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INTRODUCTION

This report presents data on the location and cost of damage related to landslides in the.San Francisco Bay region
during the rainy season of 1972-73 (figs. l and 2). By showing the general location of landslides that caused damage
during that season, the report also shows which parts of the region have the most severe problems. These data suppl~ment earlier reports by the U.S . Geological Survey on the damage caused by landsliding throughout the bay region during
the rainy season of 1968-69 (Taylor and Brabb, 1972), in Contra Costa County from 1950 to 1971 (Nilsen and Turner, 1975),
in Alameda County from 1940 to 1971 (Nilsen and others, 1975), and in the northeastern part of the city of San Jose from
1~67 to 1971 (Nilsen and Brabb, 1972).

The nine San Francisco Bay region counties are included in this investigation: Alameda, Corit;a Costa, Marin, Napa,
San ,Francisco, San Mateo, Santa Clara, Solano, and Sonoma. Landslide costs for these counties during the 1972-73 rainy
season (table 1) were at least $9 ,716,284. Of this total, $3,284,918 was direct loss of or damage to private property,
mainly by lowering the property market value, and $6,431,366 was for public property, chiefly for repair or relocation
of roads. The data used to compile these costs are fncomplete, thus the total cost could be s~qnificantly greater.
DEFINITION OF LANDSLIDES
In this study, landslides are defined as the downward and outward movement of slope-fanning materials, which may
be composed of natural rock, colluvium, soil, alluvium, artificial fill, or combinations thereof. Landsli?es can ~e
subdivided in many different ways, such as by manner of movement, age and type of materials, but no such d1fferent1ation is made in this report. Some agencies reporting landslide data conmonly use the tenn "slipout" to describe areas
where a section of a road has moved downward or the underlying material has "slipped'' out from beneath the road.
"Slipouts" are included here as landslides. The landslides that are recorded ranged in size from a few tens to several hundreds of feet in maximum dimens i on.
REPORTING PERIOD
Most of the data in this report are for the rainy season of 1972-73. However, because the various agencies involved used different recording intervals--fiscal year, calendar year, or seasonal year--and different procedures,
some data from other rainy periods may be included. As far as we can determine, this discrepancy is not significant
enough to affect the total cost estimate.
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METHOD
Agencies t hat were thought to have data about damage caused by landsliding i n the bay region were contacted.
These included federal, state, county, and city agencies, road departments, planning conmissions and assessors, and
utility companies, sewage disposal districts, and consu lting geologists. In most cases, only one individual per
agency was contacted, and his infonnation may not be complete or even re~resentative for t~e ~g~ncy as a whole .. Because the infonnation from some cities could not be attributed to a part1cular source, no ind~vidual or agency is
listed. However, in order to establish for the record which agencies were contacted so that the scope of the sampling can be assessed, we are including here a 11st by county of offices or individuals that were contacted or that
contributed information.
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Alameda roun.:!:.l_--Alameda, Building Inspector; Albany, Office of the City Eng ineer; Berkeley, Department of Public Works;
Emeryville; Fremont, Maintenance Eng ineer ; liayward, Deparbnent of Public works; Livermore, Buildi ng Inspector;
Newark, Office of the City Engineer; Oakland, City Engineer; Piedmont, Building Inspector; Pleasanton, Office
of the City Engineer; San Leandro, Department of Public Works; Union City, Department of Public Works; County
Flood Control and Water Conservation District, County Public Works Planning Department, County Public Works Road
Division, County Assessor; California Department of Transportation, and the Pacific Gas and Electric Company.
Contra Costa County--Concord, Department of Public Works; El Cerrito, Office of the City Engineer; Martinez, Building
Inspector; Pinole, Department of Public Works; Pleasant Hill; Richllt'Jnd, Building Inspector; San Pablo, Department
of Public Works; Walnut Creek, Community Developer; County Design Office. County Disaster Office, County Assessor;
East Bay Municipal Util ities District; East Bay Regi onal Park District; Mt. Diablo State Park; California Department of Transportation; and the Pacific Gas and Electric Company.
Marin County--Belvedere, Department of Public Works; Corte Madera, City Engineer; Fairfax, Building Inspector and Road
Superintendent; Larkspur, Department of Public Works; Mill Valley, Office of the City Engineer; Novato, Department of Public Works; Ross, Department of Public Works; San Anselmo, Department of Public Works, San Rafael, Department of Public Works; Sausalito, Department of Public Works; Tiberon, Office of the City Engineer; County
Department of Public Works, County Assessor; Small Business Association Diaster Office; Private consulting geologist; Cal ifornia Department of Transportation.
tiapa County--Calistoga; Napa, Department of Public Works; St. Helena, Department of Public Works; Yountville, Office
of the City Engineer; County Engineering Department, County Assessor, County Public Works Department, County
Park Department; State Forestry Division; California Department of Transportat ion; and the Pacific Gas and
Electric Company.
San Francisco County--San Francisco, City Engineer; County Assessor; Department of Survey and Mapping; and the
California Department of Transportation.
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San Mateo County--Atherton, City Engineer; Belmont, Office of the City Engineer; Brisbane; Burlingame, Office of the
City Engineer; Daly City, Department of Public Works; Menlo Park, City Engineer and Menlo Park Sanitary District;
Millbrae, Public Works Department; Pacifica, Engineering Department; Redwood City, Department of Public Works;
San Bruno, Assistant Engineer; San Carlos, Department of Maintenance; San Mateo, Office of the City Engineer;
South San Francisco, Department of Public Works; County Planning Corm,ission, County Engineers, County Department
of Roads, County Assessor; and the California Department of Transportation.
Santa Clara County--Campbell, Department of Public Works; Cupertino, Department of Public Works; Gilroy; Los Altos,
City Engineer; Morgan Hill; Mountain View; Palo Al to, Department of Public Works ; Santa Clara, Department of
Publ ic Works; Saratoga, Department of Public Works; Sunnyvale; County Planning Commission, County Assessor,
County Director of Public Works, County Road Maintenance, County Flood Control Water District, County Parks
and Recreation Department; California Department of Transportation;' U.S. Department of Agriculture Soil Conservation Service; and the Pacific Gas and Electric Company.
Solano County--Benicia, Department of Public Works; Fairfield, Office of the City Engineer; Suisun City; Vacaville,
Department of Public Works; Vallejo, Office of the City Engineer; County Public Works Department, County Assessor, County Fann Advisor; Vallejo Water Department; California Department of Transportation; and the Pacific
Gas and Electric Company.
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Figure
Distribution of landslides that
damaged monmode structures
during the 1972- 73 rainy
season. Each dot represents
the location of one or more
landslides.

