Implementation 4

rom earth science comes knowledge of earthquake haz-

ards; from engineering, an understanding of how to pre-

pare structures against them. For this knowledge and

understanding to actually reduce earthquake losses, how-
ever, it must be putinto effect. This process, the transformation of
research results into real-world measures that will reduce loss of
life and property, is referred to amplementation

Implementation can take a number of forms. It can mean the
incorporation of engineering lessons into the building practices of
a seismically vulnerable region, land-use planning to restrict de-
velopment of unusually dangerous ground, emergency planning
to ensure service or business continuity in the aftermath of a ma-
jor temblor, or informational outreach programs to inform poten-
tial earthquake victims of risks and preventive measures. It is a
complex, multifaceted process involving many different players
working at many different levels, and as suchitis inherently chal-
lenging.

In many respects, implementation is the chief bottleneck hin-
dering seismic mitigation efforts in the United States. Researchin
the earth sciences and engineering has already provided much of
the knowledge base needed to prepare against earthquakes: we
have a good idea of where earthquakes can occur (at least for the
more seismically active areas); we have a sense of their potential
severity and probable effects; and where we choose to prepare, we
can significantly reduce the likelihood of massive destruction and
loss of life. The problem is that we do not always choose to pre-
pare. Despite mounting evidence that truly devastating earth-
quakes can occur in heavily populated regions of the central
United States, Intermountain West, and U.S. East Coast, these re-
gions remain highly vulnerable to future earthquake losses. | 95
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Moreover, where we do choose to act (most notathe context of larger motivational problems that

bly in the state of California), we have focused orcomplicate the widespread and thorough adoption

issues of life safety and remain vulnerable to devef mitigation programs. Finally, the section “How

astating economic loss. Matters Might Be Improved” identifies earth sci-
These problems—a general lack of earthquakence, engineering, and direct implementation

mitigation in many seismically hazardous regiongneasures that might improve mitigation adoption

(particularly outside California), and a surprisingand execution.

economic vulnerability in even the best-prepared

communities—have drawn attention to how theTHE IMPLEMENTATION PROCESS

implementation of seismic mitigation might bestD The Voluntary Nature of

be improved. e
The emphasis in the National Earthquake Haz- Earthquake Mitigation

ards Reduction Program (NEHRP) has traditionf"0m the perspective of the federal government,
ally been on the front end of the implementatiorf® implementation of earthquake mitigation
process (i.e., the gathering and dissemination di€asuresisan essentially v_oluntary process. Fed-
research knowledge and recommendations), witAr!ly supported research gives warning of likely

the actual execution largely left to state and locaf@rthquake hazards while suggesting possible

authorities, private organizations, and private ini€chnical countermeasures, and concerned non-

dividuals. As a result, implementation might befederal entities decide whether to incorporate
improved through better coordination and tailor-t10S€ Suggestions into state, local, or private haz-

ing of front end efforts to the needs of nonfederaﬁrqr:]eduq'pn s;:h;\a_mes. hii vinth
implementers. Alternatively, one might desire to Ie orl_gln;_o t I!S a[t)proac |edp_art yl\IInEtHggp_
complement existing efforts by having the federaf'Sua sSclentiic: climaté surrounding S
government play a more active implementationConceptlon (a p0|_nt gddressed Ia_ter) and partly n
role through incentives, insurance, or regulationtmhatte[]sfoé CO:’IfStItL(Jj'[IOHa| aquor,'[E" That is, fal-
All such efforts require an understanding of how ougn tederal funds can gulde the course of re-
the implementation process works, who the chie?eamh’ the application of research results takes
' lace primarily through land-use decisions and

players are, what their relations are to NEHRP an uilding codes—authority over which is constitu-

to each other, and what incentives or disincentivets )
. . ) o lonally ceded to the states—and through action
influence their desire or ability to act. Those seek;

ing to improve mitigation efforts in the United by individuals and nongovernmental organiza-

. 77 tions.
States must therefore consider the following: To explain in more detail, the essential goals of

= How does implementation work in the ideal mitigation are to ensure that buildings and other
and in practice? structures do not collapse, that lifelines and ser-

= What underlying factors reduce implementa-vices continue to function, that individuals and or-
tion success? ganizations are aware of risks and appropriate

= What activities or measures have the greatestsponses, and (a more recent concern) that eco-
impact on implementation success? nomic losses are minimized. The basic tools to ac-

These questions are considered in turn. Theomplish these goals are:
next section, “The Implementation Process,” ex-1. building codes for new construction in seismi-
amines the basic workings of implementation and cally hazardous areas;
identifies difficulties that arise in the execution of 2. retrofit or demolition programs and guidelines
mitigation measures. Following that, “Factors Af-  to reduce or remove the risk of potentially haz-
fecting Implementation” sets these difficulties in  ardous older construction;
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. land-use planning or zoning measures to preeffect. Because different parts of the country vary

vent development on particularly dangerousn their geology, hazard awareness, economics,
ground (e.g., fault scarps and landslide zonespolitical climate, and mitigation history, these
or to limit such development to nonessential plans show a wide range of approaches:

less vulnerable uses; .
. actions by individuals or nongovernmental
groups to reduce nonstructural hazards.(e.g
anchoring office equipment), or to initiate mea-
sures (land-use, retrofit, seismic-safety stan-
dards) beyond those recommended by the
government; .
. structural, organizational, or emergency re-
sponse measures to ensure lifeline survivabil-
ity; and
. the collection, processing, and dissemination
of information on earthquake risk, mitigation
alternatives, and earthquake response to at-risk
individuals and organizations.

Of these tools, the first three (which have the
greatest impact on reducing catastrophic building
collapse and major loss of life) are building and
land-use issues, while the fourth is, by definition,
private. The federal government has some influ=
ence on lifeline survivability via authority over
utilities and transportation (and of course on direct
federal construction), but its basic role in imple-
mentation is currently focused on the last mea-
sure—collecting, processing, and disseminating
information? This handling of information serves
two functions: one is to motivate nonfederal enti-
ties toward action by making clear both the risks

The overall approach can be regulatory, incen-
tive- or insurance-based, or built on outreach
and the media.

Action can be initiated by states, localities, pro-
fessional and technical associations, or the pri-
vate sector.

In some instances (e.g., hospitals and schools
in California), the state takes a direct role in
mandating preventive measures. Alternatively,
the state can issue voluntary guidelines for lo-
cal jurisdictions, or it can set performance stan-
dards that local authorities must attain.
Considerable discretion is commonly left to lo-
cal governments. Where state activity is weak,
local authorities sometimes take the lead (in-
deed, localities in even the most active states
are free to adopt more stringent measures than
required).

Finally, important mitigation decisions can be
made at a nongovernmental level by regional or
local utilities, private businesses, professional
societies such as those guiding the training and
practice of engineers, organizations governing
particularly sensitive institutions such as mu-
seums and laboratories, and private individu-
als.

Despite the variety of mitigation approaches,

and the pOtential |OSSGS; the Othel’ iS to faCilitatgome common themes recur. In deciding Whether
action by translating research results into readilyynd how to guard against earthquake hazards,

usable forms (e.g., by incorporating engineeringommunities, organizations, and individuals will
theories into ready-to-use model building codes)generally seek to:

1.
[J Approaches to Implementation
With federal agencies currently playing a primari-2.
ly informational role, authorities in the state, lo-
cal, and private sectors are faced with devising
their own plans for putting hazard reduction into

assess the local level of seismic hazard and lo-
cal vulnerability to that hazard,

decide what changes should be made to the ex-
isting and future built environment while en-
suring that the benefits of such changes
outweigh the costs, and

1The federal role could be larger, and options for making it so are presented in chapter 1. However, this discussion reflects the federal role as

it currently exists.
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A community's first step in assessing earthquake risk is to consult large-scale seismic hazard maps;

ground shaking is shown for the continental U.S.

3. devise regulatory, financial, insurance-based,
or cooperative tools to put those changes into
effect.

Although simple in concept, these steps—par-
ticularly the first-are not straightforward to
execute. To illustrate the difficulties that arise, the
remainder of this section examines how a hypo-
thetical (and unusualy thorough) community
might approach each of the above steps. For clar-
ity’s sake, each step is presented in sequence, with
the assumption that conscious, rational thought
governs every phase of the process. In the real
world, communities or individuals will likely deal
with steps simultaneously or in varying se-
quences, perhaps making decisions on the basis of
less-than-formal deliberations; however, the basic
problems that arise are the same whether the deci-
sionmaking process is explicit or implicit.

Most  severe

& | Least severe

here,

the severity of future

» Assessing Hazard, Risk, and Vulnerability

Assessing Overall Hazard—Seismic
Hazard Maps

As a first step, this hypothetical community will
examine U.S. Geological Survey (USGS) seismic
hazard maps'to gain a sense of the overall danger.
Of concern are:

- the frequency of seismic activity and the likeli-

hood of activity within a future time window,
. the most likely severity of future events, and
. the severity of the worst-case event.

All three points are subject to considerable uncer-
tainty, and al have an impact on the scope and
character of the desired mitigation action.

The first point reflects the immediacy of the
earthquake threat and can determine the choice of
implementation tools. If a community can reason-

*There are many types of seismic hazard maps. See chapter 2 for more details.
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ably expect a damaging quake several hundrefissessing Risk in Detail

years from now—by which time most or all of its |t js tempting to stop the assessment process at the
current building stock will have already been re-gye| of the seismic hazard map—knowing the
placed—then seismic codes for new constructioyregicted zone of devastation surrounding future
might suffice for future protection. However, if & garthquakes, one could in theory simply require
major seismic event is expected within the neXihat all structures within the zone be built to
few years or decades (i.avithin the lifetime of seismically resistant standards.

many existing buildings), prudence may dictate Rea|-world costs however make a broad-brush
more drastic measures such as building retrofit O4nproach impracticable on two counts:

demolition and replacement. The difficulty is that
situations are rarely so straightforward. Becaus
earthquake likelihood is commonly expressed as a
probabilistic estimate (i.e., there is a percentage
chance of an event during some future time inter-
val) and because building lifetimes vary widely,
communities must judge the impact of an uncer-
tain future event on an evolving building stock. As
a result, communities must balance the risk of
overmitigation (e.g., by tearing down or retrofit-
ting structures that would never have experienced
an earthquake) against that of mitigating too slow-
ly and being caught unprepared.

