar terrains and
mixes of urban and rural habitats. However, the
costs are somewhat higher than might be expected
in developing countries, where property and labor
values commonly are lower than they are in the
United States and other industrialized nations.

Although no cost-reporting mechanism is in use
nationally, the U.S. Geological Survey has devel-
oped a method for estimating the cost of landslide
damage (Fleming and Taylor 1980). Application of
this method to smaller geographic areas has sug-
gested that incomplete and inaccurate records
have resulted in reported costs that are much lower
than those actually incurred. It also appears that
losses are on the increase in most regions in spite of
an improved understanding of landslide processes
and a rapidly developing technical capability for
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to travelers and shippers, and analysis and pre-
vention of landslides.

In spite of these handicaps, attempts were made
during the 1970s to estimate annual landslide
losses to the U.S. highway system. Chassie and
Goughnour (1976a, 1976b) reported on a survey
by the Federal Highway Administration in which
it was indicated that approximately $50 million
per year ($115 million per year) was spent at that
time to repair landslides on the federally financed
portion of the national highway system. This sys-
tem includes federal and state highways but not
most county and city roads and streets, private
roads and streets, or roads built by other federal
agencies, such as the U.S. Forest Service, the
Bureau of Land Management, or the National Park
Service. If indirect costs, costs to non-federal-aid
highways, and the other factors noted above were
added, Chassie and Goughnour (1976b) estimated
that $100 million ($230 million) was a conserva-
tive value of the annual landslide damage to high-
ways and roads in the United States in the 1970s.

The 1976 Federal Highway Administration
survey of landslide costs for U.S. highways was
duplicated by Walkinshaw (1992), who obtained
repair and maintenance costs for landslide damage
to 1.3 million km of state highways for the 5-year
period from 1986 to 1990. Walkinshaw found that
the total average annual cost of contract landslide
repairs on state highways for this period was $65.4
million (Figure 2-3), and annual average landslide
maintenance costs (repairs by highway depart-
ment maintenance forces) were reported as $41.4
million, for a total average annual direct cost of
nearly $106 million, a figure nearly equal to the
1990 equivalent of $115 million that Chassie and
Gougnour (1976b) found for annual repair and
maintenance costs in the 1970s. Thus, direct land-
slide costs to highways have remained nearly con-
stant (when noted in 1990 dollars) in spite of the
near-completion of the Interstate highway con-
struction program and drier-than-normal weather
in the western United States during the 1986-
1990 survey period.

It should be remembered that the cost figures
presented in both the Chassie and Goughnour
(1976b) and the Walkinshaw (1992) surveys do
not represent total landslide costs, either direct or
indirect, for the U.S. highway system. One defi-
ciency of these surveys is that the state and federal

highways for which the surveys were conducted
represent only about 20 percent of the 6 239 000
km in the entire U.S. highway and road system.
However, this 20 percent probably is subject to
the major part of landslide costs because it has
been constructed to higher standards than the rest
of the system (i.e., larger cuts and fills were used).

Another deficiency of these surveys is that many
state transportation departments do not maintain
satisfactory inventories of their highway landslide
maintenance costs. Several states that have kept
good maintenance records (particularly Maine,
West Virginia, Kentucky, Missouri, Texas, Colo-
rado, and California) have found that the
maintenance costs for landslides have exceeded
their contract repair costs (Walkinshaw 1992).
California distinguished itself by reporting the
highest annual cost for landslide maintenance of all
the states—more than $15 million per year, even
during 5 years of well-below-normal precipitation.

Such landslide cost surveys have not attempted
to determine indirect costs of landslides. A cost
item that often is large but is extremely difficult to
determine accurately is the indirect cost of loss of
business in communities whose commerce is hin-
dered by the closure of transportation routes
because of landslides. An example of the magni-
tude of such indirect costs in relationship to direct
actual repair costs was provided by the 1983 land-
slide closure of US-50 by landslides both west (in
California) and east (in Nevada) of south Lake
Tahoe. The total cost of repairs to the heavily
traveled highway was $3.6 million ($4.7 million)
(Walkinshaw 1992), but the estimated economic

