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SYNOPSIS

Maps showing areas vulnerable to ground failure are useful for assessing earthquake hazards. This paper briefly reviews techniques for mapping landslides and 

liquefaction-induced ground failure hazards. Mapping efforts are divided into three successive: Grade 1-compilation using readily available information from 

published reports; Grade 2-addition o f  information from unpublished sources, such as aerial photographs and geotechnical reports; Grade 3-incorporation o f field 

investigations, such as geologic mapping and subsurface studies. The workable scale increase (area of map decreases) with increasing grade o f effort. Compilation 

o f hazard maps requires generalization o f site information to definable map units. This generalization yields hazard estimates that are less precise than site 

assessments. Hazard ratings are usually conservative; i.e., the rating is selected from more hazardous end o f the range o f uncertainty. Such conservatism may 

lead to a costly, but benign excess safety, while an underestimate could lead to an unsafe application.
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INTRODUCTION

Ground failure is a major cause o f  casualties and damage during earthquakes. 

For example, massive landslides in loess deposits during Chinese earthquakes 

in 1718 and 1920 killed more than 40,000 and 100,000 people, respectively. 

A snow and rock avalanche from Nevados Huascaran during the 1970 

Peruvian earthquake killed more than 18,000. Other earthquakes have 

triggered avalanches and falls that have killed from one to a few thousand 

people. Property damage has been equally catastrophic. The landslides noted 

above obliterated several communities including buildings and lifelines 

(Hansen and Franks, 1991; Keefer, 1984). Many failures, particularly those 

generated by liquefaction, have inflicted substantial damage but few 

casualties. During the 1964 Alaska earthquake, large translational landslides 

tore apart buildings and pipelines in Anchorage, while flows and lateral 

spreads in other parts o f  the state obliterated ports, disrupted highway and 

railway embankments and damaged 266 bridges (Youd, 1978). Lateral 

spreads during the 1964 Niigata, Japan earthquake disrupted tens o f  square 

kilometers o f  urban area, tearing apart buildings, shearing piles, severing 

pipelines, and deforming bridges (Hamada et al., 1986).

Maps showing areas vulnerable to ground failure are key tools for assessing 

earthquake hazards and planning of mitigative measures. The purpose o f this 

paper is to review techniques for compiling ground failure hazard maps.

GENERAL CONCEPTS AND METHODOLOGIES

By definition, earthquake hazard maps are regional in nature and thus 

encompass areas larger than a typical engineering site. Although site-specific 

data and analyses are commonly utilized in compilation o f maps, the size o f  

the area requires a generalized approach, including generalization or 

extrapolation o f local information to definable map units. Those units are 

usually defined on the basis o f  topographic, geologic, geomorphic, and 

hydrologic data. As a consequence, hazard estimates noted at any particular 

locality are generally less precise than those that might be determined from 

a site investigation. Because o f  this uncertainty, hazard ratings are usually 

conservative; i.e., the rating is selected from the upper (most hazardous) end 

o f the range o f uncertainty. One reason for this conservatism is that an over 

estimate may lead to a costly, but benign excess safety, while an 

underestimate could lead to a false sense o f security and an unsafe 

application. Two corollaries derive from this conservatism (Youd, 1988):

(1) Because o f  conservatism, actual hazard rarely exceeds mapped hazard at 

a given locality. As a consequence, maps generally provide more reliable 

estimates o f low hazard than o f high hazard; i.e., if  a map indicates low 

hazard, there is little likelihood a high hazard exists. Conversely, in an area 

o f  high hazard, there is considerable probability that lessor hazard exists.

(2) Further investigation, such as site studies, will usually confirm or reduce 

a hazard rating, but seldom increase it. Consequently, there is incentive for 

additional study because o f the likelihood of reducing the hazard rating.

Hazard mapping techniques are classed into three grades based on effort and 

compilation cost (ISSMFE TC-4, in press). These grades are sequential; i.e., 

Grade 1 maps (most cursory) provide a base for Grade 2 maps, etc.

Grade 1 maps.—Published information, such as earthquake catalogues, 

regional seismic studies, topographic and geologic maps, damage reports from 

past earthquakes, etc., may be collected at relatively little expense to compile 

cursory ground-failure maps. Because detailed geologic and geotechnical 

information may not be available in such reports, Grade-1 maps usually are 

generalized and compiled at small scale (1:100,000 or less). Such maps may 

rely heavily on opportunity analyses that provide contours showing 

probability o f  earthquake shaking strong enough to trigger ground failure.

Grade 2 maps.-Grade 2 maps build upon Grade 1 maps by incorporating 

information from non-published sources, such as aerial photographs, geologic 

and geotechnical reports, etc. Data from these sources are then analyzed to 

provide enhanced criteria for defining and assigning hazard ratings to map 

units.' These enhancements allow more detailed and more certain definition 

o f ground failure potential which can be delineated at a larger scale than 

Grade 1 efforts. By Corollary 1 above, the additional information and 

analyses usually leads to reduced hazard ratings for some areas.