Apart from issues of urgency is the question of
earthquake severity: should one prepare for the
worst-case scenario, or for the most-likely? The _ S )
geologic stresses that lead to seismic activity (see ation of seismic maps. Applying an average
chapter 2) can be released by earthquakes of manyIeveI of mitigation to the entire area W|II_ thus
different sizes, and those preparing for them must t€nd to overprepare some localities while un-
choose from a range of predicted calamities. This derpreparing others.
choice creates problems for those trying to justify For practical and economic reasons, a commu-
the expense of mitigation, for over- and underprenity will therefore wish to focus its efforts on loca-
paration can both waste money: overpreparatiotions where devastation is most likely. Places
is expensive for obvious reasons, while an expersubject to ground failure, seismic energy amplifi-
sively but inadequately prepared building can stilication, and other earthquake-related effects (see
be destroyed at a a total loss. chapter 2) can experience the bulk of a region’s

earthquake damage and will call for special atten-
tion (or sole attention, if the commitment to miti-
gation is weak). Because the typical seismic

d. In many regions (particularly east of the Rock-
ies) scientific uncertainties mean that enor-
mous portions of the seismic map are marked as
potentially hazardous. A broad-brush mitiga-
tion strategy can therefore prepare a wide-
spread area for a future earthquake that, if and
when it occurs, might strike but a small fraction
of the regiortt

. Even if predicted earthquake locations are
tightly constrained, a broad-mitigation strategy
can still be undesirable. Within the general area
affected by an earthquake, quirks of local geog-
raphy and geology will make some localities
much more dangerous than others (see chapter
2); these quirks are largely ignored in the prepa-

3 Such an expectation can never be certain, for there is a certain probability that an earthquake can occur at any time; however, a community

in a seismically inactive region may judge its near-term earthquake risk to be too low to warrant drastic action.

4 This form of overpreparation is particularly troublesome where earthquakes are infrequent, in which case many of the region’s buildings

will never experience an earthquake during their lifespans.
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Earthquake-reduced ground failure (liquefaction) can
endanger even the most well-constructed buildings
(Niigata, Japan, 1964).

hazard map predicts only the average severity of
ground shaking that would occur on an average
piece of land, the community will likely have to
conduct its own study of local geologic condi-
tions. This sort of “microzonation” assessment is
typically far beyond the technical capability of a
local government, and although some metropoli-
tan regions have been studied through state efforts
or because of specia interest on the part of earth
scientists, a community will generally have to hire
a geotechnical firm to perform the work.

Assessing Vulnerability: Inventory

and Damage Estimation

Although one might expect the damage pattern in
a community to coincide with the pattern of maxi-
mum ground shaking (subject to the microzona-
tion effects noted above), the damage a given
building experiences in an earthquake will depend
on its design, the type and quality of its construc-
tion, and how the building reacts to the particular
ground motion characteristics of the earthquake
(see chapter 3). Hence, it is not enough to know
the local geology and geophysics-one must also
estimate how the building stock will respond.
Such an estimate requires an accurate inventory of

the local building stock and predictive tools relat-
ing earthquake damage to building type.

Unfortunately, most communities do not pos-
sess workable building inventories. Inventories
may simply not exist, they may be outdated, or
they may be expressed in terms that are of little use
for mitigation (e.g., an inventory developed for
tax or urban planning purposes might classify
buildings according to function while including
nothing about their construction).

A concerned community will therefore prob-
ably conduct a building survey to learn what
buildings it has, what condition they are in, and
where vulnerable structures are located. Again,
this is not a straightforward task, particularly
when it comes to the most worrisome older struc-
tures. That is, it is generally not enough to ssimply
walk down a street and note down what buildings
stand along it: a given “old building” might be
made of unreinforced masonry; reinforced ma-
sonry; or some hybrid, much modified arrange-
ment of wood, stone, metal, or concrete.
Therefore, ajudgment on its construction and vul-
nerability may require physical inspection by a
specidist. *

Finally, having determined its building inven-
tory, the community must relate that inventory to
what it knows of the earthquake hazard and come
up with an estimate for likely future losses. Ideal-
ly, this estimate will include economic loss and
casualty figures broken down by building type
and geography. Again, such an estimate is not
straightforward, because the relation between
earthquake damage and building design or
construction is as yet poorly understood. How-
ever, if it can be done, such an estimate will allow
a community to target those areas in which it is
most vulnerable, and expend less of its resources
in areas that are more robust.

Earthquake loss estimates thus function as a
mitigation tool of singular importance. By reduc-
ing mitigation costs while increasing the likely

°*The technical expertise requied for such an inventory suggests a possible avenue for federal implementation assistance.
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Detailed risk assessment requires the preparation of small-scale seismic zonation maps,

in which local geologic dangers are

matched to features of the built environment. Here, the potential for liquefaction in a Utah community isover/am on a map 01 city

streets.

benefits, a quantitative loss estimate can increase
the effectiveness of current mitigation efforts
while making it much more likely for as yet unde
cided communities to act. Unfortunately, al-
though work is progressing on this front, reliable,
consistent estimates are extremely difficult to ob-
tain.’®

The Office of Technology Assessment (OTA)
notes an exceptional lack of quantitative informa-
tion on expected earthquake losses in specific ur-
ban areas of the United States. Loss estimates

have been made for certain regions (most notably,
metropolitan areas in Caifornia), but variationsin
methodology, scope, assumptions, and even ter-
minology make interpreting or comparing their
results difficult. Further lacking are comprehen-
sive data showing the change in expected losses
that would result from mitigation--data essential
to judging the cost-effectiveness of different miti-
gation measures. Indeed, many at-risk communi-
ties (particularly smaller urban centers in areas
outside of California) have little more than a sense

‘The Federa Emergency Management Agency, under NEHRP, is sponsoring the development of a computer-based loss estimation tool that
could alow communities to estimate risk and prioritize risk reduction efforts.
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Land-use planning measures are best employed where local geologic conditions create unusually severe hazards (e.g.,
clockwise from upper left: fault scarps; landfills and land reclaimed from the sea; outwash and alluvial fans; unstable slopes).

that some sort of disaster might happen sometime
in the future, and that some sort of preventive ac-
tion should be taken. Missing are hard data on
what are the expected losses, and in what func-
tional and geographic areas will they occur. With-
out such data, communities can only guess how to

respond.

OModifying the Built Environment
Having assessed the risk as well as it can, a com-
munity has a choice of mitigation tools with
which to proceed. Possibilities include:

.land-use planning and zoning,

.building codes for new construction,

.retrofit or demolition of older construction, and

.systems-related, small-scale, and private activ-
ity (including emergency planning).

Although each of these has an impact on both life

safety and economic loss, the first three tend to of-

fect life safety issues, while the fourth is more di-
rected toward economic damage.

Land-Use Planning and Zoning

The simplest and most drastic mitigation option is
to avoid building things where earthquake hazards
are expected. However, such an option is also the
least used, and in practice land-use planning gen-
erally entails not the outright banning of develop-
ment, but the tailoring of land use to forms less
susceptible to earthquake damage.

Abolishing development on hazardous ground
is most acceptable when the risk is clear, the alter-
natives are poor, and the geographical extent of
the expected damage is limited. For earthquakes,
circumstances meeting these criteria are relatively
rare. The presence of a historically active surface
fault rupture offers a possible candidate, in that the
likelihood of future fault movement is evident, the
engineering options are nonexistent (few struc-
tures can resist being torn in two, regardiess of
their construction), and the most damaging geo-
logic effects occur in a tightly constrained area im-
mediately adjacent to the fault.



However, even where conditions seem right,
strict land-use measures such as development
bans rarely appear as a mitigation tool. The history
of earthquake disasters shows no end of instances
where major structures have been built along
known faults, even in seismically aware Califor-
nia (e.g., the stadium of the University of Califor-
nia at Berkeley sits atop the Hayward Fault), and
with relatively rare exceptions (e.g., the “Faultline
Park” in Sdt Lake City), such measures are gener-
aly unpopular.

The roots of this unpopularity lie in the geo-
graphic nature of the earthquake phenomenon.
Unlike floods, which typically strike clearly de-
fined parts of floodplains and coasts, the primary
earthquake hazard—ground shaking---can be dis-
tributed over an area so broad that general devel-
opment bans become impractical (clearly one
cannot halt construction in all of Los Angeles).
Even local bans in places of obvious fault rupture
or ground falure are often thwarted by a variety of
socioeconomic objections (e.g., earthquake faults
possess a perverse ability to create potentialy
valuable real estate with spectacular views).
Moreover, typical seismic recurrence intervals of
alifetime or longer mean that bans must be main-
tained through years or decades of seismic inactiv-
ity.

The more likely use of land-use planning is
thus in a milder form in which development on
dangerous land, though permitted, is restricted to
its less vulnerable forms. Thus, for example, a
community might identify an undeveloped parcel
of land that is subject to liquefaction or landslide,
and limit construction to single-story, low-occu-
pancy dwellings, or perhaps to noncritical indus-
trial uses such as warehousing (such is one effect
of Californids Alquist-Priolo Act, see box 4-1 ). In
this way, land-use planning is used not to prevent
earthquake damage outright, but to reduce its di-
rect and indirect impacts. Alternatively, a commu-
nity might designate high-risk areas as sites
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Areas of extreme earthquake hazard-such as this fault scarp
in Utah—are often attractive locations for development.

requiring special geologic and engineering con-
sideration before building can proceed (as in
Utah's Salt Lake County Natural Hazards Ordi-
nance, see box 4-2), thereby ensuring that vulner-
ably sited structures are more seismically resistant
than the norm.

Building Codes for New Construction

With land-use planning reserved for specia cases,
a concerned community will commonly turn to
the most broad-based of mitigation tools—the in-
corporation of seismic provisions in building
codes. By using codes to effect seismicaly resis-
tant construction, a community can replace the
bulk of its building stock over time with one less
vulnerable to damage and collapse. Because the
approach does not restrict or modify land-use pat-
terns, and because it is reatively inexpensive
when applied strictly to new construction (see
chapter 3), it can be more politicaly paatable than
a broad-based land-use planning approach.’For
al these reasons, building codes are perhaps the
most popular of implementation options, and are
often (erroneously) thought of as the sole tool of
mitigation.

‘In some situations, land-use planning measures can be more politically acceptable than are broad-based building codes (as is the case in
Sdt Lake County, Utah.). However, such measures are adopted because they are extremely limited in geographic scope, and thus affect a rela

tively small number of buildings and structures.

