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This essay discusses the complex ways in which scientific information and uncertainty can
interact w i t h societal decision making, and proposes a collaborative, integrated approach
t o societally useful scientific research.

"The great tragedy of science—the
beautiful hypothesis by an ugly fact."

slaying of a

—THOMAS H.

HUXLEY

B

etween 1983 and 2003, flooding caused an average
of 98 deaths and $4.5 billion in property damage
per year in the United States (based on National
Weather Service estimates, damages adjusted for inflation to 2003 dollars; NWS 2005; Downton et al. 2005a;
see information online at www.flooddamagedata.
org). The Federal Emergency Management Agency
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(FEMA) considers flooding "America's Number One
natural hazard" (Brown 2005). Despite flood management efforts in many communities, U.S. flood
damages remain high, due, in large part, to increasing
population and property development in flood-prone
areas (e.g. Changnon 1998; Pielke and Downton 2000;
Burby 2001). Ongoing property development and
potential climate changes threaten to increase flood
hazards, particularly in coastal areas (McCarthy et al.
2001; Montz and Gruntfest 2002).
Over the long term, flood damages are mitigated
through flood-risk management, which relies on estimates of the risk of flooding (see sidebar). Estimates
of flood risk have numerous sources of uncertainty.
These include the following: 1) limited hydrometeorological observation records (in space and time);
2) spatiotemporal variability in precipitation and
flood potential; 3) nonstationarity of climate, both
within the data record and over the future period of
interest; 4) approximations in statistical techniques;
5) approximations in hydrologic and hydraulic modeling; 6) neglected contributors to flooding, such
as debris, structure failures, and local storm water
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ESTIMATING FLOOD RISK
Flood risk is usually estimated in terms of the magnitude
of a "design" flood or rainfall event. Examples include the
100-yr flood, which has a 1% chance of being reached or
exceeded in any given year, and the probable maximum
precipitation event. Such estimates are widely used
by federal, state, and local agencies in U.S. flood-risk
management, for purposes such as setting flood insurance rates and regulating flood zones, designing dams
and flood control structures, developing flood warning
systems, and planning community development.
Estimating flood risk combines statistics, climatology,
meteorology, hydrology, hydraulic engineering, and geography. Where sufficient records of streamflow are available, design floods are usually estimated by statistically
analyzing past streamflow data. In regions without stream
gauges or with insufficient streamflow data, design floods
are usually estimated by either I) interpolating data
from regional streams, or 2) generating a design rainfall
event, then using rainfall-runoff modeling to estimate
water flow. The resulting estimate is incorporated into a
hydraulic analysis to estimate the depth and extent of the
resulting flood. This information can then be combined
with topographic, infrastructure, population, and other
geographic data to identify areas at risk.

flood risk especially important. The study's primary
goal was to improve scientific information about the
risk of extreme flooding for use in decision making.
Because quantifying and communicating scientific
uncertainty is currently being emphasized in various hydrometeorological fields (including weather,
climate, hydrological, and climate change prediction),
one of the initial ideas was to quantify variability and
uncertainty in estimates of flood risk, then develop
methods to effectively communicate that information
to potential users.
In order to determine what types of new information might be most useful, the research team began
by consulting with key actors in flood-risk estimation
and management, including scientists, engineers, and
planners. We conducted structured and semistructured interviews with employees of local, regional,
state, and federal government agencies, and had informal discussions with agency employees, private sector
consultants, and researchers at professional meetings
and in other settings. The topics explored included
lessons learned from recent floods, management
efforts, and policy developments; roles of scientific
and technical information (and uncertainty in that
information) in flood-risk estimation and management; and interactions among different participants

drainage; and 7) changing risk due to societal fac-

in flood-risk estimation and management. We also

tors, such as development in and near floodplains,

examined documents describing how information

land surface alteration, and the dynamic nature of

about flood risk is generated and used at the local,

social systems in general and societal vulnerability

regional, state, and federal levels.

to flooding in particular.

