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Throughout the next century and beyond, global climate change will have signif icant effeCts on 

both important economic sectors and natural resources across the United States. Global temperatures 

are projected to increase 2.5-10.4°F by 2100. and at least some of this warming is now unavoidable. 

Although the natural streams, wetlands, and biodiversity of the United States have a I imited capacity to 

adapt to a changing cltmate, those systems that are managed by humans, such as agriculture, water 

resources, and coastal development can be handled in ways to reduce the severity of adverse impacts. 

Adaptation and Global Climate Change discusses how the United States might cope with a'ntici­

pated climate change impacts m the coming decades. This report provides a review of the role of 

adaptation tn addressmg climate change, the opt ions available for increasing our abili ty to adapt, and 

the extent to wh1ch adaptatiOn can reduce the consequences of climate change to the U.S. economy 

and natural resources. Report authors Btll Easterling, Bnan Hurd, and Joel Smtth find: 

• Adaptation is an important complement to greenhouse gas mitigation policies. Reducing greenhouse gas 

em1ssions ts the only effective mech~n.ism for preventing adverse impacts of climate change. 

However, gtven that additional future climate change ts now 1nev1table regardless of mit igation efforts, 

adaptation ts an essential strategy for reducing the severity and cost of climate change impacts. 

• Adapting to climate change wi ll not be a smooth or cost-free endeavor. Although the United States 

has dtverse options and resources lor adapting to the adverse effects of climate change, changes 

will be made in an atmosphere of uncertainty. Substantial investments and adjustments will need 

to be made even w1th 1mpertect information or foresight, and successful adaptatio·n wil l become 

even more challenging wtth more rapid rates or greater degrees of warming. 

• Managed systems will fare better than natural systems and some regions will face greater obstacles 

than others. Even if there are some successes in adapting to climate change at the national level, 

there will still be regtonal and sectoral losers. In parttcular. there ts limited ability for hu~ans to 

1mprove the adapt1ve capacrty of natural ecosystems, which are not as eas1ly managed and which 

face degradation from multrple stresses. 

• Proactive approaches to adaptation are more likely to avoid or reduce damages than reactive 

responses. Anticipatory plann1ng among government mstttuttons and 1mportant economic sectors 

will enhance resrhence to the effects of climate change. Government at all levels should consider 

the 1mplicat1ons of climate change when makmg mvestments m long-l1ved rn frastructure. 

The authors and the Pew Center gratefully acknowledge the mput of Drs. Gary Yohe and 

Paul Ktrshen on thiS report. 
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Climate change resultmg from increased greenhouse gas concentrations has the potential to harm 

societies and ecosystems. In particular. agriculture, forestry, water resources. human health, coastal settle­

ments. and natural ecosystems w111 need to adapt to a changing c11mate or face dimm1shed functions. 

Reductions 1n em1ssions of greenhouse gases and their concentration in the atmosphere will tend to reduce 

the degree and likelihood that significantly adverse conditions wi ll resul,t. Consideration of actions-e.g., 

mitigat1on policy-that can reduce th1s likelihood 1s reasonable and prudent, and has generally been the 

pnmary focus of public' atte'nt1on and policy efforts on climate change. However. recogn1tion is increasing 

that the combmat1on of cont1nued mcreases in em1ss1ons and the mert1a of the climate system means that 

some degree of climate change is mev1table. Even 1f extreme measures could be mstantly taken to curtail 

global emiss1ons, the momentum of the earth's climate 1s such that warmmg cannot be completely 

avoided. Although essential for limiting the extent, and mdeed the probability, of rapid and severe climate 

change, m1t1gat1on 1S not, and th1s paper argues, should not be, the only protect1ve act1on in society's arse-

nal of responses. 

Adaptation actions and strategies present a complementary approach to m1t1gat1on. While mitiga-

tion can be viewed as reducing the likelihood of adve.rse conditions, adaptat1on can be viewed as reducing 

the severity of many impacts if adverse condit1ons prevail. That IS, adaptation reduces the level of dam-

ages that might have otherwise occurred. However, adaptation is a risk-management strategy that is not 

free of cost nor foolproof, and the worthiness of any spec1fic act1ons must therefore carefully weigh the 

expected value of the avoided damages against the real costs of 1mplement1ng the adaptation strategy. 

Adaptation to env~ronmental change 1s a fundamental human tra1t and IS not a new concept. 

Throughout the ages. human soc1et1es have shown a strong capac1ty for adapt1ng to d1fferent climates and 

enwonmental changes. although not always successfully. As evidenced by the widespread and chmat1-

cally d1verse location of human settlements throughout the world. humans have learned how to thrive in a 

wide vaflety of climate reg1mes, ranging from cold to hot and from hum1d to dry. The res11ience and flex1-

b1ilty exh1b1teo 1n the patterns of human settlements ev1dence an inherent desire and some measure of 

capac1ty to adapt. 
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For human systems. the success of adaptation depends cntically on the availability of necessary: 

resources. not only f1nanc 1al and natural resources, but also knowledge, technical capability, and institu­

tional resources. The types and levels of requ~red resources, m turn, depend fundamentally on the nature 

and abruptness of the actual or ant1c1pated environmental change and the range of considered responses. 

The processes of aoaptation to climate change in both human and natural systems are highly 

complex and dynamiC, often entailing many feedbacks and dependencies on existing local and temporal 

condit1ons. The uncertainties Introduced by the complexity, scale, and lim1ted experience with respect to 

anthropogeniC climate change expla10 the limited level of applied research conducted thus far on adapta­

tiOn . the reliance on mechaniStiC assumptions. and the Widespread use of scenarios and historical 

analogues. In addition, many social, economic, technological and environmental trends will critically 

shape the future abil1ty of soc1etal systems to adapt to climate change. While such factors as increased 

populat1on and wealth will likely increase the potential level of material assets that are exposed to the 

nsks of climate change, greater wealth and improved technology also extend the resources and perhaps 

the capabilities to adapt to cl1mate change. These trends must be taken into .account when' evaluating the 

nature and scale of future adaptive response~ and the likelihood that they w111 succeed. 

The 1mpl1cat10ns of climate change are more d1re for natural systems, because it will be difficult 

for many spec1es to change behav1or or migrate in response to climate change. While biological systems 

m1ght accommodate minor (or slowly occurring) perturbations in a smooth cont inuous fashion, even minor 

changes in climate may be disruptive for many ecosystems and 1ndiv1dual species. In addition, many of 

the world's spec1es are currently stressed by a variety of factors including urban development, pollution, 

mvasive spec1es, and fractured (or isolated) habitats. Such cond itions, coupled with the relatively rapid 

rate of ant1c1pated climate change, are likely to challenge many spec1es' resiliency and chances for 

successful adaptat1on . 

Key 1ns1ghts and fmomg~ on adaptation and its potent1al for success are summarized below: 

1 J Adaptation and mitigation are necessary and complementary for a comprehensive and coordinated 

strategy that addresses the problem of global climate change. By lessening the severity of possible 

damages. aoapta110n ~ <= key defensive measure. Adaptation IS particularly Important given the 

mounnng ev1dence ; ~ a i some degree of climate change IS mev1table. Recogn1zing a role for 
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A. Climate Change, Impacts, and Adaptation 

Cvidence ill accumulating that the £arth'.o climate ill undergoing 

change. and obl!ervationil are con.Ailltent with l!Cientific expectationll concern­

ing the increa-6ing concentration--6 of greenhou-6e gaAe--6 in the atmo_t,phere. 

Global temperatures have already increased by approximately 0 .6°C (1 °F) over the last century, and the 

Intergovernmental P·an~l. on. C,l1mate Change ( I PCCJ concluded that the majority of warming over the past •. 

50 years is likely the result of human activities (Houghton et al., 2001) . In addit ion , the IPCC projects 

that average global temperatures will increase by 1.4 to 5.8°C (2.5 to 10.4°F) this century. Warming in 

the United State's is ant icipated to be approximately one-third greater than the global average (Wigley, 

1999). This increase in global .temperature wi II be accompanied by a rising sea level, an accelerated 

hydrologic cycle resulting in greater precipitatiOn, and a potent ial increase in climate variabil 1ty, such as 

extremes of temperature, precipitation, and storm activity. 

The potential impacts of climate change are the subject of. many studies and investigations (e.g., 

McCarthy et al .. 2001). Studies generally agree tl1at, for better or worse, several crit ical sectors of the 

U.S. economy and other aspects of human welfare wil~ be affected by climate change. The effects on spe­

cific sectors of the economy and natural resou rces are the subject of the Environmental Impacts series 

produced by the Pew Center on Global Cl1mate Change (see Table 1). Each of these reports highlights the 

potential implicat ions of climate change to various sectors and discusses how adaptations can amel iorate 

the severity of possible c limate change impacts or, in some cases, prevent adverse impacts altogether. 

A cntical compon'ent of understanding how soc1etal systems will be affected by climate change 

is understanding how these systems will or can adapt to the changes. Adaptation to social and environ­

mental change is a fundamental human trait. Humans have always been able to adapt to environmental 

changes. Some of the physical features that distinguish fully modern humans from their ancestors were 

evolut ionary adaptations to climatic changes occumng in eastern Africa during the M1ocene global cooli ng 
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Exposure is the degree to whtch elements of a climate-senstttve system are in contact with climate. For 

example, the more people move to low-lymg coastal areas, the greater ts the population's exposure to sea­

level nse and tncreased coastal storms. Senstttvtty tS the degree to whtch a system can be affected by 

climate change wtthout accountmg for adaptatiOn. In agrtculture for example, corn is far m'ore physiologi­

cally senstttve to climate change than wheat is, because corn ts more sensittve to hot and dry condit ions 

and ts less able to take advantage of higher carbon d1oxide !C02l levels. 

A change 1n a system's behavtor in response to an external stimulus, such as a shock or a change in 

climate ts an adaptation. For example, an Increase in prectpitation over a grassland ecosystem may enable 

shrubs and trees to encroach upon grasslands. A nse in peak r.iver flows could increase f looding and lead to 

adaptatton in the form of more substantial management measures to protect against floods, such as higher 

levees or improved evacuation procedures. How well a system could adjust to realized or even anticipated 

environmental changes indicates the system's adaptive capacity. Availabiltty and accessibility to ad justment· 

opportunities serve as the foundation for understanding and defining a system's adaptive capacity. In man­

aged systems. wealth, availability of technology, appropnate dectsion-making capabilities, human capital, 

social capttal, nsk spreading (e.g., insurance), ability to manage informatton, and the perceived attribution 

of the source of stress (Yohe and Tol, 2002) all contribute stgntftcantly to adapttve capacity and the capabil­

tty of such systems to act1vely and adequately respond to changtng enwonments. Human systems .are 

further disttngUtshed by thetr capacity to anticipate environmental changes and respond accordingly so as to 

best prepare for expected future conditions. Thts distinction IS important in characterizing reactive and 

proact tve adaptations that are discussed later in this report. 

