Toward a Policy for Climate Impacts1
Abstract4
Current increases in the understanding of climatic processes, the
availability of climate predictions, and the assessment of climatic
impacts indicate that development of public policy to mitigate adverse impacts and enhance beneficial ones is becoming possible. A
review of policy needs and of existing atmosphere-related policies
leads to the development of a functional model for a climatic impacts
policy. This policy contains long-term planning, continuous monitoring, and short-term response elements. It is akin to current strategies used to deal with short-term events such as tornadoes. Effective
operation of the policy requires continuing research to enhance understanding of both climatic processes and climatic impacts.
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tornadoes, hurricanes, and flash floods. Events on a longer
time scale, such as droughts or severe winters, are often illdefined and current policies tend not to be as well formulated. Nevertheless, existing policies can provide a basis for
the development of structures to deal with emerging climatic
information.
For the United States, climatic events usually encompass
several states, and the prime responsibility for policy development, as defined here, lies with the federal government. It is
also at the federal level that the international cooperation
needed to develop understanding and prediction is best
achieved. Hence it is on the federal level that this paper is
focused.

1. Introduction
In recent years tremendous strides have been made in the understanding of climate processes and their human impact.
Monthly climate forecasts and seasonal-climate forecasts are
routinely p r o d u c e d a n d climate scenarios for the moredistant future have been developed (Gilman, 1985; Namias,
1985), while links between climate fluctuations and their possible h u m a n consequences are being forged (Kates et al.,
1985). Hence it is becoming possible to predict events on a
climatic time scale and estimate their likely societal consequences. If society as a whole is to benefit f r o m these scientific advances, public policy established by government bodies
must be in place to deal with this new type of information.
This paper explores the types of policy structure that can be
developed to take advantage of our emerging knowledge of
climate processes and impacts.
Public policy, in the context of climate processes, can be
broadly defined as any plan or program formulated by government agencies that leads to an action seeking to mitigate
an adverse atmospheric impact or enhance a beneficial one.
The policy may include actions addressing both the underlying causes and the direct impacts of the event. Actions can be
anticipatory or responsive, or both. In this light, of course,
several policies concerning the atmosphere are already in
place. The most obvious examples are those management
plans for short-lived, life-threatening disasters associated with
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2. Defining the need for a policy
Simple identification by the scientific community of a climatic impact will not automatically lead to the development
of a policy to deal with the impact. Several questions in the
policy-making arena must be addressed:
1) What is the expected frequency of occurrence of the
event?
2) Are the impacts, in terms of people and activities affected, economic repercussions, area involved, or societal dislocation, likely to be significant?
3) Is our understanding of the event and its consequences
sufficient to develop strategies to mitigate adverse impacts or enhance beneficial ones?
4) Can the atmospheric information or analysis needed to
implement the strategy be provided?
More broadly, the policy must fit into the national
" a g e n d a " and have broad public support. The series of extreme climate events in the early and mid-1970s ensured that
climate was perceived as the driving force in many national
and international economic issues and development problems. At the same time there was a growing public concern
that increasing atmospheric carbon dioxide produced by
fossil-fuel combustion could change the earth's climate
dramatically and lead to even greater impacts. Hence climate
became part of the national agenda and the public awareness
stimulated atmospheric and oceanographic research and led
to a search for ways to incorporate climate information explicitly into decision making. Internationally this was typified by the World Climate Conference, culminating with the
World Climate Program (World Meteorological Organization, 1980). In the United States it was marked by the passage
in 1978 of the National Climate Program Act, designed "to
help the Nation and the world to understand and respond to
natural and man-induced climate processes and their implications," and leading to the development of a National Climate Program Plan (National Climate Program Office,
1980). The United States National Climate Program has
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stimulated the development of several new initiatives and the
coordination and rationalization of several existing ad hoc
efforts (National Climate Program Office, 1986) to meet that
challenge.
Progress is being made on a broad front in fundamental
climate process research, impacts analysis and information
applications. The level of our present knowledge and the advances, which we can reasonably expect in the near future,
indicates that it is appropriate to begin now to develop policies for the benefit of the nation and the world.