Grade 3.—Grade 3 maps require new data from project-specific field studies. 

Those investigations might include geologic mapping, drilling and testing, 

ground water studies, etc. Such investigations are expensive, should only be 

conducted after Grade 2 studies have been completed, and are usually feasible 

only for relatively small areas (large scale maps).

151



MAPPING OF LANDSLIDE HAZARD Grade 2 Liquefaction Hazard Maps

The state-of-the-art for mapping o f earthquake-induced landslide hazards is 

relatively immature. The wide variety o f landslide types, ranging from soil 

and rock falls to deep-seated slumps, the many site factors that influence 

slope instability, ranging from ground slope and ground water depth to 

material strength and joint spacings, and local variations in ground shaking 

intensity, make evaluation of landslide susceptibility a complex and generally 

difficult issue, even on a site specific basis. When compounded with aerial 

variations in hydrologic, geologic and ground-shaking conditions, delineation 

o f landslide potential is problematic.

Grade 1 Landslide Hazard Maps

Grade 1 maps are compiled from available published information. For land

slide hazard maps, that information may consists o f catalogs from which 

seismic source zones and activity can be estimated. That information along 

with empirical estimates o f attenuation of landslide occurrences or distance 

to farthest triggered landslides have been used to develop opportunity maps 

for various types o f  landslides (Keefer and Wilson, 1985; ISSMFE TC-4, in 

press). Correlations between landslide occurrence and earthquake intensity 

may also be used to estimate landslide opportunity (Keefer, 1984).

Topographic maps, from which ground slope can be calculated, and geologic 

maps, from which associations between map units and failure can be assessed, 

may be used to add a susceptibility component to Grade 1 maps (Hansen and 

Franks, 1991). Published engineering and geologic reports, such as reports 

of landslides during past earthquakes, may provide additional information for 

estimating landslide susceptibility. Because of the nature of these 

relationships, Grade 1 maps are usually too generalized for site-specific 

applications.

Grade 2 Landslide Hazard Maps

Grade 1 maps may be upgraded through collection and analysis o f  

unpublished information, such as aerial photographs, geologic and 

geotechnical reports, etc. These sources o f information allow improved 

estimates o f  susceptibility and, in some instances, opportunity.

Grade 3 Landslide Hazard Maps

Grade 2 maps can be significantly upgraded through additional field studies, 

including geologic mapping and subsurface investigations. Such work is 

relatively expensive, and is only feasible for small area (large scale) maps. 

This level o f effort may allow sufficiently detailed delineation of landslide 

hazard for site-specific applications.

MAPPING OF LIQUEFACTION HAZARD

The state-of-the-art for mapping liquefaction and associated ground failure 

hazard is more advanced than that for mapping landslide hazard. One reason 

for this advancement is the simpler nature o f the problem, including a smaller 

number o f  factors that affect the hazard. Nevertheless, mapping of 

liquefaction hazard incorporates considerable uncertainty, largely due to 

variability in geologic and hydrologic conditions, inaccuracy in measuring soil 

properties, and imprecision o f geotechnical analyses. The author recently 

presented the state-of-the-art for mapping liquefaction hazard (Youd, 1991). 

The following text briefly reviews current procedures with emphasis on recent 

developments.

Grade 1 Liquefaction Hazard Maps

Grade 1 liquefaction opportunity and susceptibility maps may be compiled 

from published information. Opportunity maps require regional source zones, 

estimates o f  seismic activity within those zones, and attenuation criteria for 

liquefaction severity or distance criteria for farthest liquefaction effects. As 

an alternative correlations between liquefaction occurrence and seismic 

intensity may be utilized. Susceptibility maps employ empirical correlations 

between geologic or geomorphic units, age o f sediments, ground water levels, 

and past occurrences o f  liquefaction (Youd, 1991; ISSMFE TC-4, in press).

Grade 1 susceptibility maps can usually be improved through analysis o f  data 

from unpublished geotechnical and geologic reports (Youd, 1991; ISSMFE 

TC-4, in press). Map units may be more precisely defined through aerial 

photo interpretation and reconnaissance field investigations.

Empirical correlations developed by Bartlett and Youd (1992) allow mapping 

of lateral-spread displacement potential. Because displacement causes most 

liquefaction-induced damage, such maps are useful for engineering and 

planning purposes. A map has been compiled for the Portland Quadrangle, 

Oregon (Youd and Jones, in press). Interested readers may wish to obtain 

this map to review compilation methodology and assess its usefulness.

Grade 3 Liquefaction Hazard Maps

Geotechnical and geologic investigations, including subsurface drilling and 

testing are required to prepare Grade 3 maps. Such investigations allow 

specific evaluation of thickness and distribution of liquefiable units and 

assessment o f  displacement potential. This level o f investigation, however, 

is feasible only for small areas (large scale maps).
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