The adaptive capacity of natural ecosystems is much more l imited. Biological systems have the 

adaptive capacity to change and evolve in response to a variety of inherent genetic changes and external 

pressures. including cl1mate. Btological systems are constantly respond1ng to disturbance; however, the 

ttme scales necessary for natural selection are generally much longer than a few decades dunng which 

the climate could be changed. In such cases, btologtcal systems mtght accommodate mmor (or slowly 

occurrmg) perturbat tons m a smooth continuous !ashton, although even mtnor changes in climate can be 

dtsrupttve for some ecosystems and species. However, many of the world's ecosystems are stressed by a 

vartety of dtsturbances. includmg pollution. invasion of exottc spec1es, and fragmentation Cor isolation) of 

hab1tats. Such cond1t1ons, coupled w1th the relatively rap1d rate of anticipated climate change, w111 likely 

erode a system's resll1ency and reduce its chances for successful adaptation. 
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Although the climate change literature contams no standard termmology for adaptation {but see 

Sm1t et al., 2001, for an overv1ewl, 11 IS 1mportant to distinguish betwe~:n adaptation and resilience-, 

terms that are often mapproprialely used interchangeably. Th1s d1stmction can be made through the iden-

tif1cation of two general strateg1es lor adaptation: reactive adaptat1on and proactive adaptation. Reactive 

(somet1mes referred to as autonomous) adaptat1on is cons1stent w1th the concept of res1llence, wh ich sys-

terns ecolog1sts (e.g., Holling. 1986) and polit1cal ecolog1sts (e.g., Gunderson et al., 1995) define as the 

degree to wh1ch a system can absorb d isturbance and st 1ll snap back to 1ts pre-disturbance steady state. 

For example, humcanes often severely disrupt coastal ecosystems and cause catastroph ic property dam-

age. Within a few years, barrier island vegetation may show little evidence of salt-water damage from the 

hurricane, and su bsid ized hurricane msurance encourages complete rebuilding of coasta l property to pr.e-

hurricane specificatio.ns. Such react ive adaptations to climate impacts utilize the ex1st1ng polit ical, 

econom1c, and technological reg1mes of society or the abi l1ty of species to modify behav1or or respond to 

the diSturbance. Although reactive adaptations can provide resilience in the short term by restoring the 

coasta l system to 1ts prior cond1t1on, vulnerability to further humcane damage can mcrease ove~ the long 

term because contmued coastal development mcreases the system's exposure to climate. 

Sometimes try1ng to return a system to its pre-event condition is not the w1sest response, because 

the h1stoncal steady state may be wholly mappropriate for tbe new (or ex1st1ng) set of enwonmental al}d 

socioeconomic conditions. In contrast with reactive adaptation, proact1ve .or anticipatory adaptation is 

cons1stent w1th the concept of adaptive reorganization whereby a system survives disturbance by altering 

ex1sting relatiOnships or establishing new relationships and components (Holling, 1986). Such adaptations 

move beyond the concept of resilience because t hey represent a fundamental reorganization of the system 

(rather than a preservatiOn of the status quo} to 1mprove its capac1ty to avert future damages. In the context 

of cl1mate change, th1s reorganization could involve the development of new economic, technological , and 

polit1cal inst1tut10ns to avert damages, or 1t could mean taking advantage of opportunities in anticipation of 

future climate change. For example . proactive adaptation to reduce the long-term vulnerability of coastal 

commun1t1es to hurncane damage may necessitate changes 1n bulldmg codes, changes in zoning rules for 

new development. Improvements to emergency management and evacuat1on routes, and changes in locat ion 

or hvehhood (see Burton, 1996. tor a list of the many types of adaptation). The extent to which adaptation 

measures are react1ve versus proactive has 1mportant 1rnpllcat1ons for the success and cost of adaptation, and 

the impl1cat1ons of these iWC approaches tor addressmg the potent1al consequences of climate change is a 

central theme of th1s report 
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The rate of future climate change IS another fundamental cons1derat1on 1n the process of adapta­

tion, '" part because the Implementat ion of adaptation measures 1$ not an mstantaneous occurrence but 

one that develops over t1me. The trajectory of future climate change can range anywhere between gradual 

and smooth to rap1d and d1scont1nuous. To the extent that climate change IS rap1d or discontinuous, 

adaptat1on w111 be more d1ff1Cu lt because faster rates of climate change necess1tate more rapid and costly 

adjustments associated w1th any adaptive response and 1ncrease the l1kel1hood that necessary adaptive 

responses will lag changes in climate. 

For the purpose of this report , a successful adaptation IS defined as one that follows a c limate 

change causing adverse impacts and mainta1ns a system at approximately the same level of welfare or 

serv1ces as was prov1ded before the change in climate. If the adaptat1on can completely offset the loss 

from climate change, it is successful. Although less straightforward, adaptation also should be considered 

successful 1f 1t mamtams serv1ces or welfare w1th a small or minimal loss. For example, adaptation is still 

successful 1f 1t offsets most agricultural income loss, but leaves an Individual farmer with a small loss. 

The farmer may be forced to lower profit expectations, but the farmer remams solvent and flexible enough 

to be able to develop new production and marketing strateg1es for the future. 

C. Changes in Human Adaptive Capacity 

When coruidering the ability of adaptation to reduce .t>ocietal .t>y.t>tem 

vulne?·ability, it iA important to note that life in America in 2050 or 2100 iA 

likely to be quite different from life today, independent of climate change. Some 

changes will simply involve the gradual evolution of present t rends; others will be surprises. These 

changes will fundamentally alter the sociopolitical, technological, econom1c, and cultural landscapes in 

wh1ch cl1mate change occurs-they will set the backdrop of adaptation. Borrowing from an approach used 

by Schell1ng {National Research Council, 1983), a sampling of some of the remarkable changes thgt 

reshaped Amer~can life over the past 40 years helps frame the Importance of ant1c1patmg future change: 

• In 1960. the world's largest computers had 8,000 bytes of memory and occup1ed entire rooms­

tooay's personal computers have 4,000 t1mes as much memory m a small fract1on of the phys1cal space. 

• The f 1ve-year surv1val rate for all cancers (among Caucasians) contracted 1n 1960 was 39 percent­

today 1t IS more than 60 percent. 
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• In 1960. 38 percent of work10g-age women were 1n the labor force-today, 60 percent are in the 

labor force; also 10 1960, the average worker spent four more hours on the job per week than he 

or she does today. 

• The annual number of person-miles traveled per cap1ta increased by 38 percent between 1969 

and 1990, mostly because of lengthening distances between work and home. 

Whether these or any other h1storic social, economic. or tec~nological changes substantially 

altered the vulnerability of the nat1on to cl 1mate change is a matter of debate. A number of more recent 

changes, many as dramatic as those w1tnessed over the past 50 years, will alter the setting in which the 

Impacts of climate change will happen, and they will influence the degree to which adaptation is succe.ss­

ful. It is important. therefore. to take these societal changes into account when speculating on the nature 

of adaptat1on to climate change. For example, the simple fact that more people are living on the earth 

now than ever before and that societies have amassed unprecedented wealth suggests that exposure of 

life and property to climate risk has increased. As working hours have shortened and leisure time has .. 
grown. Americans are also spending Increasing amounts of time engaged in climate-sensitive recreation, 

wh1ch br10gs more people 10 contact with nat ural hazards. In addition. an extraord10ary number of 

Amencans have m1grated to coastal reg1ons (particularly the Southeast) in recent decades, increasing the 

populat1on exposed to sea-level r~se and coastal storms (Neumann et al., 2000). Likewise, development • 

in nver floodplams IS mcreasing, putting more people and' property at r1sk from flooding. 

On the other hand, societies that have acquired greater wealth and technology also have a greater 

abili ty to absorb or respond to potential impacts of climate change. For example. although vulnerability to 

trop1cal d1seases may have increased. the U.S. public health system appears capable of containing out-

breaks of 1nfect1ous d1seases , although not elim10at1ng all risk from them (Balbus and Wilson, 2000). 

In the case of changes 1n the agncultural sector, U.S. agriculture 10 the latter half of the 2Q1h 

century made unprecedented Improvements 10 productivity. Crop yields have mcreased by an average of 2 

percent per year smce 1940 <Huffman and Everson. 1992: Adams et al., 2001}. In the future, continued 

Improvements 1r v1elds are expected . although perhaps not at such a rap1d pace. In addit1on, increased 

agr1cultural etflc1encv has resulted 10 a reduct1on of acreage cult1vated. Further ga10s 10 efficiency should 

contmue the trend toward reductiOn . Moreover. the growmg demand for urban development will likely 

reinforce th1s trend. 
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Hi.Moric re.llpon.c.e.c. to change.c. in .c.ocioeconomic or environmental 

condition.c. can .c.erve 011 analogue.c. for .c.ocial adaptation to future climate 

change. Although histoncal environmental changes were not-until recently-caused by anthropogenic 

climate change, many are s1mi lar to climate change because they were gradual and irreversible or 

resulted 1n large changes in the location of activities. For example, the nation's natural resource man­

agers, includmg farmers, foresters, c1vil engineers. and their supporting institutions, have been forced to 

adapt to numerous h1stoncal challenges either to overcome adversity or to remove Important impediments 

to susta1ned productivity. Many analysts argue that the ways in which those managers and institutions 

responded to past challenges may provide insights mto how they might respond in the future to climate 

variability and change <Rosenberg, 1982; Glantz, 1988; Easterling, 1996). The following case stud ies . 

Illustrate the potent1al for technology, human.ingenuity, and mstitutional 1nnovat1on to deal with changes 

analogous to climate change: translocation of crops to new enVIronments; resource substitution in 

-L response to scarcity; and response to geophys1cal events s1milar to climate change. 

