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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.

H3ILNID NOLLYONA3 IXNVNOHLIEY3 LA108WNH
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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.
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he 1964 Alaska and 1971 San Fernando, Sciences report recommended that the United
California, earthquakes increased public States make a national commitment to a long-
awareness of U.S earthquake risks and led term earthquake prediction program.

to numerous task forces, reports, and pro= The President's Commission on Science and

posals for establishing a federal earthquake pro- Technology put together a panel that produced
gram. Then, in the mid-1970s, a number of events a report (commonly known as the Newmark-

led to the growing momentum for federal legisla- Stever report) laying out a preliminary plan and

tion: budget for a federal earthquake program.

China successfully predicted a major earth-
quake before it occurred, saving at least tens dFARTHQUAKE HAZARDS

thousands of lives. REDUCTION ACT

China and Guatemala suffered large and damyarious bills to establish a federal earthquake pro-
aging earthquakes. gram were introduced in Congress in the early and
The “Palmdale” bulge, a section of the San Anmjd-1970s. However, none were enacted until
dreas fault showing uplift, was identified. 1977, when the Earthquake Hazards Reduction
Various expert panels and committees releaseflct?2 was passed. Several aspects of the original
reports on earthquakes, some of which stated g&gislation are worthy of note. First, it was devel-
implied that the United States was behind Chipped and enacted in an era of great optimism about
na, Japan, and Russia in its commitment to anghe potential for earthquake prediction—that is,
understanding of earthquake prediction. accurate short-term forecasts of the location, mag-

There was considerable optimism in the sciennitude, and timing of earthquakes. The legislation
tific community that earthquake prediction wasreflects this, for example, stating:

feasible. For example, a National Academy of

1 National Research Coundiredicting Earthquakes: A Scientific and Technical Evaluation—with Implications for SGWeethington,

DC: National Academy of Sciences, 1976), p. 3.

2 Public Law 95-124, Oct. 7, 1977.
| 125
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A well-funded seismological research pro- REAUTHORIZATION HISTORY

gram in earthquake prediction could provide = rpq \jational Earthquake Hazards Reduction Pro-
data adequate for the design of an operational . ) .

: : gram (NEHRP) has been reauthorized eight times
system that could predict accurately the time, <. it | i table A-1): h |
place, magnitude, and physical effects of SINce Its inception (see' anle A- ); owever, only
earthquaked two of these reauthorizations made significant

' . changes to the program. The 1980 reauthoriza-
Second, although the bill listed a number OftionG established FEMA as the lead agency, and

382r;’;girggeoggglge%eﬁf Ilrﬁ':;% E;J 31“; oer?uiﬁ:- xtended NEHRP authorizations to FEMA and to
P ; 9NAne National Bureau of Standards (now the Na-

legislation was dlrectgd toward research. qu ©Xional Institute of Standards and Technology,
ample, the bill authorized agency approprlatlonﬁ\”ST)

only for the U.S. Geological Survey (USGS) and The 1990 reauthorization (Public Law

the National Science Foundation (NSF), to con- 01-614) made several substantial changes. The
duct or fund earthquake-related research. Thir . : :
enate report accompanying the final bill noted

the legislation did not make clear how the nonre,, o congressional concerns with NEHRP, in-
search objectives were to be |mplementedcludin

Instead, responsibility for implementation was g . _

given to the President, who was charged with de- - - the slow and, in the view of many experts,
veloping an implementation plan. Thus, the pro- inadequate application of research findings to

gram began wih immedate acivty by o SeALe Prepaedes e reed o
relatively strong research organizations, USGS gram and define better their roles; . . . the need

and NSF, but without a clegrly defined imple- update and broaden the scope of the
mentation component and without a lead agency. [NeHRP)7
The President’s implementation plasent to
. ... In response to these and other concerns, the fol-

Congress in 1978, gave much of the respon3|bll|t¥ . : .

. : ) . owing major changes were made:
for implementation to a “lead agency,” although o
justwhichagency was not specified. Other federal® references to earthquake prediction and control
agencies were given specific tasks, including par- Were downplayed; N
ticipation in a multiagency task force that was to" Program objectives were clarified and expand-
develop design standards for federal projects. €d. for example, education, lifeline research,
Executive Order 12148, dated July 20, 1979, des- €arthquake insurance, and land-use policy;
ignated the then newly created Federal Emergerf- the role of FEMA as lead agency was clarified

cy Management Agency (FEMA) as the lead and defined, for example, program budgets,
agency? written program plans, reports to Congress, a

3 lbid., sec. 2(4).
4 Executive Office of the President, “The National Earthquake Hazards Reduction Program,” June 22, 1978.

5 U.S. Congress, General Accounting Office, “Stronger Direction Needed for the National Earthquake Program,” GAO/RCED-83-103,
July 26, 1983, p. 2.

6 Public Law 96-472, Oct. 19, 1980.

7U.S. Congress, Senate Committee on Commerce, Science, and Transpbifti@R, Reauthorization AdReport 101-446 (Washing-
ton, DC: Aug. 30, 1990), p. 3.
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TABLE A-1: Reauthorization H

Provided
Public Law Date of reauthorization
number passage for fiscal years Significant changes or additions
95-124 Oct. 7, 1977 1978, 1979, 1980 Defined and initiated program.
Authorized funds for U.S. Geological Survey and National Sci-
ence Foundation only.
Directed President to select lead agency for implementation.
96-472 Oct. 19, 1980 1981 Defined Federal Emergency Management Agency (FEMA) as
lead agency.
Authorized funds for FEMA and National Bureau of Standards
(now National Institute of Standards and Technology).
97-80 Nov. 20, 1981 1982 None.
97-464 Jan. 12, 1983 1983 None.
98-241 Feb. 22, 1984 1984, 1985 None.
99-105 Sept. 30, 1985 1986, 1987 None.
100-252 Feb. 29, 1988 1988, 1989, 1990 None.
101-614 Nov 16, 1990 1991, 1992, 1993 Eliminated some references to prediction consequences and
to earthquake control.
Clarified objectives of National Earthquake Hazards Reduction
Program, emphasizing implementation.
Required seismic regulations for new federal buildings, and
the adoption of seismic regulations for existing federal build-
ings.
Clarified agency roles.
103-374 oct. 20, 1994 1994, 1995, 1996 None.

SOURCE Off Ice of Technology Assessment, 1995

comprehensive education program, and grants
to states,

the roles of USGS, NSF, and NIST were clari-
fied (but not altered significantly); and

the President was required to ensure that federal
agencies issue seismic safety regulations for
new buildings, and adopt seismic standards for
existing federal buildings lacking adequate
seismic resistance.

The 1994 reauthorization made no substantive

Technology (now the Committee on Science) pro-
vide some insight into congressional views of and
concerns with NEHRP. The report stated:

The [House Science, Space, and Technolo-
gy] Committee is concerned about the effective-
ness of the NEHRP. Recent hearings have raised
long-standing concerns about NEHRP—Ilack of
an overall strategic plan; insufficient coordina-
tion among the agencies to shape a unified, co-
herent program; insufficient application of
results of NEHRP research to limit losses; and

changes in NEHRP, however the hearings and lan- inadequate emphasis on research to mitigate
guage in the report accompanying HR 3485 out of earthquake damage.”
the House Committee on Science, Space, and

‘u.s. Congress, House Committee on Science, Space, and Technology, “Earthquake Hazards Reduction Act Reauthorization,” Report

103-360, nov. 15, 1993, p. 6.
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FIGURE A-1: NEHRP Authorizations and

Actual Spending, FY 1978-94
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The Committee took two steps to address these
concerns: first, members of the House of Repre-
sentatives sent a letter to the President requesting
an executive branch review of NEHRP. The
executive branch review was given to the White
House Office of Science and Technology Policy,
which as of August 1995 had not yet issued their
findings. Second, the Committee sent a letter to
the director of the congressiona Office of
Technology Assessment (OTA) requesting that
OTA “review Federa efforts to reduce earthquake
damage.” This report is OTA’s response to that
request.

BUDGET

As for dl federal programs, the budget process for
NEHRP involves two separate congressional
processes, authorizations, and appropriations.
NEHRP's authorizations give permission to the
agencies to spend up to the amount authorized for
the activities discussed in the legidation. The ap-

propriations process, however, provides the actual
funding to do the work. For NEHRP, as for amost
all government programs, authorizations and ap-
propriations are under separate committees of
Congress. As NEHRP is arelatively small compo-
nent of the agency budget, the congressiona ap-
propriations committees generally do not directly
specify the amount of money to be spent on
NEHRP activities. Instead, each agency deter-
mines its own budget priorities in conjunction
with the Office of Management and Budget, and
submits this budget (which specifies NEHRP
spending levels) in the President’s annual budget
reguest. The appropriations committee, in turn, ei-
ther accepts this overall budget level or setsit at a
different level.

In the past, NEHRP authorizations have usual-
ly exceeded the actual spending (seefigure A- 1).
Actual spending has increased in current dollars,
but has decreased overal in constant dollars (see
figure A-2).

FIGURE A-2: NEHRP Spending, FY 1978-94

(in current and constant dollars)
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SOURCE Off Ice of Technology Assessment, 1995
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our agencies—the National Sciences= determining the potential for future earth-
Foundation (NSF), the U.S. Geological quakes,

Survey (USGS), the Federal Emergency= predicting the effects of earthquakes, and
Management Agency (FEMA), and the = developing applications for research restilts.

National Institute of Standards and Technology sypporting efforts span a wide range of activi-
(NIST)—have specific responsibilities within the ties, from research into basic earthquake proc-
National Earthquake Hazards Reduction Progranasses to mapping expected ground motions for use
(NEHRP). Figure B-1 shows the division of jn puijlding design codes. More than two-thirds of
NEHRP funding among the principal agenciesNEHRP funding is used internally—to support
This appendix describes each agency's currensGs scientists in regional programs, laboratory
NEHRP efforts and outlines earthquake-relateGyng field activities, national hazards assessment
activities by other federal agencies that are outsidgrojects, and seismic network operation. The re-

the formal NEHRP framework. mainder is spent as grants to outside researchers
for specific projects. In general, the internal work
U.S. GEOLOGICAL SURVEY focuses on applying knowledge to describe haz-

USGS receives the largest share of NEHRRrds, while the external program emphasizes ex-

funds—about $50 million in FY 1994, accounting panding and strengthening the base of scientific

for more than half of all NEHRP spending. In re-knowledge.

cent years, USGS has used its NEHRP funds to Three specific aspects of U.S. Geological Sur-

pursue four goals: vey's NEHRP-related work are discussed below:

» understanding what happens at the earthquakbe geographic focus of the work, efforts made at
source,

1Robert A. Page et alGoals, Opportunities, and Priorities for the USGS Earthquake Hazards Reduction Prag@rGeological Sur-
vey Circular 1079 (Washington, DC: US Government Printing Office, 1992), pp. 1-2.

| 129
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FIGURE B-1: NEHRP Spending by Agency,
FY 1994

NSF
26.7%

NIST

FEMA
20.8%

KEY: FEMA = Federal Emergency Management Agency; NIST = Nation-
al Institute of Standards and Technology; NSF = National Science
Foundation; USGS = U.S. Geological Survey.

SOURCE: Office of Technology Assessment, 1995, based on NEHRP
budget data.

improving technology transfer, and the post-
earthquake investigation program.

» Geographic Focus

Concentrated for years primarily in California,
USGS research and hazard assessment activities
expanded in the mid- 1980s to include a multiyear
effort to fully characterize seismic hazards along
the Wasatch fault zone in Utah. Beginning in
1991, USGS divided a substantial portion of its re-
sources among four regions where the earthquake
hazard is most severe: southern California, north-
ern California, the Pacific Northwest, and the cen-
tral United States’(see table B-l). A regiona

coordinator is responsible for coordinating al as-
pects of the program with state and local agencies,
engineering groups, county emergency managers,
and planners.’Although California still receives
the bulk of the funding set aside for regional stud-
ies, USGS has shifted toward a more national pro-
gram. The most noticeable remaining gap in
coverage is metropolitan areas in the Northeast
that have significant seismic risk (e.g., Boston and
New York City).

m Technology Transfer

USGS has severa programs intended to promote
the use of agency-produced knowledge and tools.
Examples include the following:

= USGS works with the California Division of
Mines and Geology (a state agency) to develop
geographical information systems for use in
studying high seismic risk regions of the state.

= USGS supports the Southern California Earth-
guake Center (SCEC). SCEC is a multidiscipli-
nary effort to catalog and quantify regional
earthquake hazards and to transfer this in-
formation to the mitigation community. It is de-
scribed further under NSF activities.

= With FEMA, USGS has assisted in establish-
ing the Coordinating Organization for North-
ern  Cdifornia Earthquake Research and
Technology (CONCERT). With members from
government agencies and private sector orga-
nizations, CONCERT provides a framework
for members to exchange ideas and hold public
workshops. Their objective is more effective
transfer of new technologies and research re-
sults to the region’s engineering community.