FIGURE 2-3
Average annual
costs (in thousands
of dollars) of
contracted highway
repairs on U.S. state
highway systems
for 1986-1990
(Walkinshaw 1992).
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The Alpine nations of western Europe, particu-
larly Italy, Austria, Switzerland, and France, have
been subject to significant landslide activity from
the beginning of recorded history. For the Alpine
countries, Eisbacher and Clague (1984) described
137 landslide case histories that represent “the
most interesting, costly and tragic mass move-
ments witnessed in 2000 years of Alpine settle-
ment.” The unpublished results of a 1976 United
Nations Educational, Scientific, and Cultural
Organization (UNESCO) survey indicated that
annual landslide losses in Italy were about $1.14
billion ($2.6 billion) (M. Amould, personal com-
munication, 1982, Ecole Nationale Supérieure des
Mines, Paris). No similar information has been
encountered for landslide costs of other Alpine
nations, but it is estimated that they would be
somewhat lower than those for Italy.

On the basis of estimated annual landslide
damages of $100 million ($135 million) to 10 000
km of highways and roads in the hilly and moun-
tainous topography of northern India, Mathur
(1982) arrived at an annual cost for landslide
damages of nearly $1 billion ($1.35 billion) for the
total 89 000 km of roads in this landslide-prone
area. In addition to the commonly used recon-
struction and maintenance costs, Mathur’s esti-
mates included indirect costs, such as loss of
tourist trade, loss of person-hours and vehicle-
hours resulting from road blockages, and failure of
communications, that may not have been
included in the estimates for the United States,
Japan, and Italy. Besides Mathur’s cost data,
Chopra (1977) noted that catastrophic damage to
roads in north Bengal and Sikkim occurred in
1968 and 1973; restoration was estimated to cost
$14 million ($53 million) and $8 million ($24
million), respectively.

Thus, landslide costs (direct plus indirect) in the
United States, Japan, Italy, and India seem to be
roughly comparable, somewhere between $1 bil-
lion per year and $5 billion per year for each coun-
try. Although there have been few other published
estimates of landslide costs, the data that are avail-
able indicate that landslide costs for other coun-
tries are considerably lower. Li (1989) reported that
annual losses for China are about $500 million.
Ayala and Ferrer (1989) arrived at a figure of $220
million for yearly landslide costs in Spain. S. G.
Evans (personal communication, 1989, Geological
Survey of Canada, Ottawa) estimated that annual
landslide costs for Canada are about $50 million. In

Hong Kong, a small, densely populated area with
serious landslide problems, the government spends
$25 million per year for landslide studies and reme-
dial works (Brand 1989). Hawley (1984) estimated
that annual landslide costs for New Zealand are
approximately $12 million ($15 million). In 1982,
Swedish costs were about $10 million per year to
$20 million per year ($13 million per year to $27
million per year) (Cato 1982), and those for
Norway are estimated at $6 million per year
(Gregersen and Sandersen 1989).

For the industrialized nations of central and
eastern Europe, little information is available on
national landslide costs. However, it is well known
that several republics of the former Soviet Union
have serious landslide problems in their far-ranging
hill and mountain areas. Because of the huge area
involved, total landslide costs in the republics of
the former Soviet Union are estimated to be on the
same order as those previously given for China. As
an example of these costs, Khegai and Popov
(1989) estimated that landslide activity (mainly
debris flows) in the vicinity of Alma-Ata, Kazakh-
stan, has caused total damage of about $500 million
in the past few decades. The central European
mountains of Czechoslovakia, Poland, Hungary,
Romania, and Bulgaria have also proved to be sus-
ceptible to landsliding (Kotarba 1989), but no cost
figures have been published for these countries.

Very few national landslide cost estimates are
available for developing countries because little
research has been done on this subject. However,
landslide disasters are common in many of these
countries, particularly in mountainous areas.
Especially hard hit have been the Himalayan and
Andean nations and the island nations around the
Pacific Rim of Fire, particularly Papua New Guinea
(Figure 2-7), Indonesia, the Philippines, and
Taiwan. For example, Charma (1974) reported
that landslides in Nepal have killed hundreds of
people, displaced more than 1,000 families, and
cost hundreds of thousands of dollars in damage,
much of which has been to roads and highways.
For developing countries in these areas, landslide
losses probably represent a larger part of the gross
national product than for the industrialized
nations discussed earlier.

