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CovER: Views of landslide damage that occurred in the San Francisco Bay region during the
winter 1968-69. (Fred Taylor photos.)
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Estimating the costs of landslide damage in the United Stctes

By Robert W. Fleming and Fred A. Taylor

ABSTRACT

Landslide damages are one of the most costly natural
disasters in the United States. A recent estimate of the total
annual cost of landslide damage is in excess of $1 billion
(Schuster, 1978). The damages can be significantly reduced,
however, through the combined action of technical experts,
government, and the public.

Before they can be expected to take action, local govern-
ments need to have an appreciation of costs of damage in
their areas of responsibility and of the reductions in losses
that can be achieved. Where studies of cost of landslide
damages have been conducted, it is apparent that (1) costs to
the public and private sectors of our economy due to land-
slide damage are much larger than anticipated; (2) taxpayers
and public officials generally are unaware of the magnitude of
the cost, owing perhaps to the lack of any centralization of
data; and (3) incomplete records and unavailability of records
result in lower reported costs than actually were incurred.

The U.S. Geological Survey has developed a method to
estimate the cost of landslide damages in regional and local
areas and has applied the method in three urban areas and
one rural area. Costs are for different periods and are unad-
justed for inflation; therefore, strict comparisons of data
from different years should be avoided. Estimates of the
average annual cost of landslide damage for the urban areas
studied are $5,900,000 in the San Francisco Bay area;
$4,000,000 in Allegheny County, Pa.; and $5,170,000 in
Hamilton County, Ohio. Adjusting these figures for the
population of each area, the annual cost of damages per
capita are $1.30 in the nine-county San Francisco Bay region;
$2.50 in Allegheny County, Pa.; and $5.80 in Hamilton
County, Ohio. On the basis of data from other sources, the
estimated annual damages on a per capita basis for the City
of Los Angeles, Calif., are about $1.60. If the costs were
available for the damages from landslides in Los Angeles in
1977-78 and 1979-80, the annual per capita costs probably
would be much larger.

The landslide near the rural community of Manti, Utah,
caused an expenditure of about $1,800,000 or about $1,000
per person during the period 1974-76. Because a recurrence
for such a landslide cannot be established, it is not possible to
develop a meaningful estimate of annual per capita damages.

Communities are urged to examine their costs of landslide
damage and to evaluate the feasibility of several alternative
programs that, for a modest investment, could significantly
reduce these losses.

INTRODUCTION

Natural disasters may bring sudden and appall-
ing destruction to an area, or they may slov’ly but
inexorably take their toll in dollars and spirit.
Damage from tornadoes and earthquakes is sud-
den and usually occurs with little or no werning.
On the other hand, prolonged drought or ground
subsidence may occur over a much longer period
with equally damaging effects.

Landslides are disasters that encompas~ both
extremes: sudden and catastrophic, and slow and
insidious. About 200,000 people were ki'led in
Kansu Province in China in 1920 when a major
earthquake triggered massive landslides in exten-
sive deposits of windblown silt. In 1970, a rapidly
moving debris avalanche, also triggered by an
earthquake, killed at least 18,000 peonle in
Yungay and Ranrahirca, Peru. Nearly 3,000
people were killed in Italy in 1963 when a land-
slide into the Vaiont Reservoir caused the im-
pounded water to overtop the dam and prcduce a
devastating flood downstream. Other landslides
have caused damage over a prolonged period. For
example, a landslide in the Ventura cilfield,
California, has been damaging oil wells for many
years. Roads broken by slow landslide movement
often have layers of road patching sever~l feet
thick, representing a significant maintenance ex-
pense over many years.

Understanding the cost and significance of
natural disasters allows officials at all levels of
government to make decisions about how much
money should be allocated to disaster prevention
rather than to repair of damaged facilities and
disaster relief after an event. Resources for
research related to natural disasters are limited,
and priorities for research should be based in part
on the benefits and costs of such actions.



This report describes a method developed and
used by the U.S. Geological Survey to obtain
estimates of the cost of damage caused by land-
slides in four locations in the United States. Data
have been collected in three urban areas and one
rural area. The urban areas include the San Fran-
cisco Bay region, California (1968-69); Hamilton
County including Cincinnati, Ohio (1973-78); and
Allegheny County including Pittsburgh, Pa.
(1970-76). The data for the San Francisco Bay
region resulted from a reexamination of cost data
compiled and published earlier by Taylor and
Brabb (1972). The rural area studied is Manti,
Utah, and vicinity, where a large landslide in a
national forest about 6 km (4 mi) from town has
been very costly in public funds. The studies were
conducted independently at different times, and
“the reported cost figures have not been adjusted
for inflation. Strict comparisons of cost of
damage data from different years should be
avoided.

As this report indicates, decisions must be
made about what actually constitutes a damage
cost and what does not. Some of the costs
reported here might not seem legitimate to some
economists. Other costs, which we decided not to
include in these estimates because they were too
poorly defined or might be duplicated in other
data, could perhaps have been retained. In all of
our attempts to compile cost-of-damage data,
when definitive data were not available, we have
used low estimates of costs and have discarded
data that could be duplicated. Therefore, even
though the damage costs are only estimates, the
totals reported generally should be lower than the
actual costs incurred. When assumptions are ap-
plied that produce speculative totals, the assump-
tions are specified.

Individual citizens and public agencies need to
become more aware of the magnitude of annual
damage due to landslides and the possibility of
increased destruction. This report is intended to
encourage governmental agencies to keep more
complete records of the occurrence and cost of
landslides. Such information can be used to
facilitate comparison of preventive costs and
restorative costs.
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PREVIOUS STUDIES OF COS™S OF
LANDSLIDE DAMAGE

NATIONAL COST OF LANDSLIDE DAMAGE

Studies by the U.S. Geological Srvey of costs
of landslide damage have not attempted to obtain
a total annual cost for the United States.
However, several estimates of the annual cost of
damage have been published ove* the past 25
years that are probably as accur~te as can be
obtained using the present data bzse.

A study by the Highway Research Board in
1958, based on responses to a questionnaire,
reported damages in the United States as ‘‘hun-
dreds of millions” of dollars annually (Smith,
1958). Krohn and Slosson (1976) estimated land-
slide damage to private property in the United
States by extrapolating cost of damage in Los
Angeles to the rest of the country. The extrapola-
tion was made by comparing the percentage of
the population in the United States living on sites
with similar landslide potential to Los Angeles
and assuming that the sites were developed under
inadequate or nonexistent grading codes. Krohn
and Slosson concluded that the annual landslide
damage to private property in the United States
is about $400 million.

Schuster (1978) concluded, in a recent evalua-
tion of landslide losses in the United States, that
direct and indirect losses to public and private
property exceed $1 billion annually. The total was
obtained using previously publist«d data com-
bined with new data obtained through interviews
and correspondence with agencies and organiza-
tions having cost information.

Jahns (1978) examined costs of damage from
several types of natural disasters for the 50-year
period of 1925-75. During that period, the com-
bined losses from floods, hurrican<s, tornadoes,
and earthquakes were nearly $20 billion, unad-
justed for inflation. In contrast, ground
movements of two types, landslides and sub-



sidence, totaled at least $75 billion during the
same period.

COSTS OF LANDSLIDE DAMAGE FOR SMALLER
GEOGRAPHIC AREAS

The California Division of Mines and Geology
has estimated that landslide damages for Califor-
nia will cost more than $330 million annually
during the period 1970-2000 if loss-reduction
practices in effect in 1970 are not improved
(Alfors and others, 1973). In the San Francisco
Bay region, where efforts have been made to iden-
tify costs of landslide damage, preliminary
studies documented $25 million in damages for
the nine Bay area counties for the rainy season
1968-69 (Taylor and Brabb, 1972). Within a
single subdivision in this area, costs totaling over
$760,000 between 1968 and 1971 were identified
(Nilsen and Brabb, 1972).

Landslide-causing storms have plagued south-
ern California for the past three decades, but cost-
of-damage information is incomplete and not
comprehensive. Damage estimates are generally
only for private property and may include
damages from erosion, sedimentation, and
flooding, in addition to the landslide damage.
Notable landslide events occurred in 1951-52,
1956, 1957-58, 1961-62, 1968-69, 1977-78, and
1979-80. Slosson and Krohn (1979) reported that
the incidence of landsliding in earlier years was
comparable to that in 1977-78 but that the cost
of damages in 1977-78 was about seven times
larger than for previous years. The differences in
cost of damages were attributed to increased pro-
perty values and construction costs, a larger
number of structures exposed to damage as a
result of development, and greater intensity of
storms in 1978. Damages in 1977-78 were
estimated at about $50 million. Damages from
earlier storms were estimated at $7.5 million for
1951-52 (Jahns, 1969), $7.5 million for 1961-62
(Slosson, 1969), and $6 million for 1968-69
(Slosson, 1969). On the basis of studies in other
areas by the U.S. Geological Survey, public costs
of damage probably were at least equal to private
costs. Therefore, the damage costs from Los
Angeles, quoted above, should be doubled to pro-
duce a better estimate of total cost.

