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ABSTRACT 

 

This dissertation makes valuable contributions to hazard and disaster vulnerability 

assessment theory and methodology. Appendix A presents results of a national survey of 

state drought planning processes that examined and evaluated how state processes were 

assessing drought impacts and vulnerabilities, and how assessments were used to mitigate 

risk. While impact and vulnerability assessments have been useful for reactive, short-

term mitigation, most were found to have not been used to develop pro-active and/or 

committed, long-term mitigation programs. To be useful for developing long-term 

planning and mitigation, assessments must involve more social scientists, a greater 

emphasis on second-, third-, etc., order impacts, and examining how systems are sensitive 

to drought exposure, and studying adaptive capacity. Appendix B adapts a political 

economy/human ecology and political ecology research framework and examines how 

regional historical, institutional and regional development patterns in central Arizona 

have contributed to the production of local drought vulnerability in rural Arizona during 

the 20th century. The study evaluates the applicability of a research framework developed 

in Third World settings, and resulted in valuable insights for developing state and county 

policy in Arizona to mitigate social, economic, and political-institutional drivers of 

drought vulnerability. Appendix C compliments the assessment in Appendix B by 

examining local drivers of drought vulnerability and conducting a comparative drought 

vulnerability analysis in two rural communities in northern Gila County, Arizona. The 

assessment found local differences in community water system vulnerabilities were 



 
 
 

8

driven by differences in capacity to adapt to climate variability and population growth. 

Differences in adaptive capacity, in turn, were driven by differences in local 

management, institutional factors, and economic incentives of private and public water 

systems. Together, the three appendices contribute practical and theoretical contributions 

for assessments conducted by state and local governments, non-governmental 

organizations, and academic research units that seek to assess and ultimately mitigate 

hazard and disaster vulnerability. 
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INTRODUCTION 

 

Explanation of Problem 

Researchers that study disasters during and after extreme geophysical events have 

long been interested in the mediating roles of behavior, society, and culture. The way in 

which researchers (and society more generally) view the relationships between hazards 

and disasters conditions the kinds of explanations that are put forth to understand the 

causality of calamity. For some extreme geophysical events are interpreted as divine 

intervention reacting to unfavorable human behavior and societal characteristics. For 

others events are interpreted as the unfortunate result of improbable extreme, natural 

forces. In both cases, the causality of disasters is often framed as an “act of God” in 

which factors outside of behavior, society and culture dominate interpretations for 

ensuing deprivation, and loss of livelihood and life. 

 This dissertation contributes to the literature on hazard and disaster vulnerability 

in three ways. Appendix A contributes an analysis of contemporary methods used by 

state drought planning processes in the United States to assess drought impacts and 

vulnerability. The analysis builds on previous literature on state drought planning by 

linking results of the survey to academic research on vulnerability assessment theory and 

methodology. Appendix B contributes a novel First World case study analysis of drought 

vulnerability in central Arizona. The analysis draws on related political economy/human 

ecology and political ecology frameworks to frame the production of local drought 

vulnerability in rural Arizona in terms of broader historical, institutional and regional 
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development in central Arizona. Appendix C examines the local setting addressed in the 

second paper, and presents results of a comparative analysis of drought vulnerability of 

two rural communities in northern Gila County, Arizona. The paper presents a First 

World case study of drought vulnerability that contributes to recent motivation to conduct 

such assessments in advanced capitalist states. 

 Together, the three papers make practical and theoretical contributions to the 

literature on vulnerability assessment. The papers also provide guidance for governments, 

non-governmental organizations, and academics conducting drought and hazard 

vulnerability assessments. Finally, the papers lay out recommendations for future 

research that will improve the understanding of the production and persistence of drought 

vulnerability in the First World. 

 

Approach 

The three appendices in this dissertation research used similar data collection 

methods. Appendix A involved conducting an email questionnaire, interviews with 

drought planners, and content analysis of drought planning documents, reports, and web 

pages. Semi-structured interviews were conducted with state drought planning officials in 

21 U.S. states. Data for the Appendices B and C were obtained from both primary and 

secondary sources. Primary data were collected via semi-structured interviews with 

stakeholders including state, county, and local government officials and representatives, 

water providers, members of the local and regional real estate community, residents, and 

local community groups. Secondary data were obtained from government reports, ‘gray’ 
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literature, peer-reviewed journal articles, newspaper articles, books, and official 

government and university websites. Much of the secondary data were identified during 

interviews with state, county and local government officials, university researchers, and 

business representatives. 

