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Introduction 

LAW’S ADAPTIVE CAPACITY AND CLIMATE 
CHANGE’S IMPACTS ON WATER 

 

Craig Anthony (Tony) Arnold* 

 

As social systems and ecological systems interact in 

complex, dynamic, interconnected, and condition-altering ways, 

these systems experience pressures on their resilience, adaptive 

capacity, and evolutionary emergence.1  Climate change is the 

result of complex interdynamics between humans and natural 

processes that have nonlinear causes and effects and that are 

altering both ecological and social conditions.2  Changing climatic 

conditions are creating pressures on water law, policy, and 

management institutions, as this symposium’s authors have 

previously observed.3 

                                                                 
 *  Associate Dean for Academic Affairs and Faculty Development, Boehl Chair in 

Property and Land Use, Professor of Law, University of Louisville Brandeis School of 

Law; Affiliated Professor of Urban Planning, School of Urban and Public Affairs, 

University of Louisville; Chair of the Center for Land Use and Environmental 

Responsibility, University of Louisville.  Professor Arnold served as the Symposium 

Visiting Faculty Advisor for this Symposium, as well as a Visiting Professor of Law at the 

University of Houston Law Center in Spring 2010. 

 1.  See generally PANARCHY: UNDERSTANDING TRANSFORMATIONS IN HUMAN AND 

NATURAL SYSTEMS (Lance H. Gunderson and C.S. Holling, eds., 2002); J.B. Ruhl, The 

Fitness of Law: Using Complexity Theory to Describe the Evolution of Law and Society and 

Its Practical Meaning for Democracy, 49 VAND. L. REV. 1407 (1996); Craig Anthony (Tony) 

Arnold, Fourth-Generation Environmental Law: Integrationist and Multimodal, 35(3) WM. 

& MARY ENVTL. L. & POL’Y REV. (forthcoming 2010) [hereinafter Arnold, Fourth-

Generation Environmental Law]. 

 2.  See, e.g., INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE, CLIMATE CHANGE 

2007: SYNTHESIS REPORT: SUMMARY FOR POLICYMAKERS (2007); U.S. CLIMATE CHANGE 

RESEARCH PROGRAM, GLOBAL CLIMATE CHANGE IMPACTS IN THE UNITED STATES: A STATE 

OF KNOWLEDGE REPORT (2009); James Salzman and J.B. Ruhl, Climate Change, Dead 

Zones, and Massive Problems in the Administrative State: A Guide for Whittling Away, 98 

CAL. L. REV. 59 (2010); Robin Kundis Craig, Climate Change, Regulatory Fragmentation, 

and Water Triage, 79 U. COLO. L. REV. 825 (2008) [hereinafter Craig, Water Triage]. 

 3.  See, e.g., Craig Anthony (Tony) Arnold, Water Privatization Trends in the 

United States: Human Rights, National Security, and Public Stewardship, 33 WM. & 

MARY ENVTL. L. & POL’Y REV. 785 (2009) [hereinafter Arnold, Water Privatization 

Trends]; Elizabeth Burleson, Integrating Our Approach Toward Water, Climate, and 
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This issue of the Environmental and Energy Law and Policy 

Journal (“EELPJ”) contains articles arising out of the 

Symposium on Climate Change, Water, and Adaptive Law, 

sponsored by the EELPJ on February 26, 2010 in Houston, 

Texas.  The symposium was conceived to address the capacity of 

water law and institutions to adapt to the changing, uncertain, 

and potentially extreme demands and stresses that climate 

change – and our responses to climate change – will put on water 

resources.  Four major effects of climate change receive 

particular attention.4 

 

The first are precipitation effects.  Climate change will 

stress water supplies and flows.  Scientists predict that as 

climate conditions change, some areas will become dryer and 

some areas will become wetter.  In general, many areas will see 

more extremes in weather patterns: fluctuations between 

drought and intense storms.  Snow melts may occur earlier in the 

spring, either producing lesser amounts of runoff or runoff at 

                                                                                                                                                    
Energy, 16 WILLAMETTE J. INT’L L. & DISPUTE RESOLUTION 2 (2009);  Craig, Water Triage, 

supra note 2; Noah D. Hall et al., Climate Change and Freshwater Resources, NAT. RES. & 

ENV’T Winter 2008, at 30; Lea-Rachel Kosnik, The Potential of Water Power in the Fight 

Against Global Warming in the U.S., 36 ENERGY POL’Y 3252 (2008); Kathleen A. Miller et 

al., Water Allocation in a Changing Climate: Institutions and Adaptation, 35 CLIMATIC 

CHANGE 157 (1997); A. Dan Tarlock, How Well Can International Water Allocation 

Regimes Adapt to Global Climate Change?, 15 J. LAND USE & ENVTL. L. 423 (2000). 