As the study progressed, the challenges involved

Given the magnitude of flood-related damages

in generating useful new scientific information about

and the uncertainty in the current estimates of flood

flood risk grew more salient. Practitioners in flood-

risk, it appears that improving scientific information

risk estimation and management make decisions in

about flood risk could substantially benefit society.

complex settings characterized by significant change

To explore this potential, a multidisciplinary group

and uncertainty. They also operate under regula-

of researchers initiated a pilot study of climate vari-

tory, institutional, political, resource, and other con-

ability, scientific uncertainty, and hydrometeoro-

straints that limit their capacity to use new scientific

logical information for flood-risk decision making

information. Coupled with the inherent uncertainty

1

in the United States. As an initial focus, we selected

in the risk of extreme events, these factors led many

the Front Range of Colorado's Rocky Mountains, a

of those with whom we spoke to prioritize other con-

region where variable precipitation, steep terrain,

cerns over more sophisticated scientific information

and limited data make estimates of flood risk espe-

about flood risk, particularly when they could not

cially uncertain, and where a history of severe flash

readily see the feasibility or value of incorporating

flooding and a growing population make managing

new or more detailed scientific information into
their existing routines. Moreover, the practitioners
perceived and responded to uncertainty sufficiently

1

The core team, which included some of the authors of this
essay, consisted of researchers trained in geography, climatology, meteorology, and statistics, with additional experience in other areas, such as the use of weather and climate
information in decision making. Input from other experts
was also incorporated into the study, as appropriate.

differently from researchers that the team began to
question its initial conceptions and focus. Thus, a
component of the study evolved into an examination of how scientific information and uncertainty
interact with societal decision making, focusing on
the case of flood-risk estimation and management,
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but also considering how the results might apply to
management of other hydrometeorological hazards
and long-term climate change.
SCIENTIFIC INFORMATION, UNCERTAINTY, A N D DECISION M A K I N G : LESSONS
L E A R N E D . This section reviews several lessons
learned about the interaction among scientific information, uncertainty, and decision making, illustrated
using flood-risk management examples from our
study. Aspects of these lessons have been discussed
by others conducting related research (e.g., Pulwarty
and Redmond 1997; Moser 1998; Callahan et al. 1999;
Sarewitz et al. 2000; Liverman and Merideth 2002;
Pagano et al. 2002; Ray et al. 2003) and, more generally, in the science and technology studies literature
(e.g., Funtowicz and Ravetz 1993; Jasanoff and Wynne
1998; Hunt and Shackley 1999). Nevertheless, our
findings still run counter to traditional scientific wisdom on the connection between scientific research
and decision making; thus, we present these findings
here to synthesize this knowledge and share it with
the atmospheric science community.
Decision makers: Diverse and intertwined. Scientists
often conceive of producing information that is
useful for "decision makers," without realizing that
their conception of decision makers is an abstraction.
Decision makers are not a coherent entity, but a collection of individuals, each of whom uses different
information to address different goals in a unique
context. In flood management, for example, decision
makers range from local community floodplain managers to FEMA employees to private sector engineering consultants. Each of these categories also contains
significant diversity. For example, local floodplain
managers have a range of job responsibilities; have a
variety of professional training and experience, goals,
and personalities; and serve communities with different constituencies, cultures, histories, regulations,
and levels of flood risk. Because decision makers are
diverse, generating useable scientific information
often requires working with specific decision makers
to address their particular needs and context, rather
than developing information for a generic decision
maker.
Moreover, different decision makers interact.
Floodplain management decisions are made within
a complex web that includes local, regional, state,
and federal government employees; elected officials;
private consultants; professional associations; private
businesspeople; and members of the public. Members
of this web often find their decision-making opporAMERICAN METEOROLOGICAL SOCIETY