Tubbs (1974) conducted a study of landslides
and associated damage that occurred during the

early part of 1972 in part of west-central King
County, Wash. He identified 80 landslides that
caused estimated minimum damage of $250,000.
The damage estimates were only for restor'ng the
property as nearly as possible to its original con-
dition and did not include decrease in property
value, emergency repair, costs in time and energy
to property owners, or any of the other indirect
costs that might have been associated w'th the
landsliding.

Briggs and others (1975), reporting data col-
lected by the Allegheny County Department of
Planning and Development, placed average
damages for Allegheny County including: Pitts-
burgh, Pa., for the period 1970-74 at akout $2
million annually.

Other published estimates of costs of landslide
damage have generally been applied to single
projects or landslide events. For example, Jones
and others (1961) estimated that the filling of the
reservoir behind Grand Coulee Dam in Washing-

"ton cost at least $20 million in landslide damage

and avoidance between 1934 and 1952. Merriam
(1960), in describing the famous Portugues< Bend
landslide in the Palos Verdes Hills, Calif., noted
that property damage during the period 1956-59
was in excess of $10 million. About $5.3 million of
the damage, recovered by property owners
through litigation with the county of Los Angeles
{Morton and Streitz, 1967), became a public
rather than private cost.

The above damage studies, particularly those
in the San Francisco Bay region (Taylor and
others, 1975; Nilsen and others, 1976), ravealed
three facts: First, costs to the public and private
sectors of our economy due to landslide damage
are much higher than anticipated. Second, tax-
payers and public officials generally are unaware
of the magnitude of the cost, perhaps because of
the lack of any centralization of data. Finally,
incomplete records and unavailability of records
resulted in lower reported costs than actually
were incurred.

REDUCTION OF THE COSTS OF
LANDSLIDE DAMAGE

Knowing the costs of damage from landslides
in the United States is of little value unless the
costs can be reduced through better and less ex-
pensive damage repair and through govern-
mental programs designed to prevent landsliding



or to mitigate damage that does occur. A wide
variety of engineering alternatives are available
to correct landslide problems once they have oc-
curred; however, the engineering solutions are
usually very expensive and the costs of repair can
exceed the intrinsic value of the property being
repaired. Local governments, through planning
and regulation, have several options to reduce the
costs of landslide damage. Kockelman (1980) has
prepared a comprehensive summary of the tools
that can be used to avoid landslide hazards and
reduce damage.

The technology is available to greatly reduce
losses from landslides by avoiding or preventing
them. Leighton (1976) estimated that, in Califor-
nia, a reduction in damaging failures of 95 to 99
percent is technically attainable through the use
of three levels of investigation: regional, tract or
community, and site, with progressively greater
detail being obtained in the investigations of the
smaller areas. However, solutions to the technical
problems are only a part of the process of achiev-
ing landslide hazard reduction. The political
problem of transferring the information into a
governmental system to reduce hazards and
damages is perhaps more formidable than the
technical one. Requirements for technological
solutions to landslide problems are subject to
resistance or pressures from groups that dislike
regulation or interference, that do not consider
landslides amenable to loss-reduction measures,
or that do not consider landslides a serious
enough economic problem to justify the effort re-
quired to make a program work.

The City of Los Angeles provides an impressive
example of an effective program to reduce land-
slide damages. Prior to 1952, controls on hillside
grading and development in Los Angeles were
very limited. In 1952, following severely damag-
ing winter storms, a grading code was adopted
that improved procedures for safe development of
hillsides. The grading regulations were revised in
1962 to provide a more restrictive code and to
specify responsibility for geologic and engineer-
ing participation in design, construction, and
final inspection and certification of the adequacy
of a grading project. The procedures and controls
received a stern test with the winter storms of
1968-69. After the extensive flooding and land-
sliding, the Los Angeles Department of Building
- and Safety examined the damage to sites relative
to when the site was developed and what grading

regulations were in effect at the time of develop-
ment. During the storms of 1968-€¢9, for a com-
parable number of sites, the damage to sites
developed before 1952 was nearly 50 times
greater than that to those developed between
1963 and 1969 (Slosson, 1969).

The urban areas studied in this report have all
undertaken some form of action designed to
reduce landslide damages. Several local and coun-
ty governments in the San Francisco Bay region
have adopted planning devices and grading
regulations. Allegheny County, Pa., established a
Geotechnical Center in the Departmrent of Works
that maintains a technical data bank, recom-
mends sources of assistance to individuals and
organizations with problems, provides for public
education about hazards, and conducts a data ex-
change with public agencies and con<ulting firms.
Cincinnati, Ohio, has adopted a cut-and-fill or-
dinance similar to the grading regulations in Los
Angeles.

Other communities with landslide problems
generally have not adopted loss-reduction pro-
grams. They are apparently unaware of the
magnitude of landslide losses or the potential for
loss mitigation, partly because of a paucity of
economic studies both locally and nationally.
Major landslide disasters receive mu<h attention,
but the day-to-day accumulation of landslide
events results in surprisingly larg> losses that
receive little attention.

LANDSLIDES DEFINED

Landslides are downward and outward move-
ments of slope-forming materials composed of
natural rock, soils, artificial fills, or combinations
thereof. Landslides can be classified in many dif-
ferent ways—by manner of movement, type of
materials, or age. But, for the purpose of deter-
mining costs of damage caused by landslides, no
differentiation was made here. Scme agencies
reporting landslide damage use the term
“slipout’’ to describe an area in which a section of
a road has moved downward or th~ underlying
material has ‘‘slipped out”’ from under the road.
Slipouts are included as landslides.

LANDSLIDE DAMAGE

Landslides commonly are considered to be only
a local or a California problem. Ne'ther is true.



Although single landslides may appear as
isolated events both in time and place, the ag-
gregate sum of individual landslides involves sur-
prisingly large areas of land. In a nationwide
study of the distribution of failed hill slopes and
of materials susceptible to failure, Radbruch-Hall
and others (1976) found significant problems in
nearly every State. Colton and others (1976)
mapped areas of previously failed slopes in Colo-
rado and found that about 8 percent of the area of
that State is underlain by landslide deposits.
Similarly, in this report, we show that annual per
capita' damages in some other parts of the coun-
try are probably larger than those in some of the
more landslide-prone areas in California. Land-
slides, in contrast to some other natural
disasters, may have longer lasting damage that
may, in fact, render land unsuitable for an in-
tended use. Landslides can damage most types of
manmade structures and have been reported to
have damaged buildings, roads, transportation
and communication facilities, utility installa-
tions, pipelines, reservoirs, irrigation ditches, and
canals, as well as lots, parks, cultivated fields,
pasture, and timberland. Some landslides may in-
volve no out-of-pocket expense for damage, but
may require an expenditure of the property
owner’s time and effort, such as picking up debris
or cleaning or realining an irrigation ditch. Other
landslides may cause damage in the millions of
dollars and perhaps loss of life. Loss of life from
landslides in the United States averages about 25
persons annually (Krohn and Slosson, 1976). If
deaths caused by collapse of trenches and other
excavations are included, the annual total is be-
tween 100 and 150 persons.

Damages from landslides vary greatly from
area to area and, as smaller and smaller parcels of
land are examined, damage is found to vary from
neighborhood to neighborhood, block to block,
street to street, and lot to lot. This pattern is
roughly analogous to that for earthquakes, which
produce similar variations in damage. In both
cases, damage differences are due to several

lReducing the damage costs to a common figure is desirable so that crude com-
parisons of damage can be made for different areas. In this report, per capita costs
of damage are obtained by dividing the total annual cost of damage by the popula-
tion of the area studied. In doing this, we knowingly introduce some distortions in
the data. For example, per capita costs include not only costs borne by the in-
habitants of a given city or county, but also public costs shared by inhabitants of
higher and larger government entities {State and Federal). Also, the costs within a
study area are not evenly distributed. Private property owners with landslide
problems carry the largest expense and the only truly distributed costs are public
funds that are entirely generated within the study area.

natural and manmade conditions including
method and materials of construction, ty»e and
condition of rock and soil, and steepness of
slopes.

It is possible to separate some of the causal fac-
tors that contribute to differences in landslide
potential, evaluate their significance, ard pro-
duce useful maps that show where landslides
have occurred in the past and that show areas
having different relative potential for landsliding
in the future. Newman and others (1978) found
that a composite map which combined steepness
of slope, geological materials, and locations of
past landsliding was sufficient to separate areas
according to potential for future landsliding.
Such a map readily identifies those areas that re-
quire more investigation or protection through
land-use strategies designed to insure that future
use is compatible with the risk of landsliding. The
characteristics of the different special-purpose
maps for landslide studies have been discussed
by Fleming and others (1979).