= USGS encourages the exchange of ideas and
expertise between “sister cities’ with similar
seismic risks. One of the first such exchanges

*The Pacific Northwest refers to northernmost California, Oregon, Washington, and Alaska; the central United States include Indiana,
Illinois, Missouri, Kentucky, Tennessee, Arkansas, and Mississippi. Craig Weaver, Acting USGS NEHRP Coordinator, personal communicat-

ion, May 9, 1995.

3 Along with three discipline coordinators (who oversee geographically based studies outside the four primary regions, laboratory and

theoretical studies, and the national seismic network system), the four regional coordinators oversee peer review panels that advise USGS on

funding priorities. Ibid.
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TABLE B-1: USGS Spending Under NEHRP, FY 1995

Program element

FY 1995 spending (million dollars)

Internal External Total
Northern California 7,096.7 1,830.0 8,926.7
Southern California 5,385.2 1,900,0 7,285.2
Pacific Northwest 24342 1,316,1 3,750.3
Central United States 1,853.6 1,000.5 2,854.1
National and international 2,172.1 1,067.2 3,839.3
Seismic networks 5,040.0 2,620.0 7,660.0
Earthquake process and theory 2,491.3 919.8 34111
Southern California Earthquake Center 1,200.0 1,200.0
Other 7,870.0 2,1184 9,988.4
Total 34,943.1 13,972.0 48,915.1

NOTE Other includes miscellaneous administration and program assessments.

SOURCE: Office of Technology Assessment, 1995, based on detailed U.S. Geological Survey budget data

involved hazard planners and engineers from
Watsonville, California, and their counterparts
in Anchorage, Alaska. Other sister-city meet-
ings are planned.

- USGS operates the National Earthquake In-
formation Center (NEIC) in Golden, Colorado.
NEIC has three main missions. 1) to determine,
as accurately and rapidly as possible, the loca-
tion and magnitude of damaging earthquakes;
2) to collect and distribute seismic data for use
in research; and 3) to pursue research into locat-
ing and understanding earthquakes. In support
of these missions, NEIC distributes a number
of products (see table B-2).

USGS makes earth science data and maps
available over the Internet. For example, data
centers in northern and southern Cdifornia pro-
vide maps of recent regiona earthquakes, the
location of and data from geodetic and seismic
monitoring stations, and links to other Internet
sites with related data or topics. Other informa:
tion is becoming increasingly available for use
by researchers, educators, and the public.

“Ibid.

Future Directions

NEHRP achievements in recent years include in-
creased awareness on the part of state and loca of-
ficias, engineering associations, and other private
sector organizations of earthquake hazards and
risks. According to USGS, these groups have be-
come more sophisticated as to what they need next
from NEHRP. To better serve their needs, USGS
has redesigned the major elements of its FY 1996
NEHRP effort as follows:

assessing national and regional earthquake haz-
ard and risk,

assessing major urban area earthquake hazard
and risk,

understanding earthquake processes,
providing national real-time earthquake hazard
and risk assessment, and

providing national geologic hazards informa-
tion services.'
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Title

TABLE B-2: National Earthquake Information Center Products

Description

Quick Epicenter Determinations

Very preliminary list of significant quakes, compiled daily and available for

computer access by telephone line.

Preliminary Determination of Epicenters

Initial locations prepared and distributed weekly to those contributing data

to the NEIC; also published in a monthly listing available via the Superin-
tendent of Documents in Washington, DC.

Earthquake Data Report

Monthly publication that provides additional, more detailed Information for

seismologists on a data exchange basis.

Other products

CD-ROMs, maps, and an annual book of U.S. earthquakes.

SOURCE U S Geological Survey, National Earthquake Information Center, 1994 Guide to Products and Services (Golden, CO 1994)

[JPost-Earthquake  Investigations

The 1990 NEHRP reauthorization®directed
USGS to establish a post-earthquake investiga-
tion program, to study and learn lessons from ma-
jor earthquakes. USGS has supported post-quake
work for both U.S. and non-U. S., major earth-
guakes. This work has allowed USGS to collect
perishable data on aftershocks and earthquake-in-
duced damage.

After the Northridge earthquake in 1994, Con-
gress passed a supplemental appropriations bill
that, in part, funded USGS to install a seismic
monitoring system that can better measure strong
ground motions. This system will improve the
ability to provide real-time information on earth-
quake size, location, and likely effects.

NATIONAL SCIENCE FOUNDATION

NSF receives about one-quarter of the NEHRP
funding. Its NEHRP spending is in two distinct
areas: fundamental earth science, and engineering
and social science research. The earth science re-
search, overseen by the Earth Sciences Division in
the Directorate for Geosciences, accounts for 11.4
percent of NEHRP funds in FY 1994. The engi-
neering and social science research in the Earth-

*Public Law 101-614, Nov. 16, 1990.

quake Hazard Mitigation Program within the
Directorate for Engineering accounts for 15.6 per-
cent of NEHRP funds. Figure B-2 provides fund-
ing trends in current dollars for both areas.

OEarth Science Research

NSF uses NEHRP resources to support earth-
quake-related earth science research through two
main channels: direct grants to researchers and
support for various university consortia, includ-
ing the Incorporated Research Institutions for
Seismology (IRIS) and the Southern California
Earthquake Center (see table B-3). In addition, us
ing non-NEHRP funds, NSF supports the Univer-
sty Navstar Consortium (UNAVCO) that
provides technical assistance and equipment to in-
vestigators for geodetic studies and other earth
science research.

Direct Grants

NSF awards research grants directly to investiga-
tors for the study of earthquake sources, active tec-
tonics, earthquake dating and paleoseismology,
and shallow crustal seismicity.”For FY 1990 to
1994, instrument-based seismology, geodesy, and
other tectonics received the bulk of the awards (on

*James Whitcomb, Director, Geophysics Program, National Science Foundation, personal communication, Nov. 21, 1994.
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FIGURE B-2: NSF Spending Under NEHRP, FY 1978-94
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SOURCE Office of Technology Assessment, 1995, based on National Science Foundation budget data

the order of 90 percent); paleoseismology and mi-
crozonation efforts, in contrast, comprised about 5
percent of the overall budget for direct grants (see
table B-4).

Incorporated Research Institutions

for Seismology

IRIS is a university-based consortium that sup-
ports research in seismology by providing facili-
ties for instrumentation and for data collection,
archiving, and distribution. IRIS is supported by
NSF (in part with NEHRP funds) and by the Air
Force Office of Scientific Research.

IRIS, in partnership with USGS, is building a
multiuse global network of modem, digital seis-
mograph stations. According to IRIS, the Global
Seismographic Network supports NEHRP by en-
abling detailed assessments of the frequency of
earthquakes around the world and of their antici-

pated ground motions. In 1994, 20 new stations
\§v2er7e added to the network, bringing the total to

Through PASSCAL (Program for Array Seis-
mic Studies of the Continental Lithosphere), IRIS
provides portable instrumentation and support fa-
cilities for the study of seismic sources and earth
structure. Under development is the Rapid Array
Mobilization Program, intended to support rapid
deployment of instruments in the field immediate-
ly after a large earthquake or volcanic event.’

Another significant function of IRIS is the Data
Management System, which tracks the operation
of the stations and archives the data. In addition,
the IRIS Data Management Center (in Sesttle,
Washington) makes available via the Internet
these data, customized data products, and a num-
ber of other historical data sets.

"Incorporated Research Ingtitutions for Seismology, 1994 Annual Report (Arlington, VA: 1994), p. 5.
*Incorporated Research Ingtitutions for Seismology, 1992 Annual Report (Arlington, VA: 1992), p. 18.
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TABLE B-3: NSF Earth Science Spending, FY 1994

Spending
Element (million  dollars)
Direct grants $4,3
incorporated Research Institutions for Seismology 3.6
Southern California Earthquake Center 3.3
Total $11.2

SOURCE: Office of Technology Assessment, 1995, based on detailed National Science Foundation budget data

Award totals
(thousand dollars)

Research area

TABLE B-4: Allocation of NSF Investigator Awards in Earth Science, FY 1990-94

Percentage of
overall awards

Seismology $10,450 48.3

Tectonics
Geodesy 3,763 17.4
Nongeodetic 4,966 22.9
Paleoseismology 711 3.3
Microzonation 383 1.8
Tsunami 305 1.4
Other 1,077 5.0
Total NSF grants $21,655 100,0

NOTES: Other includes support for workshops, travel, and conferences. The total does not include staff salary and ex-

penses.

SOURCE. Off Ice of Technology Assessment, based on 1994 National Science Foundation geosciences award data

Southern California Earthquake Center

SCEC serves as the foca point for regiona studies
of earthquake hazards and risk mitigation mea-
sures. The principa institutions involved are:
University of Southern California; University of
CdliforniaLos Angeles, San Diego, and Santa
Barbara; California Institute of Technology; and
Columbia University.

The center has a multidisciplinary outlook that
promotes earthquake hazard reduction by defin-
ing when and where damaging earthquakes will
occur in southern California, calculating expected
ground motions, and communicating this in-
formation to the practicing engineering communi-
ty and the public. Products include conditional

probabilities for major faults, maps of seismotec-
tonic source zones and regional probabilistic seis-
mic hazards, assessments of the implications of
recent paterns of seismicity in the greater Los An-
geles area, and up-to-date earthquake source data-
bases.

SCEC also supports the operation of a seismic
network and several data centers. In addition, the
center has facilitated installation of a comprehen-
sive crustal strain monitoring network using the
Globa Positioning System (GPS). This is in-
tended to provide improved hazard estimation
from regional strain rates and increased under-
standing of post-quake deformation patterns.
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TABLE B-5: NSF Earthquake Engineering Budget (excluding NCEER), FY 1994

Budget
Area (thousand dollars) Research examples
Geotechnical $2,621 Liquefaction, tsunamis.
Structural 2,722 Active controls, repair and rehabilitation.
Architectural and mechanical systems 2,719 Active controls, hazard evaluation.
Earthquake systems integration 2,567 Planning, social science.
Total $10,629

NOTE: Including the $4 million awarded to the National Earthquake Engineering Research Center (NCEER), the total FY 1994 National Science
Foundation engineering budget was $14.629 million.
SOURCE: Office of Technology Assessment, 1995, based on National Science Foundation detailed budget data.

Principal support comes from NSF (SCEC is
an NSF Science and Technology Center) and

[JEarthquake Engineering
The NSF earthquake engineering budget for FY

USGS; SCEC is adso supported by FEMA, the
Cdifornia Department of Transportation, and the
City and County of Los Angeles.

University Navstar Consortium

UNAVCO maintains a standardized GPS equip-
ment pool and data archiving center. One of the
primary applications of geodetic measurements to
earthquake research is the comparison of contem-
porary plate velocities and the rates of intraplate
and plate boundary zone deformation with geo-
logical and geophysical observations and mod-
els.’ Space-based techniques have revolutionized
geodetic studies; they offer significant improve-
ments over surface techniques in severa applica-

1994 was $14.6 million. It includes $4 million for
the National Center for Earthquake Engineering
Research (NCEER); the remainder is divided
among four major research areas (see table B-5).

National Center for Earthquake

Engineering Research

NCEER, located in Buffalo, New York, was estab-
lished in 1986 with a five-year, $25-million grant
from NSF.” This grant was renewed in May 1991
for five more years and $21 million. Additional
funds for the center are provided by the State of
New York and by various ingtitutions." The cen-
ter mission is to “advance engineering, planning
and preparedness to minimize the damaging ef-

tions. fects that earthquakes have.””As summarized in

9 University Navstar Consortium, FY 95-99 Proposal (Boulder, CO: n.d.), p. 7. Besides earthquake-related research, UNAVCO staff collab-
orate with the National Aerobatics and Space Administration, the National Center for Atmospheric Research, the National Oceanic and Atmos-
pheric Administration, the Federal Aviation Administration, and university investigators in projects related to solid earth dynamics, climate,
and meteorology.

“The decision to award this grant to the State (University of New York at Buffalo, instead of to a competing bid from California researchers,
was a controversd one. The dory of this batle is told in VSP Associates, Inc, “To Save Lives and Protect Property,” final report prepared for the
Federa Emergency Management Agency, Nov. 1, 1988, appendix C.

“For example, the total nceer budget in 1993-94 was $11.5 million: $4.0 million from NSF, $3.0 million from the Federa Highway
Administration for research into the seismic vulnerability of the national highway system, $2.0 million from the state of New York, and $2.5
million from other sources. National Center for Earthquake Engineering Research, Program Overview 1992-94 (Buffalo, NY: 1994), p. 30.