INH3B H diliHd
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BOX 4-1: Land-Use Planning in California: The Alquist-Priolo Act

The classic use of land-use planning to combat seismic hazards is California’s Alquist-Priolo Act of 1972,
This ordinance, which applies to the local government permit process for new construction, seeks to prevent
structures from being built atop active earthquake faults. Its origins lie in the historical prevalence of active
fault rupture (see chapter 2) in major California earthquakes, and reflects a belief that buildings and struc-
tures cannot be engineered to be resistant to fault motion. In concept, the act represents land-use planning in
its purest form, and practical details of the act therefore illustrate basic problems in implementation.

The basic form of the Alquist-Priolo is as follows: the State of California, through its Division of Mines
and Geology, identifies active faultlines and defines the land on and immediately adjacent to the faultlines
as “Special Study Zones. " These zones are typically 600 feet to a quarter mile wide, with the width reflect-
ing the degree of uncertainty over fault location and the amount of secondary fracturing of the ground on
either side of the main fault. Those wishing to build within a study zone must submit a licensed geologist’s
report detailing the existence of active faults near the building site. If an active fault is found, buildings
must be ‘(set back” from the fault (the amount of setback ranging from 10 to 50 feet, depending on the
nature of the fault). In this manner, buildings are not sited where they are not expected to survive.

Though the Alquist-Priolo is straightforward in concept, practical matters of execution somewhat weak-
en its impact. The philosophical justification for the act is the government’s responsibility to safeguard hu-
man life, and the legislation is therefore targeted at occupied structures. Structures occupied less than
2,000 person-hours per year are therefore exempt—an exemption that leaves out most lifeline system com-
ponents (also exempt are single-family dwellings of wood frame construction, which though not resistant to
fault motion, are less likely than other building types to fail in a lethal fashion). In addition, local expertise in
geologic matters is required for successful implementation, as direct review authority over the required
geologic reports is left to local governments.

Finally, the Alquist-Priolo contains a purely informational component, whereby a buyer of property that
lies in a Special Study Zone is supposed to be informed of that fact. This provision of the act has been
found to be largely ineffective in influencing buyer behavior.

SOURCE: Robert Reitherman, “The Effectiveness of Fault Zone Regulations in California, " Earthquake Spectra, vol 8, No 1 (Oakland,
CA Earthquake Engineering Research Institute, 1992), pp. 57-78

Seismic codes, however, are not a panacea. In level) often reduce code performance from the
practice, their use involves a number of decisions engineering ideal.
and tradeoffs that can collectively reduce their im- . Effective local enforcement of the code is cru-
pact: cia for reducing risk.

» Seismic building codes do not govern every as=  These points are discussed in turn.
pect of a community’s building stock, but typi-
cally focus on specific parts of specific building ~ Code coverage and philosophy
types (thus ignoring certain aspects of building Although in theory codes can be written so that all

damage and economic 10ss). buildings in a community are completely built to
= Codes cannot serve as a substitute for seismic seismically resistant standards, in practice their
engineering expertise, and indeed require skill application is more selective. Because the applica
and judgment on the part of their executors. tion of building codes involves a cost in money

* Elements of the code adoption process (the  and effort, prioritization is necessary, and not all
steps that trandate a seismic engineering rec- buildings and not all parts of buildings are treated
ommendation into a specific code at the local equally.
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BOX 4-2: Land-Use Planning in Utah: The Salt Lake County Natural Hazards Ordinance

A region subject to infrequent but potentially sizable earthquakes, the Salt Lake County of northern Utah
(an area containing metropolitan Salt Lake City and some 40 percent of Utah's total population) uses land-
use planning measures to reduce the impact of future damaging earthquakes. The intent of these mea-
sures is not to safeguard the general population, but to reduce the vulnerability of the built environment in
unusually hazardous areas. This approach in part reflects the historical lack of seismic activity in the region
and the consequent low public awareness of earthquakes and earthquake hazards: while broad-based mit-
igation measures such as new-construction building codes have engendered active regional opposition
(because of feared mitigation costs), geographically limited land-use decisions—which are typically made
by a small number of governmental and professional individuals—are less visible to the general public and
hence inspire less controversy.

The centerpiece of the county’s mitigation strategy is the Salt Lake County Natural Hazards Ordinance
of 1989. Significantly, this ordinance does not treat earthquakes in isolation. Instead, seismic concerns are
tied in with other natural hazards such as flood, landslide, and avalanche. This tactic allows the less com-
mon hazards--of which earthquakes are perhaps the rarest—to be handled by the same procedures that
govern the most common, a move that further reduces opposition to the measure while minimizing addi-
tional implementation cost.

In outline, the ordinance works as follows: geologic and microzonation studies (some funded through
the National Earthquake Hazards Reduction program (NEHRP) and the U.S. Geological Survey) are used to
identify particularly dangerous “hazard zones. ” Those seeking to develop sites within those zones can be
required to prepare a special engineering geology study delineating all of the local natural hazards and
explaining how the hazards will be dealt with (the nature of the hazard zone and the Intended use of the
site dictate whether a study is called for). The study must then be reviewed by the county geologist, the
Utah Geological Mineral Survey, and the Forest Service (in cases of avalanche threat), following which final
approval must be obtained by the county’s planning commissions.

The hallmark of this ordinance is extreme flexibility-a flexibility cited by county planning staff as crucial
to the measure’s success. With one exception (no buildings can be placed astride an active fault), the
ordinance does not require any specific mitigation action. Developers are therefore free to develop their
own mitigation tactics, be it through land-use measures like fault setbacks or through some engineering
response. This flexibility is another factor favoring public acceptance of the ordinance, and is felt appropri-
ate to the region’s often complicated geology.

In turn, a flexible ordinance requires scientific and technical expertise on the part of county officials
tasked with reviewing the engineering geology studies (and further demands that reviewers actively use
their authority to halt unsatisfactory projects). Earlier incarnations of the ordinance were felt to suffer in
effectiveness because this expertise was lacking. In this light, a critical contribution was made to regional
mitigation efforts through NEHRP funding of a County Geologist Program from 1985 to 1988 This program,
which placed a geologist on the staff of the Salt Lake County Planning Department to improve the geologic
review process, was deemed so successful that the county chose to maintain the position following the

expiration of federal funding.

SOURCES: Philip R. Berke and Timothy Beatley, Planning for Earthquakes: Risks, Politcs, and Policy (Baltimore, MD The Johns Hop-
kins Universty Press, 1992), pp 40-62; and Carlyn E. Orians and Patricia A. Bolton, Earthquake Mitigation Programs in  Calfforn/a,
Utah, and Washington (Columbus, OH: Battelle Human Affairs Research Centers, 1992), pp. 59-60, 69-70

fl
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Nonstructural damage-which most building codes do not
address-can be considerable.

First and foremost, the seismic portion of a
building code typically deds only with the build-
ing's so-called structural components (i.e., the
frames, columns, beams, and load-bearing walls
whose failure can lead to building collapse and
consequent loss of life). Moreover, the structural
components are not necessarily intended to sur-
vive a strong earthquake unscathed: if the compo-
nent is damaged but does not collapse, the code is
considered to have done its job. In other words, a
code-complying building can “survive” an earth-
guake (i.e., not collapse and kill people) and still
end up a shambles inside and out. This structural
emphasis is in part philosophical, since the origi-
nal intent of seismic codes is to safeguard human
life. However, it aso reflects a realization that
greater levels of building protection entail greater
construction costs.

Besides making a distinction between structur-
al and nonstructural components, building codes
distinguish in terms of building use. In general,
structures that serve critical functions (e.g., hospi-
tals) or house large numbers of people (e.g.,
schools) are held to a higher standard than are less
important, more thinly occupied buildings. These
distinctions again reflect the life safety focus of
most codes and the great cost of more broad-based
mitigation.

Because current codes are thus directed toward
life sofety, they have only an indirect impact on re-

ducing economic loss. For one thing, the function
or occupancy of a damaged building has little di-
rect bearing on its cost of repair or replacement,
and a focus on high-occupancy or critical facilities
can leave vulnerable many less critical but costly
structures. In addition, nonstructural building
components such as stairwells, interior walls,
ceilings, plumbing, and fixtures can be both dan-
gerous and expensive in their own right (see table
4-1).

Concerns over earthquake-induced economic
losses have led some to propose that the focus of
seismic building codes be broadened to encom-
pass more than issues of strict life safety. Overal
damage reduction could then be pursued through
the targeting of nonstructural as well as structural
building components, or through the specification
of minimum levels of post-earthquake building
“functionality.” In principle, such changes could
be accomplished—although at some additiona
cost. As noted in chapter 3, however, the knowl-
edge base for this is not yet well developed, and
there is the chance that increased code complexity
will cause its own problems (e.g., by perhaps ag-
gravating aready formidable problems in code
enforcement).

Codes: no substitute for knowledge of
seismic engineering design

Although a great deal has been learned in recent
years about the design and construction of earth-
guake-resistant structures, most buildings are in
fact designed by local architects and engineers far
removed from the cutting edge of research. Some
way must therefore be found to transfer knowl-
edge and experience from the researcher to the
practicing designer.

When resources are abundant, the knowledge
transfer process can be direct. If the expense is
warranted, one can require that a proposed struc-
ture be subjected to rigorous seismic engineering
analysis by specidists in seismic design—that is,
knowledgeable individuals with a professional
obligation to stay abreast of developments in their
field. Such an approach has the advantage of di-
rectly exposing the design process to individuals



Exterior elements

Interior elements

Mechanical, electrical, and
plumbing elements

Contents

TABLE 4-1: Nonstructural Building Elements Typically Unregulated by Seismic Codes
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Cladding, veneers, glazing, infill walls, canopies, parapets,
cornices, appendages, ornamentation, roofing, louvers,
doors, signs, detached planters.

Partitions, cellings, stairways, storage racks, shelves, doors,
glass, furnishings (file cabinets, bookcases, display cases,

desks, lockers), artwork.

Heating, ventilation, air conditioning equipment, elevators,
escalators, piping, ducts, electric panel boards, life-support
systems, fire protection systems, telephone and communica-
tion systems, motors, emergency generators, tanks, pumps,
boilers, light fixtures.

Electronic equipment, data-processing facilities, medical
supplies, blood bank inventories, hazardous and toxic materi-
als, museum and art gallery displays, office equipment.