tunities constrained or opened up by others' actions.
Because individuals have personal relationships
within this web and move among roles, individuals'
personalities and histories influence, and sometimes
dominate, their interactions. Understanding who
participates in decision making in a specific domain
and how these participants interact can, therefore,
be a key component of generating useable scientific
information.
Given that the term "decision makers" represents
a diverse group, hereafter when referring to those
who make decisions as part of their professional
responsibilities (the primary type of decision maker
considered here), we use the term "practitioners."
Constraints: Practitioners' ability and motivation to use
new methods and information. As noted above, practitioners' ability to use new methods and information is
often constrained by others in their decision-making
web. Local floodplain managers, for example, must
act within federal, state, and local regulations and
guidelines, and their capacity to incorporate new
science and technology is limited by the technical
ability of the private consultants who provide most
of their flood-risk estimates. They must also balance
the needs and desires of multiple constituencies, including local elected officials, private businesses, and
the diverse populations at risk, and respond to these
constituencies' decisions and demands.
In addition, practitioners are constrained by
time, money, and other resources, particularly given
their multiple responsibilities. They also use many
types of information that evolve and thus compete
with scientific information to be updated. Under
such constraints, familiarity with existing processes
often reduces practitioners' motivation to invest in
learning to use new scientific methods and information. Given the resources already expended on
existing processes and the costs of change, changes
in science or technology—particularly incremental
changes—are often insufficient to convince practitioners to alter how they make decisions. When they
do seek scientific information, many of the practitioners with whom we spoke turned preferentially
to specific, trusted experts with whom they had
long-term relationships.
Under these circumstances, scientists who wish to
aid decision making must generally not merely offer
scientific knowledge, but rather develop information
that clearly applies to practitioners' specific decisionmaking settings. Aiding decision making also often
requires that scientists interact with practitioners
over a period of time, to build trust and credibility.
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Moreover, because practitioners' options are constrained by others in their decision web, scientists
may have to help interested practitioners advocate for
the ability to use new methods and information, by
demonstrating that the science is authoritative and/or
that using it has value.
Uncertainty: Scientists' and practitioners' different perspectives and responses. From a scientific perspective,
uncertainty is something that can be conceptualized,
estimated, and addressed. Thus, scientists often deal
with uncertainty by attempting to reduce, quantify,
analyze, and/or assess it. To do so, they generally seek
to obtain additional data, perform more sophisticated
analyses, or conduct additional research.
The practitioners we spoke with, on the other
hand, view uncertainty as an unavoidable factor.
Because all information about the future is uncertain,
they must make decisions under uncertainty every
day, in a complex, evolving social, institutional, and
political environment. Given these conditions, and
the limited information and time they have to address numerous demands, practitioners often deal
with uncertainty by finding the best information
they can quickly and easily obtain and interpret,
making the decision required for the moment, and
then moving on.
Although flood management practitioners might
appreciate more certain hydrometeorological information, scientific uncertainty is often swamped by
other factors, and thus is not a high priority. When
describing the factors limiting their ability to make
decisions that reduce flood risk, the floodplain
managers we interviewed focused not on science or
uncertainty, but on their communities' perceptions
of flood risk, views of acceptable risk, and willingness
to accept management responses. In other words,
scientific uncertainty, and more generally, scientific
information, is only one of many components of flood
management decisions.
In theory, the practitioners with whom we spoke
might also appreciate scientific information accompanied by a quantification or analysis of uncertainty.
In practice, however, they must make discrete choices
among alternatives, usually under a deadline. In
floodplain management, for example, uncertainty
about flood zone boundaries and flood levels must
be translated into dichotomous decisions about where
construction should be restricted or regulated and
where it should not. Although techniques for formally incorporating probabilistic information into
such decisions can be valuable in research settings,
practitioners often lack the time and resources to