 4.  On the impacts of climate change on water resources, the environment, and 

society, see, e.g., JOEL B. SMITH, PEW CENTER ON GLOBAL CLIMATE CHANGE, A SYNTHESIS 

OF POTENTIAL CLIMATE CHANGE IMPACTS ON THE U.S. (2004); U.S. GLOBAL CHANGE 

RESEARCH PROGRAM, GLOBAL CLIMATE CHANGE IMPACTS IN THE UNITED STATES  (2009); 

SCIENTIFIC ASSESSMENT OF THE EFFECTS OF GLOBAL CHANGE ON THE UNITED STATES: A 

REPORT OF THE COMMITTEE ON ENVIRONMENT AND NATURAL RESOURCES, NATIONAL 

SCIENCE AND TECHNOLOGY COUNCIL  (2008); Zbigniew W. Kundzewicz et al., Freshwater 

Resources and Their Management, in ADAPTATION AND VULNERABILITY: CONTRIBUTION OF 

WORKING GROUP II TO THE FOURTH ASSESSMENT REPORT OF THE INTERGOVERNMENTAL 

PANEL ON CLIMATE CHANGE 173–210 (Martin L. Parry et al. eds., 2007); ASSOCIATION OF 

METROPOLITAN WATER AGENCIES, IMPLICATIONS OF CLIMATE CHANGE FOR URBAN WATER 

UTILITIES  (2007); Alice Kaswan, Climate Change, Consumption, and Cities, 36 FORDHAM 

URB. L.J. 253 (2009);  MARILYN A. BROWN ET AL., SHRINKING THE CARBON FOOTPRINT OF 

METROPOLITAN AMERICA (2008); REID EWING ET AL., GROWING COOLER: THE EVIDENCE ON 

URBAN DEVELOPMENT AND CLIMATE CHANGE (2007); Gregg Marland et al., The Climatic 

Impacts of Land Surface Change and Carbon Management, and the Implications for 

Climate-Change Mitigation Policy, 3 CLIMATE POL’Y 149 (2003); CLIMATE CHANGE AND 

FORESTS (Charlotte Streck et al. eds., 2008); PETER BACKLUND ET AL., THE EFFECTS OF 

CLIMATE CHANGE ON AGRICULTURE, LAND RESOURCES, WATER RESOURCES, AND 

BIODIVERSITY IN THE UNITED STATES, SYNTHESIS AND ASSESSMENT PRODUCT 4.3, REPORT 

BY THE U.S. CLIMATE CHANGE SCIENCE PROGRAM AND THE SUBCOMMITTEE ON GLOBAL 

CHANGE RESEARCH 86 (2008); ASHLYNN S. STILLWELL, ENERGY‐WATER NEXUS IN TEXAS 

(2009); CONG. BUDGET OFFICE, POTENTIAL IMPACTS OF CLIMATE CHANGE IN THE UNITED 

STATES  (2009); Mary Jane Angelo, Corn, Carbon and Conservation: Rethinking U.S. 

Agricultural Policy in a Changing Global Environment, 17 GEO. MASON L. REV. 593 

(2010). 
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faster rates than can be captured or applied for human use.  In 