Landslides are also a secondary effect ¢ other
natural events and, as a result, the damage
caused by landslides is often attributed to other
natural disasters which trigger them. For exam-
ple, it has been estimated that 65 percent of the
damage of the Alaskan earthquake of 194 was
caused by ground failure (Youd, 197¢). The
damage and deaths in central Virginia in 1969 are
commonly associated with Hurricane Camille,
but most of the nearly 150 people killed at that
time were caught in rapidly moving debris ava-
lanches triggered by the high-intensity rainfall
(Williams and Guy, 1973).

CATEGORIES OF DAMAGE COSTS

Costs of damage due to landslides have often
been classified as being direct or indirect, without
either term being defined. Probably no defini-
tions, unless they are complex, will provide for a
clearcut assignment of every cost into one or the
other of these categories. For the purpose of this
report, a direct cost is defined as follows: the cost
of physical damage and (or) related restoration
costs to structures and land within the bound-
aries of the responsible landslide. All other costs
are indirect.

The greatest value of separating direct and in-
direct costs may be to help insure that ¢ll costs
related to landslides are identified. The following



lists, although incomplete, are intended to sug-
gest the types of expenses in each category.
Direct costs include destruction or damage to
structures and other improvements, loss or
damage to land, and (or) reestablishment of struc-
tures, other improvements, and land as nearly as
possible to the same condition and degree of
usefulness as prior to the landslide.

Indirect costs include the following: relocation
of buildings and roadways, measures to prevent
or mitigate additional landslide damage, secon-
dary physical effects such as flooding and
adverse effects on water quality in streams and ir-
rigation facilities, measures to prevent secondary
effects, decrease in agricultural or industrial pro-
duction, decrease in market value of affected
properties, tax loss due to decrease in appraised
value, and measures to protect health and safety
of the public. Indirect costs can also include time
lost from work and the associated effects of
decreased earnings: the loss of purchase power
which is passed on through the economy, possible
foreclosure of mortgages and other loans, deple-
tion of savings accounts, and lack of funds for in-
surance or investment plans. Obviously, many of
these costs are seldom if ever determined, and
damage assessments tend to be conservatively
low.

Perhaps the taxpayer and officials of involved
agencies are more concerned with who pays the
bill than with whether the cost is directly or in-
directly attributable to a landslide. For that
reason, costs compiled in this study are reported
in two main categories: public and private. Public
costs are dollars spent or lost by local, county,
State, or Federal governmental agencies; these
costs are ultimately paid by the taxpayer. Private
costs are expenses to individuals and nonpublic
groups, such as publicly owned utility com-
panies, water districts, sanitation districts, com-
munication companies, and businesses. Many of
the private costs are probably passed on to
clients and may be distributed to a large part of
the public.

Public costs are mainly expenditures for repair-
ing, restoring, or relocating roads. These include
expenses readily attributed to specific large land-
slides and an educated guess for smaller land-
slides that are included in budgets for routine
road maintenance. Lesser expenses resulting
from damage to sewerlines, storm drains, street
lighting, sidewalks, and other publicly owned

facilities should also be included in cost compila-
tions. In some instances, public agen~ies must ob-
tain title to privately owned land in order to take
measures to further protect property or to repair
existing landslides. For example, in Daly City,
Calif., title was obtained by the city for nine
homes and the land damaged by landsliding in
1969. In addition to the procurement cost, con-
tinuing minor costs are incurred by the city for
erosion control and weed abatement.

When possible, it may be more e~onomical to
obtain title to property and have it vacated than
to attempt to maintain access and services that
are continually disrupted by an active landslide.
However, tax revenue is lost when land is
transferred from private to public ownership.
Revenue loss also results from the d=valuation of
private property because of landslide damage.
Although these losses are substantial, to our
knowledge no attempt has been mad-~ to estimate
their value in tax revenue because assigning an
amount would be too speculative to b= of use. Ad-
ditional public cost includes emergency expenses
such as salaries to firemen, policemen, and others
responsible for protecting public hezlth and safe-
ty; but because records of these expenses are
seldom available, the costs are not included in
this report.

Private costs are mainly the loss of real estate
value and possessions, and the cost c€ any repairs
that are required because of lands'ide damage.
Possessions can be replaced and irprovements
undertaken if an individual is financially able, but
property may become unusable. In addition to
the direct costs of repairs, real and prrsonal prop-
erty that has been damaged by a landslide is
often depreciated in value. Reapprairal by the tax
assessor’s office, which indicates a decrease in the
fair market value of property due to snch damage,
represents a loss to the property owner. Property
adjacent to a landslide may also be depreciated,
even though it has received no physical damage.
Other private costs may include legal fees, con-
sultant services, moving expenses, cleaning fees,
and perhaps intangible social and p<ychological
costs.

Loss in the private sector can affe~t the public
sector, and vice versa. When a busin»ss is severe-
ly damaged, a loss occurs in the area’s economy.
This may be limited to a reduction in employee
spending due to lost wages. If a plant is out of
production for an extended period of time, it can



result in a shortage of products and a reduced de-
mand for supplies, both of which affect employees
of undamaged businesses. Decreased production
can also cause a loss in tax revenue and a decrease
in utility use. Loss of these revenues for fixed-
cost services must then be spread among re-
maining users.

Some costs cannot be classified as public or
private; and others, though recognized to exist,
cannot be estimated at present. The first are
classified as ‘‘miscellaneous,” and the second as
‘“undetermined.”

Whenever feasible, it is advisable to assign
costs of landslide damage as closely as possible to
the segment of the economy in which the funds
originate and minimize use of the category of
miscellaneous costs. With adequate data, it
should be possible to accurately place costs to the
Federal government, State, county, township or
city. However, this is not as simple as it seems.
For example, total costs for repair of a city, coun-
ty, State, or Federal highway are commonly the
sum of support from two or more levels of govern-
ment. If a detailed breakdown of costs is to be ob-
tained, the sources and amounts of funds must be
identified, as well as costs incurred by the agency
that actually spends the money.

Miscellaneous costs are those that cannot be
assigned to the public or private sector. Ideally,
these would include only costs for which the
amount of damage is known but responsibility is
disputed, in addition to the litigation costs be-
tween the public and private parties. Litigation
costs are common but difficult to determine
because of reluctance to release information.
Available data indicate that the expense of civil
suits can quickly exceed the amount of the
original damage. The amount of awards in civil
suits and whether they will be borne by the public
or private sector may not be known until years
after the damage occurs.

Miscellaneous costs in the study by Taylor and
Brabb (1972) of costs of landslide damage in the
nine-county San Francisco Bay region in 1968-69
amounted to nearly 25 percent of the total. In-
cluded were costs to the Federal government,
cities, and publicly owned utilities, as well as
litigation costs and costs where responsibility
was disputed. In the estimate of damages for the
same region in 1972-73 (Taylor and others, 1975),
no miscellaneous costs were reported. Costs to
cities were grouped with public costs, and costs

to publicly owned utilities were treated as private
costs.

Undetermined costs include, for example, the
loss caused by landslides occurring directly into a
reservoir or in the tributaries of its watershed.
Such landslides contribute to siltation, which will
reduce the reservoir’s holding capacity. Although
the dollar value of the lost storage is available,
data on how much is due to landslides are not.
Damages from landsliding that occur in conjunc-
tion with an earthquake or tropical storm also
may not be separately identified. An exarple of
an undetermined cost in the San Francisco Bay
region was a proposed $10 million road project
necessitated by a continuing landslide problem.
This item was not included in the San Francisco
Bay region estimate of costs, because relocation
of the road was only planned but not furded at
the time of the study. Construction would include
modernization and an increase in the number of
traffic lanes, so the cost of the project would have
to be discounted to a lower loss figure.

METHOD OF OBTAINING COST INFORMATION

The first step in obtaining cost information was
to define the geographical limits of the area to be
examined. For the study areas described in this
report, the urban areas are bounded by county
lines, and the rural area is partly within a national
forest and partly within city limits. The next step
was to obtain background information on the
types of landslides, their abundance and distribu-
tion, and some of the notable landslide events in
each area. The first personal contact was made
with geologists and engineers in Federal and
State geological agencies who either were work-
ing or had worked in the area. In addition to pro-
viding specific information on landslides, these
contacts were helpful in providing the nemes of
knowledgeable persons in outside agencies and
organizations. Newsclippings maintained in
scrapbooks, clipping services, and newspaper
libraries were used to obtain partial date and a
list of potential contacts. The preliminary con-
tacts with geologists and engineers served two
purposes: they identified individuals and organ-
izations that might have information on costs of
landslide damage and they informed other: that a
comprehensive study was underway.

The next step was to interview agency person-
nel who might have data on landslide costs. If the



appropriate individual within an agency was iden-
tified from the background study, initial contact
was made with that person. Otherwise the head of
the agency was contacted, because that official
either had knowledge of, and access to, the infor-
mation or could delegate the request to the ap-
propriate individual and approve release of data.
In most cases only one individual per agency was
interviewed, and thus the information obtained
may or may not be complete or even representa-
tive of the agency as a whole.