SOURCE: H.J. Lagorio, Architectural and Nonstructural Aspects of Earthquake Engineering

(Berkeley, CA  University

of California at Berkeley, Continuing Education in Engineering, Extension Division, July 1987)

well versed in seismic principles, and is one often
applied to magjor structures such as skyscrapers or
nuclear powerplants.

The drawback of the engineering analysis ap-
proach is, of course, cost. Cost considerations are
such that most buildings in the United States are
constructed without the direct input of a seismic
engineering specialist, and many of the smaller,
more mundane structures (e.g., single-family
dwellings) are “unengineered’’ -that is, designed
without any formal engineering input. For such
buildings, seismic knowledge transfer can be ac-
complished through a code. Larger structures are
governed by code guidelines that lead nonseismic
engineers and architects through the design proc-
ess; for smaller buildings, the codes offer specific,
written requirements for how structures should be
built. Such codes, which attempt to incorporate
seismic design principles into buildings too small
or inexpensive to warrant the involvement of a
licensed structural engineer, in theory would
require no specialized seismic engineering knowl-
edge. That is, a competent builder or architect
unversed in seismic engineering should, by fol-
lowing the code, be able to produce a structure that
will not fall down in an earthquake.

In practice, however, the application of codes
by competent but seismically unversed individu -

als will not aways be successful. The reason for
this failure is the need for flexibility within a
building code. That is, athough it is possible to
write a “cookbook” code that unambiguously
spells out exactly how a building should be built,
such a code would be unworkable because:

= Successful results are most likely when the
overdl design of the building is of a type antici-
pated by the code writer—if the building is in-
novative or somehow out of the ordinary, the
code may simply not apply.

* More fundamental] y, a cookbook code does not
allow architects and engineers the flexibility to
overcome the many unique obstacles that arise
in designing buildings and structures.

Because of these concerns, building codes are
written so as to give latitude for interpretation
while providing some guidance for the inexperi-
enced. Thusit is possible for the seismically inex-
perienced to rigorously follow a code, cookbook
fashion, but still arrive at a vulnerable design.

In short, real-world variety in building design
and construction requires that building codes be
flexible, and this flexibility in turn requires that
judgement be exercised in code execution. Thus
building codes can work as intended only when
working designers and building officials pos-
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sess an adequate understanding of seismic de- Building Code (UBC) of the International

sign and engineering Committee Conference of Building Officials,
which is used by much of the western United
Code adoption process States. (Other model codes include the South-

The preceding discussion presupposes that seis- €M Building Code Congress Interna‘qo_nal use.d
mic building codes are actually used in the design PY Southeastern states, and the Building Offi-
and construction of new buildings. How well a cials and Cod_e Administrators code used in the
code works, however, is of little import if the code  NOrtheast United States.) o
is never used. Local and state jurisdictions havé Although a model code such as the UBC is in
considerable discretion over the content of their fact & real building code, it does not directly
building codes, and many at-risk areas of the 90vern the construction of any buildings.
country have chosen to incorporate seismic codes 'Nstéad, state or local authorities may choose to
only in part or not at all. The politics and econom-  incorporate it wholly or partly into the codes
ics of code adoption can thus have a greater impact actually used within their jurisdictions.
on seismic safety than do technical issues of code There are thus a number of hurdles to be over-
performance. come between the creation of a seismic code pro-
The process of code adoption is as follows: Vision and its implementation. At the highest

= The fruits of research sponsored by NEHRPeVel, that of the recommended provisions,
and other organizations are distilled into aconsiderable effort is made to maximize the

collection of reference documents, most notaProvision's cost-effectiveness and political ac-
bly:8 ceptability. A successful effort will enhance the

1. NEHRP Recommended Provisions for thd®rovision’s acceptability and hence its chances for
Development of Seismic Regulations for€ventual adoption, butthe necessary changes have
New Buildings Federal Emergency Man- the €ffect of making codes minimal, rather than
agement Agency (informally referred to as©Ptimal, requirements. At the intermediate level,
the NEHRP Recommended Provisions); Model code organizations may pick and choose

2. Minimum Design Loads for Buildings and 2Mng the recommended provisions in order to
Other Structures, ASCE-7-9%American Meet their members’ economic and political con-
National Standards Institute: and cerns. At the end-use level, states and localities

3. Recommended Lateral Force Requirement¥/ill @Pply their own criteria as well in adopting
and Tentative Commentary, Blue Bpok the model codél he result can be a wide gap be-

Structural Engineers Association of Califor- tWeen & NEHRP provision and an actual state
nia. or local code

= These documents, which give suggestions for

the stress or force levels that a building musfode enforcement: a continuing problem

withstand, along with “detailing requirements” Finally, the existence of a local building code does
that specify the design and construction of criti-ittle good if it is ignored when the building is de-
cal joints and structural elements, are not buildsigned, and code compliance in a building plan is
ing codes. They are instead recommendationsimilarly irrelevant if the actual construction of
that may be incorporated by regional code orgathe building bears little relation to the design.
nizations into idealized “model codes,” the These failings do not imply dishonesty or mali-
most well-known of which is the Uniform cious intent. Simple calculation errors at the de-

8Henry J. LagorioEarthquakes: An Architect’s Guide to Nonstructural Seismic HaZhrels York, NY: John Wiley & Sons, Inc., 1990),
p. 246.
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sign stage, for example, can result in a weakeneggercent of its building stock to be replaced each
building, and construction elements such as plyyear (more, if the community is expanding and
wood shear walls can be rendered useless Hiourishing; less, if it is economically stagnant).
sloppy nailing. To guard against these and otheThus if a damaging earthquake strikes within a
failings, a community concerned with seismic few decades of a code’s adoption, large parts of the
safety must invest resources into code enforce- building stock will be caught unprepared. A con-
ment. cerned community might therefore consider the
Building code performance therefore requiresmost unpopular and contentious of mitigation
that plans and the actual construction process haeasures—retrofitting or demolishing vulnerable
checked by competent inspectors. Unfortunatelyexisting structures (i.e., older structures that do
few data exist on the performance of local plan- onot comply with the latest version of the code).
code-checkers, but anecdotal evidence from The unpopularity of this option is manifold.
California’s Northridge earthquake and fromOne problem is cost: unlike the case of new
Florida’s Hurricane Andrew suggest that prob-construction, in which code compliance adds
lems of code execution and compliance result iome 1 to 2 percent to the total building cost, a ret-
significant economic lossésThe problem is rofit/demolition plan can entail enormous ex-
poorly documented but broadly recognized, anghense. Retrofitting an unreinforced masonry
represents an area in which improved perforpuilding, for example, will generally cost one-
mance can have benefits beyond simple seismiguarter the price of a new building (and can in
safety (e.g., improved code enforcement has theome cases cost much moteyyhile demolition
potential to lessen losses from wind and fire agnd replacement will of course cost full building
well). value. Such expenditures understandably instill
In summary, building codes for new construc-resistance on the part of building owners or any-
tion, although relatively popular and potentially one else who must bear the expense. In addition,
powerful, are no silver bullet: they generally coverthe money spent is not necessarily recouped in the
only structural collapse, they still require someeyent of an earthquake: retrofits are primarily in-
level of seismic engineering knowledge in ordefended to prevent building collapse, and in some
to work well, they might not reflect the latest jnstances a retrofitted building can be just as vul-
thinking as captured in model codes or NEHRRyeraple to expensive nonstructural and contents

provisions, and they must be enforced. damage as an unmodified structure.
_ N o In addition to economic issues, there are con-
Retrofit or Demolition of Existing Structures siderable objections based on quality-of-life and

Despite the problems that can beset code implelemographic concerns. Unreinforced masonry
mentation, building codes for new constructionbuildings, potentially the most dangerous existing

remain a powerful tool for improving the safety of buildings, are structures that form much of the ur-

the built environment. However, when a commu-ban core of many U.S. cities. They are often prized
nity has a substantial older urban core and the rislor two very different reasons: 1) they can embody
of an earthquake is immediate, the codes magnuch of the architectural heritage and character of
work too gradually. Since the average new builda city, and 2) they tend to provide most of the low-

ing will typically stand for 50 to 100 years before cost housing used by lower income groups. De-
replacement, a community can expect about 1 to olition is therefore unpopular from both an

9 Although current life safety-oriented codes cannot eliminate economic losses, they do—by preserving the structural integrity of build-
ings—have an often significant impact on direct economic losses.

10 see chapter 3, “Damage to Buildings,” for references and assumptions.
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architectural and a housing point of view, whilelargely undirected at reducing the economic im-
retrofits can lead to rent increases that drive awagact of a major earthquake.
the original residents. For these reasons alone, city To mitigate against economic damage, a com-
planners may hesitate to take such action, particumunity must therefore encourage a varied assort-
larly where (as in the central United States) therenent of measures that are collectively referred to
is great uncertainty about the timing of futurein this report as “private, small-scale, and systems
earthquakes. preparations.” These are measures adopted pri-
marily by individuals, corporations, and utilities
Private, Small-Scale, and to reduce the economic losses caused by various
nonstructural failures. The distinction between

Systems Preparation
The three mitigation tools discussed above—these measures and structural tools is somewhat

land-use planning and zoning, new constructiofrbitrary (e.g.structural building codes can help
building codes, and retrofit and demolition pro_reduce nonstructural damage, and lifeline-related

grams—primarily affect the structural integrity of 105Ses ultimately stem from the failure of bridges,
the built environment. If the primary concern is todams, and other structures). However, as a group
reduce loss of life, these tools may suffice. How{N€ Measures are ones requiring motivation, care-
ever, they are not enough to curtail major economfu! thought, and tailoring of strategy by individual

ic losses in the event of a damaging earthquake?”d users, and as such are not well suited to broad-
Recent experience (e.g., the 1989 Loma Prietd"ush, mandated approaches.

and the 1994 Northridge quakes) has shown that EXamples of such measures are:

structural collapses, although spectacular and Encouraging individual developers and build-
newsworthy, are by no means the only source of ing owners to adopt design and construction
earthquake-related losses. Economic losses also techniques that exceed code requirements. As
stem from business interruptions; loss of records noted earlier, codes serve as a minimum stan-
and computer databases in the service economy; dard, and future structural and nonstructural
disruption of roadways, utilities, and other life- damage might be averted if a structure is built
lines; and widespread, noncatastrophic damage to to a higher level of performance.

residential and commercial structures throughout
the earthquake region. Although it is difficult to
guantify the effect of these losses (particularly in
the case of indirect economic damage), their sig-
nificance is suggested by one estimate of direct
residential losses in future earthquakes. This esti-
mate implies that catastrophic building failure,
which is what codes and retrofits are designed to
prevent, will be responsible for less than one-tenth
of California’s future bill for direct earthquake =
lossest! Even neglecting the potentially signifi-
cant issue of indirect losses (i.e., those pertaining
to the disruption of business and services), we
thus find that traditional mitigation tools of land-
use planning, retrofits, and building codes can be

Developing, before a damaging earthquake,
contingency plans for rerouting traffic, dis-
patching emergency crews, establishing alter-
native water, power, and supply sources, and
otherwise taking action to reduce post-earth-
guake indirect losses. Such activity, which re-
quires considerable time, expertise, and
coordination, can be taken by both governmen-
tal and private entities.