some areas, the quantities of water in surface bodies or 

replenishing groundwater will be significantly reduced such that 

existing water uses cannot be sustained and emergency supplies 

of water may be exhausted.  In some areas, communities and 

water users will need to reduce or eliminate some uses of water 

periodically or even for sustained periods of time.  It may be 

particularly difficult for communities and water users to adapt 

both psychologically and behaviorally to the changes back and 

forth between water scarcity in times of drought and water 

abundance in times of floods.  One of the implications of drought 

– whether sustained or periodic – is that the demand for water 

for crops, livestock, cooling, swimming pools, energy generation, 

and other uses increases in hot and dry climate conditions at a 

time when water supplies from precipitation, surface waters, and 

groundwater have decreased.  Another set of implications is that 

less water will be available to support aquatic species, wildlife, 

and vegetation and to maintain water quality, as there will be 

less water to dilute pollutants.  In contrast, some communities 

will experience greater frequency, magnitude, intensity, and 

duration of heavy precipitation and flooding.  These will have 

impacts of altering watershed structure, such as eroding stream 

banks, widening floodplains, and changing the habitat viability of 

aquatic species, as well as carrying more pollutants into 

waterways.  A highly complicating fact of climate change, though, 

is uncertainty.  We simply cannot predict with any reliable 

degree of accuracy now the precise locations, timing, or 

magnitude of these effects, even though scientists are relatively 

confident that they will occur. 

 

The second are environmental and landscape 

structural effects.  Climate change will stress the composition, 

structures, and functions of ecosystems, landscapes and habitats.  

Coastal areas5 are already experiencing rising sea levels, eroding 

coastlines, disappearing barrier islands, saltwater intrusion into 

                                                                 
 5.  On changes to coastal environments, see, e.g., Craig Anthony (Tony) Arnold, 

Legal Castles in the Sand: The Evolution of Property Law, Culture, and Ecology in Coastal 

Lands, 61(2) SYR. L. REV. (forthcoming 2010-11); Madeline Reed, Seawalls and the Public 

Trust: Navigating the Tension Between Private Property and Public Beach use in the Face 

of Shoreline Erosion, 20 FORDHAM ENVTL. L. REV. 305 (2009); Amy H. Moorman, Let’s 

Roll: Applying Land-Based Notions of Property to Migrating Barrier Island, 31 WM. & 

MARY ENVTL. L. REV. 459 (2007); Meg Caldwell and Craig Holt Segall, No Day at the 

Beach: Sea Level Rise, Ecosystem Loss, and Public Access Along the California Coast, 34 

ECOL. L.Q. 533(2007); Donna R. Christie, Of Beaches, Boundaries, and SOBs, 25 J. LAND 

USE & ENVTL. L. 19 (2009); TIMOTHY BEATLEY ET AL., COASTAL ZONE MANAGEMENT, 2D 

ED. (2002). 
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groundwater supplies, and severe hurricane and tropical storm 

damage, among other changes.  Human responses to these effects 

– such as armoring coastal lands, renourishing beaches, and 

rebuilding in sensitive but altered coastal areas – are also 

altering ecosystems, coastal landscapes, and habitat of species 

like endangered sea turtles.  In inland areas, the cumulative 

impacts of drought, surface water diversions, groundwater 

mining, intense stormwater runoff, altered vegetation patterns, 

and changing topography – all exacerbated by climate change – 

are severe structural changes to watersheds and to aquifers and 

karst.  These changes harm not only the natural functions of 

waterways, aquifers, and watersheds but also their capacity to 

store, manage, and supply water for future uses.  Furthermore, 

climate change is changing the type, diversity, range, health, and 

resilience of biological life in particular landscapes.  The type and 

range of crops are shifting.  Forest composition is being altered.  

Wildlife is under stress.  Pests and invasive species pose growing 

problems.  The effects are complex and interrelated.  For 

example, dying trees and vegetation from droughts or floods or 

other environmental stressors will release sequestered carbon 

into the atmosphere, and conversely, organic carbon 

sequestration policies will require reliable water supplies. 

 

The third are behavioral response effects.  Climate 

change will stress human behaviors, activities, and uses of water.  