Knowing the name of the person within an
agency or organization to whom a request should
be directed facilitated the work. When going from
one governmental unit to another, it is helpful to
obtain from a person in the first unit the name of
someone working in a similar capacity in another
agency. This also facilitated the study in another
way, for when the new contacts found that others
in similar positions were contributing informa-
tion, they were more apt to cooperate.

In the interest of impartiality, estimates of
costs should be made by the agencies that con-
tribute the data. If experience indicates that an
estimate does not seem reasonable, an additional
opinion can be sought from another official in the
agency, but the estimate should be theirs.

Requested information may be provided by
written or oral communication, or by copies of of-
ficial records. When no records are maintained,
the written communication is preferred from the
standpoint of documentation; however, oral infor-
mation is more common. When given orally, costs
are apt to be in a range of amounts rather than
specific figures. Attempts to arrive at a more
precise cost may result in settling for the figure
at the low end of the range or for the median
amount. Either of these procedures probably
results in a conservative cost estimate.

It should be recognized that the need for infor-
mation on landslides is a new concept to most
agencies, which usually do not maintain records
useful for this purpose. As the need to be more
aware of landslide problems becomes more widely
accepted, we hope that losses and cost data will
be more complete and accurate and can be ob-
tained more easily.

SOURCES OF COST INFORMATION

Table 1 lists the public agencies and private
sources in the San Francisco Bay region that con-

TABLE 1.—Public and private sources of data relating to
the costs of landslides in the San Francisco Bay region

Governmental level

Local County State Federal

Public Sources:

Advanced Planning-------—- —_—
Agricultural Commission —_——
Assessor’s Office—=————~-— _—
Building Inspector--=-=--- X
Chamber of Commerce-:
City Manager—--————-—
Civil Defense---——-—— _—

Community Developers—

Corps of Engineers-—

Department of Sanitation ——— X

Department of Survey-----— X X
and Mapping.

Department of———m===-———~ ———
Transportation.

Design Of fice~———~===u—-— —_— ) S

Disaster Office——=—===——~ — X

Division of Mines and=--- --—-
Geology.

Educational institutions X

Emergency Services—-—-—-- ——— X

Engineers—————~=-==———=~-= X X

Farm Advisor------———-—---— - X
Fire Department————-=--—— X
Fish and Game Department —
Flood Control District---  —=-- X
Forest Service-----———---  -——-
Irrigation District--—--——  —=-= X
Land Development—-———==——- -— X

National Guard-—--------- -—

National Weather Service

Parks and Recreation

Planning Commission-

Public Information--
Office.

Public Works Department X

Roads Department———=————== X X

Seismic Safety-—--— X

Small Business=—————=—==— ——
Administration.

Soil Comservation-------- -_——
Service.

State Senator’s Office——~  ——=—-

Storm Damage Coordinator ——— D S ———
U.S. Geological Survey---  =——-
Utility departments—-——--- X

(gas, electric, water).

Private Sources:

Cummunication companies ———— mmmm—m mmmem mmmmeee

Consulting engineers-----— — ————
and geologists.

Gas and electric—-—=-——-—= —-—
companies.

Homeowners————====- -

Insurance companies-—

Land developers=—=—===——- ——
Private businesses
Real estate agents——-——=—--— ——
Sanitation districts—---— ———
Water companies———————-=-= ———

tributed information and indicates the level of
government at which each public agency oper-
ates. Sources of information for the other ex-
amples in this report are listed in the discussion
of damage costs for the particular area. Although
these lists reflect our sources for these particular
examples and we recognize that sour-es will vary
from region to region, nevertheless, ve hope that



STATE OF CALIFORNIA
DEPARTMENT OF FINANCE

APPLICATION FOR STATE AID
UNDER THE EMERGENCY FLOOD RELIEF LAW
Sections 54150-54164 of Government Code

LIST OF STORM AND FLOOD DAMAGE

Contra Costa County

Local Agency
(a) b) © Total Estimated | APProximate
Item No. Description and Location of Facility Description of Damage & Repairs Cost ;Zeng::‘ere
6 FAS 794, Sgn Pablo Dam Road, 2.2 miles Major slip-out encroaching into shoulder, $200,000 -0-
north of Wildcat Canyon Road, at "Sta. 235" progressing toward traveled way. Stabi-
lize and/or reconstruct slope, install
Road 0961 subdrainage, move road, if necessary.
7 FAS 794, Sgn Pablo Dam Road, 2.1 miles Major slip-out breaking across AC berm at $350,000 -0-
north of Wildcat Canyon Road, at "Sta. 226" [edge of pavement. Install subdrainage,
replace cross culvert, cut back hillside
Road 0961 and grade for road relocation.
8 FAS 794 Camino Pablo. Orinda, opposite Slip-out and creek erosion resulting in $ 82,400 $ 3,500
Ardilla Road roadway settlement. Stabilize roadbank,
install subdrainage, construct culvert
Road 0961 W.0. 6265 for creek if necessary.
9 FAS 794, Moraga Way, Orinda, at northerly Slip-out of shoulder due to creek erosion. $ 14,000 $ 1,000
intersection with Ivy Drive Install culvert in creek, reconstruct
roadbank over it.
Road 0961 W.0. 6469
10 FAS 1019 Camino Tassajara, Danville, at S1ip-out of shoulder and damaged traveled $ 16,200 $ 500
M.P. 5.15 way due to creek erosion. Fill eroded
bank with riprap, reconstruct roadbank,
Road 4721 W.0. 6474 repair pavement.
1 FAS 1019, Camino Tassajara, Danville, at Slide blocking part of one lane. Remove $ 3,140 $ 500
M.P. 8.25 slide, flatten cut slope.
Road 4721 W.0. 6426

{a) Care should be exercised in designating items since covering agreement will correspond if State aid is granted. Cost must be segregated accordingly in local

agency

accounting records.

(b) If application covers damage to roads, streets and bridges, include FAS or County route designations.
(c) If application covers damage to roads, streets and bridges, include net length.

FI1GURE 1.—Extract from an application for State disaster relief from Contra Costa County, Calif., listing landslide location, description of
damage, and total estimated cost of repairs. What the ““‘total’ cost includes is not stated, and experience indicates that it may not represent
the complete cost of damage including such items as emergency services and engineering costs.




Form Approved
OMB No. 063-R1424

U.S. DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT 3. DECLARATION NO.
DAMAGE SURVEY REPORT FoAA 5/16/73

FEDERAL DISASTER ASSISTANCE ADMINISTRATION 4. INSPECTION DATE
(See instructions on reverse of last copy)

3
WORK ACCOMPLTSHED BY

»

1. TO . REGION — 9 FEDERAL DISASTER ASSISTANCE ADMINISTRATION (FDAA] §
B} zoNTRACT

2. APPLICANT (State Agercy, County, City, etc.} :PA NO. O FORECL ACCOUNT
ii | P-1927
7. WORK CATEGORY {“X" Applicable Box) | 'TEM NO. 6. PERGENTAGE OF WORK

O EMERGENCY | COMPLETED TO DATE
®rerMANENT (JA [Js Xc Oo Oe OF Oc Ox O | 22 90 *
8. DAMAGED FACILITIES (Location, identificatioi and description)

Mamalahoa Highway at Kolekole Gulch, Honokaa side of Kolekole Park. 28' roadway
with 16' A.C. pavement and C.R.M. wall at down hill side.

9. DESCRIPTION OF DAMAGE

C.R.M. wall badly ruptured but still intact. Earth cracks and pavement cracks
110' long parallel to the road at downhill side of road.

10. SCOPE OF PROPOSED WORK
Relocate road closer to uphill side by cutting back at a 1:2 slope and

surfacing the widened area. Patch all cracks and C.R.M. wall. Provide stripin
and delineators.