2|bid., p. 1.
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TABLE B-6: Research Funded by NCEER, 1993-94

Examples

Funding
Area (thousand dollars)
Seismic hazard and ground motion $384
Geotechnical engineering 375
Structures and systems 1,025
Risk and reliability 344
Intelligent and protective systems 826
Socioeconomic  Issues 600
Implementation  activities 446

Ground motion and site response, seismic zonation.
Liguefaction and lifelines,

Retrofit methods, lifeline system analysis,
Development of risk-based design criteria,

Base isolation, hybrid control systems,

Insurance and mitigation relationships, estimating

damage with geographical Information systems,
hazard perception,

Workshops, education and training.

SOURCE: Office of Technology Assessment, 1995,
data

table B-6, the research portfolio supported by
NCEER ranges from geotechnical engineering to
socioeconomic  issues. 13

Geotechnical

NSF-sponsored work on geotechnical engineer-
ing includes studies of liquefaction, tsunamis, the
response of soils to earthquakes, and the response
of structures to ground motion. This research is,
for the most part, applicable to al structures, in-
cluding new and existing buildings and lifelines.

Structural

NSF-funded efforts in structures and earthquakes
include support of research in active and hybrid
control systems, design methodologies, seismic
behavior of components such as reinforced con-
crete frames or precast panels, and lifeline design.
A significant fraction of the research in this cate-

based on unpublished National Center for Earthquake Engineering Research

(NCEER)  budget

gory is in the area of “structura control'’—the use
of active or hybrid intelligent control systems to
reduce seismic damage in structures.

Architectural anti Mechanical Systems

Much of the work in architectural and mechanical
systems looks at specific building components
such as composite walls and reinforced concrete
frames. Asin the structural category, active or hy-
brid controls are a significant topic, accounting for
almost one-third of the funding in this category.*

Earthquake Systems Integration

Behavioral, social science, planning, and similar
research is funded in earthquake systems integra-
tion. Issues addressed include code enforcement,
decisions to demolish or repair a building, in-
formation transfer, and international comparisons
of mitigation.

“For further information, see National Center for Earthquake Engineering Research, Research Accomplishments 1986-1994 (Buffalo, NY:

September  1994).
“Resgarch into  structural hybrid ~ contral,
and mechanical areas. Source is NSF detailed budget data.

control, active control,

or smilar  phrases accounts  for 32 percent of funding in the architectural
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FEDERAL EMERGENCY sembled to assist in NEHRP planning and review,
MANAGEMENT AGENCY noted that “serious questions were raised regard-

FEMA has two distinct roles in NEHRP: 1) as leadiNd FEMA' performance in its assigned rofé.”
agency, FEMA is charged with overall coordina—The committee recommended the creation of an

tion of the program: and 2) it also has responsibil®Versight commission, with some budget author-

ity for implementation of earthquake mitigation 'Y for NEHRP activities. o .
measures. The 1990 NEHRP reauthorization contained

extensive reference to FEMA'S role in NEHRP.
Although there was not a clear change in FEMA's

L History _ role, the legislation specifically directed FEMA
FEMA' role in NEHRP can best be understood b%o:

looking at how its role has evolved over time. _
When NEHRP was founded in 1977, the legisla-" Prepare anannual NEHRP budget for review by
tion called for a lead agency but did not specify the Office of Management and Budget,

what agency was to take that role. FEMA was giv-" Prepare awritten NEHRP plan for Congress ev-
en lead agency status by executive order in 1979. 1Y three years, _
This was confirmed by Congress in the NEHRP" ope_rate a program of state grants and technical
reauthorization for 19835 which also provided ~ assistance,and _ N

an explicit authorization for FEMA spending on * €nsure appropriate implementation of mitiga-
earthquakes. tion measures.

In the early years of its NEHRP activities, According to the Senate report accompanying the
FEMA functioned primarily as a coordinator rath- legislation, the intent of this language was in part
er than as a strong leader or director. A 1983 U.30 separate FEMA's leadership function from its
General Accounting Office (GAO) report criti- operational (implementation) rolé.
cized FEMA's leadership, noting that FEMA had The 1993-94 reauthorization hearings suggest
not carried out several responsibilities assigned tthat concerns over coordination and implementa-
it in the legislation. GAO found that “FEMA tion continue. In the Senate hearings, a senator
could better prepare the United States for a majasked of the witnesses, “Has coordination among
earthquake by more aggressively implementinghe four NEHRP agencies improved®in the
the [NEHRP] act’'s requirements and providingHouse hearings, a representative asked, “Is the
stronger guidance and direction to Federal agerprogram doing enough to ensure application of its
cies.16|n 1987, an expert review committee, as-findings?20

15 Public Law 96-472, Oct. 19, 1980.

16 U.S. General Accounting Office, “Stronger Direction Needed for the National Earthquake Program,” GAO/RCED-83-103, July 26,
1983, pp. i,ii.

17 Federal Emergency Management Agency, “Commentary and Recommendations of the Expert Review Committee 1987,” p. xiii.

18U.S. Congress, Senate Committee on Commerce, Science, and Transphldtitoa) Earthquake Hazards Reduction Program Reau-
thorization Act Report 101-446 (Washington, DC: Aug. 30, 1990), p. 12.

19U.S. Congress, Senate Committee on Commerce, Science, and Transportation, Subcommittee on Science, Space, and Technology, hear-

ing, May 17, 1994, p. 4.
20 U.S. Congresss, House Committee on Science, Space, and Technology, Subcommittee on Science, hearing, Sept. 14, 1993, p. 2.
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TABLE B-7: FEMA Major Budget Components, FY 1993

Approximate budget

Examples

Area (million  dollars)

Leadership $1.3
Design and construction

standards 5.0
State and local hazards

reduction 6.1
Education 1.1
Multiple hazards 1.7
Federal response planning 0.9

User needs assessment.
Small-business outreach program.

NEHRP plans, reports, and coordination.

Manual for single-family building construction.
Preparation of seismic design values.

Preparation of NEHRP Provisions.

Grants to states and cities for mitigation programs.
Grants to multistate consortia.

Training in use of NEHRP Provisions.

Dissemination of information on retrofit techniques,
Loss estimation software development.
Wind-resistant design techniques,
Urban search and rescue.

National federal response.

SOURCE: Federal Emergency Management Agency, Office of

OCurrent Activities

FEMA currently conducts a broad range of activi-
ties under its NEHRP mandate.” Table B-7 lists
the FY 1993 budget and examples of activities for
each of six core areas of effort.

Leadership

According to the 1994 NEHRP report to Con-
gress,” recent activities under FEMA'’s leader-
ship function include:

.preparation of NEHRP plans and reports to

Congress,
.assessment of user needs,

Earthquakes and Natural

Hazards, “Funds Tracking Report” Nov. 9, 1993,

= support of earthquake professional organiza-
tions,

= arranging interagency meetings,

= gsupport of problem-focused studies—specific
issues of concern to the earthquake community,
and

» outreach programs for small businesses.

Design and Construction Standards

FEMA contributes to the development of prac-
tices and standards to reduce seismic risk in both
new and existing structures. Examples include
sponsoring the development of the NEHRP Provi-

“This section draws on Federal Emergency Management Agency, Building for the Future, NEHRP FY 1991-1992 Report to Congress

(Washington, DC: December 1992); Federa Emergency Management Agency, Preserving Resources through Earthquake Mitigation, NEHRP
FY 1993-1994 Report to Congress (Washington, DC: December 1994); and Federd Emergency Management Agency, Office of Earthquakes

and Natural Hazards, “Funds Tracking Report, FY 1993 1993,
“Federal Emergency Management Agency,

Preserving Resources through Earthquake Mitigation, see footnote 21.
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sions(a synthesis of design knowledge for adopyears26 The effects of the matching requirement
tion by model codes?® development of vary greatly among states. Participation by some
handbooks for retrofitting existing buildings, and states appears to decline after reaching the 50-per-
support of an earthquake testing and research faent cash threshold; others have declined to partic-
cility at the University of Nevada. ipate at all because of the cash requirement.

For example, of the six states in the highest risk
State and Local Hazards Reduction Program category, only Wyoming does not formally partic-
States and local governments bear primary réPate in NEHRP. Wyoming indicated that fourth-
sponsibility forimplementing plans and technolo-Y&@r financial requirements (i.e., 50-percent cash
gies to increase the resilience of communitiedN@tch) precluded such involvement. However, it
toward seismic hazards and thus minimize th&©€s participate in NEHRP-related activities and

long-term effects of earthquakes. Through its2€longs to the Western States Seismic Policy

State and Local Hazards Reduction Programcouncil.
FEMA provides grants to states, local govern-
ments, and multistate consortia to support theiprogram Elements

earthquake mitigation activities. Of the 43 statesrhe five primary matching fund program ele-

and territorie$* with low to very high degrees of o5 are: Leadership and Program Management:
seismic hazard, 28 participate in one manner ofngamental Research and Studies; Hazard Map-
another in the FEMA program. Seventeen of thesging Risk Studies, and Loss Estimation: Hazard
states joined NEHRP at its inception in 1977 \sitigation; Preparedness and Response/Recov-
Activities funded by FEMA grants vary, but ory pjanning; and Information and Education. In
typically involve education, outreach, code adopyqgition, there is a “Special Projects and Other

t?on, trai_ning, and similar implementation ac_:tivi- Programs’ category. Under the latter, for example,
ties. Indiana, for example, used FEMA funding tONew York State established in 1990 an Earth-

develop a brochure on techniques to measure rigi,aye Lifelines Project to assess earthquake haz-
in existing buildings, North Carolina used FEMA ards, analyze lifeline vulnerability to support

funding to update its building code to include Seis‘mitigation efforts, inform and educate the public,
mic provisions, and Arizona conducted publicgpnq provide training.

awareness and education worksh&ps. Typically, state efforts in the mitigation catego-

ry relate to bridge safety analysis and reinforce-
Financial Requirements ment. New Jersey'’s activities under this program,
Current cost-sharing regulations are that FEMAhowever, also include a Prudent Business Prac-
provides 100 percent of the first year’s funding;tices program that encourages businesses to edu-
25- and 35-percent in-kind matches are requiredate their employees and customers about seismic
for years two and three; and a 50-percent castisks. At least nine states have activities in all
match from states is necessary for the followingNEHRP matching fund program areds.

23Building and Seismic Safety Coun®IEHRP Recommended Provisions for the Development of Seismic Regulations for New Buildings
1991 Ed., prepared for Federal Emergency Management Agency (Washington, DC: January 1992).

24ncluding Guam, Puerto Rico, and the U.S. Virgin Islands.
25 Examples from Federal Emergency Management Ag&hilging for the Futurgsee footnote 21.

26 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.

27 Arkansas, California, Kentucky, Mississippi, Missouri, Nevada, New Jersey, New Mexico, and Tennessee.
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Regional Efforts computer tool for use by cities and states in earth-
Three regional organizations play important rolegjuake planning.

in supporting individual states’ seismic safety ef-

forts: the Western States Seismic Policy Councilregeral Response Planning

founded in 1977; the Central United States Earthf:EMA has primary responsibility for preparin
quake Consortium (CUSEC), established inh federal P y I? Ty | preparing
1985; and, most recently, the Northeastern Statt e federa’ government for national emergencies.

) . MA activities include carrying out exercises
Earthquake Consortium. CUSEC is the only one___ .. . ’
of the three groups that receives federal fundsTQE'ﬁIng agencies to agree on emergency response

These groups typically facilitate the exchange o lans, and supporting regional operating centers,
. : i . . “FEMA has also supported urban search and rescue
information among states; provide a convenien

. . : - ms.
mechanism for holding meetings and training ses—ams

sions; act as an ‘“issue network” by helping to

forge state views on NEHRP priorities and pro-NATIONAL INSTITUTE OF

grams; and, because of their administrative flexiSTANDARDS AND TECHNOLOGY

bility, can often do more things for their memberNIST’s role in NEHRP has been largely in applied

states than individual state procedures al®w.  engineering research and code development. The
agency'’s funding under NEHRP has been low—

Education less than $500,000 annually until the 1990s—so

FEMA supports a number of educational activi-its NEHRP-related activities have been modest in

ties, including a course on post-earthquake recorfizé and scope. Current NEHRP funding is
struction, a natural hazards information centerdpproximately $1.9 million.
and dissemination of information on existing

building retrofits. [J Funding History

With funding from USGS and NSF as well astpg jjtial NEHRP legislation did not provide ex-
FEMA, the Natural Hazards Research and Appjicit authorization for NIST (then the National
plications Information Center in Boulder, Colora- Bureau of Standards), but NIST did receive some
do, serves as a national clearinghouse fof,ging in the early years of NEHRP. The 1980
information on the economic loss, human suffer\EHRP reauthorization bill specifically autho-
ing, and social disruption caused by earthquakegi e NIST as one of the four key NEHRP agen-
floods, hurricanes, tornadoes, and other naturgles and these authorizations have continued in

disasters. subsequent bills. In recent years, NIST’s budget
) o for earthquake-related activities has expanded due
Multi-Hazard Assessment and Mitigation to contributions from other federal agencies, as

Some FEMA activities in NEHRP address multi-well as a small contribution from the private sec-
ple hazards. For example, FEMA recently suptor. In FY 1994, for example, NIST received an
ported work on wind-resistant designs foradditional $1.5 million from the Northridge sup-
buildings. Also under this heading is FEMA's plemental appropriations for a total NIST earth-
support of the development of a loss estimatiomuake-related budget of nearly $3.6 mill#h.