perform such complex analyses. In such situations,
sophisticated estimates of scientific uncertainty may
only complicate practitioners' already difficult jobs,
without benefiting the people they serve.
Scientists tend to view analysis or the reduction of uncertainty as a valuable end goal in itself
and assume that the resulting information will be
useful. Practitioners, on the other hand, evaluate
information according to its effects on their decision process and outcome. Sometimes, additional
analysis of scientific uncertainty will have little effect on decision making, either because major components of the scientific uncertainty are irreducible
or intractable (e.g., due to complexity, stochasticity,
or a fundamental lack of data or understanding),
or because the effects of scientific uncertainty are
negligible compared to other factors. For example,
estimates of the risk of extreme flooding are inevitably uncertain, due to an evolving climate, changing
land use and hydrology, and our limited experience.
Moreover, the increasing flood-related damages in
the United States are due as much (or more) to societal factors as to hydrometeorological factors (e.g.,
Pielke and Downton 2000; Burby 2001; Larson and
Plascencia 2001). As a result, more knowledge does
not necessarily reduce hazard losses (e.g., White et
al. 2001), and physical science and engineering advancements can often only make a difference when
societal factors, such as warning response and risk
communication, are understood and addressed (e.g.,
Gruntfest and Handmer 2001). Consequently, even
when additional scientific research could reduce
or better characterize scientific uncertainty, other
actions (such as addressing societal components of
vulnerability; see, e.g., Sarewitz and Pielke 2000)
may be more cost effective.
Practitioners also have methods of dealing with
uncertainty in addition to seeking additional scientific information. In floodplain management, for
example, scientific and other types of uncertainty are
accounted for to some extent by adding a uniform
(1 ft or greater) safety margin to freeboard requirements, effectively raising the level of protection.
Such methods may be imprecise and even considered
"unscientific" by some, but they are simple and often
more cost effective than formal uncertainty analyses.
More generally, in the presence of pervasive uncertainty about flood risk, communities have developed
a variety of mechanisms to mitigate negative impacts
of flooding, including floodplain regulation, flood
control structures (e.g., dams and levees), warning
systems, and insurance. These mechanisms rely
on estimates of flood risk, yet by reducing negative
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impacts of flooding in general, they insulate people
to some extent from uncertainty in scientific information (by hedging risk; see, e.g., Lempert and
Schlesinger 2000).
The different perspective of practitioners regarding uncertainty does not necessarily mean that they
do not appreciate the uncertainty in scientific information. Most of the practitioners we consulted understood that estimates of flood risk are, and will always
be, uncertain; as one floodplain manager told us,"All
the numbers are inaccurate." Rather, practitioners
simply conceive of scientific uncertainty differently
than scientists do, considering it in a very different context. As a result, the way scientists referred
to and discussed uncertainty sometimes confused
practitioners (e.g., inaccurate versus uncertain in the
quote above). Thus, although uncertainty may seem
to scientists like a basic, universal concept, the term
and its interpretation can act as a linguistic barrier
that limits transfer of knowledge between researchers
and practitioners (e.g., Fothergill 2000).
Assumptions: Barriers to more useable scientific information. Because scientists and practitioners have different training, experience, responsibilities, and goals,
the two groups tend to approach situations from a
different perspective. Scientists generally frame issues using scientific knowledge and expertise, while
practitioners frame issues based on societal goals and
values (e.g., on their interpretation of their constituencies' greatest needs). Scientists also often have the
luxury of making a complex issue more tractable by
addressing a focused piece, for example, by studying
floods using expertise in meteorology, climatology,
or hydrology with little consideration of engineering
or social science. Practitioners, on the other hand,
work in the real world, where they cannot abstract
one aspect of an issue from its context.
Scientists who are unaware of their different
perspective often approach practitioners with assumptions that limit their potential to provide more
useable scientific information. For example, when
scientists frame an issue using scientific knowledge
without considering its societal context, they often
assume that scientific information "should" be used
in decision making. Unfortunately, telling someone
with a different perspective (and often limited capacity to change) that they "should" act differently does
not necessarily convince them to do so; in fact, it can
induce mental blocking. In making such assumptions, scientists limit their ability to answer questions
that practitioners need answered, as well as questions
based on scientific interest or capabilities. In doing
AMERICAN METEOROLOGICAL SOCIETY

so scientists lose a major opportunity to apply their
knowledge for societal benefit.
Of course, practitioners approach scientists with
assumptions of their own. Avoiding lost opportunities for useable science generally requires softening
both groups' assumptions by developing interactive
relationships based on mutual respect and willingness
to learn from each others' form of knowledge (e.g.,
Hunt and Shackley 1999). By approaching practitioners with an open mind and an appreciation for
practitioners' different perspectives and constraints,
scientists can help both groups evolve their concept of
useful information through mutual education.
Interactions between scientific information, uncertainty,
and decision making: Two cases. Scientists also often
assume that new scientific information will be incorporated into decisions in coherent, understandable
ways. Most decision making, however, is complex,
nonlinear, and involves many considerations in
addition to science. When decisions also involve
multiple actors and significant uncertainty, as is the
case in flood management, information use can be
diffuse, difficult to trace, and even counterintuitive.
As discussed by Functowicz and Ravetz (1993), in
situations characterized by high decision stakes and
large uncertainties, the traditional domination of
"hard (scientific) facts" over "soft values" can become
inverted, leading to facts being interpreted in terms of
values, or even to facts and values becoming so intertwined that they cannot be clearly separated. These
complex interactions between scientific information,
uncertainty, and flood-risk decision making are illustrated by two cases examined in our study [Both
cases are discussed in further detail in Downton et al.
(2005b, submitted to Environ. Hazards).]
In the first case, a controversy over modifying the
Cherry Creek Dam near Denver, Colorado, the likelihood of a flood overtopping the dam is very small,
but the potential consequences are very high due to
the large population and property at risk. Scientific
experts disagree about the risk of such an extreme
event, state and federal government entities disagree
about the level of acceptable risk, and some members
of the public oppose construction to increase the level
of protection. So far, this disagreement has spurred
a decade of expensive studies and vehement debate
over science and policy, but no agreement on an
appropriate action. This illustrates how, even when
scientific information is a key part of decision making, the interplay between significant scientific and
societal uncertainty can lead to inaction, especially
if no change means no short-term cost.
NOVEMBER 2005
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A n o t h e r case we e x a m i n e d is F o r t C o l l i n s '
(Colorado) reevaluation o f their design rainfall

RECOMMENDATIONS:

END-TO-END-TO-

E N D R E S E A R C H . Scientists often conceive of the

standard following a major flood in 1997. In Fort

interface between science and decision making as a

Collins, as in Cherry Creek, different hydrometeo-

linear process: basic research generates knowledge

rological and statistical assumptions produced dif-

for applied research, whose results are then used

ferent estimates of the design rainfall, and scientific

to develop technological applications for society

experts disagreed on the most appropriate value.