11. ESTIMATED COST OF PROPOSED WORK

QUANTITY| UNIT MATERIAL AND/OR DESCRIPTION UNIT PRICE COST (dollars)
(@) (b) © ) ©
696 c.y. | Unclassified Excavation 20.00 13.920.00
95 ¢.Y. | Subbase 15.00 1,425.00
32 c.y. | Base Course 25.00 800.00
33 Tons | 2" A.C. for widening 40.00 1,320.00
84 Tons | 1-1/2" A.C. for Resurfacing 32.00 2,688.00
16 Each | RM-1 Delineators 75.00 1,200.00
1 Each | R-7-1 "No Parking At Any Time" sign 75.00 75.00
/S Striping 900.00 900.00
L/S Repairing Fxisting C.R.M. MWall ,000.00 | 1.000.00
Construction Sub Total 23,328.00
Surveying 150.00
Engineering 250.00
Drafting and Construc?ion Epoineerino 650 .00
12. EXISTING INSURANCE (Type) AMOUNT
i s TOTAL 24,378.00
| 13. RECOMMENDATION BY FEDERAL iNSPECTOR (Signature, Agency, date) Elgibte ATTACHMENTS
Cves JNC
14, CONCURRENCE IN REPORT BY STATE INSPECTOR (Signature, Agency, date) ATVACHMENTS
O veEs [ NoOf
15. CONCURRENCE IN REPORT BY LLOCAL REPX<SENTATIVE (Signat:ire, Agency, date) ATTACHMENTS
Oves DIno

16. FEDERAL REVIEW (Signature, Agency, date) FDAA REVIEW (Initials and date)

HUD - 484 (9-74° REPLACES OEP FORM 164 WHICH IS OBSOLETE (CQPY 1 - FINANCIAL MANAGEMENT

SHEET. OF. SHEETS

FIGURE 2.—Application for Federal disaster relief from the County of Hawaii, Hawaii. In addition to providing location and
description, this document itemizes estimated costs of construction and engineering that are included in the total.
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FI1GURE 3.—View of a landslide scarp adjacent to a home in Oakland, Calif., illustrating some of the problems of assigning
dollar values to landslide damage. The landslide occurred during the winter of 1968-69 and destroyed several
houses. Although access to this house was impaired and resale value reduced, the house remained habitable.

these lists will serve as a starting place to iden-
tify organizations that otherwise might be
overlooked.

Names of agencies fulfilling the same function
may vary from place to place. For example, what
is known as “Design Office” in one county may
be called ‘““Public Works” in another. In addition,
several offices may be included under any one
heading and so, for example, a Road Division may
be divided into grading, materials, design
engineering, construction engineering, main-
tenance, accounting, and perhaps other units.
Each may have cost figures but may not be aware
of information in other offices.

Probably the most extensive and accessible
records, when they exist, are agency applications
for State or Federal disaster relief. Such applica-
tions include location, type of damage, and
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estimated restoration costs. Even these records
vary in completeness (figs. 1, 2), however, and do
not include administrative staff time. Almost
equally useful are records in any agency where a
separate file is kept of information relating to
landslides. If the agency has one person respon-
sible for maintaining such data and being aware
of all work on landslides, relatively complete in-
formation can be obtained.

Although an agency may maintain files of work
orders or job tickets for damage repair, they may
not be indexed by type of occurrence. This
necessitates an examination of all work orders for
the time period in question in order to locate data
pertaining to landslides. The same process may
be necessary with contracts or requisitions when
an agency has used outside contractors or sup-
pliers in conjunction with repair of damage.



Agencies that do not categorize road work by
type of damage may provide a radio log that
gives an indication of the type of occurrence, its
location, and date. By knowing the location and
date, further search of job files may reveal cost
figures filed under those headings. Commonly,
cost estimates must be based on the memory or
field notes of employees, and it may be helpful to
them to mention specific landslides in the area to
prompt recall.

In some agencies the only pertinent data may
be a total figure from the yearly report or budget
in which a specific amount is allotted for landslide
problems. It may or may not include costs of
emergency services, restoration, maintenance, in-
spection, fees for outside services, and related
staff time.

PROBLEMS ENCOUNTERED

The major problems encountered in obtaining
cost information are lack of, or incomplete,
records; difficulty experienced by sources in
retrieving information; unwillingness of sources
to attempt to locate data; confidentiality of data;
and data that do not separate damage from other
costs. For various reasons some sources simply
refuse to release information, leading to the con-
clusion that documented costs are minimum
figures.

Numerous additional problems are encoun-
tered. Different periods of data recording (fiscal
year, calendar year, seasonal year) are used by
various contributing agencies. Litigation,
whether threatened or in progress, results in a
natural reluctance to release information.

Difficult decisions may be required pertaining
to what part of a total cost is attributable to land-
sliding (fig. 3). In the studies reported here, when
interpretation of cost data was necessary or
duplications of costs could exist, a low or con-
servative estimate was used. For example, the
SBA (Small Business Administration) loans for
landslide losses indicated private damages in Cin-
cinnati and Delhi Township, Ohio, during 1973 of
$1.2 million. This figure was larger than the
reported costs provided by the consulting firms.
The data from the consultants for those areas
during 1973 were dropped because some duplica-
tion of costs was probably involved.

Establishing a yearly cost for a landslide event
is a problem if its movement is a chronic, contin-
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uing, or yearly process, or if the landslide occurs 1
year but no funds are available for repair until a
later year. The first instance might require taking
one-tenth of the amount spent over a 10-year
period, while the other might necessitate taking
one-tenth of the amount spent in 1 year to repair
damage during the preceding 10 years.

Probably the greatest shortcoming in record-
keeping is that few agencies maintain a central-
ized record of the total amount of money or time
expended on any specific landslide problem, or on
landslides in general.

The net effect of problems associated with the
data gathering is that reported costs of landslide
damages tend to be less than those actually incur-
red. Investigations following preliminary pub-
lished reports of landslide damage in the San
Francisco Bay region (for example, Taylor and
Brabb, 1972) show that, as further studies are
made, additional costs can be identified. Assump-
tions must be made in order to compare costs
from county to county and from year to year. Un-
til more complete data are available, however,
these costs provide a conservative estimate of the
total cost of landslide damage.

REEXAMINATION OF COSTS OF LANDSLIDE
DAMAGE IN THE SAN FRANCISCO BAY REGION
(1968-69)

The winter storms of 1968-69 in the nine-
county San Francisco Bay region produced an
unusually large amount of landslide damage. In
an attempt to determine direct and indirect costs
of landslides to public and private interests, the
U.S. Geological Survey undertook one of the first
detailed studies of the cost of landsliding in so
large a geographical area in the United States
(Taylor and Brabb, 1972). Although the investi-
gation followed the methodology described
earlier, practically no guidelines existed at that
time. Nevertheless, the study identified landslide-
damage costs totaling about $25 million. In a
followup study of damages that occurred in the
same area during the winter of 1972-73, Taylor
and others (1975) identified nearly $10 million in
landslide damages. The second study revealed
new sources of information and improved famil-
iarity with record-keeping practices; as a result,
previously undetected costs in sources that had
been examined were uncovered. The improved
perspective on types of costs and locations of in-



TABLE 2.—Estimated costs of landslide damages in the
nine-county San Francisco Bay region (1968-69)

Source Initial survey Reexamination
(Taylor and

Brabb, 1972)

Public:

State———————————m——m—m $ 4,996,000 $ 7,000,000
County-=—=—=wmmm———e——ee 5,177,000 6,000,000
City 4,200,000
Tax loss—==—~—m=c—maoee 12,000 @ ~——meme——ee
Private:
Property depreciation-- 7,106,000 7,100,000
Utilities——===——em—e——o 213,000 200,000
Property damage-——----- 1,983,000 12,000,000 2($25,800,000)
Miscellaneous======—====—— 5,907,000 5,900,000
Total-——————————————e $25,394,000 $32,400,000 ($56,200,000)

lAssumes SBA loans duplicated or did not exceed cost of damage
as de%ermined from other sources. The estimate is conservative.

Assumes costs of damage to private property were equal to 1.5
times public costs. Ratio was determined from SBA data on loans
provided during the winter of 1972-73. The estimate probably exceeds
actual costs of damages.

formation led us to reexamine the sources and
data for 1968-69. The data are summarized in
table 2, which shows the results of the initial
analysis and the reevaluation.

In the initial survey (Taylor and Brabb, 1972),
State expenses were reported to be about $5
million for damage to highways. However, subse-
quent information indicates that amount should
be about 40 percent greater (Robert M. Schroll,
California Department of Transportation, oral
commun., 1976). This is an 8 percent increase in
the reported total of $25 million due to landslide
damage for that single winter. Data as originally
furnished did not include staff time and complete
engineering costs. For similar reasons county
expenditures previously reported, which were
mainly for county roads, should be about 15 per-
cent higher (Edward H. Meyer, Alameda County

Public Works Department, oral commun., 1976)

or an additional 3 percent of the total. A report
covering the same area for the winter of 1972-73
(Taylor and others, 1975) indicated that the costs
to cities (about $1,195,000) were about 0.7 as
great as those of the county (about $1,653,000).
With a few exceptions, which would not material-
ly change the results, city costs were not included
in the report covering 1968-69.> Revised county
costs for the period of 1968-69 are $6,000,000,
and if city costs are 0.7 as great it would add

“That city costs are substantial and nearly as large as county costs was not
learned until the costs of damage were compiled for the winter of 1972-73 {Taylor
and others, 1975). During the initial survey, city costs were thought to be rela-
tively insignificant and to not justify the time required to document them.
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about $4,200,000 or 17 percent to the total ini-
tially reported for the 1968-69 period.