28 Examples include securing out-of-state consulting assistance and paying honoraria and invitational travel so that speakers can partici-
pate in training conferences.

29Richard N. Wright, Director, Building and Fire Research Laboratory, National Institute of Standards and Technology, testimony at hear-
ings before the Senate Committee on Commerce, Science, and Transportation, May 17, 1994, table 1.
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(1 Activities 2. Code development and distribution, including

NEHRP’s initial legislaton and subsequent technical support for model code adoption of

amendments did not define a specific role for the NEHRP Provisions.

NIST. Inthe 1980s, NIST’s activities were “exclu- 3. Technology transfer (e.g., support of confer-

sively focused on the studies of performance of €nces and meetings for engineering research).

buildings through in-house experimental and ana4. International cooperation, including technical

lytical research3® The 1990 NEHRP reautho-  and financial support for various meetings and

rization defined NIST's role as follows: “The  exchange programs with other countries.

National Institute of Standards and Technology

shall be respons_ible for carrying out research an@THER RELATED FEDERAL

development to'lmprove building codesf ar_1d Sta,‘,nAGENCY ACTIVITIES

dards and practices for structures and lifelirids. - - )
Increased funding since 1990 has allowed>everal federal agencies in addition to the four pri-

NIST to expand into new areas. Its currentN@y NEHRP agencies spend many millions of
NEHRP-related work include®® dollars in earthquake mitigation. These efforts in-

1. Applied engineering research: clude evaluating the seismic safety of facilities
= preparation of guidelines for testing andand improving their seismic resistance, conduct-
evaluation of seismic isolation systems,  ing earthquake-related research and development,
= development of design provisions for precas@nd other effort$3 Although detailed agency
concrete connections and for seismicspending data are not available, this non-NEHRP
strengthening of concrete frame buildings, federal spending on earthquake-related research
= testing of masonry walls to determine shea@nd development on upgrading the seismic resis-
capacity, and tance of facilities probably exceeds the $100 mil-
= development of improved methods to pre-lion spent annually by the four primary NEHRP
dict the effects of ground motion on life- agencies? The contributions of many non-
lines. NEHRP agencies are summarized in table B-8.

30 Riley Chung, National Institute of Standards and Technology, personal communication, June 30, 1994.

31 public Law 101-614, sec. 5b5, Nov. 16, 1990.

32 Federal Emergency Management Agemgserving Resources through Earthquake Mitigats®e footnote 21.

33David W. Cheney, Congressional Research Service, “The National Earthquake Hazards Reduction Program,” 89-473SPR, Aug. 9, 1989.
34 The last budget data were for the period ending 1987. Ibid., p. 20.
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TABLE B-8: Summary of Federal Earthquake-Related Activities

Agency/department

Examples

National Aerobatics and
Space Administration
(NASA)

National Oceanic and
Atmospheric Administration
(NOAA)

Department of Energy
(DOE)

Nuclear Regulatory
Commission (NRC)

Department of Defense
(DOD)

Department of Trans-
portation (DOT)

Bureau of Reclamation,
Department of the Interior

Department of Veterans
Affairs (VA)

Department of Housing and
Urban Development (HUD)

Centers for Disease Control
and Prevention (CDC),
Department of Health and
Human Services

NASA conducts research and development (R&D) in basic earth processes. Its
space-based geodesy program has enabled important advances in monitoring and
characterizing crustal deformation and strain before, during, and after seismic events

NOAA provides real-time tsunami warnings for the United States and its possessions
and territories; the warnings are issued from two centers, located in Alaska and Ha-
waii. In addition, NOAA's seafloor mapping and monitoring of marine earthquakes
support improved understanding of offshore earthquake hazards and the reduction of
tsunami risk. NOAA also disseminates earthquake and tsunami data through the Na-
tional Geophysical Data Center.

DOE has conducted earthquake hazard research related to nuclear powerplants and
waste disposal. DOE has upgraded the seismic resistance of many of its facilities,
including its national laboratories and nuclear weapons production facilities. As part
of its nuclear energy research programs, DOE has also studied ways to Improve the
seismic safety of new reactor designs.

In the past, NRC has sponsored seismographic networks in the eastern United States
to aid in analyzing seismic risks to nuclear powerplants. The commission has also
conducted engineering research related to improving the seismic resistance of nu-
clear powerplants and waste disposal facilities.

DOD has a seismic safety program to ensure appropriate seismic safety of its facili-
ties, and conducts seismic R&D with applications to other government and privately
owned infrastructure. The Army Corps of Engineers, for example, addresses the seis-
mic safety of dams. DOD also operates seismic stations for nuclear test monitoring

and supports seafloor research (by the Office of Naval Research).

DOT conducts seismic research in advanced earthquake-resistant design, construc-
tion, and retrofit of highway bridges through the American Association of State High-
way and Transportation Officials specifications and guides of recommended practice,
assesses DOT facilities to prevent interruption of vital functions; and provides im-
mediate response after major earthquakes.

The bureau is the lead technical agency for Interior’'s Safety of Dams Program. In
addition to dam modifications, it conducts seismotectonic studies, operates three
seismic networks in Colorado and Wyoming, and operates strong-motion instruments
at dams and other critical facilities.

Since 1971, the VA has undertaken the seismic strengthening of its hospitals in areas
of moderate and high seismic hazard.

HUD funds earthquake studies related to disaster response, damage assessment,
and mitigation; conducts seismic risk assessments for HUD-assisted properties; de-
velops seismic safety standards for such properties, as well as for manufactured
housing; and provides major rebuilding and emergency housing assistance to earth-
quake-stricken  communities.

CDC conducts research on the health impact of natural and technological disasters in
order to develop strategies to prevent or reduce future disaster-related health prob-
lems.

SOURCES: Office of Technology Assessment,

based on David W. Cheney, Congressional Research Service, “The National

Earthquake Hazards Re-

duction Program, " 89-473SPR, Aug. 9, 1989; and unpublished Office of Science and Technology Policy material, For a further description of earth-
quake programs in these and other contributing federal agencies, see Federal Emergency Management Agency, Preserving Resources Through
Earthquake Mitigation, FY 1993-94 NEHRP Report to Congress (Washington, DC: December 1994), pp. 131-170
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evastating earthquakes have been experpredominant focus of Japan’s efforts is seismic

enced all around the globe, at times withmonitoring and research applied toward predict-

astounding loss of life (see table C-1).ing great earthquakes.

Figure C-1 illustrates recent world seis- New Zealand also has a collection of efforts
micity. Future occurrences of potentially damag-similar in scope, if not scale, to the U.S. national
ing quakes are inevitable. As a result, manyeffort. One major difference is the inclusion of a
countries have mounted extensive research argbvernment-sponsored earthquake insurance pro-
development, hazard assessment, and disaster ggam and a move toward mitigating economic dis-
sponse programs related to earthquake hazardgption along with threats to life safety. Several
and seismic risk. other countries have significant research pro-

A comprehensive discussion of the many ingrams or relevant data. For seismological or
ternational mitigation programs and their paleoseismological data from intraplate earth-
achievements is beyond the scope of this reportjuakes, China and Australia are soufcRsissia,
Instead, this appendix briefly describes efforts unChina, and Japan have data on potential earth-
der way in a few countries whose seismicity andjuake precursors; Japan also has strong-motion
mitigation practices may shed light on relateddata from subduction zone earthquakes and re-
U.S. efforts. It also outlines the framework thatsults from tsunami studies. In addition, Canada
exists for cooperation and coordination among naand the United States exchange data and analyses
tions in understanding earthquake hazards anagarding seismic hazards in the west and east
mitigating seismic risk. (e.g., subduction zone quakes in the Pacific

To summarize, both Japan and China have siiNorthwest and intraplate quakes in the northeast-
able earthquake research and mitigation proern United States).
grams. Unlike the United States, however, the

1Few earthquakes that occur in relatively stable regions of continents have surface expression. Of the 11 historic intraplate earthquakes that
have produced surface ruptures, five occurred in Australia since 1968. Michael Machette and Anthony Crone, “Geologic Investigations of Aus-
tralian Earthquakes: Paleoseismicity and the Recurrence of Surface Faulting in the Stable Regions of C&itiesuiskes & Volcanoes
vol. 24, No. 2, 1993, p. 74.

| 143
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TABLE C-1: Selected Significant Earthquakes Worldwide

Location Year Magnitude Impact
Northern China 1556 - 800,000 killed
Lisbon, Portugal 1755 - 60,000 killed, fire
San Francisco, California 1906 8.3 700 killed, fire
Messina, Sicily 1908 7.5 160,000 killed
Tokyo, Japan 1923 8.3 140,000+ killed, fire
Assam, India 1950 8.4 30,000 killed
Chile 1960 Mw 9.5 5,700 killed, 58,000 homes destroyed, tsunami
Alaska 1964 Mw 9.2 131 killed, tsunami
Northern Peru 1970 7.7 67,000 reported killed
Guatemala 1976 7.5 23,000 killed
Tangshan, China 1976 7.9 240,000-650,000 killed
Northern Iran 1978 7.7 25,000 killed
Mexico City 1985 8.1 10,000+ killed
Armenia 1988 6.8 55,000 killed
Loma Prieta, California 1989 7.1 63 killed, $5 billion to $10 billion damage
Northern Iran 1990 7.1 40,000 killed
Flores, Indonesia 1992 7.5 2,500 killed
Latur, India 1993 Mw 6.2 9,750 deaths
Northridge, California 1994 6.8 57 killed, more than $20 billion damage
Kobe, Japan 1995 6.8 5,500+ killed, more than $200 billion losses
Sakhalin Island, Russia 1995 Mw 7.0 Approximately 2,000 killed

NOTE: A significant earthquake s one that registers a magnitude of 6,5 or more, or one that causes considerable damage or loss of life On average,
60 significant earthquakes take place around the world each year. Mw representsmoment magnitude, a measure of the total seismic energy released

SOURCE: Office of Technology Assessment, based on Bernard Pipkin, Geology and the Environment (St Paul, MN: West Publishing Co , 1994), and
references cited therein; and William Ellsworth, U S Geological Survey, Menlo Park, personal communication, June 14, 1995

The United States is actively involved in sever- nation’s advances in earthquake mitigation, for
al cooperative programs established to share ex- example, in tsunami studies.’)
pertise and data. Joint research and technology
transfer projects have been especialy useful tothe  AUSTRALIA

spread of seismic zonation prectices around the A grglia a relatively stable continent far re-

world. “(In a similar vein, technology transfer  oyed from the earth’s plate boundaries, received
from Japan to Chile has been integral to the latter

*Seismic zonation is the division of a geographic region into smaller areas or zones that are expected to experience the same relative severi
ty of an earthquake hazard (e.g., ground shaking or failure, surface faulting, tsunami wave runup). Based on an integrated assessment of the
hazard, built, and policy environments, resulting zonation maps provide communities with a range of options for ensuring resilience to earth-
quakes and sustainable development. U.S. Geologica Survey, Proceedings of the Fourth International Forum on Seismic Zonation, July 14,
1994, Chicago, IL, and Aug. 30, 1994, Vienna, Austria, Open File Report 94-424 (Reston, VA: n.d.), appendix B, p. 1.

°See Maria Ofelia Moroni, “Technology Transfer on Earthquake Disaster Reduction Between Japan and Chile,” Bulletin of the Internation-
al Ingtitute of Seismology and Earthquake Engineering, vol. 27, 1993, pp. 199-211. In 1960, a tsunami that originated off the coast of Chile
caused nearly 1,000 desths in that country and much destruction in Japan as well.



Appendix C International Earthquake Programs | 145

FIGURE C-1: Epicenters of 30,000 Earthquakes, 1961-67
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SOURCE Office of Technology Assessment, 1995, adapted from F Press and R Siever, Earth, Second Edition (San Francisco, CA: W.H. Freeman
and Company, 1978), p. 412

a wake-up call with respect to urban earthquake  from the federal agency Emergency Management
hazards when a magnitude 5.6 (M5.6) earthquake  Australia and state governments, the Center for
struck Newcastle in December 1989. It resulted in ~ Earthquake Research in Australia (CERA) has
about $2.86 billion (U. S) in losses and 13  completed seismic zonation maps for four of the
deaths. *The disaster led to increased studies of largest cities (Sydney, Newcastle, Melbourne, and
the region’s intraplate quakes and a national pro- Brisbane and its environs). Maps for other urban
gram in seismic zonation. areas are in progresse’

The Australian Geological Survey Organiza- According to CERA, the outcomes of this map-
tion, in coordination with various state geological ping program have practical applications in many
surveys and universities, conducts the national areas, including seismic code formulation, emer-
program in earthquake monitoring. With funding gency management, and community education.’