(e.g., Pielke 1997). In the classic form of this model,

Local stakeholders also disagreed on the accept-

proposed by Vannevar Bush in the 1940s, scientific

able level of risk, and their

research provides a reservoir

interpretation of acceptable

of knowledge for society to

risk was evolving rapidly, as

draw upon for developing

memory of the recent flood

applications (e.g., Byerly and

b e g a n to fade. T h e panel

Pielke 1995). More recently,

o f s c i e n t i f i c e x p e r t s pre-

this model has evolved into

sented four options to the

an emphasis on "end-to-end"

Fort Collins City Council,

research and system develop-

which interpreted the sci-

ment. In meteorology and re-

entific information largely

lated fields, end-to-end gen-

in terms of its implications

erally refers to implementing

for the community's level of

all stages of the research and

protection from flooding.

development process, from

T h e council then selected

research (end 1) through to

the new standard by vote.

delivering an application to

This illustrates how, when

the end user (end 2), as de-

d e c i s i o n s m u s t be m a d e

picted in Fig. 1 (see, e.g., Karl

despite the lack of scientific

et al. 1993; NOAA 2003; May

consensus, the political pro-

et al. 2004).

cess will take over. Scientific

The end-to-end approach

information may then only
be useful to the extent that
it informs (or supports different sides of) political and
value debates.
In b o t h o f these cases,
different scientific experts,
using different methods and
assumptions, produced very

FIG. I. Scientists' typical view of research
and d e v e l o p m e n t t o p r o d u c e useful
i n f o r m a t i o n f o r society: " e n d - t o - e n d "
research, illustrated for the case of floodrisk management. The connection f r o m
decision maker t o research (represented
by a dashed line) is m e n t i o n e d in some
implementations of end-to-end research,
but in others is left implied or assumed.

different estimates of the hy-

is valuable in that it emphasizes the importance of
translating research into
user applications. However,
as m a n y people involved
in such work have noted,
generating useable scientific
knowledge or information
often requires explicitly connecting the two "ends," in

drometeorological risk of extreme flooding, provid-

other words, incorporating decision-making needs

ing participants in decision making with qualitative

into the research and development process. Doing so

information about scientific uncertainty. The value

successfully requires long-term partnerships among

of a more sophisticated analysis of scientific uncer-

scientists, product developers, and different groups of

tainty in either of these cases is unclear; most likely,

decision makers to mutually educate about opportu-

such an analysis would provide further motivation

nities and needs, develop trust, and build credibility

for inaction or for decision making based on values

(see, e.g., Meo et al. 2002; Overpeck et al. 2002a,b;

rather than science, sharpening, but not resolving,

NRC 2004). Such partnerships create an iterative,

the political debate—at least in the short term. As

bidirectional process, from decision making to ap-

we began to understand the complex spectrum of

plications to research and back again, in which the

ways in which scientific information and uncertainty

participants collectively assess the fit between science

can interact with decision making, we realized the

and decision making and coproduce knowledge and

importance of taking a collaborative, integrated ap-

tools (e.g., Hunt and Shackley 1999). Recalling that

proach to developing new scientific information for

decision makers are a diverse, interconnected set of

flood-risk decision making.

individuals, Fig. 2 presents a revised version of the
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end-to-end paradigm: integrated "end-to-end-to-

or, in the case of a complex issue with entrenched

end" (M. Glantz 2003, personal communication) or

policies and institutions (such as U.S. federal flood

"iterative end to end" research and development for

management policy), decades or longer.

societal decision making.
By promoting frequent feedback from and longterm partnerships with participants in decision

IMPLICATIONS BEYOND FLOOD

RISK.