The three appendices share a common theoretical approach to analyzing and 

framing drought vulnerability and vulnerability assessments. Each study, however, 

required a specific analytical framework. In Appendices A and C, drought vulnerability 

assessment techniques and water shortages (respectively) are analyzed using a framework 

that describes vulnerability as a function of exposure, sensitivity, and adaptive capacity. 

Appendix B integrates hazard vulnerability and political ecology analytical frameworks 

to analyze local vulnerability as an outcome of historical and institutional factors, and 

regional development. The three appendices, together provide novel examinations of 

drought vulnerability that make theoretical and applied contributions to hazard 

vulnerability research and, more broadly, geographic research on sustainable human-

environment relationships.  

 

Organization of the Dissertation 

The dissertation research is presented as three appendices. Each appendix was 

written as a manuscript in preparation for submission to a peer-reviewed journal. 

Literature reviews for each study are found in their respective papers.  

Appendix A, “Assessing Drought Impacts and Vulnerabilities for Long-Term 

Planning and Mitigation Programs,” presents results of a national survey of state drought 
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planning processes in the United States in 2004. The survey examined impact and 

vulnerability assessment methods, and how assessments were being used to develop and 

improve short- and long-term mitigation. Specifically, the survey asked the following 

questions: How effectively are states assessing impacts and vulnerabilities? What kinds 

of assessments are more informative for pro-active mitigation? How could assessments 

be made more effective for long-term vulnerability mitigation programs? Appendix A 

will be submitted to the Journal Environment for publication. 

Appendix B, titled “Socio-Historical Production of Drought Vulnerability in 

Rural Arizona: Water Supply and Demand in Northern Gila County” adapts a ‘political 

economy/human ecology’ research framework to study the socio-historical production of 

drought vulnerability in northern Gila County. The framework is derived from a subset of 

the research on hazard and disaster vulnerability (Hewitt 1983, Varley 1994, Blaikie et al. 

1994, Oliver-Smith 1996, Wisner 2004), and from recent discussion on First World 

political ecology (McCarthy 2002, Robbins 2002, Walker 2003, McCarthy 2005). Using 

this framework the paper argues that in northern Gila County community water system 

vulnerability to drought has been driven by several long-term, regional factors, including: 

development and population change throughout the 20th century in central Arizona; 

private investment in and development of rural amenity-based communities and 

economies in central and north-central Arizona; and state and county institutional 

arrangements that have been ineffective for ensuring the adequacy of local water 

resources during a period of intensifying regional and local land use in northern Gila 

County. Thus, recent water shortages in northern Gila County, while admittedly triggered 
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by recent severe drought conditions, were ‘in the making’ throughout the 20th century as 

the region became increasingly integrated with the rapidly growing Phoenix-metropolitan 

area in central Arizona. Appendix B will be submitted to Regional Environmental 

Change for publication.  

Appendix C, titled “Drought Vulnerability and Adaptive Capacity: The 

Production and Persistence of Vulnerable Rural Water Systems in Northern Gila County, 

Arizona” presents the results of a comparative drought vulnerability assessment of two 

closely located community water systems in northern Gila County, a rural area of central 

Arizona. Both systems have experienced multiple shortages and outages during the recent 

drought. The assessment compares and contrasts the capacity of both water systems to 

mitigate the frequency, duration, and intensity of water shortages and outages. According 

to official government and newspaper accounts recent water shortages and outages have 

primarily resulted from three factors: the reduction of recharge to the area’s aquifers by 

severe drought, the drought-sensitive nature of the region’s groundwater resources, and 

increasing water demand driven by population growth. These accounts discursively frame 

water shortages and outages as emerging from a ‘natural’ process initiated by sustained 

precipitation deficits. First, sustained precipitation deficits reduce recharge to the aquifer. 

Eventually, reduced recharge decreases the production capacity of community water 

systems, which in turn results in periods of insufficient water production. Population 

growth has increased demand for water and thus reduced the length of time before which 

shortages are imminent. Appendix C will be submitted to Global Environmental Change 

Part B: Environmental Hazards. 
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PRESENT STUDY 

 

The methods, results, and conclusions of this dissertation are distributed in the 

appended papers. Overall findings in the three separate studies contribute to specific 

aspects pertaining to the theory and methods of assessing drought vulnerability.  

 

Appendix A - “Assessing Drought Impacts and Vulnerabilities for Long-Term Planning 

and Mitigation Programs” 

During the past two decades over 35 state drought plans and planning processes 

have been created or implemented, representing a ten-fold increase since the mid-1980s. 

Previous national surveys have indicated that many of these plans and planning processes 

are short-term. That is, they are activated as drought conditions develop, and become 

inactive as moisture stress and water deficits diminish. 

