


















































































































































Adoption and Maintenance

Warning systems cut across a variety of Jegal boundaries,
Federal detection agencies, regional weather services, and iocal offi-
cials and media broadcasting agents. Once a particular mix of relation-
ships between these units has been found desirable for an integrated
system, those measures must be adopted at local levels if the nation is
to benefit. Two constraints may deter adoption of such systems: (1) the
requisite appropriation of funds may be difficult to obtain at the local
level for an event which may not occur often; and {2) other community
problems which are immediate and visible can easily supersede preparations
for the rare event. €Even when adopted, the maintenance of systems at a
functional level often falls into decay. Knowledge is seriously defi-
cient on what can affect adoption, and what assures ensuing system
maintenance (preparedness) at the community Tevel.

1t may be that the tornado warning system in an area repeatedly
struck by tornadoes is more efficient im structure and efficacy than a
flash flood warning system which is rarely used. If this is the case,
one might expect a crucial question for system adoption and maintenance
to be the level of community hazard awareness. Such awareness may be
influenced by other factors as well as by the repetition of the hazard
agent.

issliciahg

System adoption may be the result of a combination of factors,

among which might be hazard repetition, community officials' awareness, 1

Jegislated requirements at the local level, and the degree to which

systems can be "piggy-backed” onto existing community structures. The
maintenance of systems may well be affected by these very same factors.
In an attempt to generate knowledge in the least costly and .
most efficient manner, research into the adoption and maintenance of
warning systems would best be integrated into one endeavor. Both com-
ponents of the effort are directly concerned with preparedness, and would
generate results across the dramatic event hazards previously specified.
This is not to say that hazard-specific research would not also produce
meaningful results, nor that research aimed at adoption or preparedness
for individual existing systems would not be beneficial. These are
viable alternatives to the research design proposed. They are, however,
more likely to increase cost and time. Studies of individual hazards
which are separate from each other might also be less comparable and
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inhibit the potential benefit which could be realized #n cross-hazard
research. The Tatter offers the bonus of approximating an experimental
design.

Ho significant benefit will be attained from research on iy
eonponent of warning systems wnless what is currently known and what is
discovered is put to use in specific commmities for preparing for
spacific events. Few conmunities have established detaited warning
systems; those which do, often fail to maintain them. We have pointed
to research to define the parameters and components of what we consider
to be the most feasible and promising warning system; Wé here call for
research which would enable the installation and maintenance of such
systems. -
Such a study should produce relevant results within four to
five years if supported by an annual expenditure of 20 person years.

This Tevel of support is needed to: (1) identify what factors account
for the systems which are presently adopted (how closely they resemble
an integrated system), and what factors account for the intensity with
which those systems are maintained; and (2) introduce controlled infor-
mation into different groups of communities in an effort to determine
how to upgrade adoption levels and preparedness. The second effort
should be based upon information gained in the first part of the study.

In order to accomplish both objectives the effort would have
to examine a minimum number of approximately 50 communities so that
account could be taken of factors such as hazard type, type of community,
and warning system existence and type. Fewer than the specified number
of communities would under-represent several vital and relevant elements.

The unit of analysis for this study would be warning systems
as their 1inks stand dormant in the ongoing routine of community life.

It would not center on post-audits of warning systems. The study would
examine community experience, size, type, organization, political com-
position, and hazard awareness. One finding of the study might well be
that the adoption and maintenance of warning systems at the local level
can be expected to reach maximum effective levels only when required by
appropriate legal directives. Whatever the results, this study should
contribute insights on how to upgrade the adjustment's adoption and main-
tenance.

No past research effort has been Tocated which attempted to
make a comparison of dormant warning system Tinkages in order to
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determine what factors explain adeption and preparedness. Such a study,

or even the more costly alternative of a series of studies, is central
to reaping maximum benefits from any future research on natural hazard
warning systems, both in terms of average annual benefits or of catas-

trophe avoidance.
Table VI-1 evaluates the research opportunities on integrated

warning systems; Tabie VI-2 indicates funding levels.

Issues for (ther Hazards

Warning-related issues which do not apply directly to dramatic
event warning systems—-whether related to prediction, warning dissemina-
tion, or response--as they apply to either a specific hazard or to cther
adjustments, are here discussed in greater detail and in reference to
specific research recommendations in individual hazard or sector mono-

graphs in this series.
1. MWarning Applicability

For the hazard of coastal erosion, there is no concrete infor-
mation about the effectiveness of erosion warnings in reducing the costs
There are wide disparities in responses to warning in
Additional research is needed to deter-

of the hazard.
different coastal communities.
mine whether the existing service merits expansion or elaberation. This
should include identifying the portion of a target population which
receives the warning, and analysis of its subsequent responses. Such an
investigation should alsc assess the feasibiiity of improving shori-term
warnings by analyzing a broad range of erosion factors, rather than by
relying on damage projections based on expected high waier levels.