Motivating individuals, businesses, and orga-
nizations to systematically identify their own
earthquake vulnerabilities and to take ap-
propriate action. These actions can range from
securing bookshelves and waterheaters by
homeowners, to elaborate efforts on the part of

11 Risk Engineering, Inc., “Residential and Commercial Earthquake Losses in the U.S.,” report prepared for the National Committee on

Property Insurance , May 1993, p. 17.



businesses, hospitals, schools, museums, and
utilities to establish redundancies of power,
services. computer databases, and the like.

Success in these efforts can work greatly to re-
duce the damage, injuries, and general chaos that
may accompany earthquakes. The difficulty is
that such efforts require diligent action on differ-
ent fronts by different players, many of whom
may care little about mitigation. Complicating
matters is that most of these efforts require for
their success that other measures be successful as
well. For example, computer backups do little
good if the computer resides in a building that col-
lapses, and a single unsecured water heater can set
an otherwise diligent neighborhood ablaze. Suc-
cess thus depends on the community possessing a
broad, active, and sustained level of public inter-
est in mitigation.

» Devising and Fostering Action

Once a community has decided on its choice of
mitigation measures, it must put those measures
into effect. The simplest action is to require
(through regulation or mandate) that certain steps
be taken. Such an approach, however, risks alien-
ating the affected constituency (particularly in
cases such as building retrofit or demolition,
where high mitigation costs might be borne by a
small group of individuals). Thus, in practice,
many communities have chosen to develop ater-
native implementation strategies using financial
or zoning incentives for mitigation, or (more
weakly) through notices and disclosure laws
warning potential renters or buyers of a building's
noncompliance. Experience has generaly shown
that for success to be achieved, implementation
schemes must be tailored to the particular politi-
cal, socioeconomic, and geological conditions of
a specific at-risk community, and that great pains
must be taken to involve (as much asis possible) a
broad-based congtituency. Some possible ap-
proaches are illustrated in boxes 4-1 through 4-4.
One potentially powerful implementation tool—
the use of insurance to encourage the adoption of
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Many earthquake losses cannot be eliminated through codes
or other governmental measures, but require that individuals
take steps to prepare.

seismic mitigation—is not discussed because of a
lack of historical experience.

FACTORS AFFECTING IMPLEMENTATION

In the preceding section, some of the practical dif-
ficulties that arise in putting mitigation tools into
effect are discussed. This section focuses on sev-
eral underlying issues that more fundamental y in-
fluence implementation success.

= Basic Problems

Communities interested in mitigation can en-
counter many frustrations in determining their
level of seismic risk, in estimating their vulner-
ability to that risk, in assessing the short- and
long-term economic consequences of mitigation,
and in putting mitigation tools into effective ac-
tion. Such difficulties arise even in the reatively
straightforward process of improving life safety
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BOX 4-3: Seismic Retrofit in Los Angeles, California

After California’s San Fernando earthquake of 1971, in which buildings of unreinforced masonry (URM)
construction experienced substantial damage, the nearby city of Los Angeles began considering ways of
safeguarding its own URM building stock. Action was initiated in February 1973, via a city council motion to
study the feasibility of seismic “building rehabilitation, ” but eight years would pass before the landmark
Los Angeles Seismic Ordinance finally became law. The twists and turns on the road to this ordinance—
and the at times surprising impact it has had on local land-use patterns—illustrate some of the issues that
can arise in the implementation of seismic retrofit programs.

Initial Action

Seismic retrofit action in Los Angeles was prompted by the San Fernando experience, by the 1971 pas-
sage of an earthquake hazards reduction ordinance in nearby Long Beach, and by the recognition that the
city possessed many thousands of old, potentially vulnerable URM structures, many of which were ex-
tremely densely occupied. Concerns centered on life safety issues, with little priority given to minimizing
earthquake-induced economic losses, and early attention focused on high-density, public-assembly build-
ings such as churches and movie theaters. This philosophy of targeting a select group of high-vulnerability
structures quickly ran afoul of such community groups as architectural historians, who feared the demoli-
tion or visual modification of many of the city’s historical landmarks, and groups such as the Association of
Motion Picture and Television Producers, which felt that seismic ordinances would force the bankruptcy
and closure of many marginal theaters (particularly since the proposed ordinances were combined with
compliance requirements for structural, electrical, and fire safety codes from which the buildings had hith-
erto been exempt).

Vigorous community opposition to the proposed ordinances therefore led to the holding of public and
city council meetings from 1974 through 1976. Following these meetings, it was decided to target only the
most potentially catastrophic buildings: pre-1 934 URM assembly buildings that could contain over 100 oc-
cupants in the assembly areas. Because of continued concern over the financial implications of seismic
retrofit (contemporary estimates placed retrofit costs at amounts comparable to the cost of an entirely new
building), recommendations were also made that the retrofits be in part publicly funded by federal and
state grants (for which lobbying efforts were initiated), low-interest loans, or tax incentives.

Work on establishing forms of financial assistance proceeded through 1976, but progress was Impeded
by a combination of legal and engineering difficulties. One problem was that governmental assistance to
churches or other sectarian-use buildings was deemed unconstitutional, another was a growing realization
that very little was known about the true costs of seismic retrofit.

After three years without progress, an interim proposal in October 1976 suggested that the 14,000-odd
buildings to be targeted by the eventual ordinance be prominently signposted as seismically hazardous
By posting such information, the city hoped to invoke market forces for mitigation (by reducing market
demand for vulnerable structures) before the start of seismic retrofit. This information-based proposal was
strongly attacked by a host of citizen groups, among them the Hollywood Chamber of Commerce, apart-
ment house owners, owners of commercial properties, and private attorneys. All expressed outrage and
concern over possible effects on rents, property taxes, insurance rates, real estate sales, bank financing
for renovations, lost jobs, and local economic development. Faced with this overwhelming opposition, the
city tabled the proposal and redirected its efforts to the core components of the ordinance.
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BOX 4-3 (cont'd.): Seismic Retrofit in Los Angeles, California

At this point in the controversy, studies were commissioned to determine the economic and social im-
pacts of different proposals. Key issues included the breadth of the eventual ordinance (e.g., it was de-
cided early on to cover a wide range of commercial and private building types, but to exempt single-family
residences); the amount of time a building owner would be given to comply, the rapidity with which the
program would be phased in and the prioritization given to different buildings and building types; and the
type, availability, and impact of different financial assistance schemes. By 1978, these studies had identi-
fied specific concerns for the city council to address, among them: a continued lack of accurate retrofit
cost estimates; a real possibility of substantial insurance premium hikes in the region, a significant likeli-
hood of rent increases that would displace low-income residents; an insufficient municipal tax base for fi-
nancial assistance (Proposition 13 had recently been passed); and an expectation that some businesses

displaced during retrofitting would leave the city entirely.

Final Passage

With most of the concerns identified in the studies of 1977 to 1979 revolving around the economics of seis-
mic rehabilitation, a breakthrough eventually occurred when three old URMs were found to stand in the
path of a street-widening program. The city was persuaded to donate the three buildings for tests on the
true costs of seismic retrofits. These tests, which were completed by 1980, showed retrofit costs to repre-
sent only about 20 percent of replacement costs—far less than had previously been suggested—and in so
doing significantly weakened the economic objections to the proposed ordinance.

At last, after more lengthy debate, a seismic safety ordinance was formally adopted by the city on Janu-
ary 7, 1981—almost a decade after the initial impetus of the 1971 San Fernando earthquake. In its final
form, the ordinance targeted all commercial URM structures and all residential URM buildings housing five
or more dwelling units. After being notified by the city, owners of targeted buildings would have three years
in which to bring their structures up to standard (this standard represents some 50 to 70 percent of the
1980 Los Angeles requirements for new construction). Buildings not brought up to standard would be de-
molished. To ease the impact on building owners and to facilitate bureaucratic execution, the ordinance
allowed a one-year compliance extension should wall anchors (see chapter 3) be installed within the first
year, and used a staggered notification schedule based on building type. Essential and high-risk facilities
were to be targeted first, with lower risk structures to be dealt with later; as a result, some owners of low-

risk buildings were not to receive official notification until 1988.

Impact of the Ordinance

From a seismic mitigation viewpoint, the Los Angeles Seismic Ordinance can be viewed as a success.
Though the process has been more protracted than proponents might wish, a seismically vulnerable urban
core is being prepared against the near-certainty of future earthquakes in the region. Should a damaging
earthquake strike Los Angeles in the near future, it 1s extremely probable that many lives will have been
saved by this measure. However, the ordinance has also generated side effects. Most notable has been
the loss of low-cost housing, arising from owners raising rents in an attempt to recover out-of-pocket retrofit
expenses. In addition, architectural and historic preservation has suffered-not because of building de-
molition (generally forbidden by historic building codes), but because of partial demolition, the removal of

architectural ornamentation, and the filling in of windows.
(continued)
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BOX 4-3 (cont'd.): Seismic Retrofit in

geles, California

Perhaps the most surprising development
has been a change in the overall appearance
of some URM-lined streets, a change stem-
ming from an unexpected interaction between
seismic and fire safety regulations: noncom-
pliance with existing fire safety codes has led
many URM owners to close the upper floors
(thus avoiding the cost of code compliance),
and bring to compliance only the higher rent
street level for use by commercial establish-
ments (this partial vacancy is possible be-
cause fire safety codes need apply only to the
occupied parts of a building). Because seis-
mic retrofit must be applied to entire build-
ings—which means that vacant, nonproduc-
tive floors must be strengthened along with
floors that are actually occupied—many of
these URM owners have chosen to remove
the upper floors entirely, leaving behind only
single-story structures. Aside from aesthetic
considerations, such removal further reduces
the potential low-cost housing stock within the
city’s urban core.