Sonoma County--Cotati; Healdsburg, Department of Public Works; Petaluma; Santa Rosa, Building Inspector; Sebastopol;
Sonoma; County Public Works Department, County Department of Advanced Planning, County Agricultural Commission,
County Appraiser, County Department of Roads, County Department of Parks and Recreation, County Department of
Sanitation; State Forestry and State Park Departments; U.S. Department of Agriculture Soil Conservation Service;
and the Pacific Gas and Electric Company.

Scale 1•500,000

We wish to thank the agencies and individuals listed above for their cooperation and assistance in this study.
0

20 Ml

10

EXPLANATION OF RESULTS
0

Costs are reported under two main categories--public and private. Public costs are dollars spent or lost by
governmental agencies, costs ultimately paid by the taxpayer. Private costs are expenses to indiv i duals and nonpublic groups.
The method of recording information about landslides differed greatly from county to county. Some counties compi led separate files for each 1ands l ide, whereas others inc 1uded 1ands 1i de cleanup and repair in a tot a1 maintenance
budget. No single department in any county had a comp lete record relating to landslides within that county. The use
of different maps and map scales sometimes caused difficulties in making our compilation . The apportioning of costs
was occasionally a problem, as expenses sometimes involved major improvements as well as repair . In addition, it was
difficult to assign the exact costs of some landslide damage to a given period of time, as some landslides undergo
repeated movement each year and hence require continuing repairs. The assignment of these costs to a particular period of time varied with the individuals or agencies involved but may have resulted in costs being assigned to years
other than the one in which the movement took place . Several sources of infonnation for private costs requested that
specific data be kept confidential, so that a breakdown of total cost was not always listed. Stonn Damage Reports,
required by the Federal GoveTTJment for disaster relief, were found to be very useful in Marin and Contra Costa counties.
As a result, the compil ation of dates, locations, and costs of landslides varies considerably in accuracy and completeness.
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Most of the public landslide cost is the direct expense of repairing, restoring , or relocating roads. This includes expenses readily attributed to specific large landslides and an educated guess for smaller landslides that are
commonly included with budgets for routine road maintenance and repair, lesser expenses resulting from damage to sewer
lines, street lighting , sidewalks, and other publicly owned facilities are also included. Public agencies must sometimes obtain title to privately owned land to further protect property or to repair existing landslides. In addition
to the cost of procurement, the agency assumes costs for eros i on control. weed abatement, and other minor costs. It
sometimes becomes roore economical to obtain title to property and have it vacated than to attempt to maintain services
tha t are continually disrupted by an active landslide. However, tax revenue is lost when land is transferred from
private to public ownership in this manner. Revenue loss also results from the devaluation of private property because
of landslide damage. These losses in tax revenue were not detennined in our study, inasmuch as they are an ongoing
yearly expense not readily attributed to one season.
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Private costs result from loss of real property and possessions, and any improvements that are required owing to
landslide damage. Possessions can be replaced and improvements undertaken i f an ind ividual is financial ly able, but
property may be rendered unusable. In addition to the direct costs of repairs, property that has been damaged by landsliding is often depreciated in value. Reappraisals by the tax assessor's office, which indicate the decrease in the
fair market value of property if landslides occurred, represent a loss to the property owner. No attempts were made
to evaluate the costs of inconveniences such as time lost taking detours or the costs that resulted from a home being
evacuated--the cost of food and lodging, for example, litigation results in another cost. No figures were obtained
on costs of preparing and conducting court proceedings and only limited data are available on settlements of civil
suits resulti ng from landslide damage.
COST OF LANDSLIDE DAMAGE
Alameda County
Identified costs were as fol lows:
Public costs
state
county
cities
tax loss on property depreciation
Private costs