“John M.W. Rynn, “The Potential To Reduce Losses from Earthquakes in Australia, " D.. Smith and JW. Handmer (cd), Australia's Role in
the International Decade for Natural Disaster Reduction, Resource and Environmenta Studies No. 4, Journal of the Australian National Uni-
versity Center for Resource and Environmental Studies, 1991, p. 9.

‘For a description of initid efforts, see John MW. Rynn, “Mitigation of the Earthquake Hazard Through Earthquake Zonation Mapping:

The Program for Urban Areas in Australia,” Proceedings of the Workshop Towards Natural Disaster Reduction, June 27-July 3, 1993, Okinawa,
Japan, S. Herath and T. Katayama (eds.) (Tokyo, Japan: International Center for Disaster-Mitigation Engineering, July 1994), pp. 115-136.
*John Rynn, Center for Earthquake Research in Australia, personal communication, June 7, 1995.
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TABLE C-2: Canadian Organizations Involved in Earthquake Mitigation

Organization Description

Activities

Geological Survey of Canada Agency of the Ministry of Natural

(GSC) Resources Canada

National Research Council
(NRC)

Canadian National Commit-
tee on Earthquake Engineer-
ing

Emergency Preparedness
Canada

Established within the Ministry of
Industry, Science and Technology

Committee with representation from
GSC, NRC, and the private sector.

Agency within the Ministry of Defence

Seismic and strong-motion monitoring,
hazard estimation; international cooperation.

The agency’s Canadian Commission on
Building and Fire Codes promulgates the
National Building Code.

Develops seismic provisions for the National
Building Code, advises the Canadian Com-
mission on Building and Fire Codes, and
provides advice to private industry on mat-
ters related to seismic hazard assessment
for specific projects.

Earthquake preparedness and response
planning.

SOURCE Off Ice of Technology Assessment, based on Peter Basham,

Collaboration between Australia and other coun-
tries (e.g., neighboring developing nations in the
South Pacific, countries in Southeast Asia, and
South America, as well as the United States) is
rapidly increasing.

CANADA

Canada has experienced severa large, damaging
earthquakes during its recorded history. Seismic-
ity along its west coast is relatively well under-
stood in terms of plate boundary convergence
offshore. The sources of intraplate earthquakes in
eastern Canada are less well known, but may be
related to compressional stresses acting on local-
ized zones of weakness in the crust.’ Table C-2
shows the primary agencies and organizations
participating in Canada's earthquake mitigation

Geological Survey of Canada, personal communication, Nov 24, 1994

effort. According to the Geological Survey of
Canada (GSC), it is the only federal agency con-
cerned with seismological aspects of earthquake
loss reduction, and the only Canadian agency with
expertise in seismic hazard assessment.’
Canada's primary earthquake-related research
gods are to: 1) understand the causes and effects
of earthquakes well enough to be able to assess
seismic hazards accurately throughout the coun-
try, and 2) improve knowledge of earthquake-re-
sistant design and construction in order to provide
an adequate level of protection against future
earthquakes. Currently, a magjor research program
is underway to produce new zoning maps for tria
use, modification, and formal adoption in the year
2000 National Building Code of Canada. The ex-
isting code was adopted in 1985 and is based on

'Dieter Weichert et a., “Seismic Hazard in Canada” The Practice of Earthquake Hazard Assessment, International Association of
Seismology and Physics of the Earth Interior (Denver, CO: U.S. Geological Survey, 1993), p. 46.
*Unless noted otherwise, the material in this section is drawn from Peter Basham, Acting Director, Geophysics Division, Geological Sur-

vey of Canada, persona communication, Nov. 24, 1994,
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probabilistic analyses of peak acceleration anden-Year Committee, in cooperation with United
peak velocity? According to GSC, relatively little Nations International Decade for Natural Disaster
effort is devoted to microzonation, although someReductiod3 (see table C-3.)

efforts have been undertaken as university re-

search projects. O Prediction
The large-scale development of an earthquake
CHINA prediction capability began after the 1966 Xingtai

Strong intraplate earthquakes frequently occuearthquake (M7.2), which resulted in 8,000
throughout China, which lies in the southeast partieathst* Over the last couple of decades, a num-
of the Eurasian plate. The seismicity is thought tder of earthquake-monitoring systems have been
be related to forces from the Pacific Plate to theset up in China’s major seismic areas. The national
east and the Indian Ocean Plate to the southwestetwork consists of six regional telemetry net-
China’s historic earthquake record extends backvorks, 12 local radio telemetry networks, and 10
thousands of years; from 1831 B.C. to A.D. 1989digital seismographic statioA8 Data from these
17 great earthquakes, 126 major quakes, and ahonitoring systems, and from other observations,
most 600 large earthquakes took plé¢Because support research in detecting precursors and cor-
of their typically shallow depth and since relative-relating them with large earthquakes.
ly little building stock has been designed to resist In 1975, hours before a M7.4 quake struck Hai-
shaking, severe damage and casualties are likebheng, a series of foreshocks prompted residents
in the country’s densely populated areas fronto construct earthquake huts (temporary shelters
large earthquakes (i.e., having magnitudes of @djacent to their homes) and local authorities to is-
and higher) sue a warning of a major quak&Even with these
The Chinese government has a three-prongegrecautions, more than 1,000 people were killed.
effort to address seismic risks. Earthquake predid//ithout these measures, a much larger percentage
tion, resistance, and emergency relief responsibilef the 3 million people living in Haicheng might
ities are accorded to the State Seismologicahave died inside collapsed buildingsHowever
Bureau, the Ministry of Construction, and thethe Chinese prediction system has predicted earth-
Ministry of Civil Affairs, respectivelyt2 A uni-  quakes that did not occur and has failed to predict
fied program is being assembled by the Chineseome that did. Several months after the Haicheng

9 With seven zones, the 1985 edition maps have a finer subdivision of zoning in moderate-risk areas and additional zones in the high-risk
areas relative to the previous edition (1970). P.W. Basham et al., “New Probabilistic Strong Seismic Ground Motion Maps d8Q&eteda,”
of the Seismological Society of Amerieal. 75, No. 2, April 1985, p. 563.

10 Xiu Jigang, “A Review of Seismic Monitoring and Earthquake Prediction in CHiaat®nophysigsrol. 209, 1992, p. 325. See chapter
2 for description of earthquake severity scales.

11 Ma Zongjin and Zhao Axing, “A Survey of Earthquake Hazards in China and Some Suggested Countermeasures for Disaster Reduc-
tion,” Earthquake Research in Chineol. 6, No. 2, 1992, p. 241.

12\Wang Guozhi, “The Function of the Chinese Government in the Mitigation of Earthquake Dis&siethgjliake Research in China
vol. 6, No. 2, 1992, p. 254.

13 |bid.
14 Zongjin and Axing, see footnote 11, p. 243.

15The six regions covered are Beijing, Shanghai, Chengdu, Shenyang, Kunming, and Lanzhou. Ibid.; and William Bakun, U.S. Geological
Survey, Menlo Park, personal communication, June 15, 1995.

16 Cinna Lomnitz Fundamentals of Earthquake Predictitiew York, NY: John Wiley & Sons, Inc., 1994), pp. 24-26.
17 Bruce A. Bolt,EarthquakegNew York, NY: W.H. Freeman and Co., 1993), p. 194.
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TABLE C-3: Earthquake Efforts by the People’s Republic of China

Organization

Description

Activities

Ministry of Construction
(MOC), Office of Earth-
guake Resistance

State Seismological Bureau

National Natural Science
Foundation of China, De-
partment of Architectural
Environment and Structural
Engineering

Ministry of Energy, Science
and Technique Develop-
ment Foundation of Power

Established in 1967, MOC is concerned
with emergency response, technical

codes and standards, development of
International cooperation, and education
and training in earthquake engineering.

Established in 1971, the bureau is re-
sponsible for central management of
earthquake monitoring, prediction, and
scientific and engineering research.

Supports research in basic theory, tech-
nical advances, and earthquake hazard
mitigation.

Established in 1989 by the China
Association of Power Enterprises in affil-
iation with the Ministry of Energy,

Funds proposals in earthquake resistance
research for buildings and engineering
structures; seismic response research for
special works, structures, and equipment;
strong-motion  observation,

Plans and administers national seismologi-
cal programs; conducts International coop-
eration and exchange programs in earth-
quake studies; performs field studies of
societal responses to earthquake hazards
and events.

The bureau’s Institute of Engineering Me-
chanics plays a key role in earthquake engi-
neering research at the government level.

Funds projects in hazard assessment; soil-
structure interaction; structural dynamic re-
sponse; seismic resistance of lifelines; base
Isolation and structural control; and earth-
guake site investigation and aseismic ex-
perimental technology.

Awards grants to researchers and techno-
logical workers for studies related to hydro-
electric, thermoelectric, and electric

Industry

systems.

SOURCE: U.S. Panel
and Technical Systems, Workshop on Prospects for
emy Press, 1993), pp. 8-10,

US-PRC.

quake, a M7.8 quake struck Tangshan, apparently
without warning. Hundreds of thousands were
killed. *

[1Seismic Zonation and Building Codes

In 1957, China adopted its first earthquake inten-
sity scale, a 12-level scale similar to the Modified
Mercalli Intensity scale, and initially focused its
mitigation efforts on buildings in the highest
hazard areas. In 1992, using data from recent

on the Evaluation of the US.-P.R.C. Earthquake Engineering Program, National
Cooperation on

Research ~ Council
Earthquake Engineering Research  (Washington,

Commission on Engineering
DC: National ~Acad-

earthquakes and geophysical studies, China pro-
mulgated a new edition of its seismic intensity
zoning map. The Chinese zoning map reflects
both subjective measures of intensity and proba-
bilistic analyses of ground motion expected from
future earthquakes. Grade 9 on the Chinese inten-
sity scale is roughly equivaent to Zone 4 of the
1988 Uniform Building Code. *

The first seismic code was promulgated in Chi-
nain 1974.” The Tangshan earthquake prompted

“The Officia estimate is approximately 250,000 deaths; however, unofficial estimates suggest that over 800,000 may have been killed.

“The Unifom Building Code is one of three U.S. model codes on which state and local seismic codes are based. See chapter 3.

“Hu Shiping, “Seismic Design of Buildingsin China, '* Earthquake Spectra, vol. 9, No. 4, 1993, p. 704. The first draft, in 1957, was based
on the Soviet code.



Appendix C International Earthquake Programs 1149

BOX C-1: Japan's Earthquake Prediction Program

Six agencies participate in Japan’s earthquake prediction program. The Japan Meteorological Agency
(JMA) collects seismological data and oversees Japan’'s prediction efforts. The Earthquake Assessment
Committee, consisting of six eminent seismologists, is responsible for analyzing potentially anomalous
data and reporting to the director of JMA a verdict of: 1 ) imminent danger, or 2) no danger.’

The Geodetic Council of Japan acts as an advisory body to the Ministry of Education, Science and
Culture with respect to earthquake prediction, and oversees development of five-year program plans. Oth-
er agencies revolved in the prediction effort include the Maritime Safety Agency, the Geographical Survey
Institute, the Geological Survey of Japan, and the National Research Institute for the Earth Sciences and
Disaster Prevention (part of the Science and Technology Agency).”

Now in its sixth five-year plan, the program has both harsh critics, which include an increasing number
of Japanese scientists, and staunch defenders. Limited access to data, opportunity costs for other areas of
earthquake research, and the program’s narrow focus on the Tokyo region are among the motivations for
criticism.

'Robert J. Geller, “Cash Falling Through the Cracks, ” The Daily Yomiuri, May 12, 1994, p. 6. The two options are designated black
and white verdicts, respectively. A gray verdict, or statement of intermediate probability, permitted.

vol. 352, No. 6333, July 25, 1991, pp. 275276

1s not

‘Robert J. Geller, “Shake-up for Earthquake Prediction, " Nature,

SOURCE Off Ice of Technology Assessment, 1995

revision of this code; the effort was completed in
1978. The present code, promulgated in January
1990, was revised from the 1978 version by the
China Academy of Building Research, along with
other professionals.’1

JAPAN

The Eurasian, Philippine Sea, Pacific, and North
American Plates all converge in the vicinity of Ja-
pan. The relative movement of these plates causes
Japan to experience strong to great earthquakes
frequently, as well as face the threat of volcanic ac-
tivity and tsunamis. The largest earthquakes have
originated in the subducted Philippine Sea and Pa
cific Plates, although the havoc wreaked on Kaobe
by the 1995 Hyogoken-Nanbu earthquake reveals
the hazard posed by shalow crustal quakes to
densely populated cities.