3. Current response policies for
atmospheric events
The various currently available policies for dealing with atmospheric events can be divided into f o u r types (Table 1). In
general the order reflects an increasing time scale for the
events and a perceived decreasing tendency for the events to
be a threat to life and property. The order also represents decreasing sophistication in existing policies.
The best-developed policy concerns short duration individual events such as tornadoes or flash floods (Table 1).
Since these events can be anticipated, both through longterm probabilities and short-term forecasts, the policy can be
both anticipatory and responsive. The anticipatory portion
of the policy consists of preparedness measures emphasizing
planning steps, ranging from building-code development to
evacuation-plan formulation, taken prior to the event. These
measures are activated by warnings of impending events,
given by the National Weather Service as a result of the continuous monitoring of atmospheric conditions. After the
event an assessment of the nature, extent, and location of the
effects initiates the second phase, the disaster assistance measures. These may range from the provision of emergency
shelter or medical supplies to low-interest loans for rebuilding. Experience has emphasized the value of an analysis of
the actions after an event, allowing both refinement of the
policy and incorporation of advances in scientific and technological knowledge. Thus this well established dual approach, which has proved flexible enough to deal with events
of various types, provides a good model for a fully developed
policy dealing with climatic events.
Policies are also in place for a second type of event, those
that are longer-lived and occur on a regular basis. For example, winter snowpack in mountainous areas is regarded as
stored water, and strategies are available to regulate the resulting meltwaters both for water supply and for flood-control purposes. Thus the snowpack is monitored, predictions
of meltwater availability made, and responses developed.
Since each snowmelt season is different, continuous monitoring and flexible strategies are needed. Similarly, monitoring
seasonal weather and using predictions of conditions during
the rest of the growing season allows estimates of crop yield
(Motha and Heddinghaus, 1986). In both cases policies have
been developed in response to impacts that are known to
have far reaching consequences for the whole economy.
Another group of events, such as severe winters or extended droughts, are generally cumulative in their effect, irregular in occurrence, and variable in severity. In general few
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TABLE 1.

Classification of atmospheric anomalies.

Anomaly

Example

1. Individual
event

flood,
tornado

2. Regular
event

snow pack amount
growing season weather

3. Cumulative
event

drought,
severe winter

4. Predicted
event

El NinoSouthern Oscillation

Policy
Action
Preparedness &
disaster assistance
measures
Use predictions
to initiate
response
Plan for
identification
and response
Create
anticipatory &
response plans

formal policies are available and adequate responses may be
almost a matter of luck (Riebsame, 1985). For this group the
four "policy related" questions noted above are particularly
relevant. In the case of drought, several states, mostly in the
Great Plains, perceive its occurrence as sufficiently frequent,
and its impact sufficiently great, to develop specific response
policies. In many cases this includes the commitment of resources for continuous monitoring of conditions. As a result
these states have improved their capability to deal with the
immediate effects of drought. Continuing limitations on
drought-policy development are the lack of skill in predicting
the onset of a drought and the lack of adequate understanding of the social and economic impacts of drought.
The fourth group of climatic events presumes a predictive
ability, adding a new dimension to events of the third type.
Certainly the advent of seasonal forecasts, the increasing
sophistication of climate models and the embryonic understanding of features such as the Southern Oscillation, are increasing our ability to anticipate the onset and impact of
events some time in the future. In this situation, policies
analogous to those for individual events, with both prior
warnings and consequent responses, are possible. Further,
such policies can utilize the experience with flexible impact
models gained f r o m the regular occurring events along with
the strategies developed in some areas for cumulative events.
Nevertheless, predicted events tend to form a separate category because of the large scientific uncertainty associated
with emerging understanding. Because they represent a new
group, there has been little experience for policy making for
this type of event.
The scientific uncertainty involved in predicting future,
aperiodic events raises questions of our ability to commit resources even to monitor an event that may not occur for
many years. This problem may be especially acute in the developing world where impacts may be highly significant but
monitoring resources very scarce (Hastenrath, 1986). In the
United States, studies of the policy aspects of predicted
events have been mainly confined to the private sector. Information on the value of climate information (Stewart et al.,
1984), decision-making techniques (Winkler et al., 1983),
and the types of forecasts needed (Sonka et al., 1986) are becoming available. Although public-policy development must
take into account the needs of society as a whole rather than
the specific targets of a private-sector decision maker, the
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climatologists' role in both is similar. This role is to provide
the information necessary to answer the policy-related questions in the light of current and potential understanding of
the atmosphere and its impacts (Sonka et al., 1986).