8 

A. Crop Translocation: Winter Wheat in the United States 

Mo.c.t crop J>pecie.c. hove been .c.·ucce.c..c.fully tran.c.located thou.c.and.c. of 

mi/e.c. frorn their region.c. of origin by re.c.ourceful fanneT:Il , tlnt.c. expo.c.ing the 

crop.c. to climate change by virtue of changing geography. Translocation requires plant 

matertal and cultural pract1ces to adapt to climatic conditions that often differ significantly from those in 

the1r reg1ons of origin. The translocation of hard red w1nter wheat across the prairtes of the American 

Great Plams IS a case 10 pomt. 

Hard red w1nter wheat consistently accounted for about half of all wheat produced annual ly in 

the Un1ted States in the 201
t. century (8riggle and Curt1s, 1987). Over the penod from 1920 to 1999. the 

northern bounoary of the wmter wheat zone m1grated northward 1nto a climate that was about 4.5°C (8°F) 

cooler and 20 percent dner than the climate for the wheat zone 1n 1920 (F1gure 1 ). The southward 

expans1on of w1nter wrteat has not been as extens•ve as the northward one. but average annual 
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temperatures at the current southern boundary of the w1nter wheat production zone are more than 2oc 

(4 °F) higher than those of the 1920 southern boundary. Thus. wmter ~beat has adapted to cooler. 

warmer, and dner climates in 1ts century-long expans1on. 

Figure l 

Changes in the Primary I Winter Wheat Production Zones I from 1920·1999 

Note The abolle loguoe depocts tempO.jll changes m the promary produchon zone for hard red wonter wneatlrom 1920 to 1999. Although conlined 
duung the early 20' century to the central plaons states. the producloon zone expanded south and, panocularly nc.rJh '"subsequent dec~ due to 
adaptove actoons taken to omprove wonter wheat produC1ovoty unde• a broaoer range of envoronmental condotoOns . 

Souoce· Adapted from Rosenberg I 1982) 
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What happened to encourage this expans1on? Select1ve breeding for cold-hardy varieties helped t~e 

northern expans1on of wmter wheat. Savd1e et al. (1991) found that the trapping of drifting snow over 

f1elds to mcrease moisture inf11trat1on and direct. no-till seedmg of w1nter wheat into stubble immediately 

after harvest of the prev1ous crop (a practice known as "stubbllng-m") reduced the risk of winterkill and 

perm•tted northern expans1on of the crop to include most of western Canada's agricultural area. Breed ing 

for d1sease resistance helped the southern expansion. Dalrymple ( 1988) demonstrates a steady increase in 

the diversity of w1nter wheat cu ltivars p lanted by American farmers throughout the 2Q1h century. Cox et al. 

(1986) traced the historical genet1c diversity of winter wheat and found that d1vers1ty is increasing; they · 

argue that greater genet•c d1vers1ty provides raw material for further genetic progress. Increasing diversity 

resulted in the development of wheat cultivars that were more finely tuned to their local environments. 

B. Resource Substitution in Response to Scarcity: Dryland for Irrigated Agriculture 
in the Great Plains 

Climate i.6 an important re.1>ource in the growth of a crop; it i.6 a..6 

important an input a.1> fenilizer or pe.1>ticide to .l>ucce.l>.i>fu/farming. Moreover, 

when climate vanabillty disrupts the delivery of climate resources, such as 1n periods of drought, 

productiOn costs may rise. causmg a decrease in farm revenues. Persistent disrupt•on of climate 

resources mduces farmers to substitute more reliable resources for nskier ones. Consider, for e~~mple , 

the exper•ence of Great Plams farmers in coping wi th the h1ghly vanable prec1p1tation of that region. 

lrngal•on water has become a widely used substitute for inadequate or unrel iable precipitat ion in 

the Great Plams smce World War II. As long as irrigation water was abundant and cheap, it lowered produc-

tion costs relat•ve to revenues, giving Great Plains farmers a large comparative advantage. However, 

scarc1ty of •rngat•on water acts like drought in rain-fed regions. Glantz and Ausubel (1984), in ·a study 

focusing on the recent agncultural experience with the Ogallala Aquifer of the Great Plains, argue t.hat 

decl1n1ng •rngation groundwater can serve as a useful analogy to a gradual decrease 10 precipitation. The 

aqu1fer IS a large geologic formauon of porous sand that underlies approx•mately 225,000 square miles of 

the Great Plams !W•Ih1te. 1988J. Recharge rates are very low, and lateral movement within the aquifer is 

slow. Groundwater ut11izat1on . pnmanly for ~rngat1on, rose steadily from 7 mill1on acre-feet in 1950 to 21 

m1ll1on acre-feet m 1980 (Wilhne. 1988). These Withdrawals caused the saturated thickness of the aquifer 

to decl•ne by as much as 25 tc 50 percent since the 1940s, especially 1n the southern Great Plams (High 
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Plains Associates, 1982; Lehe. 1986). Lehe (1986) notes that groundwater declmes 1n the aqu1fer caused 

irrigation pumping costs to rise. because pumptng water from lower dep~hs requ~res more fuel. . 
Kromm and White (1986) cataloged adaptat10ns to declining groundwater levels adopted by 

farmers across the High Plams Aqu1fer and ranked the adaptatiOns 10 terms of destrability for adoption. 

They report that the two leadmg adaptattons preferred by water users were to increase irrigation efficiency 

and to practice conservation tillage . Lehe 0986) shows a dramatic increase in the use of low-pressure 

~rngation systems m the southern Plams states and a switch to low.-water-intens1ty crops such as wheat 

when aquifer levels dropped. Nellis 0987) demonstrates a 5.5 percent decl1ne 1n the amount of irrigated 

acreage in southwestern Kansas between 1977 and 1983, accompar;~ied by a switch to low-water-intensity 

crops. Some farms failed durmg the revers1on, but those that survived emerged healthy and remain 

competitive, although· their .y1eld expectations were lowered. 

C. Sea-Level Rise Analogue: The Rising Great Salt Lake 

Societie..h re.4pond to climate change, but often not in the mo..ht efficient 

manner pO.i>.i>ible. Thus the process of adaptation can often be a case of "muddling through." 

Incremental decisions may be adopted to address Immediate threats, but changes that could address 

long-term threats, but may be politically d1ff1cult to adopt, are avoided. 

Between 1982 and 1986, the Great Salt Lake ~ose 12 feet due to heavy precipitation in northern 

Utah (see Morrisette, 1988). Th1s nse resulted 10 flooding and damage to lakeshore mineral Industries, 

highways and railroads, ecosystems. wildlife and recreation areas. and residential developments bordering 

the lake. The Great Salt Lake's level had not risen substantially before 1982, and models based on the 

prev1ous 30 to 40 years of data predicted vanab1llty tn lake levels only as high as 4.202 feet. Problems 

arose when actual lake-level vanabil1ty exceeded histoncal and modeled variability-by 1986, the actual 

level reached almost 4,212 feet. 

When the lake began rtstng m 1982, dec1s1on-makers assumed 1t was a one-season anomaly. and 

chose to take no action. As the lake continued to nse over the next several years, the state government 

faced uncertau1ly regarding the nature of the lake change (whether 1t was an anomaly or a trend). The 

government dec1ded to adopt a "wa1t and see" approach to dea ling w1th the problem. choosing short-term 

structural m1t1gat1on over long-term adaptations. The state pursued 1mmed1ate f 1xes such as d1ktng and 
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ra1s1ng highways. These fixe!; addressed the immediate lake-level nse, but did not necessarily protect th~ 

Infrastructure from future nses. These solut1ons also fa iled to address threats to shoreline development. 

As the Great Salt Lake continued to rise in 1986, however, the state government d~cided to con­

struct a system to pump excess water to a large adjacent evaporative pond that would increase the effective 

evapotransprrat1on rate and lower the lake, at a cost of $60 million. Shortly after the pumping project was 

constructed, precipitation subs1ded, the lake level began dropping, and the project was then criticized as 

unnecessary. lnterestrngly, th1s pump1ng project was engineered to be effective in reducing lake levels up to 

4,2 15 feet. If the lake contmued to rise above this level-only 3 feet above the high mark in 1986-the 

pumping project would have no longer been able to reduce the level further. Thus, the project that many 

viewed as a long-term solution was only effective within a relat1vely small range of conditions, illustrating the 

limitations of even long-term structural fixes if actual variability exceeds antiCipated limits. 

An alternative adaptation option that was proposed, The Beneficial Development Area { BOA), 

would have established floodplam and hazard zones in the reg1on. The BOA, which potentially would have 

removed land from development, was proposed by the Federal Emergency Management Agency (FEMAl 

and had some support at the local level. Locallt1es were reluctant to adopt 11, however, because they were 

wary of surrendermg autonomy or restricting development in valuable lands. 

D. Case Study Lessons 

Unlike the elegance and .i>implicity of model.i>, caAe Atudie.l> demoru,trate 

t"hat actual adaptation can be complex, varied, and imperfect. All three cases illustrate 

that soc1ety has a high capacity for adaptation and eventually can make adaptations to accommodate 

chang1ng conditions. The case study of translocation of crops demonstrates that the agricultural sector 

can expand the range of certa1n crops to mclude climates that are as different as the levels of climate 

change projected to occur over the next few decades. The Great Pla1ns example shows that adaptations 

can happen 1n response to resources becoming limited. The Great Salt Lake example shows that society 

can. to some degree. adoress 1mmed1ate and pressmg problems brought about by a changing climate. 

Yet these examples particularly the last two, demonstrate that adaptation is not necessarily 

seamless or eff1cient and car. bE: filled w1th many mistakes and costs. The Great Plains adaptation was 

necesSitated by what could be iermeo a maladaptation !Burton, 1996). Mrn1ng of the water in the High 
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Plams aqu1fer was not (nor is) sustainable. Farmers were able to use an inexpensive but not inexhaustible 

resource. Once suff1c1ently depleted, alternatives had to be found. To b~ sure, adaptations were made . . 
Yet, greater fores1ght and prudence 1n usmg a non-renewable resource could have avoided the problems 

that came down the road. Imposing climate change on top of ex1sting maladaptat1ons can make coping 

more difficult and expens1ve. 

The Great Salt Lake example IS an mterest1ng study of what Glantz (1988) would refer to as 

"muddling through." At f~rst. decision-makers considered the lake's rise to be an extreme event and 

anticipated that conditions would soon return to "normal." Perhaps this v1ew ref lected the "wishful think­

ing" of the decision-makers and possibly the sentiments of the wider, commun1ty-completely 

understandable positions 1n the face of significant scientif1c uncertainty about the fate of the lake . 
.. 