Information not previously available suggests
that costs initially assigned to the private sector
could have been greatly understated. In Marin
County, the SBA gave assistance to those suffer-
ing storm damage during the winters of 1968-69
and 1972-73. Data have been made available for
only the 1972-73 period but will serve as a basis
for better estimates of private costs. The "BA in-
terviewed 1,967 prospective applicants fc+ loans
to cover expenses due to flooding and landslide
damage. Ninety percent of permanent damage
was due to landsliding (Herbert Wimmer, Marin
County Building Inspector, written commun.,
1976), and SBA data herein quoted are reduced to
this amount. Approval was given for 6997 home
loans amounting to about $2,300,000 and 65
business loans for about $900,000; this is an
average of $3,000 per home loan, with kusiness
loans averaging $14,000 (Robert Belloni, SBA,
oral commun., 1976).

Of the 952 persons interviewed but no* apply-
ing, SBA estimated that 85 percent or 809 had
damage that would have been covered had they
been willing to go through the required pro-
cedure, or if the request exceeded $6,000, to
secure the loan application with real property. If
these prospective applicants had only about one-
third the average home damage ($1,000), it would
be an additional $800,000.

These three items—home loans, business loans,
and potential loans—amount to $4,000,000
which, to avoid duplication, replaces the
$1,094,000 already reported as private expense.
The costs, which are for only one county (Marin)
of the nine counties in the San Francisco Bay
region, increase the estimate of cost of c'amages
for 1972-73 of Taylor and others (1975) b;7 30 per-
cent. If costs of damage to private property as
revealed by SBA loans in the other eight counties
were in the same proportion to those initially
compiled in Marin County, the estimate of costs
of private damages is $8,700,000 larger than
reported (Taylor and others, 1975) and the total
cost of damages for 1972-73 is about
$18,400,000. This revised value has been based on
some assumptions that may not be cons~rvative
and may overestimate the cost of dam~ges for
1972-173.

SBA data on loans to repair costs of landslide
damage for the winter of 1968-69 were not



available, and assumptions are necessary to
revise the estimate of costs to the private sector.
In table 2, two values are provided: The lower
value assumes that SBA loans were equal to or
less than the estimate of private costs obtained
from other sources, in which case the SBA value
would be discarded because of possible duplica-
tions. The higher estimate was obtained by com-
paring ratios of public to private costs for
1968-69 and 1972-73. Costs for damage to
private property in Marin County in 1972-73
were about 1.5 times as large as the reported
public costs of about $2,000,000 (Taylor and
others, 1975). In 1968-69, the estimated public
costs (as revised) for the nine-county region were
‘approximately $17,200,000. Assuming that the
1.5 ratio of private property damage to public
costs in Marin County in 1972-73 is approx-
imately valid for the entire nine-county region for
the winter of 1968-69, the revised costs of
damage to private property in 1968-69 are about
$25,800,000.

These increases in cost estimates for State
highways, county roads, city expenses, and
damage to private property indicate that the
total of $25,394,000 initially recorded for
1968-69 was understated and should be increased
at least by an additional $7,000,000 and perhaps
by as much as $30,800,000. The total cost of
damages for the nine-county San Francisco Bay
region for the winter of 1968-69 is probably be-
tween $33,200,000 and $56,200,000.

The upper value ($56,200,000) is probably
unrealistically large. Although the total amount
of rainfall and number of landslides were about
the same in 1972-73 as in 1968-69, the cost of
damage was only about half as much in 1972-73
and more than 30 percent of it was in Marin Coun-
ty. In 1968-69, only about 4 percent of the cost of
damage was in Marin County. The extrapolation
of cost-of-damage data from Marin County in
1972-73 to all nine counties of the Bay region in
'1968-69 is speculative but serves to place an up-
per limit on the costs. The lower value of
$33,200,000 is a conservative estimate. The pro-
cedure discards information that could be
duplicated and uses a low value if interpretation
or apportionment of costs is necessary.

The incidence of landsliding in the San Fran-
cisco Bay region is related to patterns, intensity,
and total amount of rainfall. In some years,
numerous landslides occur and in others, prac-

tically none. To obtain an annual per capita
estimate of costs of damage for the Sen Francisco
Bay region, it is necessary to determine the recur-
rence of landslide-causing storms and to appor-
tion the costs over years of little or no landslide
activity. During the past 30 years in southern
California, damaging landslides have been trig-
gered about every 4 years. Nilsen and others
(1976) estimated that mean annual rainfall
similar to that in 1968-69 and 1972-73 has occur-
red in about 4 out of every 10 yearr in the Bay
region during about the past centurv. The total
estimated costs of damages for 1968-69 and
1972-73 are assumed to represent a 10-year
period of landslide damage (probably a conser-
vative estimate). Taking the mean of the
estimated costs of damage for 1968-69 and
1972-73, adding them, and dividing by ten pro-
duces an estimate of the average annual costs of
about $5,900,000. Dividing this by the 4,600,000
population of the nine Bay region ccnnties gives
an estimate of annual per capita costs of damage
of about $1.30. This estimate ignores litigation
and repair costs accrued in years other than the
years when the landslides occurred and costs of
damage were compiled.

COSTS OF LANDSLIDE DAMAGE IN ALLEGHENY
COUNTY, PENNSYLVANIA (1971-76)

Costs of landslide damage have been docu-
mented for several areas in the Western United
States, but few studies have been completed of
losses in the East. William R. Adams, Jr., of
the Allegheny County Geotechnical Center, con-
ducted a preliminary study of the cnsts of land-
slide losses in Allegheny County. His study
revealed that large losses occur annually and that
a more complete accounting of landsl*1e damages
could be obtained through interviews with some
of the affected agencies and individuals. The
assistance of Mr. Adams in providing data and
information on organizations is gratefully
acknowledged.

Allegheny County is a highly urbanized county
in western Pennsylvania, and Pittsburgh is its
principal city. The county has 1.6 million in-
habitants within its 1886-km? (72%-mi®) area.
Landslides have been a continuing problem for
many years (fig. 4). The areas susceptible to land-
sliding in Allegheny County have been mapped
by Pomeroy and Davies (1975).
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FIGURE 4.—Rockfall in Pittsburgh, Pa., that closed Parkway East on April 27, 1978. Photo courtesy of William R. Adams, Jr.

This is a summary of the estimated costs of
landslide damage in Allegheny County for the
T-year period of 1970-76. All costs are in terms of
dollars expended during a given year, and no ad-
justments have been made for inflation. Informa-
tion reported here was obtained from interviews
conducted in Allegheny County during the week
of August 8-12, 1977, from Mr. Adams, and with
followup correspondence. Only a small percent-
age of all the potential sources of information was
contacted. Undoubtedly a more comprehensive
survey would reveal additional losses. Public
sources that were contacted included Federal,
State, county, and city agencies such as road
departments, planning departments, environ-
mental departments, and assessors; utility com-
panies; sewage disposal agencies; and schools. In
most organizations, only one individual was con-
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tacted. A listing of organizations that were
contacted or that contributed information is in
table 3.

The principal problem in obtaining data on
costs of damage from landslides in Allegheny
County is the very large number of sources
that might have information. Only the most ob-
vious sources could be contacted in the time
available. There are 129 municipalities in
Allegheny County. Some of these have offices
that maintain records of costs for repair of land-
slide damage; others contract such work through
private consulting companies and may have an
incomplete account of costs. At least 200 utility
companies exist in the county (table 4); added to
these are several railroads, various river transpor-
tation authorities, and numerous commercial con-
cerns. Other organizations that might have infor-



TABLE 3.—Sources of information contacted on costs of land-
slide damage in Allegheny County, Pa.

Source Source

City of Pittsburgh: Non-county agency:

City Parks

Department of Lands and
Buildings.

Department of Public Works

District Permit Engineer

Personal property Tax Office

Pittsburgh Public School System

Planning Department

Police Department

Statistical Information

Water Department

Allegheny County Sanitary
Authority.

Commonwealth of Pennsylvania:

Bureau of Topographic and
Geologic Survey.

Department of Environmental
Resources. :

Department of Transportatio
(PennDOT). i

National Guard

Property Tax Assistance
Bureau.

Solid Waste Management

State Forestry

Water Quality

Allegheny County and
Regional Offices:

Allegheny County Geotechnical
Center.

Allegheny County League of
Municipalities.

County Parks

Intermediate Unit (schools)

Police Disaster Office

Public Works Planning and
Development.

Regional Parks

Federal government:

Corps of Engineers
Soil Conservation Service

Private:

Consulting engineering and
geology firms.
Utility companies

mation but were not contacted are the Allegheny
County Assessor’s Office, Southwest Pennsyl-
vania Regional Planning Commission, Pennsyl-
vania Department of Mine Subsidence, and
various other county and city of Pittsburgh of-
fices. Additional Federal and private costs might
have been obtained, particularly for 1972, from
the SBA and the Federal Disaster Assistance
Administration.

The willingness or ability to provide data
varied from organization to organization. Some
sources could give a fairly complete account of
expenditures for landslide damage, whereas
others could give only a yearly estimate. Some
consultants were reluctant to release information
out of concern for the confidentiality of their
clients.

Most of the costs data in this report are for the
calendar years 1970-76. However, because some
agencies use different recording periods—fiscal
year or seasonal year—some costs may not have
occurred in the calendar year to which they are
ascribed. This discrepancy probably does not
materially affect the total cost estimates.

