CHAPTER 6

@? Human Dimensions
and Applications CIRES
6.1 Introduction mate and weather to practical “méig

tion” of social vulnerability Fig. 6.1).
Human Dimensions refer to the condi-
tioning factors and dwving forces that Recent scientific delopments, such as
influence human activities and their envi-in ensemble medium range forecasting
ronmental consequences. These forceand ENSO prediction, and theadlabil-
include the folleving: population and ity of long-term data-sets, such as
other demographic changes, technologiCOADS, provide opportune conditions
cal change, economic structures and mairfor interaction and cooperation of scien-
ket forces, political-social institutions tists and decision-maks in the applica-
and their interaction and societallwes. tion of climate information to social,
Its research focus is thus the scientifieconomic and efronmental issues.
investication of the pisical, biological, These advancesfef support to adapte
sociological, psychological, cultural and approaches in the application of kvie
economic aspects of resource utilizationedge about the future and its uncertain-
and management on several scales. ties. While other research in thislume

focuses on research methods, data acqui-
By “applications” we mean the transfor- sition and management, this section
mation and communication of reent addresses the acceptability and cente
research results to meet specific needs dbr the use of such information in cli-
decision-makers in the public and privatemate-sensitive settings.
sectors, and the capacityiloling needed
to facilitate this process, i.e., educationThe key emphasis in ingrated human
and training. The critical need lies in thedimensions-applications research is thus
process of guiding the communicationon hav social transformations, such as
and transformation of forecasts intodemographic changes, influence social
usable information in a gen cont&t to and emironmental vulnerability to cli-
support decision-making at pate, local, mate and weather risks, the perception
regional and national levels. and \alues applied by society to such

risks, and to realize the benefitéoadled
These tw complementary researchby deselopments in climate research,
themes present arxating challenge to products and services. The research and
mowe from the notion of “impacts” of cli- applications goals in this component are
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Fig. 6.1.Schematic illustrating the interaction of science, applications, and society.

at the climate-society intex€e and may

be summarized as follows: (4) Improve poliy analysis and polic
instruments, including problem defini-

(1) Assess impacts, vulnerabilitand tions, agenda setting, capacityilding,

adaptation to climate on the seasonatesearch and institutional framerks

and decadal to centennial scales, includand structure, to mitage climate risk

ing urbanization, design, land-useyen and uncertainty i.e. hazardsanability

ronmental trends. and change such as heaavwes, hurri-
canes, and drought.

(2) Develop pilot projects and proto-

types for demonstration of use of cli-6.2 Efforts completed under the

mate information and to increasehuman dimensions research and

collaboration between scientists andapplications focus.

decision-makrs. This includes identifi-

cation of user needs and altermas in  6.2.1 Climate salmon and hydpower

the reduction of economic and socialin the Columbia River Basin: Use of

vulnerability on an ongoing basis. seasonal fagcasts in balancing salmon
restoration eforts and hydopower

(3) Support decision-making with requirements

respect to system outputs e.gater,

agriculture, fisheries, erggyr, private It has become increasingly clear that cli-

sector investments. mate-driven fluctuations in the freskan
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ter and marine etronments occupied tainty inherent in managing &
by Pacific Salmon are an important systems for dierse needs bears signifi-
influence on populationaviability. It is  cant promise for this region.
also clear that there are significant pros-
pects of climate predictability on sea-6.2.2 Hurricane risk, vulnability and
sonal to decadal timescales which maydisaster mitigation
prove adwantageous in managingaver
resources in the Columbia VRr Until quite recentlytropical storms and
Basin. A study on the role and usabilityhurricanes posed a primary threat to
of climate forecasts and information human safetyand property losses, while
was carried out with the cooperation ofhigh, compared to other natural hazards,
nineteen institutions and agencieswas perhaps, not as visible an aftermath,
involved in salmon restoration fefts  as is presently the caseitkthe adent
and lydropaver production through of greatly improved monitoring and pre-
power production, irrigtion, naiga- diction systems, it is generally possible
tion, flood control, recreation, municipal to provide enough lead arning time to
and industrial ater supplies, and fish enable the coastal populations in the
and wildlife habitat management. Thepath of a hurricane to takhe necessary
study 1) described the climate and manpgrecautions to \aid death and injury
agement erironments of the Columbia On the other hand, the growth of coastal
River basin; 2) assessed the preseropulation and economic @&opment
degree of use and benefits ofadable along coasts, means that, toddiie
climate information; 3) identified me degree of &posure to deastation from
roles and applications made possible byhe effects of hurricanes is high.
recent adances in climate forecasting;
and 4) elicited from the point of weof = The recognition of enhancedvéds of
present and potential users in specifiproperty-loss xposure to hurricanes in
contts of salmon managementhat the rgion is one reason whnew pub-
information might be needed, for whatlic-private partnerships are beingvde
uses, and when, where andwhat oped to address the issue of hurricane-
should be provided. related risks.The book shen in Fig.
6.3is an outgreith of a workshop titled
Understanding the limitations to infor- Atlantic Hurricane ¥driability on Dec-
mation use formed a major componentadal Timescale: Natwg, Causes and
of this study Table 6.). The complg-  Socio-Economic Impactdheld at the
ity of the management einonment, the National Hurricane Center in February
lack of welldefined linkages among 1995. The goal as to focus attention to
potential users and forecasters, includehanges in hurricane frequenoperat-
ing clear decision paths, and the lack oing on timescales of a vie decades,
supplementary background informationwhich result in ery different storm
relating to the forecasts, pose substantigracks and landfalling patterns occurring
barriers to their usé=(g. 6.2. Recom- from one epoch to another. In particular,
mendations to address these problemthe period of the 1930s to 1950svsa
are ofered. The use of climate informa- high level of hurricane actity in the
tion and forecasts to reduce the uncerwestern Atlantic, with manhurricanes
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TABLE 6.1. Barriers to the use of climate information and seasonal forecasts