However, though "moddling. through" is not unusual, it can impede recognit ion of long-term change. This 

can result 1n delayed act1ons and, consequently, h1gher adjustment costs (or 1ncurred damages). In the 

Great Salt Lake, adaptations were made mcrementally to address problems as they arose, but decision-

makers had difficulty w1th anticipatory adaptations to address risks from a cont1nued rise m lake levels. 

They avoided the BDA, perhaps because it would have resulted in short-term econom1c harm. The invest­

ment m the pump1ng station turned out to be costly and, ultimately, unnecessary for the immedia.te 

problem. However, given the potential for a continued rise m lake levels, the mvestment still may have 

been appropriate. Such large investments, which could be necessary 1.or adaptation to climate change, 

can be risky for dec1sion-makers. Governments may have 'more incentive to engage in Incremental 

responses that provide only short-term solut1ons rather than more comprehensive changes that can better 

position soc1ety to cope with larger events in the future. 

On the whole, the case studies suggest that society has a substantial capac1ty to adapt to climate 

change but may tn many instances fall short of using the capacity to 1ts full extent. The necessity of 

coping w1th adverse impacts from climate change will force adaptations, but dectston-makers may miss 

many opportunities to adap~ more effectively and efftctently. 
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A central que .. uion in the a..o..oe.t>..oment of the potential impact.t> of cltmate 

change to the United State..o i..o the extent to which adaptation can reduce the 

vulnerability of ..oocietal..oy..otem..o .. A review of quantitative studies of reactive adaptation to 

climate change can help assess whether reactive adaptation may be successfu l In offsetti ng adverse 

impacts of climate change. The literature as a whole offers an opportunity to garner broader lessons 

concerning the general eftecttveness of reactive adaptation . 

A. Reactive Adaptation as Assessed in Quantitative Studies 

The publi..ohed literature offer..o limited analy..oi..o on what damage..o 

would occur to U.S . ..oocietal..oy.t>tem..o if there were no adaptation to future 

climate change, and it doe..o not qddre..o..o the extent to which damagu could be 

avoided and the co..ot of ..ouch avoidance mea..oure..o. The analysts necessary to compare 

scenartos wtth and wtthout adaptation has only been conducted for coastal resources and agricul~ure. Given 

that these are soctetal sectors that demonstrate high potential for adaptatton, analysis of the relative effec­

tiveness of adaptatiOn in these sectors alone should not be extrapolated to other sector.s-such as natural 

ecosystems-where ad~ptation may be less successful. 

Coastal Development 

A small number of studtes analyze the impl ications of sea-level rtse for coastal communities and 

the potent tal for adaptatton to ameltorate damages. Yohe (1989) estimates that a half-meter rise: in sea 

level would place $185 btlllon of property and infrastructure in jeopardy by 2100, 1 and a one-meter rise 

10 sea level would place $429 billion in Jeopardy by 2100. Titus and Greene (1989) estimate that the 

fmanw;l cost of protectmg a 1 developed areas from a half-meter sea-level nse would be $50 to $66 bil­

lion. and protectmg agam~t a one-meter sea-level rise would cost $115 to $174 btllion. This analysis 

suggests that appropriate aoaptatton could reduce the seventy of damages to development by about three­

ftfths to three-quarters. compared wtth no adaptation. Neumann et al. (2000) pomt out that some areas 

I. Cost eswnate5 are presented rr· 2C:OCSo r.O)um:c usrng consumer prrce rndrces as reported rn CEA 2003 
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may have relattvely low property value relative to the cost of protection and thus further sav10gs are 

posstble by hmtttng the scope of protectton to exc lude low value areas: fherefore, the relative reduction 

10 damages from adaptatiOn could be larger. However, even areas with relatively low property values may 

be valued for cultural, ecologtcal, or aesthetic reasons. The Cajun panshes of the low-lying Louisiana 

bayous are a pnme example. 

Agriculture 

The U.S. Nattonal Assessment of the Potential Consequences of Climate Variabi lity and Change 

examined the effect of climate change on agricultural product ion in the United States under two model 

scenarios-the relattvely dry Canadian Cltmate Model (CCM) and the 'relat ively wet Hadley model 

<HadCM2) (Rei lly et .aJ., 2q0ll. The results comparing dryland crop yields for climate change without 

adaptation and climate change with adaptation appear tn Table 2. Such adaptations account for adjust-

ments made at the farm level: they do not account for shifts in productton in response to changes in 

relative yields domesttcally or tn response to changes 10 foreign trade (e.g., Adams et al., 1995). Such 

productton shtfts could further reduce losses or increase gains from climate change. Moreover, the models ·· 

Table 2 

Project ed Nation a l Avera ge I Change in Dryl~nd Yields I over t he 2 1 " Century 

Crop CCM wltoout adaptation CCM with adaptation HadCM2 Wltoout adaptation HadCM2 with adaptation 

Cotton +96 +96 +82 +82 
Corn +23 +24 +34 +34 
S~beens +30 +64 +76 +97 

Hard red seuns wheat ·4 +14 - +30 +36 
Hard red wonter wheal ·1 +13 +55 +59 
Sott wheat •3 +4 +20 +21 
Durum wheat -5 +12 +30 -t-33 

Sorshum .. 21 +87 +70 +96 
Roce ·8 +4 +10 +18 

Barle~ +25 +133 -132 +197 

Oats ·2 +24 .,. ]OJ +106 

Sotase +18 +20 .. 32 +32 

H ·I .) .,.}5 +15 

Su!!ar cane .. ·5 +7 · B .. 16 

Susar beet +II +II -24 +24 

Potatoes ·25 -20 -:E +I 

Fresh ora~~ -91 - 91 -6~ .. 69 

Processed ora!!!lcs •120 -120 ·'9 .. 49 

Fresh srapefruot -101 -101 -60 +60 

Processed srapelruot -112 +112 .,..sE +53 
Pasture -20 +20 -38 +38 

Note varue~ oepresent oercent croang~ on c•op yoetd~ from 2000 to 2090 resuttrn£ tro~; chmat~ chanee wrth a no wrtnout adaptallor •. 

Source f<erlly et at 12001) 
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do not account for future discoveries in agricultural science and technology that will almost certain I;· pre;>: 

v1de new opt1ons for adaptatiOn. 

The table shows that ytelds for most crops may increase 10 response to cltmate change without adapta­

tion. although y1elds for some may decrease. In all cases <except for hay under the Canadian model), adaptation 

may reverse losses. In about half of the cases, adaptation may result in larger yield increases. Reilly et ·ai. (2001) 

further demonstrate that the average mcrease in yield brought about by adaptat1on is 7 to 15 percent. 

Similarly. Tol et al. ( 1998) reviewed two studies of U.S. agriculture-a study of climate change 

in the Mtssourt , Iowa. Nebraska, and Kansas region (the MINK study: Easterling et al., 1993), and a 

reassessment of econom1c effects of climate change on U.S. agriculture (Adams et al., 1995). The. review 

shows adaptat1on reducing adverse effects of climate change by 29 to 60 percent in the MINK study (but 

still y1eld1ng net losses) and reversing losses in the economic reassessment study. 

Although l1mited m number, these stud1es covering the coastal and agricultural sectors show that 

adaptation can substantially reduce adverse impacts or even turn losses into. gams. These studies, how-

ever, assume a gradual change in climate a.~d no change 1n climate variability. It •s also important to 

keep 1n m1nd that the results are based on modeling, and models tend to assume perfect information or 

perfectly rattonal behav1or. The real world is less elegant and simple; actual adaptations may b~ less 
' 

effect1ve or more costly than the models suggest. Nonetheless, models provide useful insight into the 

potent1al for adaptat1on . 

B. Effectiveness of Reactive Adaptation-General Findings 

Can the United Stare..o adapt to climate change without incurring exce..o­

.Dill{l .Dacia! and envimnmental co .. M11? As mentioned above, tim1ted quantitative information is 

avatlable to address th1s quest1on. However, on a qual1tat1ve basis, some general conclusions can,be 

drawn regardmg the capac1ty of the United States to adapt to future climate change. Adequate adaptive 

capac1ty 1S requ1red across a range of scales from the m1cro (place-based) to the macro (national). 

React1ve adaptauon by soc1ety depends on a number of determmants of adapt1ve capacity identified by 

Yohe t~nd Tot (2002) and supplemented here: 

• The path of cl1mate change; 

• The portfoliv of iools for adaptation; 
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• The uptake of adaptive strategies; and 

• Human and soc1al cap1tal stock and risk-spreadmg 1nstitut1ons'. 

The above factors are summar1zed m the fo llowing sections. 

The Path of Climate Change 

The more rapid and vaned the change in cl1mate, the more chal lengmg it will be for society to 

adapt. The path of cl1mate change mcorporates the rate of change, the vanability of change, and the 

magnitude of change (e.g., whether climate becomes monotonically wetter or drier, or whether it fluctu­

ates). Experience :-"'lth histor1cal analogs of climate change suggests that agricultural and other societai 

land-use systems are fully capable of responding to long-term change that occurs gradual ly and consis-

tently. Given the time to depreciate and replace ag1ng capital stock with new stock and production 

systems, there IS little reason to doubt the ability of American farmers to switch to crops that are better 

adapted to the changing climate, assuming, of course, that such changes are supported by prevailing eco-

nomic condit1ons. The key w1ll be the successful identification of the s1gnal of climate change such that 

farmers make the right dec1s1ons in a t imely way. If farmers fail in this regard, then they may face sub-

stant1al costs of adaptmg. T.he same conclusions apply to the replacement of coastal Infrastructure. and 

buildmgs 10 response to climate variability and sea-level rise. 

A more rapid rate of climate change IS likely to make adaptation more diff1cult and result in net 

damages. One of the underlying problems with a mor~ rapid change is that the pace of adaptat ion needs 

to speed up. With a more rapid change in climate, infrastructure and other Investments wi ll need to be 

replaced or modif ied more rapidly and, in many cases, before the end of design lifetimes are reached. 

Replacing investments early will also increase the cost of adaptation. 

Changes in variability, especially increases in extreme events. likely would pose an even greater 

-+­
' 

' challenge for adaptation. Extreme events such as floods and droughts cause extens1ve damage to many I 

parts of society. and thus a critical issue for adaptat1on IS the degree to wh 1ch frequency, mtens1ty, and 

persistence of extreme events change. Such changes portend a more d1ft1cult and costly transition 

compared w1th that based solely on margmal changes 1n average cond1t1ons. 