Concern over growing vulnerability to drought has resulted in calls for greater 

emphasis on pre-drought vulnerability mitigation. This paper examines the practice of 

state-level drought planning and mitigation, and in particular how states have assessed 

impacts and vulnerability, and used assessments in the mitigation of future drought 

impacts. Survey results indicate that many assessments have been useful for reactive, 

short-term mitigation, but most have not been used to develop pro-active and/or 

committed, long-term mitigation programs. 

Discussion is focused on how states can modify and diversify assessment 

instruments to be more effective for long-term planning, particularly for long-term 
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vulnerability mitigation programs mitigating vulnerabilities. It is argued that to be useful 

for developing long-term planning and mitigation, assessments must involve more social 

scientists, a greater emphasis on second-, third-, etc., order impacts, examining how 

systems are sensitive to drought exposure, and studying adaptive capacity. 

 

Appendix B – “Socio-Historical Production of Drought Vulnerability in Rural Arizona: 

Water Supply and Demand in Northern Gila County” 

 The paper argues that an historical and structural perspective provides insight 

critical for understanding how regional social, political and economic processes and 

trends shape (and thus contribute to) the production of local and regional vulnerability. 

Popular and official accounts have framed recent water shortages and outages in northern 

Gila County as the result of local (drought-sensitive groundwater), recent (1990s 

population growth) and natural factors (drought). The analysis presented here, however, 

suggests that local and recent factors have emerged from nearly a century of regional 

development patterns, state policy and institutional arrangements, and regional power 

relations that have favored the interests of the state’s major urban and agricultural areas. 

Data for the paper were obtained primarily from secondary sources including 

government reports “grey” literature, peer-reviewed journal articles, newspaper articles, 

books, and official government and research unit websites. Many of these sources were 

identified and discussed during semi-structured interviews with numerous state, county 

and local government officials, university researchers, and business representatives. 

Interviews were also used to evaluate and confirm published sources of data. 
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Appendix C – “Drought Vulnerability and Adaptive Capacity: The Production and 

Persistence of Vulnerable Rural Water Systems in Northern Gila County, Arizona” 

 An assessment of drought vulnerability was conducted for the “Rim Country” 

communities of Payson and Pine in northern Gila County, Arizona. Since at least the 

early 1990s both communities have experienced summertime water shortages, outages, 

and water use restrictions on multiple occasions. State and local policy aimed at 

mitigating water scarcity should be based on a critical examination of the causes of 

shortages and outages. Analyses that address the interaction of social and geophysical 

‘root causes’ will provide better guidance for policy aimed at mitigating risk of water 

shortages. 

The assessment focused on the capacity of both communities to adapt to sustained 

precipitation deficits (i.e., drought) and increasing water demand due to increasing 

permanent and seasonal residents and weekend tourists. Assessment results suggest that 

while drought has had direct and indirect impacts on the productivity of both water 

systems, the role of the “natural” has been overemphasized in popular and official 

explanations of water shortages, outages, and restrictions. Differences in the occurrence 

of shortages, outages, and restrictions between the two communities are more likely due 

to different short- and long-term measures taken to adapt to drought and increasing 

demand. These measures, in turn, reflect contrasting institutional and regulatory 

structures of public and private water systems, and differing sets of structural incentives 

of public and for-profit water provision. 
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Summary 

 Each of these studies contributes valuable insight to the study and analysis of 

vulnerability. Overall, the main findings can be summarized through the following 

points: 

• State drought planning assessments have been useful for reactive, short-term 

mitigation, but most have not been used to develop pro-active and/or 

committed, long-term mitigation programs. To be useful for developing long-

term planning and mitigation, assessments must involve more social scientists, 

a greater emphasis on second-, third-, etc., order impacts, and examining how 

systems are sensitive to drought exposure, and studying adaptive capacity. 

• A political economy/human ecology framework is appropriate for analyzing 

drought vulnerability in rural Arizona, and more broadly, First World settings. 

The framework is argued to compliment existing frameworks that may be 

limited in scope, and thus is recommended for application in other case 

studies. 

• Local vulnerability of community water systems in rural Arizona can be 

driven by differences in capacity to adapt to climate variability and population 

growth. Differences in adaptive capacity are driven by local factors, as well as 

institutional factors and economic incentives of private and public water 

systems. 