3.5 Losses in Smaller Geographic Areas

In the United States there was little documenta-
tion of major landslide damages until the early
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and permanent losses that may perhaps exceed the
direct costs. Although there were no casualties in
the Thistle landslide, it ranks as the most econom-
ically expensive individual landslide (in terms of
both direct and total costs) in North America.
There have been few estimates of financial losses
due.to landslides in the eastern United States.
However, studies of landslide costs in Pittsburgh,
Pennsylvania, and Cincinnati, Ohio, indicate that
costs in the Appalachian Mountains, and particu-
larly in urban areas, are significant. Expenditures for
landslide damages in Allegheny County (Pitts-
burgh), Pennsylvania, for the period 1970-1976
were estimated at about $4 million per year ($12
million per year) for an annual per capita outlay of
about $2.50 ($7.00) (Fleming and Taylor 1980). In

Hamilton County (Cincinnati), Ohio, landslide -

damage costs for the 6-year period from 1973 to
1978 averaged $5.1 million per year ($12.4 million
per year), an annual per capita outlay of $5.80
($14). Not included in this total was at least $22
million ($53 million) that was spent to stabilize a
single landslide in Cincinnati (Fleming 1981).

With the exception of these estimates of land-
slide costs for Pittsburgh and Cincinnati, little
attempt has been made to determine landslide
losses for the eastern United States. The data for
Pittsburgh and Cincinnati suggest that significant
damages occur there each year as opposed to the
western United States, where landslide activity is
closely associated with years of above-average pre-
cipitation or with single high-intensity storms
(Schuster and Fleming 1986). The general pattern
of damages in areas susceptible to landsliding in
the eastern United States is one of consistently
large annual costs punctuated by a few years of
extreme damages caused by severe hurricanes on
the East Coast.

The many major slope failures that occurred
during construction of the 12-km long Gaillard
Cut in the Continental Divide segment of the
Panama Canal (Lutton et al. 1979) constituted
one of the world’s most extreme cases of dam-
age to a transportation system (Figures 2-15 and
2-16). Slope failures not only severely disrupted
construction, delaying completion of the canal by
nearly 2 years, but also caused closing of the canal
on seven different occasions after it was opened to
traffic in 1914. In 1915 the two largest landslides,
the East and West Culebra slides, with volumes of
13 and 10 million m?, respectively, occurred simul-

taneously, completely blocking the canal (Berman
1991). As noted by MacDonald (1942), “The
confidence of the American people and its
Congress was shaken by the delay in achieving
continuous service.” Although detailed costs of
damages resulting from Panama Canal landslides
from the construction period to present are not
available, the following data published by the
Panama Canal Company indicate the economic
severity of the effects of the slope failures
(MacDonald 1942):

1. During construction, excavation was distupted
for days and weeks at a time because landslides
blocked haulage railroad tracks;

2. Steam shovels, locomotives, drilling equip-
ment, railway cars, and other equipment were
destroyed during construction (Figure 2-16);

3. Construction costs were millions of dollars
higher than they would have been if the land-
slides had not occurred;

4. Between the beginning of construction and
1940, 57 million m? of landslide material was
removed from the canal; and

5. Many millions of dollars in shipping tolls were
lost by delay in opening the canal and by peri-
ods of enforced closure due to landslides.

Although landslides have not closed the canal
since 1920, they still threaten navigation and pose
a continuing and expensive maintenance problem
for the Panama Canal Commission, which is now a
binational agency representing the Republic of
Panama and the United States. A 4.6-million-m®
reactivation of the Cucaracha landslide (Figure
2-17) nearly closed the canal in 1986 (Berman
1991).

The original width of the channel in the
Gaillard Cut was 91 m; by 1970 it had been
widened to 152 m. By the mid-1980s the increase
in large-beam ships proved to be an obstacle to
navigation through the cut. Thus, in May 1991 the
Panama Canal Commission implemented a widen-
ing program; the width of the channel is being
increased to 192 m in the straight portions of the
cut and to 213 to 223 m on the curves (Schuster
and Alfaro 1992). Approximately 27 x 10 m? of
material will be excavated, which could result in
increased slope failure hazards. To reduce the risk,
slopes are being geotechnically designed and
drainage systems installed to alleviate the rainfall-
induced pore pressures that cause the slopes to fail.
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near Deixi in northwestern Sichuan Province
caused landslides that killed 6,800 people directly
and drowned at least 2,500 more when the result-
ing landslide dam failed (Li et al. 1986).