Studtes of agnculture have projected that larger magnitudes of Climate change (e.g., 4-5°C or 

7-9•F) would lead to a decline in marginal production, even under opt1m1st1C assumptions about adaptation 
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CNAST, 2000; Mendelsohn. 2001 ). Higher magnitudes of sea-level rise translate to, at a minimum; gre~ter 

risk of flooding and exponent1al mcreases in coastal protection costs. Larger magnitudes~~ change in 

climate will likely mean more frequent and mtense extreme events, even if the variance does not change. 

Although the literature md1cates that societal systems may be able to cope w1th climate change under 

certain Circumstances. even a relatively gradual change in climate (e.g., a 2°C or 4°F warming over a century) 

may overload many spec1es' and ecosystems' ability to adapt. A 2°C (-4°F) warming will shift climate zones in 

the Umted States by approximately 100-150 miles. Many spectes, particularly vegetation, will be unable to 

m1grate at a rate fast enough to keep up w1th the shifting climatic zones. In addition, human development 

already severely constratns the ab1l1ty of many species to adapt to climate change-populations have been 

reduced and fragmented by development, stressed by pollution, and barred from m1gration by cities, towns, agri­

cultural areas, and roads. Furthermore, climate change will likely facilitate the introduction and dominance of 

invas1ve species more adapted to the new climatic conditions, presenting additional risks to the survival of native 

spec1es. In general, climate change is expected to result in a loss of biodiversity in the United States. 

Box 1 

Adaptation in Developing Countries 

Adaptive capac1ty 1s not equally distributed worldwide. 

For many soc1etal sectors that are sensitive to climate 

change such as agriculture. water resources, and human 

health. the vulnerability of the Untied States (and other 

developed countnes) IS substantially lower than the vulnera­

bility of devetopmg countnes. The two mam reasons for 

thetr greater vulnerability are thetr sensitivity and exposure 

and their lower adaptive capactty. Developmg countries 

have a far larger proportion of theu economtes 10 climate· 

senstltve ac1tv1t1es such as agncultur~. They also face more 

adverse 1mpacts in thiS sector. For example. gram crop 

yields in low latitudes are more likely to be reduced as a 

result of climate change thar. 11ratn crop yields 1n middle 

and htgh latitudes (see McC<orth\' et at.. 2001 , lor more 

diSCUSSIOn). Neghgtble tncrease~ in temperature 1n the 

already warm tropics. home to lh~ maJOrity of developing 

nations. likely will push crops 1nto physiological stress. 

Thts alone severely constrams aoap11ve capacity. 

Developmg countnes also have greater vulnerability 

to climate change because they have less adapl tve capac­

tty than do developed countne~. Smt! et at. (2001) 
identify the determmants oi aoapt1ve capactty: economic 
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resources, technology. information and skills, infrastruc­

ture. institutions, and equity. 

Developed countnes generally possess more.of these 

determinants than developing countries. Developed coun­

tnes have htgher income per capita than developing 

countries (e.g .. the countries belonging to the Organization 

lor Economic Cooperation and Development-;!enerally 

considered to be the developed countries-POssess 30 
percent of the world's population and 70 percent of the 

world's income). These countries tend to have the best 

technology, the highest level of schooling and training, the 

best access to information, the most developed infr~struc­

ture. and the most stable and effective institutions. It is 

interesting, however. that equitable distribution of income 

does not appear to be correlated with level of develop­

ment. Many developing countries have less income 

d1spanty than a number of OECD countries (World 

Resources Institute. 2003). 

On the whole, because developing countries tend to 

possess less adaptive capacity than developed countries, It 

is reasonable to expect that adaptation would be less 

effective in coptng with adverse effects of climate change. 



Even where regions on the whole may be able to successfully adapt to a l1m1ted climate change, 

speciftc mdtvtduals and commumties could st1ll be displaced and harmed by climate change. Of particular 

concern are those commumties that have strong t1es and assoc1at1ons w1th specific areas and resources that 

are exposed and senstllve to climate change (e.g .. through sea-level nse. increased drought, extreme heat), 

denve a htgh share of the1r mcome from climate sensitive actiVIties such as agriculture or fishing, and lack 

fmanc1al and other means to adapt to change. 

In addttion, this paper's opt1m1sm about the ability of the United States to adapt to a gradual warm-

ing shou ld not be extrapolated to the abiltty of developmg countries to adapt to climate change. Developing 

countnes face a different set of challenges with climate change that briefly are outlined in Box 1. 

The Portfolio of Tools for. Adaptation 

The Un1ted States currently is endowed with a large portfolio of tools for adaptmg to climate change. 

Results of model simulations of s1mple reactive agronom1c strateg1es, such as sw1tchmg crops and cultivars, 

planting earlier, and changmg land-use allocations, suggest that the nation's farmers have a htgh potential to 

adJUSt to the early stages of 

warming. Moreover, the nati~n's 

water managers and other natu-

ral resource protesstonals have 

developed strategies for coping 

w1th c limate risk. Such strate-

gies, whtch mclude mcreasing 

storage, improving conservation, 

and increas1ng water transfers 

may prov1de a measure of 

protect1on agamst climate 

vanabthty and a f~rst hne of 

defense agamst climate change. 

Much IS still unknown. however. 

such as the long-term success 

of these tools for mtt1gat1ng 

Figure 2 

Support for I Agricultural Research ( 1960-94) I 

o.s 

0.0 

1960 1970 1980 1990 

Year 

The aoo--e lo~ure deprcls tong-term changes rn fectera l state, and prrvate fundrng for 
agucuhurat research over three oecaoes 

Notes Annual expenarlures CIOJuStea for rnflatron by cost-of-research deflator, rncludes 
lunas ror USDA research 2!gencres IAarrcullural Research Setvrce, Economrc Researctr 
SeNice. and Nauonal Aartcuhural Lrbraryl and cooperatrve state research 

SourcE: Econom:c Research Servrce Data derrved from Alston and Paroey ( 1995). 
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climate change, and the ease with which the tools will be employed. In partic;ular, it is not clear if these .. tools 

alone wi ll be suff icrent to adapt to a rapid change i~ climate or a .ehange that involves a significant increase 

in intensity or frequency of extreme events. 

The research and development sectors may yield new technologies and practices providing more tools for 

adaptation-for example, genetically modified crops and animals, and innovative applications of knowledge gained 

by mapping plant and animal (including the human) genomes to reduce vulnerability to climate and related stresses. 

These advances bode well for successfully coping with future climate transitions, as long as the pace of climate 

change is not excessive. However. the rate of technological innovation is tied to the level of federal, state, and private 

investment committed to research. Accordrng to the U,S. Department of Agriculture's Economic Research Service, 

public (state and federal} research expenditures for agriculture rose 3-4 percent per year from 1960 to 1980 (Fuglie 

et al., 1996}. Since 1980, however, government real investment in agricultural research has been essentially flat 

(Figure 2). This is not an encouraging sign for the agricultural sector's capacity to adapt to climate change. 

The portfolio of adaptation tools will also depend on the perceptions and values of the broader .society. 

Sacral acceptability of technology grven real or perceived risks can be a significant barrier to technological adoption 

and diffusion . to wit. the raprd and nearly univer-Sal decline of the nuclear power industry in the United States. 

Advances in agricultural brotechnology have shown significant promise in altering the sensitivity of agricultural crops 
., 

to a variety of factors, including cl imactic factors such as temperature and drought. However, social and ·cultural 

attitudes toward food and the types of technologies that are used in its production have raised concerns about 

potential heath risks, risks to genetic diversity, and aesthetic characteristics. It is too early to project the long-term 

future of the technology. However. the current resistance by Asian and European consumers and the potential that 

continues for rejection by the U.S. consumers may well slow research and the deployment of these teChnologies. 

Uptake of Adaptive Strategies 
. , 

Resource managers and pol icy-makers will be challenged to identify, observe, and react to 

climate change appropriately. This challenge stems part.ly from the difficulty in properly identifying and 

dist ingurshing climate change f rom natural climate variabi lity (Schneider et al., 2000). There is some 

indication that the process of aoa pt ing to clrmate change has already begun, among both societal and 

natural systems. However, the earl rer case study of the Great Salt Lake exempl ifies the trouble that 

managers may encounter wrth detect ing a climate-change trend from background climatic fluctuations. 

Compou ndrng thts identrflcatron challenge, inappropriate management strategies and institutional con-
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strarnts on decrsron-makers-such as the need to g1ve due cons1derat1on to the nghts of property own­

ers-may result 1n delayed adaptation and outr1ght maladaptatton-thclt.l,s, long-term adaptation to 

short-term climate vanability that IS 10cons1stent w1th long-term climate change. Over the long term, 

some ineff1c1ency 10 adaptatron rs bound to happen, at least 1nitrally. In the case of agriculture, 

Schneider et al. (2000) demonstrate that crop y1elds could be reduced by several percentage points if 

farmers delay thetr response to climate change or misread the d1rect1on that cl1mate change takes. 

Another cntical issue IS how quickly new technologies will be diffused into common use. 

Yet another important facet is the role of public policy in promoting or inhibiting adaptation. 

Policies that encourage expenmentat1on and change could promote ad.aptation, while those that discour­

age change can discourage adaptation. For example, agricultural policies that reward farmers for planting 

specific crops 10 spec'ific locations can discourage farmers from changing their planting regime in 

response to climate change. Water policies that encourage users to consume or waste water can inhibit 

the adoptron of water-saving technologies and practrces and even the transfer of water to more efficient 

uses 1n response to climate change. In contrast. water allocation pol1c1es that enable prices to fluctuate 

w1th water availability and allow water to be traded among users tend to encourage more efficient use of 

water. Market-or1ented water transfers can prov1de valuable flexibility 10 adapt1ng to changes in water 

scarcity. The value of this flexibility and the adaptive capacity 1t provides must, however, be weighed 

against the possible adverse and unintended consequences such transfers often entail because of water's 

interconnectedness to water users whose values are difficult to reflect in economic markets (e.g., the 

value of instream flows for fish and wildlife habitat. the aesthetic and spiritual values held by some 

groups, and the value of quantity and quality changes to downstream water users). 

It IS Important to note that complete adaptation by all regions, populations, or individuals is not 

a necessary condition for society on the whole to adapt successfully. Indeed, successful adaptation can 

entarl a loss of livelihood and migration tor many people. For example, the agricultural sector is expected 

to adapt to climate change ifl part by expanding productron in northern parts of the United States and 

reduc1ng production of many crops in many southern areas <NAST, 2000). This geographic shift could 

result 10 reduct1on of acreage or loss of employment for many farmers 10 areas that experience shrinking 

product1on. Other sectors are equally confronted by challenges of climate change {e.g., see the discussron 

about water resources 1n Box 2). 
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Box 2 ., 

Water Resources: A Focal Poirit of Adaptation 

Throughout human civ1hzat1on and settlement. water 

has been a focus of human adaptation to the natural world. 