The three studies presented in this dissertation contribute to related but distinct 

topics pertaining to the study and assessment of vulnerability. Collectively, the 
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dissertation makes a number of contributions that advance academic and policy-making 

interests aimed at assessing the causal nature of vulnerability and disasters. Future 

research will draw on this dissertation to continue this research agenda.  
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INTRODUCTION 

 

The number of U.S. states that developed a drought plan or management process 

in the latter part of the 20th century grew from three in 1983 (Wilhite 2001) to at least 35 

in 2004. This growth in state drought planning has occurred despite the absence of a 

federal mandate or incentive program. Numerous municipalities and regional and multi-

state entities have also developed plans for managing drought and water shortages 

(National Drought Policy Commission 2000), but states have become the predominant 

political scale for the management of drought impacts. 

The National Drought Mitigation Center (NDMC) has played a central role in the 

growth and maturation of drought planning in the United States and around the world by 

assisting directly with plan development and acting as the primary clearinghouse for 

guidance and information. Since the mid-1990s the NDMC has encouraged states to 

mitigate drought vulnerability “pro-actively” (Knutson et al. 1998, Hayes et al. 2004), a 

message echoed in a broad review of hazard and disaster policy and research (Mileti 

1999). In the NDMC “risk assessment and management” planning model (Knutson et al. 

1998, Wilhite 2000, Wilhite 2001, Hayes et al. 2004), Drought risk is assessed through 

“an analysis of vulnerability to understand which people and sectors may be most 

affected by drought, why these impacts occur, and if these relationships are changing 

over time” (Hayes et al. 2004, pp. 107-108). Results of impact and vulnerability 

assessments are then used to guide pre-drought planning and mitigation programs that 
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diminish the risk of future drought impacts, and in turn lessen the burden placed on 

response-oriented management. 

Despite widespread diffusion of NDMC risk assessment and management 

guidance, a comprehensive survey has yet to be conducted on how well states are 

assessing and reducing drought risk. Such a survey would provide a baseline to focus 

future guidance on the design, implementation, and application of impact and 

vulnerability assessments. How effectively are states assessing impacts and 

vulnerabilities? What kinds of assessments are more informative for pro-active 

mitigation? How could assessments be made more effective for long-term vulnerability 

mitigation programs? 

.  This paper presents results of a survey of state drought planning processes in the 

United States in 2004. The survey, which only included states that developed and 

conducted impact and vulnerability assessment methods, allowed for the determination of 

how well states are using assessments to identify and execute short- and long-term 

mitigation of drought impacts and vulnerability. Survey data were analyzed using a well-

established vulnerability assessment framework that revealed several gaps in state 

processes’ ability to assess and mitigate vulnerability. In general most state planning 

processes lack the political support, expertise, and resources to sustain meaningful, long-

term vulnerability reduction. Regardless, several states have developed novel and 

innovative approaches that provide much-needed examples that other state processes can 

emulate or adapt. Results of the survey support the adaptation of NDMC guidance on the 

structure of state drought planning processes to include vulnerability assessment teams. 
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This paper builds on NDMC impact and vulnerability assessment guidance but 

articulates the alternative to predominant short-term and reactive mitigation differently. 

The NDMC emphasis on “pro-active” mitigation is a critique of reactive and short-term 

management and mitigation that is predominant in state drought planning and the 

management of hazards and disasters in general. “Pro-active” in this sense is synonymous 

with “preventative,” referring to the reduction or elimination of future drought impacts 

before the onset of a drought or intensification of drought conditions. Drought, however, 

is a normal, recurring aspect of climate variability. What may appear to be mitigation and 

planning before a drought may actually represent lessons learned from experiences with 

the previous drought. Rather than a linear model of pre- and post-drought mitigation, the 

paper employs a long-term and iterative process of drought management and mitigation. 

In doing so, “pro-active” efforts become a component of “long-term” planning and 

mitigation that, in principle, have continuity and momentum irrespective of drought 

conditions.  

The remainder of the paper reviews drought planning literature and research on 

vulnerability theory and assessment. Following an overview of survey methods, results of 

the entire survey are presented, with emphasis on four state planning processes that 

assessed drought vulnerability. The paper then discusses results of the survey, which are 

compared and contrasted with hazard, disaster, and climate vulnerability research. 

Several recommendations are made to improve on contemporary state planning process 

structures, and ultimately improve the effectiveness of impact and vulnerability 

assessments for pro-active and sustained drought vulnerability reduction. 
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DROUGHT MANAGEMENT AND PLANNING IN THE UNITED STATES 

 

A number of factors have contributed to the proliferation of state drought 

planning since the mid-1980s. The effects of New Federalism initiatives during the early 

1980s redistributed a greater share of governmental capabilities to the states, providing 

incentives for states to act independently on drought management (Wilhite and Rhodes 

1994). Since then, many state governments have developed or revised an existing drought 

plan after experiencing a significant drought. Many of these states have received 

assistance or guidance from the NDMC and the U.S. Bureau of Reclamation. Federal 

efforts to assist states with local and regional drought impacts have been limited to U.S. 