SOURCES: Daniel J. Alesch and Wiliam J. Petak, The Pol-
itcs and Economics of Earthquake Hazard Mitigation
(Boulder, CO, University of Colorado Behavioral ~Science,
1986), pp. 57-82; and Martha B Tyler and Penelope
Gregory, Strengthening ~ Unreinforced ~ Masonry  Buildings
in Los Angeles: Land Use and Occupancy Impacts of the

An unexpected side-effect of the Los Angeles seismic retrofit
program was the partial demolition and conversion of
multistory buildings into low, single-story structures

L.A. Seismic Ordinance (Portola Valley, CA Wiliam Spangle and Associates, Inc., 1990)

ONI 'S3.IVID0SSY ANY ITONYIS WYITHM

through building codes. When the goal is to re-
duce economic losses—which requires a much
more comprehensive effort by both governmental
and nongovernmental entities—the uncertainties
are even greater.

Given these uncertainties, it is perhaps not sur-
prising that many communities have encountered
diffilculties in implementation. The problems are
not insuperable in California-where earthquakes
are frequent and severe enough to foster a desire
for action—but even there one finds substantial
variations in preparedness among different com-
munities, and substantial difficulties persist in
areas of retrofit and private or organizationa ac-

tivity. Outside California, matters are generaly
worse: in many hazardous regions, a relative lack
of historica seismic activity produces a conse-
guent lack of concern, so that even basic mitiga-
tion efforts languish.

m Administrative  Difficulties

In response to this inactivity, NEHRP has spon-
sored socia science research on how and why
communities act or fail to act. This research has
shown that a number of forces conspire to weaken
community will. Some of the difficulties stem
from poor experience with existing mitigation ef-
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BOX 4-4: Voluntary Retrofit in Palo Alto, California

While several communities in southern California have attempted mandatory retrofit and demolition pro-
grams to reduce the seismic vulnerability of urban centers (see box 4-3), the northern California city of
Palo Alto has recently introduced a wholly voluntary, information- and incentive-based seismic retrofit pro-
gram that is showing some early signs of success.

The origins of Palo Alto’s voluntary program lie in two failed attempts at introducing mandatory, Los An-
geles-style requirements. The first, a 1982 proposal targeting 250 unreinforced masonry, tilt-up (see chapter
3), and other vulnerable structures, succumbed to strong opposition from affected building owners and ten-
ants. Following the defeat of this ordinance, the Palo Alto city council formed a broad-based citizen's Seismic
Hazard Committee representing a range of public and private interests. This committee was intended to de-
vise a second hazard mitigation plan that would reflect the concerns of the general community. However, the
creation of the committee had the effect of greatly heightening community awareness of local seismic risk and
hazard, with the consequence that the second proposal (in 1983) was far stronger than the first. This, too,
went down in defeat—in part because of an inflexible retrofit timetable, and in part because proponents of the
measure were hampered by extreme uncertainties regarding building vulnerability and the potential econom-
ic impacts of the ordinance. In light of these uncertainties, it was suggested that a voluntary program be
instituted, one that would allow building owners to judge whether retrofit was economically justified, and one
that would permit flexibility of approach and timing.

In 1986, a seismic ordinance was therefore passed in which no buildings were mandated for retrofit or
demolition. The provisions of this ordinance areas follows: at-risk structures (particularly those with high oc-
cupancy) are identified and their owners given official notification. Following notification, building owners are
required to contract with a structural engineer to evaluate building vulnerability and to suggest appropriate
engineering fixes. Owners do not have to carry out the suggestions; however, they are required to inform
building occupants in writing that an engineering study has been performed and that the results have been
publicly filed with the city. In concert with the city’s relatively high level of seismic awareness (fostered by the
high education level of the citizenry, the work of the Seismic Hazard Committee, the presence of well-placed
mitigation advocates within the local government, and extensive media coverage of earthquake disasters
elsewhere), this notification is intended to affect rental and real estate prices in the city’s highly competitive
market. A March 1988 review of the program suggested that this market incentive is working as planned. To
further increase the incentive, the city has also offered a zoning bonus, in which seismically upgraded build-
ings are allowed greater floor areas than is otherwise the norm. This bonus (again in concert with the city’s
strong economic health) also appears to be effective, to the extent that building owners who are unaffected by
the program have sought (unsuccessfully) to obtain the bonus by having their own buildings included.

SOURCE: Philip R Berke and Timothy Beatley, Planning for Earthquakes: Risks, Politics, and Policy (Baltimore, MD: The Johns Hop-
kins University Press, 1992), pp. 63-81.

forts, which can suffer at the state and local level . overly stringent reporting, oversight, and ap-
from: prova requirements, and

o o L = tasks that require more staff resources than are
. alack of scientific and technical information in available (typically, implementation duties are

a form that local governments and private in- assigned to but one or two persons in a state of -
dustry can easily use; fice). *

“VSP Associates, Inc., “State and Local Efforts To Reduce Earthquake Losses: Snapshots of Policies, Programs, and Funding,” report
prepared for the Office of Technology Assessment, Dec. 21, 1994.
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More fundamentally, existing state and localThis reality has stern implications for efforts to re-
efforts can suffer from a lack of hard informationduce earthquake-related economic losses. While a
on earthquake risks and potential impacts. A refew well-placed advocates can help convince gov-
cent survey of state activities has shown thaernments to adopt building codes or land-use
across the risk spectrum, studies of historical planning, they are less likely to create the ground-
earthquake activity and assessments of current swell of public action needed to substantially cur-
vulnerability are the two types of information  tail future economic losses.
essential to raising awareness, understanding, = OTA's review of the implementation process

and commitment to seismic safety? has shown that effective mitigation depends on
competent, committed action by a host of different
(] The Role of Advocates individuals. This need is especially apparent in the

Despite the difficulties that beset state and locaf@se of private, small-scale, or systems-related ef-
mitigation efforts, considerable progress has beef@rts, which require that people design and imple-
made by a number of concerned communitfes. ment their own mitigation schemes. Yet it is also
In many instances, this progress arises from thkue for the relatively straightforward use of build-
presence of well-placed mitigation “advo- ing codes (i.e., an effective building code, adopted
cates’—energetic, often exceptional individualsin full by the state orlocal authority, interpreted by
in state or local government who adopt and pusgngineers trained in seismic design principles, and
the cause of mitigation. Such advocates do ndtnforced by experienced plan and code checkers
work in isolation. Rather, they can act as catalyst¥/orking with the support of the local community)
for action in communities where local political (See figure 4-1). To some extent, the many players
and socioeconomic conditions are conducive. AlN the chain can be persuaded or forced into action
though their presence is not essential for action t@t least for a while), but as a whole, implementa-
occur, advocates can have an impact completefjon is greatly enhanced if there is an evident and
out of proportion to their numbers. Indeed, a numsustained political will to support mitigation.
ber of cities owe the bulk of their mitigation prog- Such is often not the case in the United Sttfes.

ress to a handful of such individuahs.

O Political Will [J Perceived and True Danger

The importance of individual advocates, however, of Earthquakes

points out a larger problem besetting NEHRPNonfederal support for seismic mitigation suffers
earthquake mitigation advocates (successful an part from the relation between earthquake risk
not) are generally in the position of encouragingand geography. At the federal level, interest in
activity for which there is little initial enthusiasm. earthquake mitigation is sustained by a high prob-

13 1pid.

14The report prepared for OTA indicates that California, Kentucky, Missouri, Utah, Arkansas, Washington, and Oregon devote particular
attention to the formulation, adoption, and implementation of major policies. Ibid.

15 Joanne M. Nigg,” Frameworks for Understanding Knowledge Dissemination and Utilization: Applications for the National Earthquake
Hazards Reduction ProgramA’ Review of Earthquake Research Applications in the National Earthquake Hazards Reduction Program:
1977-1987 Walter W. Hays (ed.) (Reston, VA: U.S. Geological Survey, 1988), pp. 13-33; Philip R. Berke and Timothy Bleatiéayy for
Earthquakes: Risk, Politics, and Polif®altimore, MD: The Johns Hopkins University Press, 1992), pp. 32-34; and U.S. Geological Survey,
Applications of Knowledge Produced in the National Earthquake Hazards Reduction Program: 1970{1@8File Report 88-13-B (Re-
ston, VA: 1988), pp. 20-22.

16 peter H. Rossi et aNatural Hazards and Public Choice: The State and Local Politics of Hazard Mitigtem York, NY: Academic
Press, 1982), pp. 40, 71.



FIGURE 4-1: Implementation Steps and Key Players for the Application of Seismic Codes
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ability of damaging seismic activity occurring
within federal jurisdictional borders. To the extent
that California bears the largest share of the coun-
try earthquake hazard, California state interest in
earthquakes is aso reasonably strong (it is not
coincidental that California’'s mitigation efforts
frequently surpass those of the federal govern-
ment). For the rest of the country, however, the
risk "of earthquake activity in any one state is
considerably less than the nationwide risk borne
by the federa government, and everywhere the lo-
cal risk declines further when one considers the
smaller governmental or organizational units. At
the extreme is the plight of the individua building
owner in a region such as the Northeast. This indi-
vidual owns a structure that might never experi-
ence a damaging earthquake. If an earthquake
occurs, the building may or may not collapse. If it

does collapse, it is not certain that retrofitting
would have saved it.

In short, while the federal government may
have a legitimate interest in encouraging al build-
ing owners in the country to consider retrofits (on
the assumption that at least some of those retrofits
will do some good), an individual owner may see
very little reason to embark on a costly action
whose benefits are long term and uncertain. The
owner lack of interest maybe based on a very ra
tional analysis of costs and benefits, but can also
be influenced by the short time horizon frequently
observed in analyses of consumer decisionmak-
ing (sometimes expressed as a high consumer dis-
count rate), an influence that has been well
documented in issues of energy efficiency,”and
which has relevance to hazard mitigation. *

“Risk is used here as total exposure or potential for damage in an earthquake.

“See, eg, US. Congregsice of Technology Assessment, Building Energy Efficiency, OTA-E-518 (Washington, DC: U.S. Government

Printing Office, May 1992), chapter 3.