A key precursor to permanent settlement. hndmg and devel· 

opmg reliable water supplies are among the hrst 1ssues a 

commun1ty must address. H1stoncally, water supply needs 

were addressed by decidmg where to locate settlements-for 

example. commumties have almost always been located on 

Of near a source of water such as a nver Of sprmg. Close 

prox1m1ty to water, however, often enta11s nsks. Settlements 

along rivers are subject to seasonal variations in stream flow 

and most dramatically to the penod1c flooding that 

generally charactenzes rivers and streams. Commumties 

usually develop strateg1es to cope with the variability of 

water supply: storing water during penods of abundance 

fCK use dunng periods of scarcity, and developing protective 

systems that mitigate damages during floods. 

Balancing the benefits of prox1mity and nsks of 

flood, however. IS often a complex community deCISIOn 

that is made all the more difficult under climate change. 

A challenge 1s. therefore. presented to commun1t1es in 

adapting these balancmg methods to the prospect of climate 

change. Consider the recent flood1ng that occurred In the 

Mississippi and Missouri rivers and the challenges to policy· 

makers 1n decidmg where and how re·development should 

be permitted. In 1993, water flows m the MissiSSippi and 

M1ssoun watersheds exceeded all measures ever recorded 

lor the basin-precipitation levels. river f lows and heights. 

duration of flood flows, area flooded. and econom1c impacts. 

The floodmg was the most costly 1n U.S. hist()(}', w1th 

damages estimated between $12 b1lhon and $15 billion 

(Interagency Floodplam Management Rev1ew Committee. 

1994). Some have speculated that the event was a once in 

500 years occurrence; however. such a statistic has meaning 

only 11 the underlying hydrochmat1c cond1t1ons have been 

and continue to be fundamentally stable. How prone to fail· 

ure 1s that assumpt1on, espec1ally given that the historical 

record in most cases spans only about 100 years? 

Stud1e; of climate change 1ml)2c1S on U.S. water 

resources suggest that vulnerablhlies are keenly lied to 

runoff changes and can vary greatly w1thm and across 

reg1ons (Hurd et al. !999a. 2004; Lettenma1er et af .. 

19991. Estimates are hignly sens1t1ve to assumptions about 

future demands and to the potential lor adaptiVe responses 

to mitigate 1mpacts. For ex2mple. '' wate1 supplies become 
limited. to what extent oo commumtles 1mplement measures 

to reduce meff1C1ent water uses' Funlier complicatmg an 

estimation of impacts is a host of other factdrs, stressors, 

and their interactions. Many regions, for example, are 

confronting the stresses of d1mmished water quality and 

heightened competition lor ava1lable water supplies. These 

conditions add to the vulnerability that communities face 

in adapting to climatic change (Hurd et al., 1999bl. 

Planning and management actions can increase the 

resiliency and adaptability of water systems in the face 
of expected climate change. Proactive options use robust 

methods for risk management in water resources, and help 

msure cost -effective responses to climate change (Major, 

1998). Flex1ble new developments in water institutions, 

including the increasing use of markets and privatization, 

are helping shape the opportunities for anticipatory 

adaptation options. U.S. examples include free-market water 
purchases in California, privatization of water system 

operations in Atlanta and other cities, and privatization of 

a regional sewage system in the Milwaukee metropolitan a~ 

(Metropolitan Water District. of Southern Caflfcw:nia, 2001; 

United Water. 1998; Milwaukee Metropolitan Sewage 
Distnct, 1999, respectively) . 

Two schools of thought on the adaptive capacity of 

water resources and systems have emerged. The first 

believes that water managers already have the necessary 

tools to cope with climatic change. Schilling and St'akhiv 

( 19981, for example. argue that key responses to climate 

change are virtually the same as responses to existing vari· 

ability: upgrade supply-s1de and demand-side measures and 

add flexibility to mstitut1ons to better rope with social and 

environmental changes. The other school, however, attaches 

greater Significance to the changing fundamentals being 

introduced into the climate system. A shift in the climate 

1)2radigm mcreases the uncertainty. No longer can the histor· 

1cal record be relied on to gu1de the design, construction, 

and planning of water projects. This school has less confi· 

dence that sufficient time and information will be available 

befCKe the onset of significant or irreversible impacts. 

Proponents of this view argue that "complacency on the part 

of water managers may lead to the failure to anticipate 

1mpacts that could be mitigated or prevented by actions 

taken now" <Gieick and Adams. 20001. In its report on eli· 

mate change and U.S. water resources, the U.S. National 

Water Assessment Group s1des with the latter group and 

cautions that "sole reliance on traditional management 

responses is a m1stake" !Gie1ck and Adams, 2000). The 

assessment group advises that the uncertainties of climate 



Box2 

.. 
Water Resources: A Focal Point of Adaptation (cont.) 

change could reqwe the development of new approaches reliance on traditional tools alone is the lost opportunities for 

and technologies assocrated wrth water systems and use. as cost-effectrve prevention or mitrgallon of severe rmpacts. 

well as efforts and project desrgns that exceed those planned Rather. the assessment group advocates an anticrpatory 

for in addressing current climate variability. The downsrde of response on the part cif water resource managers, policy-

complacent (or reactive) responses ol water managers and makers, and infrastructure designers . 

.. . 

+ 

+ 
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The nature and extent of expected climate change may reveal inadequaciu 

in exi;,ting in;,titution;, and reactive re;,pon;,e;,. Wait ing to act unti l changes have occured 

can be more costly than makmg forward-looking responses that anticipate climate change, especially with 

respect to long-l1ved assets and infrastructure such as bridges and dams, coastal development, and floodplain 

development. A '·wait-and-see" approach would be part icularly unsuccessful in coping with: 

• Irreversible Impacts, such as species extinction or unrecoverable ecosystem changes; 

• Unacceptably h1gh costs and damages, such as lnappropnate coastal zone development that 

exposes lives and property to mtense storm damages; and 

• Long-lived Investments and infrastructure that may be costly or proh ibitive to change in 

response to climate change (Smith', ·1997). 

Proact1ve adaptation, unlike react ive adaptation , IS forward-looking and takes into acc~unt the 

inherent uncertainties assoc1ated with ant1c1pating change . Successful proact1ve adaptation strategies are 

therefore f lexible; that is. they are designed to be effective under a wide variety of potential climate 

conditions, to be econom1cally justifiable (i.e., benefits exceed costs), and to increase adaptive capacity. 

Wilen and where c limate change risks loom large, long-run societal goa ls may benefit from a 

thorough and comprehensive consideration of the adequacy of institutions and infrastructure .in providing 

necessary serv1ces m light of cl1mate change. Perhaps the clearest and strongest cases for incorporat ing 

proact1ve adaptat1on mto long-1erm plann ing are those of long- l1ved Investments and the design and 

organ1zat1on of mstrtutrons. 

Proact1ve adaptatton could be best facili tated through a range of poss1ble mechanisms including 

knowledge and learnrng, risk and disaster management and response, Infrastructure planning and devel-

opment, rnstrtutronal des1gn anc reform. rncreased f lex1bt1Jty of sensrt1ve managed and unmanaged 

systems, avordance of maladaptat1on. and technologrcal rnnovatron. In addrtron, all of these mechanisms 
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are routrnely Influenced or governed by public rnstrtut10ns and publrc policy, allowrng governments to play 

an active role in enhancing the uptake of proacttve adaptatron strategll:!i., These mechanisms and thetr 

rntersect1on with publtc policy are bnefly d1scussed below. Box 4 presents some examples of reactive and 

anticipatory adaptations that are already occurring rn the United States. 

A. Knowledge and Learning 

Knowledge i.~> key to adaptive capacity (Smith and Lenhart, 1996; Smit 

eta/., 2001). Knowledge is dynam1c: 11 accumulates through observation, mon1torrng, and analysis. It 

can also degrade, however, if the learning process IS neglected. For example, knowledge degrades if moni­

toring and data collection systems collapse, 1f research and development are not continually supported, 

if literacy and educa.t1on levels diminish. or rf basic socretal infrastructure decays. 

Adapting knowledge proactrvely mvolves choosing the type and level of learn1ng from a spectrum 

of pathways, rang1ng from pass1ve to active learning. Pass1ve learning is akin to reactive adaptation. 

Passive knowledge is desirable when short-run and long-run priorities are in agreement and when reaction 

t1mes for adjusting to external disturbances are relatively swift. In the context of climate change. pass1ve 

learning presupposes that climate change wi ll behave in a predictable and smooth manner and that any 

surprises can be "muddled through" with mmimal disruption. However, climate change could involve 

sudden and unpredictable changes in extreme events, which could lir;nit the capac1ty of nonstructural 

changes to cope with impacts. 

At the other end of the spectrum, act1ve learning IS more experimental. Acttve processes may 

Involve penodic testing such as providing a shock to the system and observing the resulting behavior. 

Such testmg supports the poss1brhty for feedback to update and rev1se the system. thus enlivening the 

process of adaptive capacity building. 

B. Risk and Disaster Management and Response 

PToactive adaptation to climate change may neceJ.J.~>itate periodic 

rea.~>.~>e.~>.~>ment of the adequacy and preparedneJ.J.~> of relief .~>y.~>tem.~> and 

program.~>. particularly in light of changing frequency and inten.~>ity of 

extreme even t..o. Governments and insurance companies provide relief for such extreme climate 

events as hurricanes, floods, and droughts. Even though these programs appear to be the very essence of 

reactive response, they can rnvolve risk-reduct ron measures. For example, insurance companies may 
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requ1re the adoption of certa1n practices to reduce exposure of people and property to climate extre~es or 

they drop msurance. 

Insurance rates are dr1ven by actuanal tables and probability est1mates, wh1ch heavily depend on 

knowledge and mformat1on gathered from government agencies. Updating nsk tables may requ ire antici­

pation of future changes m r1sk. D1saster ass1stance agencies such as FEMA must be able to assess t hei r 

financ1al exposure to r1sk m order to Identify budgetary needs. 