*Ibid., p. 705.

Japan has a multipronged government program
to address its many seismic risks. Unlike the
United States, however, earthquake prediction is a
primary focus of Japan’'s efforts to reduce losses
from earthquakes.

OPrediction

With spending on the order of $100 million per
year-a figure that does not include saaries-Ja-
pan’'s prediction program receives funding com-
parable to the entire U.S. National Earthquake
Hazards Reduction Program (NEHRP). Initiated
in 1963, it is one of Japan’s largest and oldest re-
search projects”(see box C-l).

Pursuant to the 1978 Large-Scale Earthquake
Countermeasures Act, 10 regions have been des-
ignated for special monitoring. The Kanto-Tokai
Observation Network, for example, continuously

?Y. Ishihara, Office of Disaster Prevention Research, Japanese Science and Technology Agency, personal communication, June 16, 1995.
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monitors crustal movements using more than 25€@rst phase follows an analysis approach similar to
seismometers, strainmeters, and tiltmeters. Ithat used in the NEHRP Provisions; it is intended
addition, 167 Global Positioning System stationdo preclude structural damage from frequent,
operate in this are®. moderate quakes. The second phase is an explicit
The most recent five-year plan for the predic-assessment of the building’s ability to withstand
tion program, adopted in 1993, continues intensevere ground motior$. Design forces used in
sive observation of the Tokai region, which isJapan also are typically significantly larger than in
expected to experience the effects of a great eartthie United States. As a result, Japanese buildings
quake on the nearby Suruga Trod§lScientists tend to be stronger and stiffer than their U.S. coun-
hope to detect the onset of the quake by monitotterparts, and will likely suffer less damage during
ing seismicity, strain, and crustal deformation.moderate or severe shakifiy).
Previous major quakes on the Suruga and Nankai Japanese construction companies annually
Troughs were preceded by rapid crustal uplift. spend a considerable amount on research and de-
velopment, including testing of scaled building
[ Building Codes and Engineering models in large in-house laboratories and research

Early in this century, Japan established one of thi1t0 Passive and active control technologies. One
first seismic design codes based on the Ioerfmr__esult is that new technologlgs for seismic protec-
mance of certain buildings in Tokyo during thetion have been incorporated into new buildings at

1923 Great Kanto earthquakeThe years since @ faster rate than ir] the United States. 3
then have seen many advances in earthquake engi- | "€ government's engineering research facili-

neering research, seismic codes, and constructidl§S include alarge-scale earthquake simulator op-
practices, because of investment on the part &rated by the National Research Institute for the
both the government and the private sector. Earth Sciences and Disaster Prevention and used

The most recent code went into effect inPY Other agencies. Future evaluation of the seis-

198126 The Japanese seismic design code differdlic performance of the built environment will
from the current U.S. guidance document forlikely be aided by the large set of strong-motion

building codes (i.e., the NEHRP Provisidfsn data obtained from the Hyog_oken-Nanbu quakein
that it calls for a two-stage design process. Thdanuary 1995; the data set includes near-fault re-

23 |bid.
24 Dennis Normile, “Japan Holds Firm to Shaky Scien&ejencevol. 264, June 17, 1994, p. 1656.
25 The United States adopted its first code shortly thereafter, in 1927.

26 The Building Standard Law, proposed in 1977. For a description of Japan’s seismic design methods, see Andrew Whittaker et al., “Evolu-
tion of Seismic Design Practice in Japan and the United States,Great Hanshifarthquake Disaster: What Worked and What Didnt?
SEAONC Spring Seminar Series, Engineering Implications of Jan. 17, 1995, Hyogoken-Nanbu Earthquake, May 25, 1995 (San Francisco, CA:
Structural Engineers Association of Northern California, 1995), pp. 5, 10.

27 Building Seismic Safety CouncNEHRP Recommended Provisions for the Development of Seismic Regulations for New Buildings
(Washington, DC: 1991).

28\Whittaker et al., see footnote 26. Exemptions to this second phase of design are permitted only for buildings less than 31 meters in height
and having the requisite materials and configuration. Andrew S. Whittaker, Earthquake Engineering Research Center, University of California
at Berkeley, personal communication, May 29, 1995.

29 Whittaker, ibid.

30pavid W. Cheney, Congressional Research Service, “The National Earthquake Hazards Reduction Program,” 89-473 SPR, Aug. 9, 1989,
p. 35.
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cords that reflect rupture directivity and other ef-the Cocos Plate is the most active in the Western
fects encountered in the immediate vicinity of theHemisphere. This subduction zone has generated

fault.31 almost 50 earthquakes greater than magnitude 7 in
this century, including the M8.1 quake that caused
[J Response and Recovery extensive damage and loss of life in Mexico City

Within the National Land Agency, the Disasterin 19853

Prevention Bureau was established in 1984 to de- Mexico currently has a national network of
velop disaster countermeasures through coordin&in€ broadband seismic instruments linked by sat-
tion with various ministries and agencies. The€llité, plus a number of regional netwof¢sSix
countermeasure framework has three primary;ddltlonal broadband stations will be |r_15talled' in
parts: 1) making cities more disaster resistant, 2999, one of them through a cooperative project
strengthening disaster prevention systems (e.g/ith the U.S. Geological Survéy. Since late
tsunami warning systems) and raising awareness 287, the National University’s Geophysics Insti-
and 3) promoting earthquake prediction. One retute has opera_ted a nine-station, short-period seis-
lated effort has been to set up the Disaster Prevelic network in the earthquake-prone state of
tion Radio Communications Network to link GUerrero.

agencies at the federal, prefectural, and municipal T0 record and assess severe shaking, strong-
levels32 motion instruments are located throughout the

The primary responsibility for disaster re- ngico_(_)ity area. In cooperation W_ith some U.S.
sponse rests with local-level governments thatniversities and the Japgq International Qoopera—
must ensure adequate water, food, and mediciPn Agency, arrays of digital strong-motion net-
supplies. As witnessed in the 1995 disaster, how'0rks are also operated in Guerrero. _
ever, Kobe’s capabilities were overstretched, and S€ISMIC zonation maps (e.g., maps of maxi-
some argue that mechanisms for federal interverf0um Modified Mercalli Intensity, and peak accel-
tion were inadequate. Whether or to what degreration and velocity) have been incorporated into
Japan’s earthquake research, mitigation, and rd0€ Mexican Building Code since the 1960s. In the
sponse programs will change as a result of thé985_quake, many high-rise buildings in an area of
Kobe disaster is not yet clear. It must be noted thdf€ City underlain by a former lake bed collapsed
the intensive monitoring programs intended tc°" Were severely damaged. These buildings could
support Japan’s prediction capability cover but fot withstand the resonance effects induced by the

small portion of the nation. long-period, long-duration shaking that occurred
on soft soils. Microzonation has since been com-
MEXICO pleted in the portions of Mexico City most suscep-

#th ¢ _ h h _tible to seismic wave amplification and
Offthe western coast of Mexico, the North Ameri- i, etaction36 Other cities (e.g., Acapulco and

can Plate overrides the Cocos Plate. Historically,

31 Earthquake Engineering Research Institlites Hyogo-Ken Nanbu Earthquake: January 17, 198&liminary reconnaissance report
(Oakland, CA: February 1995), p. 6.

32 Disaster Prevention Bureau, Earthquake Disaster Countermeasures DRasibquake Disaster Countermeasures in Jaf¥arkyo,
Japan: National Land Agency, 1993), pp. 17-18.

33 Bernard W. PipkinGeology and the Environmef8t. Paul, MN: West Publishing Co., 1994), pp. 83-35. The earthquake catalog of the
Geophysics Institute, National University of Mexico, contains 48 major quakes.

34 U.S.Geological Survey, see footnote 2, p. 31.
35 Ramon Zuafiga, Geophysics Institute, National University of Mexico, personal communication, June 12, 1995.
36 U.S. Geological Survey, see footnote 2.
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Guadalajara) have recently been included in thand Nuclear Sciences (IGNS), the Engineering
microzonation efforts. Based on recently col-Schools of Auckland and Canterbury Universi-
lected data, new zonation maps are being prepardigs, and the Institute of Geophysics at Victoria
for Mexico as an extension of the CanadianUniversity in Wellington. The latter has teaching
funded Seismic Hazard in Latin America and theand research programs in seismology, including

Caribbean Project’! seismic microzonation. Additional research is
conducted by earth science departments in other
NEW ZEALAND universities and by some private civil engineering

New Zealand is located astride the boundary pesonsultant!? _ -

tween the Australian and Pacific Plates; it is cut |GNS has six programs, funded at $27 million
and deformed by many active faults and féids. (U-S-) per year, which span the fields of geology,
Not surprisingly, New Zealand has both an active€iSmology, and engineering seismolégyor

research program in earthquakes and a longstang*@mple, _'GN§ is currently pursuing a research
ing effort to improve the seismic resistance of itg°rogram titled ) Improvements to Earthquake Re-
built environment. In 1991, the nation adopted arsiStant Design” whose primary objectives are: im-

integrated approach to natural hazards manag@foved modeling of strong ground motions;
ment, of which earthquake mitigation is a majorénhanced models of the effects of large earth-

part. Subject to certain constraints in the Resourcduakes on buildings, other structures, and the nat-
Management Act of 1991 and Building Act of ural environment; and improved antiseismic

1991, regional and local authorities are responsiractices and technologiés. _
ble for controlling land use and construction for 1h€ Earthquake Commission (EQC), which

the purpose of avoidance or mitigation of specifid®roVides earthquake insurance for domestic prop-
hazard<9 erty and contents, also funds approximately

$340,000 (U.S.) of research per year. EQC, which
administers the Natural Disaster Fund on behalf of

[ Research the government, is the primary provider of natural

The primary institutions conducting earthquake'?lisaster insurance to residential property owners.

related research include the Institute of Geologica

37 Zuiga, see footnote 35. The Canadian International Development Research Agency funds the Seismic Hazard Project, now in its final
phase. The project has two major components: 1) establish a uniform catalog of earthquakes for Mexico, Central and South America, and the
Caribbean; and 2) develop probabilistic seismic hazard maps for this region. The Panamerican Institute of Geography and History, Organiza-
tion of American States, oversees the multinational effort. James Tanner, Seismic Hazard in Latin America and the Caribbean Project, personal
communication, June 16, 1995.

38 Russ Van Dissen and Graeme McVerry, “Earthquake Hazard and Risk in New ZeRtaoegdings of the Natural Hazards Manage-
ment WorkshopMellington, NZ, Nov. 8-9, 1994 (Lower Hutt, New Zealand: Institute of Geological and Nuclear Sciences Limited, 1994), p. 71.

39 See Christine Foster, “Developing Effective Policies and Plans for Natural Hazards Under the Resource ManagemBrodeztd-in
ings of the Natural Hazards Management Workskep footnote 38, pp. 34-35. One result of the recent legislation is increased demand on the
part of regional and local authorities for seismic hazard and risk analyses.

40Unless noted otherwise, this section is drawn from personal communications with Warwick D. Smith, Chief Seismologist, New Zealand
Institute of Geological and Nuclear Sciences, and John Taber, Institute of Geophysics, Victoria University of Wellington, Dec. 1, 1994.

41The Ministry of Research, Science and Technology provides the New Zealand government with policy advice, including recommended
funding levels for different areas of research. Earthquake-related research is funded under the Earth Science and Construction categories, or
outputs The Foundation for Research, Science and Technology allocates monies for research programs within each output.

42 A quarter of the program’s funding comes from industrial sources. Description of the IGNS Program, “Improvements to Earthquake
Resistant Design,” provided by Don McGregor, Chief Scientist, New Zealand Ministry of Research, Science and Technology, personal commu-
nication, Jan. 17, 1995.
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As of 1996, however, owners of nonresidentialnization with approximately 600 members,
property will have to seek private coverage formostly civil engineers. The society plays a leading
buildings and their contents. role in communication among parties interested in
Roughly 25 percent of New Zealand's earth-earthquake research, hazard and risk assessment,
quake research is currently directed at microzonaand mitigation via engineering solutions. Like-
tion. This work is included in both the Foundationwise, the Building Research Association main-
for Research, Science, and Technology and EQ@ins close ties with building control officials and
programs, and is also sponsored by regional anghanufacturers, who together expedite the intro-

local governments. duction of research results into practfée.
Until recently, the main thrust of earthquake
] Implementation mitigation efforts in New Zealand was preventing

Under New Zealand's Resource ManagemeanU”ding collapse and minimizing the hazard for
Act, regional, district, and city councils are re-occupants. However, this risk was considered to

sponsible for identifying and mitigating the ef- D€ less severe than for many other countriesd

fects of natural hazards. The councils exercis&day the reduction of economic disruption is re-

their duties with respect to earthquake hazardS€Ving greater emphasis. Increasing the efficien-

through zoning and microzoning, and by enforcCY of restoratl_on of!nfrastructure and lifelinesis a

ing the New Zealand Building Code. This code igPf!mary consideratiofi® o _

written in performance terms and was published FOr €xample, local councils in Wellington and

in 1992, after preparation under the supervision oftter Christchurch established engineering exer-

the Building Industry Authority. There were pre- CIS€S to coordlnate. efforts to sustain Ilfellneg.

vious seismic loading requirements in building ' heY focused on the interdependence of these life-

standards and other control documents datin§n€s in urban areas to assess ways in which weak-

back to 1935. The code requires building owner&€ss might be identified and mitigatéd.

to maintain their buildings so that they continue to

meet the earthquake resistance requirements th3t/SSIA

existed at the time the building was erected. IrMicrozonation of the largest cities in Russia and

some of the more earthquake-prone areas, territthe former Soviet Union began in the 1950s, and

rial authorities have required upgrading of olderseismic zonation maps were incorporated into the

buildings to address possible seismic weakness@&ate Engineering Codes as early as 1§57.

that can be recognizéd. Today, the primary institutions and organiza-
The New Zealand National Society for Earth-tions involved in Russia’s earthquake efforts are:

quake Engineering is a nongovernmental orga-

43 Gerald Rys, Assistant Chief Scientist, New Zealand Ministry of Research, Science and Technology, personal communication, July 4,
1995.