Department of Agriculture post-disaster financial aid, grants, and loans. As of 2004, other 

forms of federal involvement have yet to move beyond legislation or workgroups (e.g., 

Small Business Drought Relief Act of 2003, National Drought Preparedness Act of 2003, 

National Drought Policy Commission, Congressional Natural Hazards Caucus). Several 

states have, as a result, established grant or loan programs to assist communities in 

improving water system infrastructure or recovery from losses (National Drought Policy 

Commission 2000). 

Many drought plans have become increasingly sophisticated during this period. 

Earlier state drought plans focused primarily on inter-agency coordination, emergency 

response management, and the declaration of disaster areas to qualify for federal 
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assistance. Subsequent planning processes began to incorporate mitigation, although 

many efforts were short-term or emergency response-oriented (Wilhite 1997). More and 

more planning processes have established or leveraged existing climate monitoring 

programs (e.g., see Dupigny-Giroux 2001a) to track the onset of droughts. States have 

begun more recently to integrate climate data with impact data (e.g., reservoir levels, fire 

hazard indices) to develop quantitative thresholds often referred to as “triggers.” These 

triggers are then used as objective determinants of drought status that in turn set the 

levels of restrictions or initiate mitigation activities (e.g., see Dupigny-Giroux 2001b, 

Steinemann 2003). 

Figure 1 presents the organizational structure of state drought planning processes 

based on the recommendations of the NDMC (Wilhite et al. 2004). Drought task forces  

are typically composed of representatives or heads of state and federal agencies and 

departments, university researchers, and members of non-governmental organizations 

representing primary industries and public interest groups. Monitoring groups are 

typically composed of state, federal, and/or university scientists (e.g., climatologists, 

meteorologists, hydrologists, engineers, etc.). Activities of monitoring groups may 

include assessing recent and historical climate variability, establishing and supporting a 

data collection system that collects climate and first-order drought impact data (like 

precipitation, snowpack, stream flow, reservoir levels, soil moisture, etc.), and 

recommending changes to official drought stage levels. Impact assessment committees 

are often composed of government officials (e.g., program managers) and personnel that 

spend time in the field (e.g., agriculture extension agents) and collect data from local  
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agencies, field representatives, and industry organizations. Impact assessment groups 

collect a wider variety of data, including second-, third-, etc. order impacts that reflect the 

permeation of first-order impacts into society via its appropriation and management of 

environmental systems and services (e.g., rangeland conditions, agricultural losses, forest 

fire hazard, aquatic habitat quality, municipal water shortages, tourism revenue losses). 

The three groups—drought task forces, monitoring groups, and impact assessment 

committees—produce and share information, and often respond to and support an 

executive branch of the state government (e.g., the governor’s office) for disaster 

declarations and to support legislation or special funding requests. 

States have managed drought primarily through short-term response-oriented 

processes (i.e., over days, weeks, months) focused on minimizing emergencies and 

facilitating access to federal disaster relief programs. As a consequence of reactive 

drought management there has often been little or no planning to mitigate drought 

vulnerability during the sometimes lengthy periods between droughts. Although many 

state drought planning processes have become more organized and sophisticated over 

time, previous national assessments have revealed few instances where state programs 

have pro-actively identified and mitigated drought risk (Wilhite 1991, Wilhite and 

Rhodes 1994, Wilhite 1997). Thus, it is reasonable to conclude that in many states the 

management of drought risk has consisted of short-term, response-oriented mitigation of 

impacts. 
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Drought Risk Assessment and Management 

 

Since the mid-1990s, the NDMC has advocated that states manage drought more 

often through pre-drought planning and mitigation. This emphasis on pre-hazard 

mitigation largely reflects concern over increasing losses despite no clear evidence that 

droughts or other hazards have actually become more extreme or frequent (Changnon et 

al. 2000). Recently the NDMC has proposed a two-step risk assessment and management 

model that has been adapted by several states and tribal governments (Hayes et al. 2004). 

In the first step, risk is assessed as the product of two contributing factors: exposure to 

drought (“hazard analysis”), and biophysical and social causes of drought impacts 

(“vulnerability analysis”). Conducting hazard analysis includes evaluating climate 

forecasts and the history and spatial patterns of drought in the state and broader region. 

Thus, hazard analysis is likely to be conducted by monitoring committees. 