While attempting to conduct end-to-end research to

making, the end-to-end-to-end approach can help

aid societal decision making, we elucidated a divide

scientists interested in aiding decision making sur-

between how scientific researchers and practitioners

mount the challenges and barriers described earlier.

perceive and deal with scientific information and

The end-to-end-to-end approach also recognizes that

uncertainty. This divide limits the ability of scien-

one pass from end to end is generally insufficient,

tists to provide useable knowledge and information

because practitioners' information use and needs tend

for decision making in arenas beyond flood risk.

to change as they interact with new information, and

The lessons learned on bridging this divide can,

because successful examples help motivate people to

therefore, contribute to other arenas where scientists

adopt new methods and information. End-to-end-toend research, therefore, involves multiple iterations to
help information production and use adapt as science
and society evolve. In situations with multiple interconnected decision makers, we learned to start by
iterating from end to end with one (carefully selected)
individual or group that is central to the decision, has
flexibility to adopt new information, and/or is interested in becoming an early adopter of new technology.
Building one successful partnership may then open
up a range of additional opportunities.
B e c a u s e natural and societal c o m p o n e n t s o f
systems interact in complex ways, research that addresses only scientific aspects of a situation often fails
to achieve the desired societal results. Thus, rather
than taking the traditional approach of dividing work
into disciplines or into basic and applied research, the
end-to-end-to-end approach emphasizes integrated
research. In flood estimation and management, this
means considering climatology, meteorology, hydrology, statistics, engineering, geography, decision
making, and the social and political system—not
separately or sequentially—but together. As we
explored the individual, interpersonal, and interinstitutional aspects of decision making that constrain
flood estimation and management, the importance
of interdisciplinary natural-social science research
became evident.
Overall, the team learned that our initial conception of end-to-end multidisciplinary research, a
conception common among researchers in the meteorological community, was insufficient; to make progress, we instead needed to pursue a more integrated,
end-to-end-to-end approach. We also learned the
importance of patience, and taking the time needed
to build the relationships and understanding required
to help science have a positive impact. Depending on
the type of information and the decision context, the
iterations from end to end may take days or months,
AMERICAN METEOROLOGICAL SOCIETY

*FEMA = Federal Emergency Management Agency; NFIP = National
Flood Insurance Program; N O A A = National Oceanic and Atmospheric Administration
t ASFPM = Association of State and Floodplain Managers

FIG. 2. Revised view of research t o produce i n f o r m a t i o n
t h a t is useful in one or m o r e specific societal applicat i o n s : " e n d - t o - e n d - t o - e n d " research, i l l u s t r a t e d f o r
t h e case of flood-risk (specifically floodplain) managem e n t w i t h diverse, i n t e r c o n n e c t e d decision makers.
The end-to-end-to-end approach explicitly recognizes
t h e i m p o r t a n c e of m u l t i d i r e c t i o n a l c o m m u n i c a t i o n ;
sustained interactions a m o n g researchers, application
developers, and multiple decision makers; and multiple
i t e r a t i o n s a r o u n d t h e loop t o coproduce knowledge
and t o o l s . I n t e g r a t e d s c i e n t i f i c r e s e a r c h includes
disciplinary and i n t e r d i s c i p l i n a r y w o r k in statistics,
climatology, meteorology, hydrology, engineering,
geography, and t h e social sciences and humanities. The
t w o ENDs in t h e figure represent the t w o ENDs in endt o - e n d research (Fig. I ) ; e n d - t o - e n d - t o - e n d research
signifies i t e r a t i o n between these t w o ends.
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seek to connect scientific research and information,
particularly on scientific uncertainty, to societal decision making. One example currently of significant
interest is global climate change, in which scientists
often discuss reducing, quantifying, analyzing, and
communicating scientific uncertainty to aid decision making (e.g., Allen et al. 2000; Schneider 2001;
Dessai and Hulme 2003; Pielke and Sarewitz 2003;
Webster et al. 2003). Communicating uncertainty
is also of growing interest in weather and seasonal
climate prediction.
More generally, the current scientific agenda calls
for more research of the type performed in this study,
including multi-/interdisciplinary research, societally
relevant research, research incorporating stakeholders, and research to support decision making under
uncertainty. Ongoing and new research of these types
can also benefit from the lessons and observations
presented here, along with those discussed in the
related literature cited above.
A C K N O W L E D G M E N T S . The authors acknowledge
Heidi Cullen for her collaboration on the initial study to
provide scientific information for floodplain management, Michael Glantz for his permission to use the term
"end-to-end-to-end," Linda Mearns and Doug Nychka
for their contributions to the project and manuscript, and
Jacqueline Monday and Susanne Moser for their helpful
comments on the manuscript. We thank the many people
in the flood management community who answered our
questions and shared their perspectives. We also thank
the researchers and application developers working to
produce societally useful scientific information who
discussed their experiences with us; the importance of
taking a collaborative, integrated approach arose in many
of these discussions.
This study was funded through NCAR's Strategic
Initiative on the Science of Weather and Climate Impact
Assessment, which is funded by the National Science
Foundation.