An example of proact1ve preparedness is the abil ity to fight and control fires during the explosive 

summer fire season. With hotter summers, the extent, magnitude, and length of the fi re ·season can reason­

ably be expected to rise (e.g., Malcolm and Pitelka, 2000; NAST, 2000). Proactive adaptation, ther~fore , 

may mclude frre m1t1gat1on programs such as prescribed burns and land use controls. 

C. Infrastructure Planning and Development 

Among the mo.llt vuible component.ll of adaptive capacity are the infra­

Mructure .llY.ll tem.ll that .llupport economic activitie.ll and .~;ocial f unctioning. 

In many cases, flex1b1lity. durability, and resiliency to chmat1c vanab11ity and change can be enhanced via 

changes m Infrastructure des1gn charactenstics and building codes (Toman and Bierbaum, 1996), similar 

to the approach taken m earthquake-prone areas. Weighing the economic tradeoffs, however, i ~ the 

pnncipal d1fficulty. Designmg infrastructure to enhance flexibility, durability. and resiliency is often 

relat1vely inexpensive (Nat1onal Research Council, 1992). Getting the balance correct is challenging in 

the face of an uncertain climate future and a planning process that often focuses on short-terl1} and 

least-cost solut1ons. Questions of the "sufficiency" of bui lding design and the possibili ty of ·ex post adap­

tation (I.e., reactive adaptations) are pertment and contnbute to the complexity. (See Box 3 for a 

discussion of sea-level rise adaptation issues.) 

D. Institutional Des1gn and Reform 

lnMirurional effectivene.lll; i.~; another key element to promoting 

adaptive capacity. lnstnuuons can provide information to affected actors on how climate is chang­

mg and how they can alter !herr behav1or to adapt to the change (Ribot et al., 1996; Smit h and Lenhart, 

1996; O'R1ordan and Joroar . 1999). For example, weather serv1ces can prov1de mformation on changes 

m Climate means and v&nabtlny. while agriculture extens1on serv1ces can mform farmers about changes in 

crop vanet1es c.nd pract1ces ihat may be better suited to changmg climate cond1tions. 
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Box3 

Adaptation to Sea-Level Rise in the United States 

Current act•ons to adapt to sea-level rise and coastal 

erosion prov1de mterest1ng ms1ght into measures that might 

be undertaken to adapt to accelerated sea-level rise associ­

ated with chmate change. Sea-level rise is one effect of 

chmate change that is readily understandable by coastal 

inhabitants and, in some cases, already an important part 

of coastal management. Some forward-looking states and 

communities have begun to recogn1ze the 1nertia of sea­

level rise: a certain measure of accelerated sea-level rise 

will happen, regardless of short-term actions that might be 

taken to mitigate greenhouse gas em1ssions and the antici· 

paled 1m pacts. Adaptation measures taken now can 

minl!Jme property damage, reduce eventu.al_protection 

costs. and maximize·co'ntinuing ecological health of coastal 

resources. Whether initiated by governments or individuals, 

many of these act1ons can justifiably be termed adapta· 

lions to sea-level rise. although in some cases the stated 

motivation for the action may be linked to other coastal 

processes (e.g., shore erosion). 

Land-use planning and acquisition programs in a few 

states acknowledge the increasing vulnerability of coastal 

resources to advanctng seas. In New Jersey. lor example, 

the Coastal Blue Acres land ac_qu1sit1on program was 101ti· 

ated in 1995 to acqu~te lands 10 coastal areas that have 

been damaged by storms, that may be prone to storm 

damage, or that buffer or protect other lands from storm 

damage. The funds are now exhausted. and the acquired 

lands are being used for recreation and conservation. This 

anticipatory approach to limiting the potential for future 

property damage meshes well with the state's land-use 

planning, initiated to ensure consistency between local 

development plans and state infrastructure investments. 

Through this comprehensive planning, New Jersey has 

more clearly delineated areas for future development and 

clanfied expectations of where the state plans to support 

mvestments such as roads and beach nourishment 10 the 

coastal zone. 

Other states also have clear coastal policy statements 

that encourage coastal landowners to act in ways that 

anhc•pate sea-level nse. In Rhode Island. shoreline armor· 

•ng (e.g .. seawalls) has been explicitly prohibited along 

much of the open ocean shoreline and in some back bay 

areas as well . Texas has established a rolling easement-an 

entitlement to public ownership of property that ~rolls" 

1nland w1th the coastline as sea level rises !Titus. 1998). 

Th1s measure IS one of the more explicit adaptive measures 

being undertaken because of its d~rect link with sea-level 

rise. Other states employ setbacks IBernd-Cohen and 

Gordon, 1999). a less des~rable measure. because once 

property is developed there is no mechanism for acknowl· 

edging a continuing advance of the seas. The development 

line becomes fixed. and it may eventually requ1re expensive 

fortification agajnst the sea. Finally. a lew states have 

initiated requirements for local governments to explicitly 

acknowledge sea-level rise (e.g .. North Carolina) or storm 

evacuation potential (e.g., Florida) in their comprehensive 

land-use managerp!lnt plans. 

At the federal level, one encouraging program !s 

FEMA's Gommunity Rating System. In exchange for-imple­

menting government-sponsored plannmg and risk 

communication programs. residents in participating coun­

ties receive reductiOns in their annual National Flood 

Insurance Program premiums. Among other measures, the 

program encourages communities to preserve open space, 

1mpose development restrictions (frequently through 

zoning}, and relocate high-risk structures. 

In a few cases, individuals are also taking adaptive 

actions. Many coastal landowners. lor example, practice 

small-scale erosion-control measures such as erecting_ sand 

fencmg, and others are accommodating rising sea level by 

elevating their structures and mcorporating "tear-away" 

walls on ground floors to accommodate storm surges. In 

some cases, these measures are encouraged by financial 

incentives provided by national flood insurance reforms. 

Another factor encourag1ng individuals to adapt to coastal 

·' hazards is an increasing concern among private insurers 

about writing general homeowners policies for propert1es in 

coastal zones, even for properties as far as 1.000 feet 

inland. 

In addition. some landowners are banding together to 

take collective action. In Santa Barbara, California, resi­

dents raised $3.5 million to purchase a 69-acre coastal 

parcel to prevent development, creating a recreation area 

and eros1on buffer m the process (Hemz Center. 2000). 

Nonprofit land trusts and conservancies are also 

begmnmg to take notice of sea-level nse. These organiza­

t•ons, comm1tted to long-term ecolog•cal health through 

land conservation, have a strong mterest in understanding 

how coastal ecolog•es may be altered by a nsing sea. 

espec1ally w1th regard to then land acquisition and conser­

vatiOn efforts. For example. The Nature Conservancy's 

Global Climate Change Initiative mcludes a project in the 
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Adaptation to Sea-Level Rise in the United States (cont.) 

Albemarle Sound area of North Carolina and Virgmia. The 

Nature Conservancy 1s protecting lands in th1s area to 

enable spec1es and their surroundmg systems to migrate 

mland and upstream in response to future sea-level rise. 

As sea-level nse accelerates. there will be a growing 

need lor a more concerted effort to coordinate actions and 

undertake adaptive plans on a broader scale. The first step 

m most areas IS awareness of the threat. Adapt ive planning 

measures can then be taken to ensure an efficient sea­
level nse response strategy that combines retreat, 

accommodation. and protective strategies. While the ability 

to forecast sea-level rise with great accuracy c:Ner long t ime 

scales is limtted. the advantage of time, the high value of 

coastal property. and the relat ive predictability of sea-level 

rise compared to other effects of cl imate change mean 

adaptation is likely to be a good investment. 

Prepared by James E. Neumann, Industrial Economics Inc. 

Institutions can also 1nhibit adaptation , One way they do so IS to distort information that could 

encourage adaptatton. Water allocation 1nstit ut10ns that fix the prices consumers pay effectively mask 

changes 1n water avat1ab1ltty that could be communicated to consumers through changes in prices. 

Institutions can also encourage behavior that is destructive or nsky. For example, flood insurance pro-

grams can encourage development in flood-prone areas by 1nsunng homes agamst flood r isk, rather t han 

havmg consumers bear the full risks and therefore presumably adopt more risk-averse behavior (see the 

discussion of maladaptation below). . . 
Changmg 1nst1tut1ons so they can better address climate change can be a difficult and costly 

matter. Institutions are long-l1ved and often lack the tnternal mechanisms for self-assessment and revi-

s1on. Vested tnterests are often effective at lobbying to protect and preserve their economic stakes and 

the real or perce1ved "value" of their property, the va lue of which in turn IS determined in P.art by· the 

econom1c bene! its of the institution or program (Buchanan and Tullock, 1962). Thus. maintaining or 

restonng 1nstttut1onal effectiveness raises its own challenges. not the least of which are claims by 

property owners for "tak1ngs" compensation. 

Better design. reform. and coord1nat1on of government polic1es and programs can be appropriate 

vehicles tor proacttve adaptattOr The most su1table reforms can also generate additional benefits that 

1mprove resource planntng and economic etf1ciency. Hurd et al. (1999a, 2004) and Frederick and Gleick 

(1999) suggest that Improving the V1ab1hty and funct1on1ng of active water markets, for example, con-

tributes to 1ncreased water use efficiency under current climate conditions, and also helps mit igate the 
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adverse tmpacts of cltmate change. Such "no regrets" or wtn-wtn approaches lead the Its! of improve­

ments and changes worthy of constderatton (Scheraga and Grambsch, 19~8). 

E. Increased Flexibility of Sensitive Managed and Unmanaged Systems 

lncrea.Aing the flexibility of vulnerable managed and unmanaged 

..oyMem..o to with..otand change..o in climatic condition..o may be an effective 

proactive re..opon..oe to climate change. For example , the adapt ive capactty of managed systems 

that are senstttve to c ltmattc condit ions, such as agriculture and water del ivery tnfrastructure, may be 

helped by measures that enhance these systems' resilience to climate variability and change (i.e., ability to 

Box4 

Is the United States Already Adapting to Climate Change? 

Societies and natural systems are always adapting to 

climate fluctuations and variability. With the climate chang­

ing, partly as a result of increased greenhouse gas 

concentrations, 11 should be no surpnse that adaptations to 

climate change are being made. Whether these are con­

scious Choices to adapt to climate change induced by 

anthropogemc activ1ty 1s not ~nown. 

Consistent with expectations. two types of adaptations 

are be1ng made. The vast majority of adaptations are reac­

tive. For example, The Washington Post reported that some 

companies are investing in weather insurance to protect 

against losses from higher temperatures <Schneider, 2001). 