Climate change may alter human settlement patterns in ways 

that alter water demand and weaken the resilience of 

watersheds.  For example, we might see inland and northward 

migrations from changing coastal areas and hotter and dryer 

climates, which in turn could overwhelm water supplies, land-use 

plans, infrastructure, and environments in the destination 

communities.  Likewise, human water consumption patterns may 

change, such as heat-initiated increases in demand for water for 

swimming pools, bathing, and the energy infrastructure that 

produces air conditioning.   As society attempts to reduce energy 

consumption and improve energy efficiencies, water management 

may complicate these efforts.  Energy efficiencies achieved in 

some sectors may be offset by increased quantities of energy to 

transfer more water longer distances and to increase the depths 

and pressure of groundwater wells.  Consider, for example, that 

Southern Nevada Water Authority General Manager Pat Mulroy 

has proposed transferring water from the Mississippi River 

across the Great Plains and the Rocky Mountains to supply the 
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water demands of Las Vegas.6  Another issue is competition for 

water by alternative energy sources.  If energy costs rise, water 

costs will also rise.  Hydropower has been suggested as an 

alternative energy source that reduces emission of greenhouse 

gases, but it limits both off-stream consumptive uses and 

instream natural flows to support aquatic species.  Other energy 

alternatives also create demands for water.  For example, a 

proposed $1-billion 250-megawatt solar energy farm in the 

eastern California desert became mired in controversy for its 

attempt to extract over half a billion gallons of fresh groundwater 

per year for necessary cooling and steam generation processes.7  

Conversely, energy policy may complicate water management.  

For example, efforts to reduce greenhouse gas emissions with 

smart growth policies could have unintended consequences as 

climate conditions change.  We may be building high-density, 

mixed-use, energy-efficient housing in infill urban areas that are 

in expanding floodplains, in areas with significant heat island 

effects, and in areas that lack sufficient runoff management 

capacity and disaster preparedness.  Another example would be 

the relatively high level of water consumption and nonpoint 

source pollutant runoff associated with crops – especially corn – 

raised for biofuel production. 

 

The fourth are institutional responses effects.  Climate 

change will stress the capacities, forms, and operations of 

institutions in society.  Water law evolves over time, but can it 

evolve fast enough and in the right directions to adapt to climate 

change?  This question is complicated by arguments for 

protecting the security and certainty of private rights in water 

and resistance to change by those who will be hurt most by 

change.  The authority to allocate, use, manage, and conserve 

water resources in the United States is fragmented, which is 

magnified by even greater fragmentation of authority over 

interrelated fields like land use, energy, transportation, 

emergency preparation and response, public health, 

environmental protection, and public lands management.  Does 

this fragmentation impede integration and coordination of 

adaptation responses to complex and far-reaching changes or 

does it allow for adaptive innovation and diversification of risks 

associated with responses?  Existing conflicts over water are 

                                                                 
 6.  ROBERT GLENNON, UNQUENCHABLE: AMERICA’S WATER CRISIS AND WHAT TO DO 

ABOUT IT 15-16 (2009). 

 7.  Todd Woody, Tree Deal Revives Desert Solar Plan, L.A. TIMES, Feb. 14, 2010, B1 

& B9. 
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likely to intensify and new conflicts over water are likely to 

emerge, many of which will transcend state and national 

boundaries.  Water conflict management and resolution systems 

vary greatly in their effectiveness.  Nonetheless, largely 

ineffective mechanisms, such as the equitable apportionment 

doctrine that the U.S. Supreme Court applies in original-

jurisdiction lawsuits between states,8 are likely to become more 

and more disconnected from the complex problems that underlie 

the disputes, while more effective mechanisms, such as the few 

interstate water management compacts that actually work,9 will 

face the tests of changing conditions and increased conflict.  

Some argue that the trends of privatization, commodification, 

and globalization of water resources offer adaptation to climate 

change through global markets that move water efficiently to 

meet demand,10 but others object to the likely environmental, 

political, social-equity, and geographic impacts of such a 

system.11 

 

Therefore, we seek to improve our understandings of the 

dynamics of climate change and water in society. Moreover, we 

seek to identify and analyze potential adaptive improvements to 

water law and institutions.  The authors who were invited to 

contribute articles to this symposium issue represent a range of 

analytical perspectives on the capacity of water law and 

institutions to adapt to the effects of climate change. 

 

                                                                 
 8.  See, e.g., JOSEPH L. SAX ET AL., LEGAL CONTROL OF WATER RESOURCES, 4TH ED. 

858-73 (2006). 