Two categories of costs are reported: public and
private. Most of the public landslide costs is the
direct expense of repairing and restoring roads.
This includes expenses readily attributed to
specific large landslides and an educatéd guess
for smaller slides, as these costs are included
within budgets for routine road maintenance and
repair. Public costs also include damage to
municipally owned utilities and sidewalks and to
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TABLE 4.—Types and number of utility companies in
Allegheny County, Pa.

[W. J. Adams, Jr., written commun., 1978]

Type Number

N

8
11
3

1
11
15
30
58
_63

200

Telep compani.
Gas compani.
Electrical compani
Heating transmission compani
Petroleum transmission companies
Cable television companies

0il compani
Water compani
Sewerage compani

Total

other publicly owned facilities. Some public costs
could not be classified as Federal, State, or coun-
ty and were grouped as ‘‘municipal and other
public funds.” Items under this heading include
expenses jointly funded by several levels of
government, expenses of schools and parks, and
those for several landslides believed to have
resulted in local expenses but for which documen-
tation was incomplete. Private costs are expenses
to individuals and nonpublic groups.

Table 5 shows amounts attributed to both the
public and private sectors for the years 1970-76.
Damage repairs, including construction 'and
maintenance costs, by the Department of Trans-
portation are generally the highest single yearly
expense. Several sources indicated that costs of
preliminary design and engineering work and in-
spection, which are not routinely included in
quoted construction costs, are almost 15 percent
of the construction cost. This amount has been
added to repair costs for each yearly total. Exten-
sive Federal funds were expended in 1972 to
repair landslide damage caused by Hurricane
Agnes.

Private costs for the 7-year period range from
15 to 45 percent of the yearly total. The
15-percent figure is for 1972, when additional
public monies were spent owing to Hurricane
Agnes. The yearly average of private costs is 31
percent of the total. Information regarding
private expenses was provided almost exclusively
by seven private consulting engineering and
geology firms. More extensive participation by
other such firms would have resulted in a more
complete account of costs and a higher yearly
total. Note that the estimated costs of damages
provided by consultants is the same amount for
each of the years 1970-72. This is a result of all
seven consulting firms estimating that the costs
of landslide damages were the same or in the
same range for those years.



TABLE 5.—Costs of damage due to landslides in Allegheny County, Pa. (1970-76)

7-year Yearly Annual per
Source 1970 1971 1972 1973 1974 1975 1976 total average capita cost
Public:
Federal==——======- $3,000 $3,000  $903,000 $3,000 $3,000 $3,000 $3,000 $921,000 $132,000 $0.08
State—==—==—=————— no data 319,000 1,801,000 703,000 290,000 1,768,000 952,000 5,833,000 833,00C $52
County============ no data 10,000 122,000 10,000 20,000 2,000 2,000 166,000 24,000 .01
Municipal and
other public
funds—=========m 878,000 393,000 600,000 466,000 705,000 793,000 450,000 4,285,000 612,000 .38
Subtotal--- 881,000 725,000 3,426,000 1,182,000 1,018,000 2,566,000 1,407,000 11,205,000 1,601,0C0 .99
Private=====—===——— 582,000 582,000 582,000 621,000 590,000 574,000 554,000 4,085,000 584,000 .36
Total====—x $1,463,000 $1,307,000 $4,008,000 $1,803,000 $1,608,000 $3,140,000 $1,961,000 $15,290,000 _$ 2,185,000 $1.35
1(54,000,000)  ($2.50)

Percent of total

that is private 40 45 15 34

37 18 28 27 27 e

1Because only a few of the more obvious sources of costs-of-damage information were contacted, the authors think that the annual cost

exceeds $4 million.

This study, limited in both time and in the
number of sources contacted, indicates that an
average of nearly $2.2 million per year is spent in
Allegheny County owing to landslide damage.
Studies of the San Francisco Bay region (Taylor
and Brabb, 1972; Taylor and others, 1975; and
this report) have shown that preliminary docu-
mentation of economic loss due to landslide
damage may be less than half the actual total.
This is likely true for Allegheny County, and
landslide damage probably costs the public and
private sectors there an average of at least $4
million per year.

If the $2.2 million figure is divided by Alle-
gheny County’s 1975 population of 1,605,016, the
annual per capita cost of landslide damage is
$1.35. Using the more realistic $4 million figure
would raise this to $2.50 per capita per year.

COSTS OF LANDSLIDE DAMAGE IN HAMILTON
COUNTY, OHIO (1973-78)

Hamilton County, Ohio, and nearby counties in
Ohio and Kentucky have experienced severe land-
slide problems in both public and private land.
Landslides occur most commonly in colluvium
developed on shales of the Kope Formation and in
glacial deposits, principally till and lake clays.
The types and physical setting of the landslides
in the Hamilton County area have been described
by Fleming (1975). Figure 5 shows a typical land-
slide problem involving several homes in the
northern part of Cincinnati. The landslide, which
is developing very slowly in glacial-lake clays, has
produced obvious cracks in the house, sidewalk,
and driveway. The small scarps and bumps in the

lawn could be easily overlooked as landslide
features by an unsuspecting observer.
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FIGURE 5.—Cracks in a slowly developing landslide in glacial
materials damaging this house and several others in a sub-
division in Hamilton County, Ohio. Landslide problems in
1973 in this same subdivision did not affect homes but
necessitated expensive repairs.

Local officials and the general public are
working to reduce landslide damages. The City of
Cincinnati enacted an excavation and fill or-
dinance in 1974, and the City Planning Depart-
ment is regulating development through the use
of zoning districts for hillside areas. The City of
Cincinnati has also sponsored a project to iden-
tify and map slopes susceptible to landsliding.
The Hamilton County Departments of Planning
and Engineering have active programs to reduce
landslide losses. Landslide events receive exten-
sive coverage in the news media, and the public is
being informed of the signs that a slope failure



TABLE 6.—Sources of information on costs of landslide
damage in Hamilton County, Ohio

Source Source

Cities, villages, and townships Federal Government:

SBA

Federal Housing Administration

Cincinnati Metro Housing
Authority

U.S. Department of Agriculture

Soil Conservation Service

Internal Revenue Service

U.S. Geological Survey

City of Cincinnati:

Structures, Permits, and High-
ways, sections of Engineering
Division.

Highway Maintenance

Planning Department

Building, License, and Permit
Office.

Metro Sewage Disposal

Water Works

‘City Park Board

. City Public Utilities

City Public Library

Regional Computer Center

Private:

Engineering Society of
Cincinnati

Cincinnati Institute

Salvation Army

Cincinnati Gas and Electric

Cincinnati Bell

N & W Railroad

Conrail

Chesapeake and Ohio Railroad

"Cincinnati Enquirer"

Private consulting firms

Hamilton County:

Engineering Division
Auditor’s Office

Real Estate Tax Office
Planning Department
Building Department

Ohio:

Department of Transportation
Bureau of Employment

may be occurring and of potential remedial
techniques. '

Contact was made with 39 of the 50 municipal-
ities within Hamilton County. Calls to the
telephone numbers of 11 cities and townships
were unanswered, but it is likely that data sup-
plied by the Hamilton County Engineer’s office
include damages incurred by most of these
municipalities. Other agencies that might have
cost data were also contacted. Table 6 lists the
organizations contacted.

The local interest in landslide problems facil-
itated the collection of costs-of-damage informa-
tion. Virtually everyone contacted gave freely of
time and costs data. Although 38 cities, 12 town-
ships, and a large unincorporated area compose
the 1072-km? (414-mi®area, we believe that the
survey of costs of damage is reasonably complete.

Although the data are considered complete, an
event that would have greatly increased damage
figures was intentionally not included. A major
landslide in Cincinnati in 1974 resulted in damage
to a highway under construction and to several
private structures. Some public and private funds
have been expended for study, emergency ser-
vices, and temporary repairs; and some of these
costs may be included in our compilation. In
1979, estimates for permanent repair of the land-
slide went upward from about $22 million and
litigation is in process. Many interests are in-
volved, including public agencies, private land-
owners, consultants, and attorneys; and it is like-
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ly that the landslide will be one of the most costly
to date in the history of the United States.
Because the landslide has not been repaired and
the legal issues have not been resolved, the only
costs associated with it included in this tabula-
tion are relatively insignificant.

The costs of landslide damage in Hamilton
County, Ohio, for the years 1973-78 are sum-
marized in table 7. Total damage costs for the
6-year period are $30,990,000. The annual
average cost of damage is $5,165,000 unadjusted
for inflation. Dividing this figure by the popula-
tion of Hamilton County (883,800 in 1977) pro-
duces an average annual cost per capita of about
$5.80.