a) Forecasts not “accurate” enough, i.e., need at least 75% event accuracy.

b) Fluctuation of successive forecasts (“waffling”)

—

¢) The nature of what a forecast is, and what is being forecast (e.g., types of El Nifio and
impacts, non-ENSO events, what are “normal” conditions?)

d) Non weather/climateattors are deemed to be more important (e.g., uncertainty in other g
such as freshwater and ocean ecology)

=

e) Low importance is gien to climate forecast information because its role is unaedmpacts
are not perceived as important enough to community resources

f) Other constraints dgna flexible response to the information (e.g., meeting flood contrg
Endangered Species Act requirements)

g) Procedures for acquiring kntedge and making and implementing decisions, whicbrpo-
rate climate information, have not been clearly defined

h) Events forecast may be too far in the future for a discrete action to be engaged

i) Availability and use of locally specific information may be morevegieto a particular decision

j) “Value” may not have been demonstrated by a credible reliable organization or competitg

k) Desired information not provided (e.g., number of warm days, regional detail)

[) There may be competing forecasts, or other conflicting information

m) Lack of “tracking” information; does the forecast appear to be verifying

n) History of preious forecasts notvailable. \alidation statistics of pugous forecasts notvail-
able

striking the United States. Subsequenhurricane-hazard into a disast€ases
decades experienced reduction from thisvere dravn from the recent history of
level of tropical storm actity, although hurricane-society interaction in the
major storms continued to w&ely United States, Central America and the
impact the U.S.,\v&n during this “lav-  Caribbean. Mitigtion eforts to address
activity” period e.g. Hurricane Andve these issues generally lag behind the
in 1993.The trends leading to increasedadvances made in hurricane forecast-
social and economic vulnerability to ing A framevork for assessing vulner-
hurricane wariability were the focus of ability in light of these pysical and
this efort. A comprehense definition social trends and conditioningdtors is

of vulnerability is proposed, combining provided. Hurricane Andsg, which
elements of physical risk (e.g. event fre-devastated portions of South Florida
guency severity, location), &posure provided a “wake-up” call to many state
(e.g. demographic changes in coastaand local ggernments, and particularly
regions) and, the social capacity toto the property insurance industm
recower or adapt (i.e. resilience). This summary of key points is given irable
approach highlights thedtors that turn 6.2
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Fig. 6.2Climate and institutional interactions in salmon management in the Columbia River Basin.
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Recent knwledge about hurricanead-  within strategies for longer-term mitiga-
ability indicates that changes in laaif tion. A strong needxasts for incorpo-
frequeng are to be xpected, and that rating mechanisms for valuating
the hurricane risk on the U.S. Atlantic programs throughout their planning and
seaboard is increasing. Further studiegmplementation stages and in thegkar
of decadal -scaleaviability of the con- contexts of disaster management. Scien-
ditions faworing hurricane aoctity can tific information and kneledge for
be epected to reduce uncertainty aboutunderstanding and reducing vulnerabil-
the ptysical risk. Hovever at this time ity exists, havever the mobilization of
forecasting decadal-scaleanability is political will to undertak needed
in its infancy Uncertainty is unaid-  actions remain a central concern.