 9.  See, e.g., Joseph W. Dellapenna, Interstate Struggles Over Rivers: The 

Southeastern States and the Struggle Over the ‘Hooch, 12 N.Y.U. ENVTL. L.J. 828 (2005); 

Noah D. Hall, Interstate Water Compacts and Climate Change Adaptation, 5 ENVTL. & 

ENERGY L. & POL’Y J. 237 (2010). 

 10.  See, e.g., Jonathan H. Adler, Water Marketing as an Adaptive Response to the 

Threat of Climate Change, 31 HAMLINE L. REV. 730 (2008); Kathleen A. Miller, Grappling 

with Uncertainty:  Water Planning and Policy in a Changing Climate, 5 ENVTL. & ENERGY 

L. & POL’Y J. 395 (2010).  See generally TERRY L. ANDERSON & PAMELA SNYDER, WATER 

MARKETS: PRIMING THE INVISIBLE PUMP (1997); Andrew P. Morriss, Lessons from the 

Development of Western Water Law for Emerging Water Markets: Common Law vs. 

Central Planning, 80 OR. L. REV. 861, 883 (2001). 

 11.  See, e.g., MAUDE BARLOW AND TONY CLARKE, BLUE GOLD: THE FIGHT TO STOP 

THE CORPORATE THEFT OF THE WORLD’S WATER (2002); VANDANA SHIVA, WATER WATERS: 

PRIVATIZATION, POLLUTION, AND PROFIT (2002); GLENNON, supra note 6; Joseph W. 

Dellapenna, Climate Disruption, The Washington Consensus, and Water Law Reform, 81 

TEMP. L. REV. 383 (2008); Robert Glennon, Water Scarcity, Marketing, and Privatization, 

83 TEX. L. REV. 1873 (2005); Joseph W. Dellapenna, The Importance of Getting Names 

Right: The Myth of Markets for Water, 25 WM. & MARY ENVTL. L. & POL’Y REV. 317 (2000); 

Arnold, Water Privatization, supra note 3, at 789; Sandra B. Zellmer & Jessica Harder, 

Unbundling Property in Water, 59 ALA. L. REV. 679 (2008); Christine A. Klein, Water 

Transfers: The Case Against Transbasin Diversions in Eastern States, 25 UCLA J. ENVTL. 

L. & POL’Y 249 (2008). 
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Cross-jurisdictional scale is one aspect of these dynamics.  

In the lead article, “Adapting Water Federalism to Climate 

Change Impacts: Energy Policy, Food Security, and the 

Allocation of Water Resources,” Robin Kundis Craig predicts that 

federal government’s role in water allocation and management 

will grow due to the pressures of water crises and their 

implications for national energy policy, national food security, 

and the resolution of interstate conflicts.  However, Dr. Craig 

sees the potential that an increased federal role in water 

management may be influenced by interests that do not 

necessarily achieve increased water sustainability or resilience.  

The second article, “Interstate Water Compacts and Climate 

Change Adaptation,” by Noah D. Hall takes a different 

perspective on cross-jurisdictional scale by examining an existing 

method of inter-jurisdictional allocation of water management 

authority: the interstate water compact.  Professor Hall not only 

evaluates the likely vulnerabilities of existing interstate compact 

arrangements to climate change, particularly contrasting 

compacts in Eastern and Western regions and giving detailed 

assessments of each compact, but also discusses needs for 

changes to existing interstate compact institutions to improve 

their resilience and adaptability. 

 

Cross-sector interrelationships also characterize the 

impacts of climate change on water resources.  In the third 

article, “Water Demand and Energy Production in a Time of 

Climate Change,” A. Dan Tarlock explores the relationships 

between water supplies and energy production under the stress 

of climate change, particularly with respect to the use of water 

for conventional electricity generation and for alternative energy 

resources.  Professor Tarlock contends that these relationships 

are characterized by complex uncertainties, not only stemming 

from the uncertain impacts of climate change on water 

availability and demand but also from the unpredictable 

characteristics of federal policies, energy market volatility, 

political dynamics, and similar uncertainties.  Turning to a 

particular aspect of the water-energy nexus, small scale 

hydropower generation, economist Lea Rachel Kosnik asserts 

that river basin management in general is characterized by a 

“regulatory anticommons.”  Dr. Kosnik’s article is titled “A 

Regulatory Anticommons: Water Management in the U.S.”  In 

contrast to natural-resource “tragic” commons that result in 

overexploitation and private-property “anticommons” that 

produce suboptimal fragmentation of property rights, the 
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regulatory anticommons here is an excessive fragmentation of 

regulatory authority that inhibits efficient management of water 

resources under changing conditions. 