“H. Kunreuther, "The Role of Insurance and Regulations in Reducing Losses from Hurricanes and Other Natural Disasters,” Journal of

Risk and Uncertainty, forthcoming.
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With perceived risk at the individual level often tying together a host of previously unexplained
very low, one can attempt to increase it througtand seemingly unrelated phenomena from across
skillful use of the media and educational outreachthe earth sciences. Seismology—the study of
That the media can have significant impact orearthquakes and earthquake-related phenome-
earthquake awareness is unquestioned, and hista—played an integral role in the development of
ry has shown that extensive media coverage in th§late tectonic theory; in turn, plate tectonics of-
aftermath of a damaging earthquake creates ateffered a simple unifying framework for under-
porary “window of opportunity” for rapid mitiga-  standing why, when, and where earthquakes
tion progress? The importance of these ghould occur. The decade of the 1970s was thus
windows—and the unpleasant reality that mitiga-pne of extraordinary excitement in the earth
tion progress can easily stall after the windowsciences, and in this climate it was felt that short-
close§'—has prompted research on how one may earthquake prediction, if not just around the

best create a permanent perception of risk. Resu'&%rner, was at least conceivable, and that steady

havg thus far been mixed—for examplg, Som(?mprovements in long-range earthquake forecast-
studies show that people already overestimate tr]ﬁg would come with research

risk of rare events such as earthqua"l?aﬂhlle The significance of this optimism from a policy

ggg:gdsztéggest thatlow probability risks tend to bestandpoint is that it favors a mitigation strategy in

which federal incentives for action are perceived
[ Role of NEHRP as unnecessary. As we have seen, uncertainties in
rtthe timing, location, and severity of future earth-
quakes hinder both the acceptance and the execu-
tion of mitigation programs by nonfederal

Given the general lack of sustained public suppo
for mitigation, why does NEHRP depend so

heavily on the unforced adoption of mitigation nities. Successful earthauake prediction. in re-
measures by nonfederal entities? In large part thighties. Su Ul haqu P '
moving this uncertainty, improves matters by pro-

dependence stems from the scientific circum- idi | vation f . d b
stances that surrounded the program’s birth. 1¥'ding @ clear motivation for action and by

broad terms, NEHRP was created during a periof€lineating the intensity and geographic scope of
of optimism over the practicability of accurate the necessary mitigation, thereby constraining the

earthquake prediction, and its original programfOst. .

mission (which specifically cites prediction as a [N effect, a vastly refined foreknowledge of
goal) reflects that optimism. At the time of how, when, and where earthquakes occur can
NEHRP's founding, the earth sciences had jus@rguably be used to create both the desire and the
emerged from a sweeping and profound revoluexpertise for the implementation of mitigation
tion, one comparable to Darwin’s theory of evolu-measures. In keeping with this philosophy,
tion in its scope, impact, and ramifications. ThisNEHRP was given neither regulatory teeth nor the
revolution was the advent of modern plate tectonauthority to provide substantial incentives for mit-

ic theory—a conceptual picture of the world that,igation. Instead, the program was intended to
through the 1960s and early 1970s, succeeded ameate a font of knowledge from which nonfederal

20Y.S. Geological Survey, see footnote 15, pp. 27-28.
21 Berke and Beatley, see footnote 15, p. 178.
22 Andrew Coburn and Robin Spen&arthquake ProtectiofChichester, England: John Wiley & Sons, 1992), p. 315.

23Daniel J. Alesch and William J. Petdke Politics and Economics of Earthquake Hazard Mitigat@@: University of Colorado, Insti-
tute of Behavioral Science, 1986), p. 142; and Dennis S. Mileti et al., “Fostering Public Preparations for Natural Hazards: Lessons from the
Parkfield Earthquake PredictiorEnhvironmentvol. 34, No. 3, April 1992, p. 36.
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authorities and the private sector would eagerlynentation issue is execution, rather than adoption.
draw. That s, although some adoption problems remain
Although it is debatable whether NEHRP (notably, the retrofit of “pre-code” buildings that
would have attained its societal goals even wittdo not comply with the latest building standards),
widespread success in earthquake prediction (gier the most part one can concentrate on expand-
en the implementation difficulties discusseding and optimizing the mitigation efforts that are
above), the fact is that prediction is not likely inalready in play.
the near future. This development is not the fault In contrast, regions outside California display a
of the program. In fact, itis NEHRP-sponsored rebroad spectrum of mitigation activity, ranging
search that has begun to reveal just how complef,om encouraging progress in some communities
unpredictable, and variable earthquakes and theaf the Pacific Northwest, to low or nonexistent ac-
effects really are. Because of NEHRP we nowtivity in many parts of the East Coast, central
know far more about earthquakes and far mor&nited States, and Intermountain West. For some
about the structures and techniques that can witlof these areas, earthquake severity and timing are
stand them. However, with this understandingsuch that seismic concerns are reasonably seen as
comes a better appreciation of how deep and stulew priority (e.g, Boston). In others, potentially
born are the remaining uncertainties—uncertainhigh risks are masked by relatively short histories
ties that work against the nonfederal adoption obf urban settlement and a relative absence of fre-

mitigation measures. guent, moderate-level seismic activity (e.g., the
Intermountain West). In concert with the extreme
HOW MATTERS MIGHT BE IMPROVED levels of scientific uncertainty that seem to sur-

round non-California earthquakes, these factors

The preceding sections have shown that impleg e greatly inhibited the adoption of many miti-
mentation difficulties hinder both the adoption gation measures.

and the execution of seismic mitigation programs; Thus, in basic terms, one would hope to im-

these difficulties largely reflect the economic an%rove progranexecutionin California while en-

political cost of mitigation as seen against a baCk(':ouraging prograradoptionelsewhere. Efforts to
drop of uncertain seismic hazard and vulnerabil

achieve these aims can be made in each of the three

ity. In the current NEHRP structure, federal\eprp components: earth science, engineering,
activities to promote mitigation consist largely of ;|4 implementation.

outreach, media, and educational programs; such

efforts may be expanded, or they may be supple-) g4 Seience Research Measures

mented by more aggressive implementation tac-

tics (see chapter 1). Here, OTA suggests a range brth Science: Reducing Loss of Life

directions that can improve mitigation efforts.  Earth science research efforts that can improve life
The implementation needs of California aresafety in future earthquakes fall into two broad

largely different from those of the rest of the coun-categories: basic research that will reduce the like-

try. Within California, continual seismic activity lihood of “surprises” in the future size, location,

in a heavily urbanized state has led to significanand timing of severely damaging earthquakes

public and governmental awareness of earthquak@nd in so doing, increase the likelihood that miti-

risks and hazards. This awareness has resultedgation measures are adopted); and more directed,

California leading the country in mitigation and microzonation-style studies to identify localized

preparedness efforts. Because California alreadyoublespots. Both categories are of use through-

has in place a basic mitigation framework of newout the country, although their roles vary subtly

building codes, selective policies of land-useaccording to geography.

planning, and active public outreach programs In areas where implementation is currently

through schools and the media, the main impleweak (i.e., much of the country outside of Califor-
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nia), reductions in loss of life (and economic On the one hand, successful earth science re-
losses) require that seismic building codes andearch can reduce future economic losses in those
other mitigation measures be adopted by at-riskegions where mitigation activity is relatively
communitiesBecause great uncertainties over weak. Where mitigation measures are hampered
earthquake location, severity, and timing actas by uncertainty over risk and hazard, refined earth-
a disincentive to action, the earth science prior- quake forecasts can encourage their adoption. In
ity here is for basic research that can better addition, microzonation research can allow other-
zero in on when, where, and how strongly an wise reluctant communities to direct their efforts
earthquake will strike. This research must not to geographically limited locales, thus fostering
only delineate where earthquakes are likely to ocadoption where there would otherwise be none. In
cur (information that increases the perceivethoth cases, research can lead to loss reduction
benefit of mitigation), but also identify areas of through the encouragement of basic mitigation ac-
relative safety (which reduces the geographic extivity.
tent—and thus cost—of mitigation). In regions where mitigation measures are al-
Where there exists some degree of interest iready in place, however, continued earth science
seismic mitigation, the potential importance ofresearch plays a more uncertain role. Because
microzonation-style research grows. In localitiessuch regions typically experience high seismic ac-
where the earthquake danger is recognized, sughvity (e.g., southern California), sheer prudence
research allows communities to sidestep oppostictates that basic seismic research and ground-
tion to broad-based mitigation by narrowly target-motion studies be continued so as to reduce the
ing exceptionally hazardous sites (this is thejkelihood of major surprises in earthquake loca-
approach taken by Utah’s Salt Lake County Natution and severity (surprises that can leave even a
ral Hazards Ordinance, discussed in box 4-2)giligent community unprepared for a future ca-
More mitigation-friendly locales will |Ike|y use |am|ty) However, in the absence of such sur-
such research to help prioritize efforts in seismigrises, there is the possibility that continued
retrofit and demolition; to identify situations in research will beget diminishing returns. At issue
which land-use planning is the most effective im-s the true source of earthquake economic losses:
plementation option (i.e., places where no reasonf the bulk of such losses stem from episodes of
able amount of engineering can overcome thenajor damage, then refined earthquake and mi-
effects of catastrophic liquefaction, landslides, 0rozonation forecasts can reduce losses by permit-
tsunamis); and to optimize building code provi-ting petter targeting of vulnerable structures
sions for the characteristics of future ground moyparticularly if the research is directed toward life-

tions24 line survivability). However, if the majority of
. _ _ earthquake losses stem ultimately from moderate-
Earth Science: Reducing Economic Losses to-minor ground-shaking damage distributed over

Although the importance of earth science research wide area, then efforts to pinpoint local trouble
for life safety is clear, its role in minimizing eco- spots (as well as to refine estimates of earthquake
nomic loss is somewhat less so. This uncertainlyiming and location) will not address the major
stems from our lack of understanding of the truesource of economic losklncertainty over the
sources of earthquake economic loss. true origins of earthquake-induced economic

24 pamage in the 1994 Northridge quake indicates that even moderate earthquakes can subject buildings to stresses far greater than have
been expected, and one must assume that larger quakes possess a similar potential. Credible ground-motion estimates, derived from microzona-
tion-style modeling and from data collected in actual events, are therefore essential to writing effective building codes. However, such estimates
will be of use only if actively transmitted to the engineering community in a manner that recognizes the need for codes to be stable over time.
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losses therefore impede discussions of earth- quakes, research into effective, low-cost methods
guake loss reduction, and remain animportant  of reducing such damage might yield substantial

avenue for social science research. rewards.
) ) It is unclear, however, how to best incorporate
[J Engineering Research Measures nonstructural and contents damage concerns into