REFERENCES
Allen, M. A., P. A. Stott, J. F. B. Mitchell, R. Schnur, and
T. L. Delworth, 2000: Quantifying the uncertainty in
forecasts of anthropogenic climate change. Nature,
407, 617-620.
Brown, M. D., cited 2005: Being FloodSmart means
being prepared. [Available online at www.fema.
gov/media/archives/index061305.shtm.]
Burby, R. J., 2001: Flood insurance and floodplain management: The U.S. experience. Environ. Hazards, 3,
111-122.

Byerly, R., Jr., and R. A. Pielke Jr., 1995: The changing ecology of United States science. Science, 269,
1531-1532.
Callahan, B. M., E. L. Miles, and D. L. Fluharty, 1999:
Policy implications of climate forecasts for water
resources management in the Pacific Northwest.
Policy Sci., 32, 269-293.
Changnon, S. A., 1998: Comments on "Secular trends
of precipitation amount, frequency, and intensity
in the United States." Bull Amer. Meteor. Soc., 79,
2550-2552.
Dessai, S., and M. Hulme, 2003: Does climate policy
need probabilities? Tyndall Centre for Climate
Change Research Working Paper 34, 40 pp. [Available online at www.tyndall.ac.uk/publications/working_papersAvp34.pdf.]
Downton, M. W., J. Z. B. Miller, and R. A. Pielke Jr.,
2005a: Reanalysis of U.S. National Weather Service
flood loss database. Nat. Hazards Rev., 6, 13-22.
Fothergill, A., 2000: Knowledge transfer between researchers and practitioners. Nat. Hazards Rev., 1, 91-98.
Funtowicz, S. O., and J. R. Ravetz, 1993: Science for the
post-normal age. Futures, 25, 739-755.
Gruntfest, E., and J. Handmer, Eds., 2001: Coping with
Flash Floods. Kluwer Academic Publishers, 322 pp.
Hunt, J., and S. Shackley, 1999: Reconceiving science
and policy: Academic, fiducial and bureaucratic
knowledge. Minerva, 37, 141-164.
Jasanoff, S., and B. Wynne, 1998: Science and decisionmaking. Human Choice and Climate Change, S.
Rayner and E. L. Malone, Eds., Battelle Press, 1-87.
Karl, T. R., R. G. Quayle, and P. Y. Groisman, 1993:
Detecting climate variations and change: New challenges for observing and data management systems.
/. Climate, 6, 1481-1494.
Larson, L., and D. Plasencia, 2001: No adverse impact:
New direction in floodplain management policy.
Nat. Hazards Rev., 2, 167-181.
Lempert, R. J., and M. E. Schlesinger, 2000: Robust strategies for abating climate change. Climate Change,
45, 387-401.
Liverman, D. M., and R. Merideth, 2002: Climate and
society in the US Southwest: The context for a regional assessment. Climate Res., 21, 199-218.
May, P. T., and Coauthors, 2004: The Sydney 2000
Olympic Games Forecast Demonstration Project:
Forecasting, observing network infrastructure,
and data processing issues. Wea. Forecasting, 19,
115-130.
McCarthy, J. J., O. F. Canziani, N. A. Leary, D. J. Dekken,
and K. S. White, Eds., 2001: Climate Change 2001:
Impacts, Adaptation and Vulnerability. Cambridge
University Press, 1042 pp.

1600 I BAF15- NOVEMBER 2005
Unauthenticated | Downloaded 01/10/23 12:42 AM UTC

Meo, M., and Coauthors, 2002: Negotiating science and
values with stakeholders in the Illinois River basin. /.
Amer. Water Resour. Assoc., 38, 541-554.

water management: A case study of the 1997-98
El Nino. Climate Res., 21, 259-269.
Pielke, R. A., Jr., 1997: Asking the right questions: At-

Montz, B. E., and E. Gruntfest, 2002: Flash flood mitigation: Recommendations for research and applications. Environ. Hazards, 4, 15-22.

mospheric science and societal needs. Bull. Amer.
Meteor. Soc., 78, 255-264.
, and M. W. Downton, 2000: Precipitation and dam-

Moser, S., 1998: Talk globally, walk locally: The crossscale influence of global change information on
coastal zone management in Maine and Hawai'i.

aging floods: Trends in the United States, 1932-97.
/. Climate, 13, 3625-3637.
, and D. Sarewitz, 2003: Wanted: Scientific leader-

Kennedy School of Government, Harvard University,

ship on climate. Issues in Science and

ENRP Discussion Paper E-98-16, 60 pp.