In a similar tragedy in southern Italy, the 1786
Calabria earthquake triggered landslides that killed
approximately 50,000 people (Cotecchia et al.
1969). Landslides caused by the quake formed about
250 lakes in the area; secondary deaths occurred for
several years after the quake from malaria spread by
mosquitoes that bred in the new lakes.

In this century the problem of deaths and
injuries due to landslides has been exacerbated by
the burgeoning population in landslide-prone
areas. Varnes (1981) estimated that during the
period 1971-1974 nearly 600 people per year were
killed worldwide by slope failures. About 90 per-
cent of these deaths occurred within the Circum-
Pacific region (i.e., in or on the margins of the
Pacific Basin). Probably the best-known recent
catastrophic landslides of the Circum-Pacific re-
gion are the debris avalanches of 1962 and 1970
on the slopes of Mt. Huascaran in the Cordillera
Blanca of Peru. In January 1962 a large debris
avalanche that started on the north peak of Mt.
Huascaran obliterated mountain villages, killing
some 4,000 to 5,000 people (Cluff 1971). Eight
years later an even greater number were killed
when a magnitude (M) 7.75 earthquake off the
coast of Peru triggered another disastrous debris
avalanche on the slopes of Mt. Huascaran. This
landslide descended into the same valley at aver-
age speeds of about 320 km/hr but devastated a
much larger area than in 1962, burying the towns
of Yungay and Ranrahirca and killing more than
18,000 people (Cluff 1971; Plafker et al. 1971).

Another multiple-hazard catastrophe hit South
America in 1985 when volcanic mud flows trig-
gered by a minor eruption of Nevado del Ruiz vol-
cano in Colombia destroyed the city of Armero
(pre-eruption population: 29,000) (Voight 1990).
More than 20,000 were entombed and 5,000 more
were injured. The catastrophic loss of life was par-
tially due to failure in emergency response. The dis-
aster occurred in spite of the fact that Colombian
and international scientists, alerted by nearly a year
of precursory activity by the volcano, had warned
that Ruiz might erupt and had prepared a hazard
zoning map that accurately predicted the tragic
effect of the eruption weeks before it occurred.

Among industrialized nations, Japan has proba-
bly suffered the largest continuing loss of life and

property from landslides. Although some landslides
in Japan are caused by earthquakes, most are a
direct result of heavy rains during the typhoon sea-
son. When urban areas are in the path of rapid
landslides, extensive damage occurs. For example,
in July 1938, Kobe, one of Japan’s largest cities, was
swept by debris flows generated by torrential rain-
fall, resulting in 505 deaths and destruction of more
than 100,000 homes (Nakano et al. 1974; Fukuoka
1982; Ministry of Construction 1983). In 1983 a
heavy rainstorm in Nagasaki and northern Kyushu
caused 5,000 slides and debris flows that killed 333
people (National Research Center for Disaster
Prevention 1983). Table 2-1 summarizes socioeco-
nomic losses due to catastrophic landslides in Japan
from 1938 to 1981; note that Japan has been
affected almost annually by catastrophic slope fail-
ures resulting in large losses of life and property.

Eisbacher and Clague (1984) presented a fasci-
nating account of fatalities, injuries, and property
damage due to landslides in the European Alps for
the past 2,000 years in the form of 137 case histo-
ries derived from historical and technical records.
Details on 17 of the most catastrophic landslides
since the 13th century are presented in Table 2-2.

The most disastrous landslide in Europe
occurred in 1963 at Vaiont Reservoir in north-
eastern ltaly (Table 2-2, Figure 2-21). This 250-
million-m? reservoir-induced rock slide traveled at
high velocity into the reservoir, sending a wave
260 m up the opposite slope and at least 100 m
over the crest of the thin-arch Vaiont Dam into
the valley below, where it destroyed five villages
and took about 2,000 lives (Kiersch 1964). On the
basis of Italian reports, Hendron and Patton
(1985) estimated the following economic losses
from the slide:

1. Loss of the dam and reservoir: $100 million
($425 million),

2. Other property damage: tens of millions of dol-
lars (in 1990 dollars, approaching $100 mil-
lion), and

3. Civil suits for personal injury and loss of life:
$16 million ($68 million).

Thus, the 1990 equivalent economic loss would be
about $600 million without taking into account
the value of the lives lost.