able. Thus, theycle of preparedness, In addition to the book, aveew of hur-
response and regery must be framed ricane-risk in relation to coastal man-
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Hurricanes

Fig. 6.3.Front cover of book entitledurricanes: Climate and Socio-economic Impacts

agement policies on the U.S. Atlantic hydrological, such as flood forecasting,
seaboard is also being completed. Theeserwvir management i.e. supply man-
growing concern by the insurance agement and augmentation, (2) biologi-
industry and increased attention by fedcal, such as non-point sources of
eral emegeny response agencies pollution, in-stream quality-salinity
promises to enhance partnershipgemperature, groundater contamina-
between the public and pate sectors tion, population viability urban-wild-
in disaster mitigation. lands interhce, and (3) polic and
institutional, such as responding to
6.2.3 Decadal-scale climate variations extreme @ents, demand management,
in the Western U.S.: Lessons from recenhistorical water allocation constraints,
events and implications for water Endangered Species and Clearat&y
resources and management Act requirements. From a resource man-
agement standpoint information is
The challenges posed by ater needed on present and futuraitabil-
resources in the United States are multiity of water present and future demand
faceted and interacting. The three majoand on consequences on theviem-
research issues are, (1)ypltal and ment. The werall goal from the scien-
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Table 6.2 Summary of conclusions frokturricanes: Climate and Socioeconomic Impacts

The historical record can prole useful lessons about the impacts of particulangreeeents. During the
month of October 1870 three hurricanes claimed thes lof oer 24,000 people.dur storms in this centur
have each resulted in fatalities exceeding 8,000 people

Understanding decadal trends in hurricanevaigtmay be critically dependent on understanding the broader
issues of decadal variations of the major ocean circulation

Most of the lagest losses of life during the past 50 years in the Caribbe@nrésulted from freshater-
induced floods, mud slides and landslides. In the U.S. loss of life due to stges kas steadily decreasgd
primarily due to improvements in the hurricane warning system.

Modeling studies indicate that the upper bounds on hurricane intensity will increase under gtotiagw
scenarios Wt little is knavn about how the average intensity would change. However, large-scale atmospheric
circulation changes resulting in weating of the Hadle circulation and \arming of the upper troposphefe
may result in a significant reduction in the number of hurricanes

Ecosystem dynamics, including structural composition and disiily are linled to the occurrence ofvio
frequeny hurricane eents. Natural history may be ktécably tied to decadal-scal@nations in hurricang
impact

Recent large losses from landfalling hurricanes in the U.S. are due primarily to exponential growth in coastal
populations and the valuation of coastal property

The relationship between hurricane intensity and damage is nonleanges in a particular location can
be doubled by relatively small changes in intensity

Vulnerability to hurricanes may be defined in terms of risk, exposure and capacity to recover

Changes in vulnerability can occur without changes in hurricane frequency

“Voluntary choice” does not provide a sole explanatory model for why people are located in risk-prong areas

There is a need to document the long-term social, economic and political trends that increase vulnergbility

Crises can pngde an opportunity to introduce invettions in mitigation. The success of programs isxinie
cably tied to the people, place, values, institutions and environments concerned

Insurability must be coupled to mitijon stratgies particularly where prate insurance goals and socjal
objectives may be similar

There is a strong need to increase not oelyieal but horizontal communication, education, and coordina-
tion across sectors, agencies and local groups

tific viewpoint is to impree predictions The key components of ater manage-
on the time and space scales that arment are supply management and aug-
most rel@ant to the management of mentation, demand management and
water resource at urban-rural ineesés, allocation, and the resulting @ron-
and to those appropriate to understandmental concerns. The conditioningct