 

Thus, prospects for cross-jurisdictional and cross-sector 

structural changes in the allocation of authority and control over 

water may be limited, at best.  This observation leads us to the 

third primary theme of this symposium issue: the adequacy and 

adaptability of existing trends in decentralized water planning 

and management.  Writing from the perspectives of economics, 

institutional management, and climate science, Kathleen Miller 

lays out the climate-related uncertainties with which both urban 

water utility managers and watershed institutions are grappling.  

Dr. Miller’s article “Grappling with Uncertainty: Water Planning 

and Policy in a Changing Climate” makes the case for voluntary 

improvements to urban-water and watershed planning, 

especially through the use of multi-stakeholder planning and 

water markets.  Also addressing watershed planning, I (Tony 

Arnold) question the false or at least greatly exaggerated 

dichotomy between planning and adaptive management.  In my 

article “Adaptive Watershed Planning and Climate Change,” I 

draw on the theory and practice of adaptive planning, as well as 

emerging examples from watershed planning in the U.S. and 

Canada, to explore both the potential for and obstacles to the use 

of adaptive planning techniques by watershed institutions facing 

climate-change uncertainties.  Finally, Elizabeth Burleson’s 

article, “Emerging Law Addressing Climate Change and Water,” 

also explores the potential for increasingly participatory and 

consensus-building initiatives to improve the sustainability of 

water use and management practices globally.  Professor 

Burleson sees civil-society practices and emerging international 

norms as opportunities for increased integration of water, energy, 

and climate change concerns. 

 

The themes of fragmentation and integration seen in the 

cross-jurisdictional, cross-sector, and evolutionary aspects of 

climate change and water remind us that many of the greatest 

pressures on water law institutions to adapt occur at their 

intersection with other legal and social institutions, such as land 

use planning and development,12 environmental protection,13 and 

                                                                 
 12.  See, e.g., WET GROWTH: SHOULD WATER LAW CONTROL LAND USE? (Craig 

Anthony (Tony) Arnold, ed., 2005); Craig Anthony (Tony) Arnold, Is Wet Growth Smarter 

Than Smart Growth?: The Fragmentation and Integration of Land Use and Water, 35 

ENVTL. L. REP. 10,152 (2005); CRAIG ANTHONY (TONY) ARNOLD ET AL., KENTUCKY WET 
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energy production and policy,14 among others.  In systemic 

evolution and emergence, adaptive change usually occurs at the 

system’s edges, where it interacts with other systems and 

experiences the greatest effects of external disturbances.15  

Moreover, in socio-legal institutions, change results partially 

from intentional human design and choice and partially from the 

interdependent effects of a multitude of forces, actors, and 

processes.16  The following articles in this symposium issue of 

EELPJ address both proposals for improving water law 

institutions and the complex realities of water law institutions in 

their multi-dimensional context, both of which are necessary to 

the evaluation of these institutions’ potential to adapt to climate 

change. 

  

                                                                                                                                                    
GROWTH TOOLS FOR SUSTAINABLE DEVELOPMENT: A HANDBOOK ON LAND USE AND WATER 

FOR KENTUCKY COMMUNITIES (2009). 

 13.  Sandra B. Zellmer, United States: The Emergence of Environmental 

Considerations, in THE EVOLUTION OF THE LAW AND POLITICS OF WATER (Joseph W. 

Dellapenna and Joyeeta Gupta, eds., 2009). 

 14.  See, e.g., CONSTANCE M. BORIS AND JOHN V. KRUTILLA, WATER RIGHTS AND 

ENERGY DEVELOPMENT IN THE YELLOWSTONE RIVER BASIN: AN INTEGRATED ANALYSIS 

(1980); JOHN A. FOLK-WILLIAMS AND JAMES SPENCER CANNON, WATER FOR THE ENERGY 

MARKET: A SOURCEBOOK (1983). 

 15.  Arnold, Fourth-Generation Environmental Law, supra note 1. 

 16.  Id. 
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