44 John Duncan, Research Director, Building Research Association of New Zealand, personal communication, Jan. 17, 1995.

45Reasons include: 1) ongoing implementation of simple antiseismic measures based on early colonial experiences in severe earthquakes,
and 2) the fact that the majority of New Zealanders live in single-dwelling, typically wood-framed structures.

46 Smith and Taber, see footnote 40.

47 Interdependence relates to the effect of the outage of one utility service (e.g., power) on the time required by another service to recover.
The lifeline effort also designatedtical areas—that is, where a number of lifelines are vulnerable in one location (e.g., a bridge carrying water,
gas, and power in addition to traffic). David Brundson, “Reducing Community Vulnerability to Earthquakes: The Value of Lifeline Studies,” in
Proceedings of the Natural Hazards Management Workstespfootnote 38, p. 10.

48 U.S. Geological Survey, see footnote 2.
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the Ministry of Russian Federation for Civil 1994, however, the government had not allocated
Defense, Emergencies and Elimination of Conany financial resources to implement the pro-
sequences of Natural Hazards; the Interdepargram®°

mental Commission for Seismic Monitoring; and

the Russian Academy of Sciences. Russia ope¥EHICLES FOR COOPERATION

ates several seismic and strong-motion monitorAND COORDINATION

ing stations. However, nearly all are still equippedA
with analog instruments and transmission methf0
ods that limit the quantity and quality of data. Th
number of stations in operation has decreased
recent years due to lack of fundiffy.

In 1994, the Russian government approved th
establishment of a new program to develop a fe
eral system of seismological networks and earth
quake prediction, with several objectives:

number of organizations and other mechanisms
ster the international exchange of ideas and
ePractices in the area of earthquake research, miti-
Gation, and response. For example, the U.S. Geo-
logical Survey (USGS) and the National Science
oundation (NSF) maintain close working rela-
fonships with Japan in earthquake seismoRigy.
In addition, for many years, the United States and
Japan have held joint workshops under the aus-
= seismic hazard assessment, pices of the United States-Japan Panel on Wind
= prediction of strong earthquakes based on comand Seismic Effects (see box C-2). The United
prehensive analysis of geophysical and geodeBtates has established and renewed scientific pro-

ic precursors, tocols with the People’s Republic of China, and
= epicentral seismological observations, with Russia and other members of the Common-
= strong-motion data for improvement of seismicwealth of Independent States. Cooperation be-

resistant design and construction, tween the United States and Taiwan, and between

= implementation of mitigation measures in|atin American states, is ongoing, and there are
areas where strong earthquakes are expectedifiany such efforts with other countries.
order to evaluate their effectiveness, and Japan also has established cooperative ex-
= development of methods for predicting human—changes with many countries, as have some other
triggered seismicity and for minimizing seis- nations (e.g., Canada and France). There are mul-
micity induced by mining or reservoirs. tilateral forums as well—notably the United Na-
The means to these ends include modernization ¢ibns International Decade for Natural Disaster
observation stations, data transfer and storagdeduction (IDNDR), established in 1990 to pro-
techniques, and improved coordination of the efmote mitigation and cooperation worldwiefe.
forts of many ministries and agencies. As of lateéOver the years, several regional programs have

49 According to one reviewer, the disastrous Sakhalin Island earthquake of May 1995 illustrates the decline of Russia’s earthquake pro-
gram: the seismic monitoring network had been shut off, there was apparently no plan to retrofit the apartment buildings that collapsed, and the
emergency response effort suffered from a shortage of resources. William L. Ellsworth, U.S. Geological Survey, Menlo Park, personal commu-
nication, June 14, 1995.

50vu S. Osipov, President of the Russian Academy of Sciences, letter to V.F. Shumeiko, Chairman of the Federation Council of the Federal
Assembly of the Russian Federation, Nov. 1, 1994, in “The Shikotan Earthquake of October 4(5RU894's Federal System of Seismolog-
ical Networks and Earthquake Predictidnformation and Analytical Bulletin, Special Issue No. 1, November 1994.

51 Federal Emergency Management Agency et al., “National Earthquake Hazards Reduction Program: Five-Year Plan for 1992-1996,”
September 1991, p. 91.

52 The IDNDR sought, in part, to promote: the integration of hazard reduction policies and practices into the mainstream of community
activities; funding of additional research into the physical and social mechanisms of natural hazards and the disasters they precipitate; and elimi-
nation of constraints on the use of scientific and technical knowledge. National Research Thendif. National Report to the IDNDR
World Conference on Natural Disaster Reductidmkohama, Japan, May 23-27, 1994 (Washington, DC: National Academy Press, 1994), p. 1.
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BOX C-2: United States-Japan Panel on Wind and Seismic Effects

The panel consists of 16 U.S. agencies, led by the National Institute of Standards and Technology, and
six Japanese agencies. Over the years, the panel has:
+ held 25 annual technical meetings for prompt exchange of research findings,
conducted more than 40 workshops and conferences on such topics as the repair and retrofit of struc-
tures,
conducted cooperative post-earthquake investigations in Japan and in the United States,
hosted visiting Japanese researchers and provided access for U.S. researchers to unique Japanese
facilities, and
+ organized cooperative research programs on steel, concrete, masonry, and precast concrete struc-
tures.

SOURCE. Richard Wright, Director, Building and Fire Research Laboratory, National Institute of Standards and Technology, testimony
at hearings before the Senate Committee on Commerce, Science, and Transportation, Subcommittee on Science, Technology, and
Space, May 17, 1994, p. 31

been established, including projects in the Bal- cal and societal impacts of damaging earthquakes
kans, countries adjacent to the Mediterranean Sea, and spurring further progress in mitigating against

il

and central and South America.™

In general, there is extensive cooperation with
respect to the collection and sharing of earthquake
data. With the Global Seismographic Network
(GSN), earthquake source data are collected from
and distributed to Europe, Latin America, Asia,
and Austraia®The Globa Geodetic Network
uses high-resolution, space-based geodetic tech-
nigues to monitor crustal motion and deformation
around the world. It is supported by NSF, the Na-
tional Aeronautics and Space Administration, and
the National Oceanic and Atmospheric Adminis-
tration, and by agreements with some 45 countries
to exchange data and coordinate activities.”

Post-earthquake investigations are another im-
portant means of collectively assessing the physi-

seismic risks. The Post Earthquake Evaluation
Program, initiated in 1992 by USGS, the United
Nations Educational, Scientific and Cultural Or-
ganization, and the Open Partial Agreement on
Major Hazards of the Council of Europe, has the
following objectives:

+ create a mechanism for sharing information,

+ strengthen interdisciplinary and interorganiza-
tional interfaces,

* increase the worldwide capacity for post-earth-
quake investigations, and

- foster the adoption of prevention, mitigation,
and preparedness measures.”

“Participating and sponsoring organizations include USGS, the U.S. Agency for Internationa Development, the United Nations Educa
tional, Scientific and Cultural Organization, and national governments. U.S. Geological Survey, see footnote 2, p. 11.
“Established by the Incorporated Research Ingtitutions for Seismology (IRIS) and jointly operated with the USGS Albuquerque Seismo-

logical Laboratory, the University of California a San Diego's International Deployment of Accelerometers group, and other member universi-
ties, the GSN is a rapidly expanding network of high-quality seismographs installed around the world for the purposes of earthquake and nu-
clear test monitoring and related research. In addition to data from the GSN, the IRIS Data Management Center has recently begun collecting
data from international seismic networks operated by the Federation of Digital Seismic Networks.

“Office of Science and Technology Policy unpublished material.

“u.s. Geological Survey, see footnote 2, p. 42.



Caltech
CDMG

CONCERT

CUBE
CUSEC

EWS
FEMA

GIS
GPS
IRIS

MMI
Mw
NCEER
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Appendix D:
D Acronyms

California Institute of Technology NEHRP

California Division of Mines and
Geology

Coordinating Organization for
Northern California Earthquake
Research and Technology

NEIC

NIST

Caltech-USGS Broadcast of Earth- NSF

quakes

Central United States Earthquake PASSCAL

Consortium
Early Warning Systems

NSN

R&D

Federal Emergency Management REDI

Agency

SAR

Geographical Information System SCEC

Global Positioning System

Incorporated Research Institutions UBC

for Seismology

magnitude
Modified Mercalli Intensity
moment magnitude

National Center for Earthquake
Engineering Research

UNAVCO
URM
USGS
VLBI

National Earthquake Hazards Re-
duction Program

National Earthquake Information
Center

National Institute of Standards and
Technology

National Science Foundation
National Seismograph Network
Program for Array Seismic Studies
of the Continental Lithosphere
research and development

Rapid Earthquake Data Integration
synthetic aperture radar

Southern California Earthquake
Center

Uniform Building Code

University Navstar Consortium
unreinforced masonry

U.S. Geological Survey
Very Long Baseline Interferometry



A

Accelerographs, 64

Active control systems, 83-84

Active mass damping, 83

Active tendons, 83

Advocates, role of, 116

Air Force Office of Scientific Research, 133
Alaska, 42-43

Alquist-Priolo Act, 104

Amplification effects, 63-65

Applied research, 19

Architectural research, 136

Armenia, 6-7, 72

Australia, earthquake program, 144-146
Australian Geological Survey Organization, 145
Avalanches, 40

B
Base isolation, 80, 82-83
Basic research, 19
Basin effects, 64, 66
Blind thrust faults, 44
Borehole volumetric strainmeters, 55
Bridges, 86-88
Building Act of 1991, 152, 153
Building codes
China, 148-149
Japan, 150-151
United States, 78-79, 103-109
Building damage

Index

C
California.See als®pecific locations by name
earthquake hazards, 43-46
earthquake prediction, 62
land-use planning, 104
San Andreas fault, 2, 39-40, 43-45
seismic retrofit in Los Angeles, 112-114
voluntary retrofit in Palo Alto, 115
California Division of Mines and Geology, 81-82,
130
California Institute of Technology, 81
Caltech.SeeCalifornia Institute of Technology
Caltech-USGS Broadcast of Earthquakes system, 81
Canada, earthquake program, 146-147
Casualties, 72-74
CDMG. SeeCalifornia Division of Mines and
Geology
Center for Earthquake Research in Australia, 145
Central United States, earthquakes, 48-49
Central United States Earthquake Consortium, 140
CERA. SeeCenter for Earthquake Research in
Australia
China
earthquake prediction, 62
earthquake program, 147-149
Chinese Ten-Year Committee, 147
Cocos Plate, 151
Code adoption process, 108
Code enforcement, 108-109
Collapse, 74

accomplishments of federally sponsored research, CONCERT.SeeCoordinating Organization for

90
existing buildings, 84-86
future research needs, 90-93
new construction, 22, 75-84
types of damage, 8, 74-75
Building Officials and Code Administrators code,
78,108
Building rehabilitation, 112
Building Research Association, 153
Building Seismic Safety Council, 78

Northern California Earthquake Research and
Technology

Concrete frame buildings, 76

Construction costs, 79

Contents damage, 74-75

Cookbook codes, 107

Coordinating Organization for Northern California
Earthquake Research and Technology, 130

County Geologist Program, 105

Creepmeters, 55
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Cripple walls, 76