The republics of the former Soviet Union have
also experienced large loss of life due to land-
slides; most of the deaths occurred in isolated
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Table 2-2

Major Landslide Disasters in European Alps Since 13th Century (Eisbacher and Clague 1984)

YEAR LoCATION TYPE OF SLOPE FAILURE NO. OF DEATHS
1219 Plaine d’Oisans (Romanche River valley), France Failure of landslide dam, resulting in “Thousands”
downstream flooding
1248 Mount Granier, France Rock avalanche 1,500-5,000
1348 Dobratsch Massif, Austria Earthquake-triggered rock falls and Heavy losses
. rock avalanches
1419 Ganderberg-Passeier Wildsee (Passer valley), Italy Failure of rock-slide dam, resulting in ~400
downstream flooding ‘
1486 Zarera (Val Lagune), Switzerland Rock avalanche 300
1499 Kienholz (Brienzer See), Switzerland Debris flow ~400
1515 Biasca (Val Blenio), Switzerland Failure of rock-avalanche dam, resulting ~600
A in downstream flooding
1569 Hofgastein (Gastein Valley), Austria Debris flow 147
1569 Schwaz (Inn Valley), Austria Debris flow 140
1584 Corbeyrier-Yvorne (Tour d’Ai), Switzerland Debris flow 328
1618 Piuro (Val Bregaglia), Italy Rock-debris avalanche ~1,200
1669 Salzburg, Austria Rock topple-rock fall 250
1806 Goldau (Rossberg Massif), Switzerland Rock avalanche 4517
1814 Antelao Massif (Boite Valley), Italy Rock avalanche 300
1881 Elm (Sernf Valley), Switzerland Rock avalanche 115
1892 St. Gervais (Atve Valley), France Ice-debris flow 177
1963 Vaiont Reservoir (Piave Valley), Italy Rock slide caused flooding along shore of ~1,900

reservoir and downstream

these are killed by relatively small events, most

‘commonly by rock falls. Although there have

been some very large and catastrophic landslides
in North America, most have occurred in moun-
tainous, relatively unpopulated areas; thus, these
failures commonly have not resulted in major
losses of life. However, there have been several
notable exceptions. In 1903 a great rock slide
killed about 70 people in the coal mining town of
Frank, Alberta, Canada (McConnell and Brock
1904). A more recent Canadian catastrophe was
the 1971 flow failure in sensitive clay that demol-
ished part of the town of Saint-Jean-Vianney,
Quebec, destroying 40 homes and killing 31 peo-
ple (Tavenas et al. 1971). By far the most dis-
astrous landslide (in terms of lives lost) to occur
within the territory of the United States occurred
on the island of Puerto Rico in October 1985
when heavy rainfall from Tropical Storm Isabel
caused a major rock slide (Figure 2-22) that oblit-
erated much of the Mameyes district of the city of
Ponce. The slide killed at least 129 people and de-
stroyed about 120 houses (Jibson 1992). The
death toll at Mameyes was the greatest from a sin-

" gle slide in North American history.

Interestingly, the world’s two largest landslides
in modern history have resulted in relatively few
casualties. The 1911 Usoy landslide in Soviet

Tadzhikistan (then Russia), with an estimated vol-
ume of 2.5 km?, was a truly catastrophic event.
However, in spite of the great volume and appar-
ently high velocity of this earthquake-triggered
landslide, casualties were low because the area was
sparsely populated. Most of the deaths occurred in
the village of Usoy, whose 54 inhabitants were
buried (Bolt et al. 1975, 178-179). This landslide
also formed the world’s highest historic landslide
dam, a 570-m-high blockage of the Murgob River
that still impounds 60-km-long Lake Sarez. The
natural dam is being considered as the site of a
hydroelectric power project. The 2.8-km’® rock
slide—debris avalanche (Figure 2-10) that accom-
panied the 1980 eruption of Mount St. Helens in
Washington State is the world’s largest historic
landslide. However, even though- this huge mass
moved down valley at high velocity, it killed only
5 to 10 people (Schuster 1983). The low casualty
rate was a direct result of the evacuation of resi-
dents and visitors in anticipation of a possible
eruption of the volcano.

The economic value of loss of life due to land-
slides has not commonly been included in calcu-
lating the costs of landslides because it is difficult
to place a specific value on a human life. However,
in cost-benefit studies, federal agencies in the
United States recently have assigned human-life
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