For the hazards of snow and frost, there is no doubt that
warnings mitigate net loss (warnings of heavy snow allow for the mobili-
‘zation of urban snow removal teams, and warnings of frost allow citrus
growers to light smudge pots in their groves). It is apparent, however,
that those who benefit most from warnings for the two hazards get them
with sufficient efficiency relgiive to current forecasting abilities.

' Better forecasting could possibly reduce losses and even up-
grade the potential rewards from dissemination research. If improvements
in snow prediction were found to be practicable, additional research on
the dissemination of a snowfali prediction would be in order. Such
research should be smail in magnitude and focus on distribution and
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EVALUATION OF PROPOSED™RESEARCH
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TABLE VI-2

FUNDING LEVELS FOR RESEARCH OPPORTUNITIES

Research Opportunity

Current
Annual
Funding
Levell

Sugges ted
Additional
Résearch In
Person Years?

Time
Horizon for
Research (Years)

SYSTEM DESIGN

1.

2

3.
ADOPTIGN AND

Warning Response

. Warning and
Psychological States

Warning Disseminaticon

MAINTENANCE

65

2
50

109

g =
1=

no expenditure or less thanp $10,000

$10,000 - $100,000

2Funds needed to support one research worker, fncluding staff
and travel, for one year; currently $60,000.

: 3Funding only for post-audit Natural Disaster Survey Reports
series by NOAA.
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content of warning messages from a forecasting organization to decision-
makers at all levels, Mass abandonment of vehicles, overloads at road
conditions report switchboards, and subscriptions to private forecasting
services now suggest that improved dissemination of snow warnings might
have a beneficial effect and could reduce disruption.

Research on warning dissemination and response for the Tightning

hazard does not promise a reduction in losses.
2. MWarning Feasibility

Techniques for earthquake prediction and forecast are develop-
ing, and some sources are optimistic about feasibitity. A series of
issues concerning what might be done with the forecast must be addressed.
It is our understanding that research on earthquake predicticn
and forecast is presently funded at approximately $6 million per year.
R.Th1's rate seems rcasonable considering the magnitude of the gecphysical
However, since seismologists seriously expect that forecasts

of date and place of major earthquakes will be issued, officials--public

problem.

administrators, security officers, broadcasters, and earthguake fore-
casiers themselves--should be fully aware of the possible responses to
such forecasts:
of regicnal business, of local health and safety aroups, and of national
The political, sccial, legal, and eccenomic
consequences of a forecast must be considered, as must responsibility

the response of the general putlic, of local business,

health and safety aroups.

and mode for issuing warnings.
This is a subject for a complete program of sccial and behav-

- foral research on a warning system which should be carried en simultane-

ously with the seismological research program on prediction and forecast,
but organized and funded independently.

Cn a smaller scale, if drought forecasts were to be produced
accurately, assessment sheuld be made of how that information would be
best used by invoived agencies.

3. Warning Interactions

Because of the physical characteristics of some natural hazards,
warnings of their possitle onset can take on profiles quite different
from those of dramatic event warning systems. MWarnings may be only
indications that hazards may strike at some unspecified time in the

future. For example, hazard-risk delineation in a mountain community
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could identify areas subject to hazards such as avalanche or landslide,
The warning inherent in the detection of hazard risk is a component of
implementating other adjustments such as effective land use or building
codes. '

Anticipated Benefits

1. Benefits

Any future research into dramatic event warning systems must
take two issues into account: (1) trends in potential for catastrophe;
and (2} average annual hazard Tosses:

Catastrophe potential is on the rise for all eight natural
hazards for which dramatic event warning systems are feasible. Even
though data indicate that the average number of annual deaths from
hurricanes is declining, data also indicate that deaths from hurricane-
induced major catastrophes are increasing. In addition, the potential
for hurricane-induced catastrophe is rising due to increases in population
and concentration in hurricane-prone areas of the country. MWarning
systems could reduce losses effectively in catastrophic events.

The potential benefits from research into warning systems must
also be assessed in terms of average economic losses for specific hazards.
Rithough the hazard-specific estimates appear in the individual hazard
monographs in this series, it will be helpful here to detail our reason-
ing on a few hazards.