4. Developing an appropriate basis for a policy
A functional model for climate-impact policy making (Fig.
1) indicates the various aspects of the climatological role.
The key feature of this functional model is the synthesis of
observations with the results from diverse areas of research.
Three main research areas can be identified. The first is climate-impact assessment, where analysis of past events and
future scenario development is likely to prove productive.
The second area is climate-process research, where increased
understanding of the factors leading to the particular event
should provide insight into causes and increase prediction
skill. Finally, numerous nonclimatic factors may need to be
considered, which may require additional research in all
three areas. These three components are basic to an integrated assessment of climatic impacts. However, provision
must also be made for the data collection and monitoring
needed for the development of the climatic information required to activate a particular policy or plan. The resulting
synthesis provides the responses to the basic policy-related
questions, and the initial climate-related information required by a policy advisor.
Once in the policy arena, however, the questions may
change, new ones be asked, or more information desired.
Concerns about the frequency of occurrence, or the meaning
of significant may surface, for example. Hence there is likely
to be feedback to the synthesis step. This in turn may require
new research efforts. Therefore the functional model suggested in Fig. 1 explicitly includes some feedback loops. Indeed, such loops are vital since issues about impacts can be
raised at any point in the system.
An example of the operation of the system, and its implication for predicted events, can be provided by the El NinoSouthern Oscillation (ENSO) phenomenon. Although many
of the impacts of El Nino have been known for some time,

lack of understanding of the phenomenon and lack of adequate monitoring dictated that any policy related to the effects was entirely responsive and akin to disaster-assistance
measures. Climate process research has enhanced both monitoring and understanding of the whole ENSO phenomenon.
Monitoring of its progress and severity has raised the possibility of developing a realistic response plan similar to current
drought response plans. Furthermore, increased understanding, allowing prediction of the onset of El Nino and its associated effects, is within sight, making El Nino a prime
candidate for classification as a predicted event. In this case
the climate process research has driven the development, and
has certainly ensured that the required monitoring system is
in place. Continuing climate-impact research should lead to
realistic integrated assessments and the development of flexible impact models that allow formulation of efficacious policies. Here the impacts are likely to affect a large portion of
the earth's surface; both national and international policies
are needed.

5. Conclusions
The preceding analysis has several implications for atmospheric scientists. First, the tripartite nature of climatic research is emphasized. Considerations of climatic processes,
whether aiming towards better long-range forecasts or better
specification of future scenarios is more meaningful if linked
to estimates of potential impacts. Impacts research is strengthened when account is taken of future conditions and processes.
Results f r o m fields traditionally remote from meteorology,
such as economics or sociology, are needed if useful results
and appropriate policies are to be developed.
The functional analysis also demonstrates the need for a
synthesizing function at the interface of research, monitoring, and policy. This interface takes into account operational
aspects of monitoring conditions and initiating policy actions. It also functions to ensure that the best research results
are readily available to policy makers in a form they can use,
and to ensure that research workers are aware of the needs of
the policy makers if they are to make effective, scientifically
well-founded policy decisions.
Finally, climate-process research is increasingly revealing
the global nature of climate and the interconnections between regions. National policies, therefore, must be responsive not only to national and international causes of the
events themselves, but also to the international dimension of
the consequent impacts.
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announcements
Symposium Videotapes Available
Following the Rapid City Flash Flood Mitigation Symposium, 9-10
June 1987, videotapes have been made available of the videoconference sessions on liability and mitigation techniques, and "Breaking the Cycle," a film on flash-flood mitigation, available in both
English and Spanish. For prices and formats, or to place an order,
contact Denver Dubbing toll free at 1-800-233-5669; Colorado residents should call (303) 790-2271. Videotapes compatible with foreign television standards are also available.
A limited number of copies of the symposium proceedings are also
available at no charge. To request a copy, please contact Jan McCulloh, Disaster Assistance Programs Division, Federal Emergency
Management Agency, Building 710, Denver Federal Center, Box
25267, Denver, CO 80225-0267.