$270,845

$191,000
20,000
57,500
2,345
Tota l

88,400
$359,245

State, county, and city costs are basically those reported for roadway repair. Private costs include $67,900
loss in assessed valuation on nine parcels of land due to landslide damage . All incorporated cities were contacted,
but only Hayward reported a landslide involv ing city expense. Berkeley had an estimate for minor landslide cleanup,
and Oakland spent a small amount for landslide investigations.
Contra Costa County
Identified costs were as follows:
Public costs
state
county
dtites
tax loss on property depreciation
regional and sta t e parks
Private cos ts
property depreciation, repair and physical loss
utility companies

$974,628

$ 40,243
901,400

Figure 2
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22,140
10,845
$656,150
56,400
Total

County road maintenance accounts for the· major portion of total public
for property depreciation on 82 parcels due to landslides. One hundred and
county. A high concentration is present in the Orinda-Lafayette area and a
region. The city of Pinole reported one lan dslide but had no cost estimate
no landslide damage ,
Marin County
Identified costs were as follows:
Public costs
state
county
city
tax loss on property depreciation
Private costs

Distribution by county
of landslide damage
costs for 1972 - 73.

$712,550
$1,687,178

•
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costs. Private costs include $485,300
ten landslides were recorded within the
lesser concentration in the El Sobrante
for repair. All other cities reported

$490,000

$1,970,540

$340,000
630,570
967,150
32,820
Total

1,093,950
$3,064,490

Only 111 of the 153 reported landslide are shown on the m.1p owing to scale limitations. The mapping shows a
high concentration of reported landslides in the Mill Valley and Fairfax-San Anselmo regions and lesser concentrations throughout the county.
Napa County
Iden tified costs were as follows:
Public costs
state
county
city
parks
Private costs

Fan.lion Isb.nds
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Bose from State Mop of California

$129,300

$ 87,000
42 ,000

37°+

0

2,000
Total

The assessor's office had no requests for reappraisals of property due to l andslide damage.
all reported landslides occurred along roadways.
San Francisco City and County
Identified costs were as follows :
Public costs
state
county
ci ty
Private costs
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With one exception.

s4go,ooo

$400,000

o,

90,000
none reported
Total

$490,000

All reported costs were along roadways.

Solano County
Identified costs were as follows:
Public costs
state
county
city
Private costs

In ch Equals Approximate ly 16 Miles
REFERENCES CITEO
$ 8,950
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Nils en; T. H., ~nd ~rabb, E. E., 1972, Preliminary photointerpretation and damage maps of landslide and other surficial deposits in northeastern San Jose, Santa Clara County, California: U.S. Geol. Survey Misc. Field Studies
Map MF-361, sca le l:24,000.
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Survey B'ull. 1398, in press.
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$ B,750
200

Tota l

19,500

$ 28,450

Numerous small lan dslides occurred throughout the western part of the county, and nineteen affected county roads.

San Mateo County
Identified costs were as fo-1lows:
Public costs
st<1te
county
city
tax loss on property depreciation
Private costs

$2 ,311,310

$2,182,500
50,000
4g,ooo
29,810
Total

l ,284,0DD
$3 ,595,310

County road personne l report no major landslides on county roads and estimate debris removal for minor landslides
at $50,000. Sta te highway figures include an amount in excess of $1,200,000 for a single landslide.
Santa Clara County
Identified cos ts were as follows:
Pub lic costs
st,1te
county
city
parks
Private costs

37°
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Sonoma County
Identified costs were as follows:
Public costs
state
county
city
parks
Private costs
utilities only

$200,250

$195,000
unreported
1,000
4,250

1,£0l0GICAL

10,000

10,000
Total

$210,250

Total
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Most landslides occurred on county rends for wh
officials had no estimate of costs for repairs or mai ntenance.
Cities within the county reported only four lands lides .
1 ch

Totals

Economic loss due to landslides ic 1972-73 (in dollars).
Publ ic

State

Al ameda ..
Contra Costa
Marin
Napa
San Francisco
San Mateo
Santa Cl ara
Solano
Sonoma

74,518
$150,061

Table 1.
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$ 75,543

$ 41,000
unknown
30,543
4,000
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$ 1g1,ooo
40,243
34D,0DO
87,000
400,000
2,182,500
41,000
0

195 000
$3,476,743

County

Private

City

Parks

Tax l oss

0

$ 2,345
22 , 140
32,820

$ 20,000
901,400
630,570
42,000
see city
50,000
unknown
8,750
_______!!Q__!eport

$ 57,500

1,000

4,250

$1,'652 ,720

1,195,393

$19,395

0

967,150

$

10,845
0

0

9D,000
49, 000
30,543
200

300
0
0

4,000
0

Tota l

88,400
712,550
1,093,950
2,000

$

unknown

1,284,000
74,518
19,SDO
10 000

359,245
1,687 ,178
3,06 4,490
131,300
490,000
3,595,310
150,061
28,450
210,250

$87,115

$3.284,gls

$9,716,284

0
0

0

29 ,810
0
0
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