The occurrence of hazards like volcano and tsunami is so rare
that viewing yearly averages is meaningless: The only real topic for
assessment is the isolated catastrophic event. It could be of a magni-
tude of 500 Tives in one event alone.

The loss of 1ife to tornadoes in yearly averages is relatively
small given the frequency of the event. For the period 1960-1970, there
vas an average of 101 aeaths each year attributable to tornadoes, and in
only one of those ten years was the death toll greater than 140 deaths.
For the period 1960-1970, there were only 0.137 deaths per observed
tornado. 1In yearly averages, the "loss of life" criterfon for tornadoes
is a weak rationalization For additional monies being spent on warning
research, although recently over 370 persons lost their lives from tor-
nadoes in one day of catastrophes.

The same conclusion may be reached for tornadees in reference
to average loss of property. In most tornado disasters, the majority of

a4

Tosses is from complete or partial destruction of buildings. We cannot
see how an improved warning system would reduce any building losses. Very
Tittle can be done in a few minutes or hours to preserve a roof, An
improved or "perfect" warning system would have }ittle effect in reducing
the bulk of the average damages due to tornadoes. In a tornado catastro-
phe, warning systems could reduce the total number of ternado deaths and
injuries substantially, although it would probably do little to reduce
property loss.

For the flood hazard, however, a substantial reduction in
average annual property loss could be realized {our bottom estimate is
5% of $2 billion, or $100 milifon). This is based on the fact that for
the sTow-impact flood hazard, upgraded warnings could facilitate the
removal-of movable property from the hazard areg, or to higﬁ and dry
parts of buildings within the area.

Past research indicates a 5-20% reduction in loss from warning-

q‘depencient non-structural emergency actions (White, 1964). Effectiveness

depends upon flood variables, especially stage and onset, and upon the
nature of the flood warning system and degree of human responsiveness.

An effective warning with at least one hour lead time and an
effective response to warning may enable non-structural emergency action
to affect flood damages in the manner indicated by White {1964, p. 66),
as shown in Figure VI-1.

Although it has been suggested that about 40 hours lead time
Is required to attain maximum effectiveness in avoiding damage (see
Figure VI-2), experience suggests that for small communities on tribu-
tary streams lead time could be much less, perhaps 12 hours, if the
community is welt-informed (White, 1964, p. 66).

The potential rewards to be gained from warning system
research for floods is a 1:20 ratio of research cost to.property loss
aversion, when total suggested research expenditures are considered in
light of the 32 billion annual prbperty losses associated with floods.
This suggests that the research opportunities which now exist are
economically practical. However, even greater rewards may be expected
because the research is also applicable to the seven ather dramatic
event hazards in terms of property loss, deaths, injuries, catastrophic
events, and annual losses.
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2. Utilization of Findings

Those involved in any research on practical and applied issues
muét_rea1ize their obligation to deal with the application of relevant
results. Eventual utilization should be as important an objective to any
such research effort as ascertaining immediate research goals. Consult-
ing, teaching, and carrying the information to users insure utilization.

Methods of earthquake-resistant design are now in common use
in the state of California for dams and other hydraulic structures, and
originated out of recommendations from earthquake design research and
endeavors. to make those recommendations known. Similar results could be
expected in ather lines of research if researchers concern themselves
as centraliy with implementation as did the earthquake design éngineers,

We might expect implementation to be the result of "the resid-
ual effect." 1In a research effort mentioned earlier in this report on
the response of three Alaskan communities to tsunami warning (Haas, 1977)
the researchers reported that official awareness of the hazard increased
apparently as a result of fieldwork. Warning systems, at Teast during
the time period for which information is available, were upgraded
because of the raised awareness the fieldwork brought to the officials
involved in the warning systems. Although reltance upon this benefit of
research should be guarded, it too must be considered in the net applied
benefit of any research endeavor.

A lack of communication between the scientific communi ty,
user agencies, and the public hampers the amount of informaticn given to
disaster management and administration. It is hoped that the examples
stated here 11lustrate how this serious problem might be dealt with.

In summary, there is indication that hazard losses can be
reduced by utiTization of research findings on {1) the social and psycho-
logieal factors which affect warning response; {2) the Tinks among the
groups and agencies which evaluate threat information and disseminate
public warnings; {3) warning content and modes of communication; and
(4) means to secure the adeption and maintenance of integrated warning
systems in adequate preparedness programs.
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