Audiovisual Guide Now Available
The newly revised guide to meteorological audiovisual resources is
now available. This 16-page listing of films, videos, filmstrips, and
audio cassettes encompasses all aspects of meteorology and climatology. There are 33 suppliers and more than 400 titles listed. Materials cover the entire range of prospective users from the general
audience to trained meteorologists and from preschool children to
college students. Availability of materials for sale, rent, or free loan
is also given. Anyone wishing a copy of this guide should send a
check for $2.00 to cover the cost of reproduction and postage, payable to Edward Brotak, Atmospheric Sciences Program, University
of North Carolina at Asheville, Asheville, NC 28804.

Archives of the Scripps Institution
of Oceanography
The archives collects manuscript and archival collections that document the history of the Scripps Institution, its founders, faculty,
staff, and students, and the history of oceanography. Our collections
currently measure over 1 400 cubic feet and include the papers of
many scientists interested in meteorology, atmospheric science and
air-sea interaction. Manuscript collections include the personal
papers of Hugh Bradner, Edward William Fager, Denis L. Fox, Carl
Leavitt Hubbs, John Dove Isaacs, Martin Wiggo Johnson, Henry
William Menard, Walter Munk, William Aaron Nierenberg, Russell
1
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Watson Raitt, Roger Revelle, Milner Baily Schaefer, Francis Parker
Shepard, and small collections of the papers of Harald Ulrik Sverdrup,
John Edwards Tyler and Claude Ephraim ZoBell. The archival collections include substantial documentation of Scripps laboratories,
departments, programs, and expeditions.
Researchers can request a copy of the "Selected List of Collections," by writing to Deborah Day, archivist, Archives of the Scripps
Institution of Oceanography, University of California at San Diego,
Mail Code C-075C, La Jolla, CA 92093, or by calling (619) 534-4878.
Hours are 9 A.M. to 3 P.M. Monday through Friday, with additional
hours available by appointment.

National Program for Scholarly Exchanges with
the People's Republic of China
The Committee on Scholarly Communication with the People's Republic of China (CSCPRC) is pleased to announce a National Program for Scholarly Exchanges with the People's Republic of China
for the 1988-89 academic year. The graduate and research programs
offer opportunities to graduate students and scholars in social sciences and humanities to conduct long-term research in China. The
visiting Scholar Exchange Program is a reciprocal, short-term program that offers opportunities to Americans in natural sciences, engineering, social sciences, and humanities to lecture and conduct
research in China and invites nominations of Chinese scholars to
come to the United States. The application deadline is 10 October
1987. For applications contact CSCPRC, National Academy of
Sciences, 2101 Constitution Avenue, NW, Washington, DC 20418,
telephone (202) 334-2718.

meetings of interest
23-31 August 1988. The next Joint Oceanographic Assembly
will be held at the Acapulco Convention Centre, Acapulco,
Mexico, on 23-31 August 1988. The scientific program will
consist of general symposia of invited papers on selected
topics of broad interdisciplinary interest, special symposia on
designated interdisciplinary subjects, and association sessions
of contributed papers and posters. Exhibits of books and
oceanographic equipment are also considered. For more information, contact M. en C. Roberto Gutierrez Galera, Executive
Secretary, Joint Oceanographic Assembly 1988, c / o Direccion
Adjunta de Asuntos, Internacionales CONACYT, Apartado
Postal 20033, 04515 Mexico, D. E, Mexico.
•
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