In addition, some farmers have expressed interest in pur­

chasing drought and flood res1stant seeds in response to 

tncreased weather extremes. Insurance companies are 

becom1ng more concerned about increased risks from 

extreme events. Such behav1or is quite similar to responses 

to cl1mate variability. but there does appear to be a growing 

recognition that average and extreme climate conditions are 

chang10g. ThiS recogmtion appears to be incorporated more 

and more into decisions that are sensitive to climate. For 

example. McBeath (2003) found that institutions managing 

Alaska's transportation systems. are 10corporating climate 

change 10to dec1s1ons with long lifetimes (e.g.; 50 to 75 

years) but not shorter-term decistons. 

There IS also grow10g evtdence that the natural world 

IS chang10g 10 response to climate change. (The observed 

effects of climate change on ecosystems in the United 

States 1s a toptc of a .separate report 10 preparation.) For 

example, Parmesan 0996) found that the location of 

Edith's checkerspot butterflies has shifted northward along 

the West Coast of the United States. apparently in response 

to increased temperatures, while several studies found that 

a number of species of birds are lay10g eggs earlier and 

migrat10g north earlier in the year (Bradley et al., 1999; 
Brown et al., 1999; Dunn and Winkler, 1999). 

In addition to the many examples of reactive ad~~ta­

tion, there are some examples of people consciously 

anticipating future climate change 10 their decisions. One 

of the more interes~ing examples comes from 

Massachusetts, where the Massachusetts Water Resource 

Authority (MWRA) has designed a sewage treatment plant 

for the greater Boston metropolitan area with sea-level rise 

' In mind. The plant is located on Deer Island. in Boston 

Harbor. Raw sewage collected from communities on shore 

is pumped under Boston Harbor and up to the treatment 

plant. After the wastes are treated, the effluent is dis­

charged into the harbor through a gravtty outflow (i.e .. a 

downhill ptpe). The MWRA orig10ally planned to lower the 

level of Deer Island about half a meter to be closer to sea 

level. Thts would reduce the costs of pumping untreated 

sewage from the shore up to the treatment plant. However, 

design engineers were concerned that sea-level rise would 

necessttate construction of a wall around the treatment 

plant to keep the sea out. The effluent would then need to 

be pumped up over the wall and mto the harbor. Such a 

pump would cost several hundred million dollars. To avoid 

such a cost. even though 11 mtghl be dec,ades before it 

would need to be mstalled, the designers decided to leave 

the island at a htgher elevation. 
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recover qu1ckly from a shock such as an extreme climate event; Klein and Tol , 1997). Enhanced resil ience 

already benef1ts these systems under current climate vanability, and even more benefits may be ~itnessed 

under future climate change. For example, allowmg markets to Signal whether water supplies are limited or 

available can enable consumers to react qu1ckly to changes 1n supply. 

Natural ecosystems are particularly vulnerable to climate change, owmg largely to their signif i­

cant sens1t1v1ty and exposure and to their limited capacity to adapt to even moderate change. Some policy 

measures may reduce the vulnerability of natural systems. For example, efforts that reduce current 

stresses such as habitat fragmentation and pollution can enhance the strength and resi lience of natural 

systems. resulting in stronger populations and enhanced capability to respond to climate change. Land­

use polic1es that conserve m1grat1on corridors may also improve the likelihood that some species survive 

as cl1mate changes (Parmesan and Galbraith, 2004). 

F. Avoidance of "Maladaptations" 

The avoidance of "maladaptationll" ill an importa"!t conAiderqtion for 

climate change adaptation. Maladaptations are situations where management of natural resources 

1s already lead1ng to undue harm to ecosystems or society (Burton, 1996). For example, the current prac-

tices of development of low-lying coastal areas and areas prone to floodmg and the continued cropping of 

margmal agncultural areas are examples of trends that increase exposure to current climate and climate 

change nsks. L1m1t1ng development of low-lying coastal areas, applymg innovative approaches such as 

"rolling easements" (Titus. 1998). or using such programs as the Conservation Reserve Program to discour­

age cropping of marginal agriculture areas are examples of approaches that can address maladaptation . 

G. Technological Innovation 

Technological change ill a principal route of many recent human 

adaprationll. lnnovat1ons in transportation. agriculture, and informat1on systems have advanced 

adapt1ve capac1ty in sign1f1cant ways. Technology has propelled U.S. agriculture to ever-greater production 

levels over the past century (Cochrane, 1979). Adams et al. {200 1) and Reilly (1999) conclude t hat 

technological mnovat1on coupleo w1th appropnate advances and changes m management will enable the 

U.S. agncultural system to r1se to the challenges posed by climate change. However, that is predicated 

on mamtammg and poss1bly enhancmg both pnvate and publiC research capac1ty, wh1ch may require that 

both government and mdustry take proactive positions. 
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H. The Role of Public Policy 

Public in.1Jtitution.11 and policie.11 wield con.11ide;able power in .11haping 

technology development. re.11ource and land u.11e, information collection and 

du.11em ination, ri.11k management, and di..11a.11ter relief As a result, governments can 

substantially rnfluence the magnitude and d1stnbut1on of climate change impacts and social prepared-

ness. For example, the U.S. exper1ence during the Dust Bowl era of the 1930s shaped the design and 

direction of government efforts to assist in managing the nation's soil and agricultural resources. 

Research was pursued to understand the causes and contributing factors of the Dust Bowl, and to develop 

technologies, management systems. and support programs to minimiz~ the reoccurrence of such a 

calamity. Had the reaction been limited to simply providing immediate disaster rel ief and restoration of 

existing practices, th~··coun'try might have faced an even worse set of outcome_s dur~ng the severe drought 

that later hit the region in the 1950s. However, that potentially more extreme d1saster was avoided 

because of the proactive steps that had been taken by the federal government (Cochrane, 1979; CAST, 

1992). 

.. 

·. 
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A..6 th~ climate-change re..6earch and policy communitie..6 fully confront 

the challenge..6 of underAtanding and managing adaptation to climate change, 

the i..6..6ue..6 framed in thi..6 report provide important in..6ight..6 concerning the 

information needed to make appropriate policy choice..6 regarding adaptation. 

The following conclusions provide initial guidance. to those communities: 

7 J Adaptation and mitigation are necessary and complementary for a comprehensive and coordinated 

strategy that addresses the problem of global climate change. By lessening the severity of possible 

damages, adaptation IS a key defensive measure. Adaptation IS particularly 1mportant given the 

mountmg ev1dence that some degree of climate change is inevitable. Recognizing ~. role for adap­

tat ion does not, however, diminish or detract from the importance of mitigation in reducing the 

rate and likelihood of significant climate change. 

2) The literature indicates that U.S. society can on the whole adapt with either net 1ains or:.some costs 

if warming occurs at the lower end of the projected range of magnitude, assuming no change in 

climate variability and generally making optimistic assumptions about adaptation. However, with a 

much larger magnitude of warming, even making relatively optimistic assumptions about adapta­

t iOn, many sectors would experience net losses and higher costs. The thresholds in t.erms of 

magn1tudes or rates of change (includ ing possible non-l1near responses) in cl imate that will pose 

difficulty for adaptat1on are uncertain. In add it ion. it is uncerta1 n how much of an increase in 

frequency, 1ntens1ty, or persistence of extreme events the United States can tolerate. 

3) To say that society as a whole •·can adapt" does not mean that regions and peoples will not suffer 

losses. For example. wi"ile the agricultural sector as a whole may successfully adapt, some 

reg1ons may gain and others may lose. Agriculture 1n many northern regions is expected to adapt 

to climate change by tal<mg advantage of changing climatiC conditions to expand production, but 

agnculture 1n many souihern reg1ons IS expected to contract w1th warmer, drier temperatures. 

lnd1v1oual farmers may lose the~r livelihoods. In add1t1on, other 1nd1viduals or populations in 
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these and other regions can be at r isk, because they could be adversely affected by climate 

change and lack the capacity to adapt. Thts is parttcularly true :o1 relattvely low-income individu­

als and groups whose ltvellhoods are dependent on resources at nsk from c l tmate change. 

4) Adaptation is not likely to be a smooth process or free of costs. While studtes and history show 

that soctety can on the whole adapt to a moderate amount of warmrng, tt is reasonable to expect that 

mistakes will be made and costs wi ll be incurred along the way. People are neither so foolish as to 

continue dotng what they have always done in the face of climate change, nor so omn iscient as to 

perfectly understand what will need to be done and to carry it out most effictently. In reality, we are 

more likely to muddle through, taking adapttve actions as nece.s;;ary. but often not doing what may be 

needed for optimal or tdeal adaptatton. Addittonally, adaptation Is an on-going process rather than a 

one-shot instantaneous occurrence. Compounding society's shortcomtngs, a more rapid, variable, or 

generally unpredictable cl imate change would add further challenges to adaptation. 

5) Effects on ecosystems, and species diversity in particular, are expected to be negative at all but 

perhaps the lowest magnitudes of climate change because of limited abilities of natural systems to 

adapt. Although b iological systems have an inherent capacity to adapt to changes tn environmen­

tal conditions, this capacity is limited. Given the rapid rate of projected c limate change, -adaptive 

capacity of many spec1es is likely to be exceeded . Furthermore, the abtltty of ecosystems to 

adapt to climate change is severely limited by the effects of urban1zation, barriers to migration 

paths, and fragmentation of ecosystems all of which have already critically stressed ecosystems .. 
independent of climate change itself. 

6) Institutional design and structure can heighten or diminish society's exposure to climate risks. 

Long-standing Institutions. such as disaster relief payments and insurance programs, affect adap-

t ive capacity. Coastal zoning, land-use plannmg, and butldtng codes are all examples of 

+ 

institutions that can contribute to (or detract from) the capactty to w1thstand climate changes 1n + 
efficient and effective ways. 

7) Proactive adaptation can reduce U.S. vulnerability to climate change. Proacttve adaptation can 

1mprove capacrt1es to cope wtth climate change by taktng climate change tnto account in long-

term dec1s1on -maktng, removing dis1ncenttves for chang1 ng behav1or tn response to cl imate 
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change (such as remov1ng subsidies for maladaptive activities). and mtroducing incentives to 

mod1fy behav1or 1n response to climate change (such as th~ use of market-based mechan isms to 

promote adapt1ve responses). Furthermore, 1mprovmg and strengthenmg human capital, through 

education. outreach, and extension serv1ces, 1mproves decision-makmg capaci ty at every level 

and mcreases the collective capac1ty to adapt. 
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