PRELIMINARY ESTIMATE OF COSTS OF LANDSLIDE
DAMAGE IN THE MANTI, UTAH, AREA (1974-76)

BACKGROUND

The city of Manti, with a population of about
1,800, is situated near the geographic center of
Utah. It is located on an alluvial fan at the mouth
of Manti Canyon, which is about 14.5 km (9 mi)
long from east to west and as much as 5 km (3 mi)
wide (fig. 6). Most of the canyon slopes, partic-
ularly on the south side of Manti Creek, are
characterized by hummocky topography and
scars of past landslides. One of these old land-
slides, located within the Manti-La Sal National
Forest and about 6.5 km (4 mi) from the city of
Manti, was reactivated in the spring of 1974
(fig. 6).

Reactivation of the landslide was triggered by a
rock slide from the south rim of the canyon. The
rock slide, mixed with abundant water from
snowmelt, mobilized into a debris flow. Part of
this debris flow came to rest on, and thus loaded,
the upper portion of the old landslide. Cracks
propagated downslope in the landslide mass, and
a waterline supplying water and providing hydro-
electric power for Manti was broken. During the
first year, movement was confined to the upper
two-thirds of the landslide. Movement rates lo-
cally exceeded 6 m (20 ft) per day, and a total of
more than 60 m (200 ft) of downslope displace-
ment occurred. In mid-1975, cracks formed in the -
lower part of the landslide; by August 1975 the
active landslide, comprising perhaps 15 million
m? (20 million yd?®) of debris, was about 3.2 km (2
mi) long and as much as 0.8 km (0.5 mi) wide. Dif-



TABLE 7.—Costs of landslide damage in Hamilton County, Ohio (1973-78)

6-year Yearly Annual per
Source 1973 1974 1975 1976 1977 1978 total average capita cost
Public:
Cincinnati and other
cities and townships $1,410,000  §560,000 $3,460,000  $1,000,000 $320,000 $400,000  $7,150,000 $1,192,000 $1.35
Hamilton County--——=———- 200,000 350,000 150,000 540,000 160,000 2,000,000 3,400,000 567,000 64
State——————————- no data no data 120,000 60,000 no data 580,000 760,000 126,000 14
Federal-m=—-—mm—me—me— 40,000 2,310,000 2,400,000 1,640,000 1,760,000 120,000 8,270,000 1,378,000 1.56
Miscellaneous public-- no data 70,000 50,000 no data no_data no data 120,000 20,000 202
Subtotal-—————- 1,650,000 3,290,000 6,180,000 3,240,000 2,240,000 3,100,000 19,700,000 3,280,000 3.71
Private:
Consultants, utilities,
and SBA disaster
loang=====mmmmw—-e 1,650,000 30,000 2,980,000 1,480,000 1,370,000 3,470,000 10,980,000 1,830,000 2,07
Totalemmmmmmm $3,300,000 $3,620,000 $9,160,000  $4,720,000  $3,610,000 $6,570,000  $30,680,000  $5,110,000 $5.80
Percent of total
that is private-—- 50 9 33 31 38 53 36 36 memmmmmmeee
ferent parts of the landslide moved at different A o 1 om
e
rates. The lower part moved at about the same e o 1 zKkw
rate that the now nearly stationary upper part A N

had moved a year earlier. Federal, State, and local
officials were concerned that the landslide would
block Manti Creek and that subsequent large
“breakout’’ flows of the creek would inundate a
large part of the city of Manti with floods or
debris flows.

The concern over the potential blockage of
Manti Creek precipitated a significant expen-
diture of money for analysis and preparation for a
disaster that fortunately has not occurred.
Various local, State, and Federal agencies worked
on contingency plans and examined alternatives
for remedial or preventive treatment of the
unstable areas. The risk to the city of Manti was
concluded to be small compared with the costs of
any of several possible remedial plans, especially
considering that the success of the plans could
not be assured.

Since the initial movement during 1974 and
rapid movement of the lower part of the landslide
in 1975, the rate of movement has decreased. This
supports the decision not to attempt to stabilize
the moving ground or the channel of Manti Creek.
However, a large fractured mass of rock remains
in the canyon rim above the landslide, and a
renewed cycle of movement could start if the
events of 1974 were to be repeated. The landslide
will likely continue to be a troublesome problem
for many years to come.

COSTS OF LANDSLIDE DAMAGE

Although the landslide is 6.5 km (4 mi) from the
nearest permanent dwelling, it has proven to be a

- |
/Fronl of Wasatch Plateau

-,
“
“
“

MANTI CREEK

7

LANDSLIDE

FIGURE 6.—Map showing the Manti landslide, Manti Canyon,
Utah. (Modified from Fleming and others, 1977.)

costly problem for the Manti area. The broken
waterline caused loss of revenue from the
hydroelectric system and has necessitated
development of an emergency water supply and
replacement of the waterline. In addition, large
amounts of debris introduced into the creek by
the landslide resulted in the deposition of
sediments in the irrigation systems and
agricultural fields downstream. Docimented
costs attributable to the landslide wer= nearly
$1.8 million by August 1976. Approximately one-
third of this cost was related to physical damage
or cleanup work resulting from the earth move-
ment. The greater portion, some $1.1 million, was
spent for investigation of the landslide and
preparation for the potential disaster that did not
occur.

Additional funds have been expend~d since
August 1976, but they are small in comparison
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TABLE 8.—Sources of information on costs of landslide
damage in Manti, Utah

TABLE 9.—Expenditures by governmental agencies on the
landslide in Manti Canyon (June 1974-August 1976)

Source Source

City of Manti:
Mayor‘s office
County of San Pete:
Civil Defense

Federal Government:
National Weather Service
Soil Conservation Service
U.S. Army Corps of Engineers
U.S. Forest Service
U.S. Geological Survey
Office of Senator Moss

Public Works Department
State of Utah:
Office of Emergency Services
Utah Geological and Mineral
Survey.
Utah National Guard

with funds spent earlier. This preliminary
accounting of expenditures documents costs
through August 1976; it does not, however, in-
clude some known losses that could not be
evaluated and for which a cost could not be
assigned. For example, on the landslide, a large
number of trees were killed, a small reservoir was
destroyed, and a few animals, mostly deer, were
killed. Also, damage from siltation to cropland
and the irrigation system was an undetermined
cost.

Costs of the Manti landslide were obtained by
interviewing individuals in the different organiza-
tions known to have expended funds (table 8). In
general, only one individual was interviewed in
each governmental unit, and the information may
not be complete.

The costs attributable to the Manti landslide
are summarized in table 9. The amounts listed are
actual expenditures, except that the figure for the
State of Utah includes an estimated value of
$59,000 for service provided by the Utah Na-
tional Guard. As part of their training, they
donated manpower, equipment, and emergency
water treatment units to the city of Manti. In-
cluding this amount seems appropriate because
the services were essential and would have been
required of another source if the Utah National
Guard had been unable to cooperate.

The costs to the city of Manti include $67,000
directly attributable to landslide damage. The ad-
ditional $816,000 includes funds for replacement
of the waterline and valves, the drilling of a water
well for an auxiliary water supply, and preventive
maintenance on drainage channels. A 30.5-cm
(12-in.) waterline was installed to replace the
original line of 20.3 ¢cm (8 in.) and 25.4 cm (10 in.),
thus doubling the capability for water delivery.
The installation of a new well and pump and a
booster pump in the city of Manti provides a

Federal Government $ 769,000
State of Utah 76,000
County of San Pete 61,000
City of Manti 883,000

Total $1,789,000

standby water system not previously available.
Some part of the cost should perhaps be assigned
to upgrading the water-supply facilities and not
be treated as landslide damage. However, the
total amount has been included because the ex-
penditure was precipitated by the landslide. If
this results in an overstatement of costs at-
tributable to the landslide, it is offset somewhat
by undetermined costs associated with the loss of
timber and siltation damage to crop'and and the
irrigation system.

The cost to the city and, therefore, to the 1,800
residents of Manti was about $883,000 or nearly
$500 per person. The total cost of the landslide,
excluding the items that could not be defined,
was about $1,800,000 or $1,000 per person in
Manti. The costs were accrued over a 3-year
period, making the average cost $33% per person
per year. Obviously, this was an urwusual event
for Manti, and some estimate of recurrence
should be applied to obtain a meaningful cost.
Unfortunately, we do not know whether the land-
slide was a 50-, 100-, 500- or even a 1,000-year
event. The range of per capita cost of landslide
damage in Manti, Utah, is probably between $1
and $20 per year.

SUMMARY

In those communities for which estimates of
costs of damage have been compiled, the costs are
much larger than generally believed t'y the public"
and by government officials. Schuster’s estimate
(1978), placing the national cost of landslide
damage at in excess of $1 billion per year, is
reasonable.

In areas where landslide control programs have
been implemented, however, they have proven ef-
fective in reducing damages. Communities that
have landslide problems are encourag~d to assess
the costs of damage to public and private prop-
erty and weigh those costs against the costs of a
landslide reduction program. The prevention of a
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single major landslide in a community may more
than compensate for the effort and cost of im-
plementing a control program.
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