Engineering Measures: Reducing Loss of Life current bUIIdIng codes. One d|ﬁ|CU|ty is that such

From an implementation perspective, improveodamage is often hard to proscribe in the language

life safety can arise from engineering research iPf & Prescriptive code (e.g., a code cannot easily
retrofit costs are brought down, and if better toolSPECIfy what steps a computer software company
are devised to assess building vulnerability. must take to safeguard its data and records, nor can

Particularly in California, where new construc- 1t Order individuals how to arrange furniture,
tion is reasonably well handled by cod8spea- P0Okshelves, or cooking equipment). Because of
sures to save lives will center on older structurednis limitation, one approach could be to replace
particularly buildings of unreinforced masonry. Prescriptive building codes with performance-
Although many factors inhibit the systematic re-Paseéd standards (i.e., codes that provide great
trofitting of URMs and other noncomplying struc- flexibility of exec_uthn while requiring minimum
tures, a major obstacle to retrofit action is simplyStandards of seismic performance). Such an ap-

cost. Successful research into more cost-effectiveroach has been adopted with some success in the
retrofit techniques—particularly if the techniquesconstructlon of California hospitals, which are re-

can be shown to reduce post-earthquake repa‘ﬂ“ired to maintain functionality in the aftermath
bills dramatically—can therefore make retrofit O @ damaging earthquake (however, these codes

programs more palatable both to local policymak&'€ Somewhat controversial in their need for
ers and to building owners. palnstaklng e_xecutlon). By defining design op-
Opposition to retrofit programs can be furthertioNS appropriate to different levels of safety or
reduced if it can reliably be determined whatP€’formance, engineering research may increase
buildings donotneed to be retrofitted. For exam- the 0dds that performance-based codes attain a

ple, not all URM structures display the same vulWider use. . .
nerability to earthquake damage, and a means of A Sécond approach to reducing economic
distinguishing the most vulnerable from the leas{oSSes would be to concentrate on the indirect ef-
can permita more selective targeting of structured€Cts of éarthquake damage. In particular, because
Ongoing efforts to develop an analytic means ofne fe_der_al government maintains some authority
making such distinctions can therefore enhanc8Ver lifeline systems (e.g., transportation and en-
program effectiveness while reducing the numbef'9Y): @ potentially significant avenue for eco-

of affected building owners and occupants. nomic loss reduction lies in the “hardening” (i.e.,
strengthening and introducing redundancy) of

Engineering Measures: Reducing lifelines and vital response systems to reduce indi-
Economic Losses rectlosses and improve post-earthquake recovery.
As noted above, current building codes focus orpUch @ move would be assisted by research into
structural issues while giving little attention to Mea@sures such as the preservation of potable and
nonstructural and contents damage. Because tiiEefighting water systems, or the use of automatic
latter kind of damage can generate most of the ec§UtOff devices on natural gas lines.

nomic losses that accompany damaging earth-

25 Subject to the limitations noted in this chapter, including problems of enforcement and limited coverage of economic damage.
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[1 Direct Measures To

Improve Implementation
More direct efforts to improve implementation
will primarily involve education and outreach,

mentation by identifying stumbling points

(e.g., factors hindering code enforcement) in
the implementation process. Such research will
not likely be undertaken without federal sup-

technical assistance to nonfederal governments POrt. S _
and organizations, and social science research info Pérhaps the most promising implementation

activity is to assist communities in their efforts

the nature of implementation bottlenecks. These

efforts can be applied to the current implementa- @t understanding risk, vulnerability, costs,

tion framework, or as preparation for a more vig-
orous federal mitigation role.

Actions that may assist implementation within

the current framework include the following:
= Because individual local advocates and con-

cerned professional organizations can play a
powerful role in fostering and maintaining
community interest in mitigation, efforts to
create or assist advocates are of great potential
impact. The federal government can assist ad-
vocates in this area by: ensuring that advocates
have access to the latestinformation and educa-
tional materials on earthquake risks, support-_
ing community activities as funding permits, or
supplying direct technical and educational as-
sistance to local or state governments.

The more publicity there is concerning earth-
guakes, the more likely it is for individuals to
become advocates. Thus media and public out-
reach activities can have a powerful indirect ef-
fect, both in fostering the appearance of
advocates and in creating a supportive environ-
ment in which they may act. Public interest in
earthquakes generally depends on how recently
a major quake has occurred, but preparing out-
reach materials to take advantage of disaster
windows is a prudent measure. Such outreach
is relatively inexpensive and potentially pro-
ductive, although in places where destructive
seismic activity is extremely infrequent (e.g.,
the U.S. east coast), it is unlikely to create a
surge of local activity.

Research into the political and social science of
mitigation success and failure can assist imple-

26 The Federal Emergency Management Agency is currently supporting development of a computer-based tool to assist communities in
loss estimation, a promising endeavor that may considerably aid future implementation efforts.

benefits, and mitigation options. Workshops,
conferences, and forums have been and will
continue to be useful in disseminating such in-
formation, but strong efforts should be made to
assign hard numbers to the predictions. In par-
ticular, communities must be given analytic
tools for estimating likely losses in the event of
a future earthquake, and credible means must
be developed to predict the likely benefits of
mitigation. At present, it is difficult to quantify
these basic parameters, and it is this absence
that perhaps most inhibits vigorous action at all
mitigation levels?6

In addition to supplying such informational as-
sistance to at-risk communities, the federal
government might wish to offer more direct
technical aid. This aid can take the form of sup-
plied expertise (e.g., mitigation efforts in the
Salt Lake County of Utah were greatly en-
hanced by a three-year federal grant for hiring
an in-house county geologist—see box 4-2), or
through programs to assist in the education and
training of engineers and design professionals
in the principles of seismically resistant
construction.

To complement activities on the seismic front,
efforts can be made to incorporate seismic im-
plementation into a larger “all-hazards” frame-
work. Much of the nonstructural preparation
required for seismic mitigation (e.g., predisas-
ter emergency planning) is useful in the event
of fire, flood, wind storm, or other natural dis-
asters, and can thus gain in political and eco-
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Protect Your Belongings

Falling objects and toppling furniture can be danger-
ous and expensive to replace or repair.

.Move heavy items, such as pictures, mirrors or tall
dressers, away from your bed.

+ Secure tall furniture and bookcases with lag bolts to wall
studs. Add lips to shelves to prevent costly items from

sliding off. Be sure adjustable shelves cannot slide off their
supports.

. Put latches on cabinet doors, especially at home in your
kitchen and at work or school laboratories

. Fasten heavy or precious items to shelves or tables.
Secure file cabinets, computers, televisions and machin-
ery that may overturn during an earthquake.

. Store potentially hazardous materials such as cleaners,

fertilizers, chemicals, and petroleum products in appropri-
ate containers and in sturdy cabinets fastened to the wall
or floor.

+ In your office, be sure heavy objects are fastened to
the building structure and not just to a movable wall. Ask
a carpenter or an electrician to determine whether light
fixtures and modular ceiling systems are securely fast-
ened.

. Be sure your water heater is fastened to the wall studs
and that all gas heaters and appliances are connected
to the gas pipe through flexible tubing. If you use pro-
pane gas, be sure the storage tank is secured against
overturning and sliding.

LATCHES

For manv residents of the North Coast a large
financial loss will come if the doors of kitchen
cabinets are shaken open, throwing contents to
the floor. A few dollars spent now can prevent
most of that loss.

In choosing a latch, consider looks and ease of
use, The standard hook and eye(A) is an inexpen-
sive and secure latch, but you may not close it
every time you enter the cabinet because it takes
extra effort to do so. A child-proof catch (E)
prevents a door from opening more than an inch or
two. These catches close automatically, but they
require an extra action every time you open the
door.

Some standard types of secure latches mount
on the surface of the door (B, C). Latches are
available that mount inside the door (D), hold the
door firmly shut and open by being pushed gently
inward. These are marketed under names such as
push latch, touch latch, or pressure catch. If you
cannot find these latches, ask your hardware dealer
to order them for you.

. Secure your wood stove to wall or floor studs. Make
sure you have a fire extinguisher close at hand.

. Check with your school officials to be sure they have
taken similar precautions.

0Ornull.lll.ﬂi!.t!’4".....“.‘l'll...l....l.!\l"'.l..l.l.Il.ll.'.l..‘.‘...‘.

Outreach and education materials, such as this pamphlet on safeguarding household effects, can both foster and guide
mitigation efforts.
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nomic attractiveness when viewed in a largeframework; this effort might profitably be
context. strengthened or extended. In particular, substan-

= Lastly, consideration can be given to makingtial social science knowledge gaps remain that
NEHRP less of a purely voluntary, informa- hinder efforts to improve NEHRP. Chief among
tion-driven program by attaching strong incen-these are the following:

tives for action and regulatory or economic a
penalties to inaction (e.g., through changes in
federal disaster relief or insurance). These op-
tions, which are discussed in chapter 1, can alse
act as a tool for enforcement (e.g., by using pre-
mortgage inspections to ensure building code
compliance).

All of the above efforts require insight into the *
many political, economic, social, and practical
forces that shape the implementation process. It
should be reemphasized that the current under-

standing of these forces is by no means complete.

Social science research into the behavior of com-
munities and individuals is thus of considerable®
importance—all the more so if substantial

changes to current policy are being considered

How might individuals respond to financial in-
centives (such as insurance) for implementa-
tion?

Does the current de facto insurance framework
(federal disaster assistance) inhibit state, local,
and private implementation efforts, and if so, to
what extent?

Where do the true bottlenecks occur in the en-
forcement process for seismic building codes
(e.g., to what extent does the trouble lie in on-
site building inspection, in plan checking at the
design stage, or in unexpected variability in
construction practices and standards)?

Will different parts of the country respond dif-
ferently to proposed implementation strate-
gies, and if so, what regional variations are to

(e.g., the possible use of mandatory earthquake in- be expected?

surance to foster seismic mitigation). OngoingSuccessful research into these matters will greatly
NEHRP-funded social science research has almprove action within the currentimplementation
ready illuminated many of the factors affectingframework, and will be critical to any efforts at ex-
implementation within the current NEHRP tending program scope.