Cross-agency coordination, 26-27

CUBE. SeeCaltech-USGS Broadcast of Earth-
guakes system

CUSEC.SeeCentral United States Earthquake
Consortium

D

Data Management System, 133

Database, 27

Deaths, 6-7, 72-73

Demolition, 109-110

Disaster Prevention Radio Communications
Network, 151

Distributional impacts, 9

E
Early warning systems, 81-82
Earth Science Division, 132
Earth science research

changes needed, 20-21

forecasting, 58-59

foretelling earthquake effects, 61, 63-67

fundamental seismological research, 56

key findings, 67-69

objectives, 51, 53

paleoseismology, 56, 58

prediction, 58-63

programs, 132-133

reducing economic losses, 120-121

reducing loss of life, 119-120

regional tectonic studies, 53-56
Earthquake Assessment Committee, 149
Earthquake Commission, 152-153
Earthquake engineering, 135-136
Earthquake Hazard Mitigation Program, 132
Earthquake Hazards Reduction Act, 125-126
Earthquake Lifelines Project, 139
Earthquake notification systems, 81-82
Earthquake prediction, 58-63, 125-126, 147-150
Earthquake risk, 41-42
Earthquake systems integration, 136
EarthquakesSee alsapecific locations by name

California, 43-46

casualties, 72-74

Central United States, 48-49

congressional interest in, 9-10

Eastern United States, 49-51

effects at the earth’s surface, 36-41

effects of, 2, 4-9

factors limiting assessment, 51

forecasting, 58-59

geologic setting for, 36

Intermountain Seismic Belt, 46-48
key findings, 67-69
loss estimation, 4-5
major U.S. earthquakes, 3, 73
major worldwide earthquakes, 72, 144
methods of evaluating severity, 34
mitigation, 10-12
non-NEHRP agencies activities, 141-142
occurrence of, 1-2
Pacific Northwest, 42-43
seismicity of the U.S., 35
summary of U.S. hazards, 52
Eastern United States, earthquakes, 49-51
Economic losses, 8-9, 120-121
Education, 122
Elastomeric bearings, 80
Electricity systems, 89
Emergency Management Australia, 145
Engineering research
changes needed, 21-23
implementation, 121
Japan, 150-151
EQC.SeeEarthquake Commission
EWSs.SeeEarly warning systems
Executive Order 12148, 126
Executive Order 12699, 12
Executive Order 12941, 12-13

F
Faulting, 34
Federal Agency Earthquake Activities homepage on
the Internet, 27
Federal buildings, 12-13
Federal disaster assistance, 27-29
Federal Emergency Management Agency
activities, 138-140
budget components, 15, 138
history, 137
lead agency designation, 126
policy focus, 12
program coordination, 25-27
Federal governmeng&ee alsaspecific agencies by
name
accomplishments of sponsored research, 90
agencies, 141-142
role of, 20
Federal response planning, 1&ge alsd-ederal
Emergency Management Agency
FEMA. SeeFederal Emergency Management
Agency
Financial incentives, 31
Forecasting, 58-59
Foreshocks, 62
Fracturing, 34



G

GAO. SeeGeneral Accounting Office
General Accounting Office, 137
Geodetic studies, 54-56

Geodimeters, 55

Geographical Information System, 65
Geological Survey of Canada, 146
Geotechnical engineering research, 136
GIS. SeeGeographical Information System
Global Geodetic Network, 155

Global Positioning System, 54, 134
Global Seismographic Network, 133, 155
GPS.SeeGlobal Positioning System
Ground failure, 40, 41, 65

Ground rupture, 40

Ground shaking, 2, 6, 37-38, 60
Groundwater table, 62
GSC.SeeGeological Survey of Canada
GSN.SeeGlobal Seismographic Network

H

Hazard insurance, 27-29
Hazard zones, 105

Hot spots, 63

I
IDNDR. Seelnternational Decade for Natural Disas-
ter Reduction
IGNS. Seelnstitute of Geological and Nuclear
Sciences
Implementation of seismic mitigation efforts
approaches to, 97-98, 104-105, 111-115
assessing risk, 99-100
assessing vulnerability, 100-102
direct measures for improvement, 122-124
earth science research measures, 119-121
engineering research measures, 121
factors affecting, 111, 114-119
modifying the built environment, 102-111
overview, 95-96
seismic hazard maps, 98-99
steps for application of seismic codes, 117
voluntary nature of, 96-97
In-fault measurements, 55
Incentives, 31, 124
Incorporated Research Institutions for Seismology,
133
Indirect losses, 8-9
Information-only approach, 19-20
Injuries, 7-8, 73-74
Institute of Geological and Nuclear Sciences, 152
Insurance, 27-29
Intensity, 34, 36
Intermountain Seismic Belt, earthquakes, 46-48
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International Committee Conference of Building
Officials, 108

International Decade for Natural Disaster
Reduction, 147, 154

International earthquake programs, 143-155

Internet, 27, 131

Intraplate earthquakes, 2, 40

IRIS. Seelncorporated Research Institutions for
Seismology

J
Japan
earthquake prediction, 62
earthquake program, 149-151
geodetic techniques, 54
U.S.-Japan Panel on Wind and Seismic Effects,
154-155
Japan International Cooperation Agency, 151
Japan Meteorological Agency, 149
JMA. SeeJapan Meteorological Agency

L

Land-use planning, 102-105

Landslides, 40

Large-Scale Earthquake Countermeasures Act, 149
Laser interferometry, 55

Lead agency, 26, 126

Life safety, 119-120, 121

Lifelines damage, 8, 23, 86-90, 92-93
Liguefaction, 40, 65

Loma Prieta earthquake, 7, 9, 74, 86-87
Los Angeles Seismic Ordinance, 112-114
Loss estimation, 4-5

M

Magnitude, 34

Mass damping, 83

Mechanical systems research, 136

Mercalli Intensity scale, 34, 37

Mexico, earthquake program, 151-152

Mexico city earthquake, 41

Microzonation, 68-69

Minimum Design Loads for Buildings and Other
Structures, ASCE-7-93, 108

Mississippi River, 48

Mitigation, 10-12, 23-24

Mitigation advocates, 116

MMI. SeeModified Mercalli Intensity scale

Model codes, 108

Modified Mercalli Intensity scale, 34, 37

Moment magnitude scale, 34, 36

Moral hazards issue, 29
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Multi-hazard assessment, 140
Multiagency coordination, 26-27

N
National Building Code of Canada, 146
National Center for Earthquake Engineering
Research, 14, 135-136
National Earthquake Hazards Reduction Program.
See als?NEHRP Provisions
allocating funding, 24-25, 130
budget, 128
challenges, 18-20
contributions of program, 16-17
contributions to earthquake engineering, 90
description, 13-16
federal disaster assistance, 27-29
financial incentives, 31
implementation gap, 17-18
insurance, 27-29
policy focus, 12-13
policy options, 20
portfolio changes, 20-25
reauthorization history, 126-128
regulation, 30-31
role of, 118-119
structural and operational changes, 25-27
National Earthquake Information Center, 131, 132
National Institute of Standards and Technology
accomplishments, 90
activities, 141
authorization of, 126
description, 15-16
funding history, 140
international cooperation and coordination, 155
policy focus, 12
National Mitigation Strategy, 26
National Oceanic and Atmospheric Administration,
66
National Research Council, 81
National Research Institute for the Earth Sciences
and Disaster Prevention, 150
National Science Foundation
description, 14
earth science research, 132-135
earthquake engineering, 135-136
funding appropriations, 126
international cooperation and coordination, 154
policy focus, 12
National Seismograph Network, 58
National Society for Earthquake Engineering, 153
Natural Disaster Fund, 152
Natural gas systems, 89-90
Natural Hazards Research and Applications In-
formation Center, 140

NCEER.SeeNational Center for Earthquake Engi-
neering Research

NEHRP.SeeNational Earthquake Hazards Reduc-
tion Program

NEHRP Provisions, 78, 108, 138-140

NEIC. SeeNational Earthquake Information Center

New Madrid earthquakes, 48-49

New Madrid seismic zone, 49

New Zealand, earthquake program, 152-153

Newmark-Stever report, 125

NIST. SeeNational Institute of Standards and
Technology

Nonstructural building components, 106-107

Nonstructural damage, 74

North American Plate, 39

Northeastern States Earthquake Consortium, 140

Northridge earthquake, 9

NSF.SeeNational Science Foundation

NSN. SeeNational Seismograph Network

Nuclear Regulatory Commission, 58

Nucleation phase, 61

0

Open Partial Agreement on Major Hazards of the
Council of Europe, 155

Oregon, 42-43

Outages, 86

P

Pacific Northwest, earthquakes, 42-43

Pacific Plate, 39

Paleoseismology, 56, 58

Parkfield (CA) prediction experiment, 62

PASSCAL.SeeProgram for Array Seismic Studies
of the Continental Lithosphere

Plate tectonic theory, 118

Post Earthquake Evaluation Program, 155

Post-earthquake investigation program, 132

Precast concrete, 76

Precursors, identifying, 62

Prediction, 58-63, 125-126, 147-150

Private preparations, 110-111

Probabilistic forecasting, 59

Program coordination, 25-26

Program for Array Seismic Studies of the Continen-
tal Lithosphere, 133

Prudent Business Practices program, 139

Public outreach, 122, 124

R

Rapid Array Mobilization Program, 133

Rapid Earthquake Data Integration system, 81
R&D. SeeResearch and development
Reauthorizations, 126-128



Recommended Lateral Force Requirements and
Tentative Commentary, Blue Book, 108

Recurrence interval, 58

REDI. SeeRapid Earthquake Data Integration
system

Reelfoot Rift, 48-49

Regional tectonic studies, 53-56

Regulation, 30-31

Reinforced masonry, 76

Remote sensing, 55

Research and development, 19, 33

Research grants, 132-133

Resource Management Act of 1991, 152, 153

Retrofitted bridges, 87-88

Retrofitting, 22, 84-86, 109-110, 112-115

Richter magnitude scale, 34, 36

Ridge effects, 64

Robert T. Stafford Disaster Relief and Emergency
Assistance Act, 12

Russia, earthquake program, 153-154

S

Salt Lake County Natural Hazards Ordinance, 105

San Andreas fault, 2, 39-40, 43-45

SCEC.SeeSouthern California Earthquake Center

Sedimentary basins, 64, 66

Seiches, 65-67

Seismic Belt, earthquakes, 46-48

Seismic codesSeeBuilding codes

Seismic Hazard Committee, 115

Seismic hazard maps, 68, 98-99

Seismic hazards, 41-51

Seismic monitoring, 57-58

Seismic-resistant features, 79

Seismic retrofit action, 112-114

Seismic waves, 34, 37

Seismic zones, 59, 148-149

Seismological research, 56

Seismology, 118

Seismometers, 56, 57

Setbacks of buildings from faults, 104

Sewer systems, 88-89

Shear walls, 76

Sister cities, exchange of ideas and expertise
between, 130-131

Small-scale preparations, 110-111

Social science research, 122, 124

Societal losses, 9, 71

Soft stories, 75-76

Southern Building Code Congress International, 78,
108

Southern California Earthquake Center, 130,
134-135

Special Study Zones, 104
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State and Local Hazards Reduction Program,
139-140

State Engineering Codes, 153

Steel-frame buildings, 77

Steel-weld problem, 77

Strainmeters, 55

Strike-slip plate boundaries, 39-40

Strong motion recording, 64

Structural components, 106

Structural damage, 74

Structural failure, 74

Structural research, 136

Study Zones, 104

Subduction zones, 39

Supplemental appropriations bills, 9, 28

Surface faulting, 40

Synthetic aperture radar imagery, 55

Systems preparations, 110-111

T
Technical assistance, 122
Tectonic plates, 2, 36, 38
Tectonic studies, 53-56
Tendon systems, 83

Thrust faults, 39

Tsunamis, 6, 65-67

Two-stage design process, 150

U
UBC. SeeUniform Building Code
UNAVCO. SeeUniversity Navstar Consortium
Unengineered structures, 107
Uniform Building Code, 78, 108
United Nations Educational, Scientific and Cultural
Organization, 155
United Nations International Decade for Natural
Disaster Reduction, 147, 154
United StatesSeeEastern United States; Western
United Statesspecific states and cities by name
United States-Japan Panel on Wind and Seismic
Effects, 154-155
University Navstar Consortium, 135
Unreinforced masonry, 76, 85
URM. SeeUnreinforced masonry
U.S. Geological Survey
description, 13-14
earthquake notification systems, 81
earthquake-related R&D, 33
funding appropriations, 126
future direction of, 131
geographic focus, 130
goals, 129-130
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international cooperation and coordination, 154 W

policy focus, 12 Wasatch fault zone, 47
post-earthquake investigation program, 132 Washington, 42-43
seismic hazard maps, 98-99 Water and sewer systems, 88-89
spending under NEHRP, 131 Water waves, 4@Gee alsd'sunamis
technology transfer, 130-131 Western States Seismic Policy Council, 140
USGS.SeeU.S. Geological Survey Western United States, 50
Utah, land-use planning, 105 Whining, 18-19
Wood frame buildings, 76
\Y
Very Long Baseline Interferometry, 54 7
Visiting scholars, 27 Zoning, 102-105

VLBI. SeeVery Long Baseline Interferometry