Vulnerability analysis begins with acquiring data on first-, second-, third-, etc. 

order impacts. The causes of impacts would then be explored by “tracing outwards from 

each impact the multiple environmental, social and economic underlying factors that 

contribute to the resulting impacts” (Hayes et al. 2004, p. 108). Thus, vulnerability 

analysis would likely be conducted or led by impact assessment committees. The NDMC 

advocates significant public involvement during the exploration of impact causality. In 

the second step of the risk assessment and management model, the results of impact and 

vulnerability assessments are used for developing and prioritizing targeted, long-term 

planning and mitigation programs. 
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The NDMC risk assessment and management model incorporates principles of 

vulnerability research within a pragmatic framework, but lacks a clear link to the 

vulnerability literature it references. The following section provides a review of 

vulnerability literature that, in part, underlies the NDMC’s approach.  

 

 

 Hazard, Disaster, and Climate Vulnerability 

 

In recent decades, there has been a growing emphasis on the concept of 

vulnerability within the fields of hazards, disasters, and the human dimensions of global 

change (White et al. 2001, Wisner et al. 2004, Patt et al. 2005). NDMC vulnerability 

assessment guidance follows this broader trend. More specifically, NDMC guidance 

draws on a subset of the vulnerability literature that began in the late 1970s as a critique 

of popular explanations of disaster causality in the fields of hazards and disaster research 

(Hewitt 1983). A brief review of this literature is provided as background for NDMC 

guidance, the discussion of survey results, and recommendations for improving 

vulnerability assessments. 

In the late 1970s, mainstream hazard and disaster research and policy was 

critiqued for underemphasizing the role of socio-cultural structures and political and 

economic processes and institutions when explaining disaster losses. A large 

interdisciplinary body of research has since advanced the study of vulnerability, which in 

general examines how social, political decision-making, and economic processes and 
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institutions result in people and places becoming differently vulnerable before, during, 

and after an extreme geophysical event (Varley 1994, Bohle et al. 1994, Ribot et al. 1996, 

Mileti 1999, Wisner et al. 2004). This research perspective has also been widely adapted 

to the study and assessment of climate change vulnerability (McCarthy et al. 2001, 

Liverman et al. 2004, Patt et al. 2005). 

Although a number of definitions of vulnerability have been proposed (Cutter 

1996), most recent definitions include variants of three factors: exposure, sensitivity, and 

adaptive capacity (McCarthy et al. 2001, Turner et al. 2003). Exposure refers to “the 

probability of the occurrence of an extreme event whose influence extends over a 

particular area with particular characteristics” (Adger 2003, p. 32). Exposure is frequently 

expressed as the magnitude, spatial and temporal qualities, etc. of an extreme geophysical 

event. As a hypothetical or modeled concept, exposure can refer to specific areas that 

could be subject to extreme geophysical forces (e.g., floodplains, earthquake zones, areas 

below sea level). Drought exposure is often defined geographically by assigning a 

spatially averaged value within political, landscape, and watershed boundaries. NDMC 

“hazard analysis” guidance is closely aligned with this description of exposure.  

Broadly defined, sensitivity is “the extent to which a human or natural system can 

absorb the impacts without suffering long-term harm or some significant state change” 

(Adger 2003, p. 32). If sustained precipitation deficits have little effect on the 

productivity of an economic sector, for example, it is considered insensitive to drought 

exposure. Dryland farming and free-range livestock operations, in contrast, rely on 
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adequate rainfall for crop and range quality and thus can be highly sensitive to drought 

exposure.  

The third factor, adaptive capacity, refers to the “ability of a system to adjust to 

perturbations and changes in variability or system states to moderate potential losses, to 

take advantage of opportunities, or to cope with consequences” (McCarthy et al. 2001, p. 

6). The term “system” refers to a variety of geographic scales: household, community, 

landscape, region, nation, and global. It can also refer to spatially disaggregated systems 

such as economic sectors, cultural groups, governments, and biomes. In terms of drought 

planning, adaptive capacity refers to how effective a system is at mitigating the 

consequences of first-, second-, third-, etc. order impacts. Adaptations can be pro-active 

or reactive. Effective adaptation is contingent on sufficient capacity to adapt, which in 

turn requires a broadening of vulnerability analyses to examine other factors, including 

household dynamics, community cohesion and health, social change, political and 

economic institutions, land-use change, and ecological dynamics. 