ing hydrologic variability of surface and tors on present and future ater
ground water basins. resources management in thest/can
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be summarized as folks: increasing Northwest rgion, trade-dk between
population and consumption, deteriorat-hydropowey irrigation and salmon
ing water quality ervironmental vater requirements he brought allocation
allocation, uncertain resexdt water systems to their limits, threatening the
rights, ground-water oerdraft, out- very sense of community and reducing
moded institutions, aging urbanater the likelihood of vater transfers to drier
infrastructures, and the changing natureegions.
of federal state and local interactions.
Instream uses includeytiropaver gen- The dimensions of ater (quantity
eration, recreation, fish and wildlife quality, timing, location) influence its
habitat, ngigation and waste disposal. value in a particular use.avability in
Withdrawal uses include irr@gtion, these dimensions continually define and
industrial processing, thermoelectricredefine the \&st. The alterations of
power generation and municipal uses. western kdrology reflect a comple
story of human settlement, ¢@-scale
Vulnerability of Western water water dversions, the deelopment and
ewlution of water poliy and lav, and
Preliminary estimates of vulnerability to expanding  frameorks of water
weather gtremes and climate condi- resources management. In addition, the
tions in the major ver basins of the focus on supply and the resulting design
West indicate that thresholdsveabeen of water management agencies in the
reached in the areas of storage and cofAest @olved under the presumption of
sumptive depletion vs. remeable sup- water as an open resource. Recent
ply, increasing dependence onemphases on demand management and
hydroelectric pwer, high streamfly  environmental concerns have altered the
variability, and increasing grounciter traditional roles of federal, state and
overdrafts exacerbated during periods ofocal agencies.
reduced sudce flav. The U.S. Bureau
of Reclamation has indicated that duringDemographic, institutional, and climatic
a dry period such as occurred fromvariations and changes can disrupse
1931-40 the water needs of the Wwer ing relationships and current wisdom
Colorado River Basin would not be met.about society-environment interactions.

The nine western ater rgjions identi- Case studies

fied by the USGS geluding Alaska and

Hawaii) accounted for 90% of the total Three well-documented cases, from the
(surface and ground) ater withdravn  Western U.S. are used to drdessons
for irrigation in the U.S. &ur out of the about institutional learning and deci-
five costliest weatheelated disasters sions in the interaction of decadal-scale
between 1980-1997,xeluding hurri- climate \ariations and social changes.
cane impacts, occurred within the basins'he cases were:

of western states. Eackaeeded $1 bil-

lion in damages and costs, with the

recent 1996 drought ineXas reaching

$5 billion. Even in the water-rich Pacific
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« The Colorado Rier Basin: 1900- The water systems discussed in this

present. study all hae the characteristics of
Change in streamflo around 1920 “closing systems” where (a) manage-
can be regarded in retrospect as a climent of interdependence becomes a

mate change. public function, and (b) the delop-
ment of mechanisms to get all users to
« California Drought 1987-1992. acknavledge interdependence and to