19 (2), 27-30.

NOAA, 2003: New priorities for the 21st century:

Technology,

Pulwarty, R. S., and K. T. Redmond, 1997: Climate and

NOAA's strategic plan for F Y 2 0 0 3 - F Y 2 0 0 8 and

salmon restoration in the Columbia River Basin: The

beyond. 23 pp. [Available online at www.spo.noaa.

role and usability of seasonal forecasts. Bull. Amer.

gov/pdfs/FinalMarch31st.pdf.]

Meteor. Soc., 78, 381-397.

NRC, 2004: Where the Weather Meets the Road: A Research Agenda for Improving Road Weather

Services.

National Academy Press, 188 pp.

Ray, A. J., R. S. Webb, and R. S. Pulwarty, 2003: A user
study approach for identifying needs for regional
climate services. Symp. on Impacts

NWS, cited 2005: Flood fatalities. Hydrologic Information Center. [Available online at www.nws.noaa.
gov/oh/hic/flood_stats/recent_individual_deaths.
shtml.]

ability: Benefits

and Challenges,

of Water

Amer. Meteor. Soc., CD-ROM 7.8.
Sarewitz, D., and R. A. Pielke Jr., 2000: Breaking the
global warming gridlock. The Atlantic

Overpeck, J. T., S. K. Avery, and B. J. Morehouse, 2002a:
Regional Climate Services: Research perspectives and

Vari-

Long Beach, CA,

Monthly,

286, 55-64.
,

, and R. Byerly Jr., Eds., 2000:

Prediction:

mechanisms for communication. Preprints, Third

Science, Decision Making, and the Future of Nature.

Symp. on Environmental

Island Press, 405 pp.

Applications,

Orlando, FL,

Amer. Meteor. Soc., CD-ROM, 1.3.
,

services: The RISA experience. NOAA
services

Schneider, S. H., 2001: What is "dangerous" climate

, and K. Redmond, 2002b: Regional climate
workshop,

change? Nature, 411, 17-19.

Climate

Webster, M., and Coauthors, 2003: Uncertainty analy-

Columbia, MD, NOAA, 1-14.

sis of climate change and policy response. Climate

[Available online at http://geo.ispe.arizona.edu/pdf/
NOAA_ClimateServices.pdf.]
Pagano T. C., H. C. Hartmann, and S. Sorooshian, 2002:
Factors affecting seasonal forecast use in Arizona

Change, 61, 295-320.
White, G. F., R. W. Kates, and I. Burton, 2001: Knowing
better and losing even more: The use of knowledge in
hazards management. Environ. Hazards, 3, 81-92.

Educators, students, and weather enthusiasts! A glossary
of over 3 0 0 0 terms on weather and climate designed
specifically for a general audience! Produced under the
Project ATMOSPHERE initiative, the development of
The Glossary of Weather and Climate was inspired by
increasing contemporary interest in the atmosphere and
global change. The objective of the glossary is to provide
a readily understandable, up-to-date reference for terms
that are frequently used in discussions or descriptions of
meteorological and climatological phenomena. In addition,
the glossary includes definitions of related oceanic and
hydrologic terms.
©1996 American Meteorological Society. Available in both hardcover and
softcover, B&W, 272 pages, $26.95 list/$21.00 member (softcover);
$34.95 (hardcover). Prices include shipping and handling. Please send
prepaid orders to Order Department, American Meteorological Society,
45 Beacon St., Boston, MA 02108-3693.

AMERICAN METEOROLOGICAL SOCIETY

NOVEMBER 2005B A f l S *| 1 6 0 1
Unauthenticated | Downloaded 01/10/23 12:42 AM UTC

edited by Richard H. Johnson and Robert A* Houze Jr.
with selections by: Lance F. Bosart Robert W. Burpee Anthony Hollingsworth
james R. Holton Brian J. Hoskins Richard S. Lindzen John S. Perry Erik A. Rasmussen
Adrian Simmons Pedro Viterbo

Through a series of reviews by
invited experts, this monograph
pays tribute to Richard Reed's
remarkable contributions to
meteorology and his leadership
in the science community over
the past 50 years. 2003.
Meterological Monograph Series,
Volume 31, Number 53; 139 pages,
hardbound; ISBN 1-878220-58-6;
AMS Code MM53.
List price: $80.00
AMS Member price: $60.00

1602 I BAF15- NOVEMBER 2005
Unauthenticated | Downloaded 01/10/23 12:42 AM UTC