 

 

Assessing Vulnerability 

 

The assessment of vulnerability is an important theme in the aforementioned 

literature (McCarthy et al. 2001, Patt et al. 2005, Schroter et al. 2005). Where science can 

encourage and assist people to adapt in advance to project long-term environmental 

changes, the concept of vulnerability has taken on importance among the global change 
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research community (Patt et al. 2005). “There are currently hundreds of vulnerability 

studies underway in countries and regions around the globe, delivering a variety of 

information packages” (ibid., p. 412). Assessments are attractive to decision makers 

because they can help them to significantly improve their decision-making process. 

Given the diversity of disciplines that contribute to the research on hazards, 

disasters, and climate change, there are a variety of approaches to assessing vulnerability. 

Many vulnerability assessments have been conducted by academics and non-

governmental organizations. The authors of most of these assessments focus on how 

policy can incorporate their results to reduce vulnerability. However, many other 

assessments, in particular those that critically address conceptual and methodological 

issues, are tailored to an academic audience and published in peer-reviewed scientific 

journals. This avenue for the dissemination of vulnerability assessment theory and 

methods, unfortunately, is not likely to be a popular outlet for the non-academic 

audiences that dominate the membership of state drought planning programs. The NDMC 

has begun to bridge this gap with its risk assessment framework, but more research, 

communication, and collaboration is necessary for the advancements of vulnerability 

theory and assessment methods (largely applied in developing countries) to be adopted by 

state and local government drought planners and policymakers. 

 

 

SURVEYING STATE DROUGHT PLANNING PROCESSES 
 

 



 33

The integration of academic vulnerability research and state-run drought risk 

assessments will be facilitated if both are informed by the myriad ways states have thus 

far assessed impacts and vulnerabilities and used assessments to mitigate drought risk. A 

comprehensive survey of state drought planning processes would ground subsequent 

guidance on risk assessment and long-term planning in the “state of the art.” A survey 

would also help apply vulnerability theory and methods, many of which have been 

formulated from case studies involving primary production in the Third World, to the 

state-sanctioned assessment of drought vulnerability in a capitalist and largely 

postindustrial society. 

Motivated by these opportunities, a survey of recent and ongoing state drought 

planning processes was conducted. The survey was conducted and completed in 2004, 

and sought to evaluate three issues. First, how have states assessed drought impacts and 

vulnerabilities? Second, how have states used assessments to guide and develop long-

term planning and mitigation programs? Third, how can hazard vulnerability research be 

more effectively integrated into drought planning guidance? The survey included an 

email questionnaire, interviews with drought planners, and content analysis of drought 

planning documents, reports, and web pages, which are described in the next section. 

Ultimately, the questionnaire identified states that had conducted and applied assessments 

(as well as those that had not), while interviews and content analysis facilitated the 

documentation of assessment methods and if how assessments were being applied. 
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Identifying Planning Processes, Survey Participants, and Survey Data 
 

Initially, state drought planning contacts were identified using the NDMC state 

drought planning contact list (National Drought Mitigation Center 2004a). All survey 

participants received an email that included three elements: background information on 

the purpose of the study; a short questionnaire to determine if their state’s drought 

planning process had included assessing drought impacts and the “causes of impacts” 

(vulnerabilities); and a request to conduct interviews with people that have had a direct 

role in the assessment of drought impacts and/or vulnerabilities in their state during the 

most recent active phase of the planning process. Concurrently, state drought planning 

documents and web sites were obtained and identified through the NDMC state drought 

plan web page (National Drought Mitigation Center 2004b) and performing keyword 

Internet searches (e.g., “Texas Drought Plan”) using the Google® Internet search engine. 

Online plans, related planning documents and reports, and web pages were obtained and 

reviewed to help determine which planning processes were appropriate for the survey and 

to identify appropriate contacts to interview, and were included in the analysis of state 

planning processes as supplemental data. To ensure the survey was not omitting 

important state planning processes or contacts, drought planning experts with the NDMC 

were consulted throughout the survey. 

 

 

Interviews 
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At the national scale there are myriad drought impacts and conceivably many 

appropriate frameworks and techniques appropriate for assessing impacts and 

vulnerabilities. Recognizing this, interviews were conducted as inclusively as possible, 

allowing for diverse interpretations of drought impacts, impact assessments, and 

vulnerability assessments. Despite these inclusive criteria, it is recognized that the survey 

may not represent all possible drought impacts (e.g., psychological stress). Nevertheless, 

the survey is considered representative of most impacts and vulnerabilities that drought 

planning processes may address. 