Drought preided a natural “eperi- engage them in rgotiations and binding
ment” on the fleibility of large water agreements becomes necessary
systems to respond to persistent preshould be noted, meever that imple-
cipitation deficit i.e. greater than one mentation of such mechanisms does not
year. appear to be viable underydining less
than a full-blevn crisis situation
* Pacific salmon decline in the Colum- brought on by lage-scale, persistent
bia River Basin. drought, Igal constraints or quantifica-
Scientific management, incrementaltion of tribal rights.
decision-making, and the “surprise”
of the 1976-77 steghange in the Lessons dman for the practical manage-
north Pacific. ment of \ariations and climate change
indicate that epectations about the
The economic impacts and managemenrfuture tend to be better understood by
adjustments &écting water allocation those within oganizations if there is a
over time are described in detail. clear parallel with the past. Absent such
Responses to thesanations are put in a socially framed grasp of whose behav-
the contat of already wailable knevl-  ior needs to be changed andwhthey
edge of hw organizations learn about may be led to do so, resource manage-
climate and water resources and the bament tends to be fragile and lacking in
riers to applying kneledge in a polig  needed adapte flexibility and modern
contet. Stratgies in use at present analytical tools. Expectations about the
include: water banks, interbasin trans-future male sense, ganizationally,
fers, adanced decision supportfeert only when there is a compelling parallel
systems, streamflo and demand fore- with the past. Wak signals in the
casting, drought management programspresent are unlédy to spur the deep
indicators and somefefiency improve- revision of assumptions implied by dou-
ments. The study clearly skis that ble loop learning (i.e., learning to learn)
decision-making about long-termwen when there are heg costs in doing so
ronmental problems, especially thoseand the risks of inaction are unclear.
involving significant changes in baha
ior, is for the most part reaeé rather While water banking and intdyasin
than anticipatory. It cannot be addressedransfers hae been used to mitge the
without an understanding of the political effects of short-term drought, the main-
dynamics of the institutions whose tenance of supply during periods of
behavior is at stake. sewere long-term droughts of 10 to 100
years (the timescales of project imple-
mentation and ecosystem management
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efforts), that are knen to have occurred To incorporate the natural, cultural, and
in the West wer the past 1000 years is economic &ctors that must be a funda-
as yet untested. The spatiatent and mental element of sustainablevdiop-
persistence of drought may producement requires balanced and careful
shortages not only in the locale consid+eviews of current knaledge under a
ered, lmt also in neighboring gions comprehensi® framevork. Key policy
that otherwise are supposed to mak questions to be addressed under this
surplus vater aailable for intefbasin framework are as follows:
transfers. Increases in flood and drought
variability would require a rexamina- <« what does sustainablevééopment of
tion of emegeny design assumptions, water resources mean for thee$tern
operating rules, system optimization,U.S., what is to be sustained and for
and contingenc measures forxésting whom?
and planned water management sys-
tems. Designing programs aimed toe what trends &bct the realization of
increase social learning in the managethese goals, and where did these issues
ment of climate a&riations, for gample, originate?
adaptive management, provides a bridge
between knowledge and action. » what factors are responsible for the
trends? what are the primary driving or
Climate ervironment and deslopment influencing forces?
in the West: A research framework
» what is the probable course of future
The case studies identified a&Bopoint events and developments (i.e., processes
to a reframing of research goals in ordeland projections of change)?
to identify, (1) critical water-related
problems; (2) social and economice how can this information be used to
trends altering demands and influencingchange such courses of action and to
the degree of vulnerability of system realize or achie more of the desired
outputs (agriculture, recreation, wer, goals, and for whom?
water quality) to rtremes of climate
variations and to sequences ofmts; A primary focus of this ébrt is to
(3) lessons from pastvents and mea- increase the role of the scientific com-
sures to increase thexibility of water munity in providing insight into polig
allocation among users in response talecisions and implementatioRolicy-
interannual wriability and longeterm  makers are more likely to seek scientific
trends; (4) the types of information thatadvice if scientists are xplicitly
scientists can and should produce taddressing contr@rsies in the scientific
substantiate change; and (5) entry pointsterature, attempting to clarify their
for the application of scientific informa- implications and producing coherent
tion to mitigation measures empled assessments.
by water managers and decision-mak-
ers.
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6.3 Other activities and the Futue of the WSstern United
States” was deeloped and déred
A key component in all of the studies, under the Uniersity of Colorado Arts
described abee, has been to prmle and Sciences Critical Thinking Core
practical management options using riskCurriculum during Spring, 1996. As
based information i.e. climate and part of the Untersity of Colorado's Glo-
weather forecasts, and to highlight areadal Change and Eitonmental Quality
of uncertainty created by incompleteProgram, a system-wide symposium
information and surprise. Thus ada&pti was oganized, in April 1996, under the
approaches to managing seasonal tttle “The Role of Unversity Research
centennial w@riations are necessary in Public and Pxate Ewironmental
Other work highlights the role that sci- Decisions”. The symposium highlighted
ence and scientists can play in the adampportunities for interaction between
tive management of natural resourcesacademia, federal and other state institu-
and reviavs the issues wolved and les- tions and private interests.
sons learned in producing usable cli-
mate information to meet regional needsReferences:
for sustainable development. In addition
contributions hae been made to the Diaz, H., Pularty, R., S., 1997: Dec-
American Meteorological Society and adal-climate wariability, Atlantic Hurri-
the U.S. Wather Research Programcanes and societal impacts. In Diaz and
Societal Impacts groups. Pulwarty (eds.), Hurricanes: Climate
and Socio-Economic ImpactSpringer-
The creation of a database oater allo- Verlag, Germany, 3-19.
cation and projected needs as related to
seasonal to decadal smoack \ariabil- Pielke, R., Kimpel, J., Adams, C.,
ity and change in the Colorado andBaket J., Changnon, S., ééner R.,
Columbia Rver Basins has been initi- Leavitt, P, McCartly, J., Miller, K.,
ated under a National Scienceurda- Murphy, A., Pulvarty, R.S., Roth, R.,
tion-funded grant. This information will Stanley E., Stevart, T, Zacharias, T
be pravided directly and in usable form 1997: Societal impacts of weather:
to river basin managers and councils. IrReport of the Sixth Prospectus Develop-
other areas, a research framek was ment Team of the U.S. ‘VAther
designed to assess the human dimerResearch Program to M@ and NSF
sions of climate and environmental vari-Bull. Amer. Met. Soc. 79 (4) (forth-
ability on fisheries and the temperatecoming)
coastal zones of the Americas. These
presentations werevited by potential Pulwarty R., S., 1997: Hurricane-
user groups desiring to enhance theirelated hazards and coastal pplkn the
awareness and use of climate informa-eastern-U.S. sea-board. In,\ang T,
tion for decision-making in the coxte Olsthoorn, A. and, R. dI, (eds): Cli-
of long-term variations. mate Change and Extreme diNs:
Altered risk, Socio-economic Impacts
A  graduate/undgraduate  course and Poligy Responses. Cambridge
funded by CIRES and titletClimate  Press.
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