Prospective interviewees were screened to verify their responses to the email 

questionnaire and confirm their knowledge of impact and vulnerability assessments. In 

general, prospective interviewees were asked to elaborate on their responses to the email 

survey and confirm that they had direct experience with assessments or indirectly as a 

manager of a broader planning process that involved assessments. As a result of the 

screening process interviewees were likely the most knowledgeable individuals for 

collecting data about their state’s impact and vulnerability assessments. Interviews were 

conducted by telephone, and each lasted approximately one hour. In most cases, one 

person per state or regional planning process was interviewed. In California, North 

Carolina, Florida, Texas, and Utah two or more people were interviewed. Interviews were 

conducted using a semi-structured format and addressed three general questions: How 

have drought impacts been assessed in your state? Has your state process attempted to 

determine the causal nature of the identified impacts (i.e., vulnerabilities)? How have 

assessment results been used in the mitigation of drought impacts and vulnerabilities? 
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Broad definitions of “impacts,” “vulnerabilities,” and the “use of assessment 

results” were applied during interviews to encourage the inclusion of marginally relevant 

efforts. Results of the survey are presented here in qualitative format, and provide an 

empirical basis for making recommendations to improve the effectiveness of assessments 

for long-term planning and mitigation programs, and for providing insight into how 

hazard vulnerability research can be more effectively integrated into and adopted by state 

drought planning processes. 

 

 

SURVEY RESULTS 

 

Representatives of 36 state drought planning processes responded to the initial 

email questionnaire. Of these, 24 contacts from 21 state and regional planning processes 

were interviewed for the survey (Figure 2, dark gray shaded states). The remaining 15 

states that responded to the questionnaire were excluded from the survey (light gray 

shaded states). Questionnaire results and/or follow-up phone conversations revealed that 

in these states the planning process had either not included assessing impacts and/or 

vulnerability or that their state plan had yet to be implemented. Another 14 states did not 

reply to the email questionnaire despite multiple and varied solicitations. Thus, 29 states, 

many of which did not have a formal plan or had not implemented their plan as of 

October 2004, are not represented in the survey. 
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Figure 2. Results of the survey. A total of 36 states responded to the email questionnaire (dark
               and light gray). 15 of these states (in light gray) were later determined to not have
               conducted impact and/or vulnerability assessments consistent with the aims of this
               paper and thus were not included in the interview portion of the survey. As a result,
               24 key informants representing 21 state planning processes (in dark grey) were
               interviewed for the survey. 
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The measures taken to secure participation from people with the most experience 

and knowledge were effective. People with direct involvement in assessments were easily 

identified through post-email questionnaire/pre-interview screening. Questionnaire data 

were unfortunately of limited use for the main aims of the survey since most drought 

planning contacts provided “yes,” “no,” or very brief answers to questions about impact 

and vulnerability assessments. The questionnaire, however, was very useful as a starting 

point for identifying which states to include in the survey (i.e., states that had conducted 

impact and/or vulnerability assessments). In several states, the people who responded to 

the initial questionnaire (i.e., NDMC “drought planning contacts”) were appropriate 

interviewees. In other states, questionnaire respondents were helpful for identifying other 

officials with more direct experience with assessments. 

The professional backgrounds and job titles of interviewees varied. All 

interviewees, however, had been affiliated with or employed by state or regional 

government agencies and departments (e.g., water, natural resources, and planning 

departments). All interviewees were directly involved in their state’s most recent drought 

planning process, and were members of impact assessment groups and task forces or 

oversaw entire planning processes. 

Survey results are summarized and discussed in two sections. In the first section, 

results of the entire survey are summarized to provide an overview of all impact and 

vulnerability assessment methods surveyed, and the application of assessments to long-

term planning and mitigation programs. In the second section, four different state 

agencies’ drought planning efforts are presented: the Kansas Water Office, the Hawaii 
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Commission on Water Resource Management, the California Department of Water 

Resources, and the Colorado Water Conservation Board. The four examples reviewed in 

greater detail represent the only states determined to have conducted some type of a 

vulnerability assessment. Together, the national summary and the review of the four state 

processes offer both broad and focused analyses of drought planning in the United States, 

and facilitate discussion of issues pertinent on a national scale, while also highlighting 

innovative drought vulnerability assessment processes that have potential for application 

in other states. 

 

 

Survey Overview  

 

The survey revealed the limited amount of resources being devoted to state 

drought planning nationwide. Few states have permanent drought planning offices or 

coordinators, and all states rely on existing state agencies (e.g., department of natural 

resources, water, or emergency management) to lead or significantly support drought 

planning efforts. Task forces and monitoring and assessment groups are often composed 

of officials who must divert time and resources from regular job duties to attend to 

drought management. When a drought has been declared formally, task force and impact 

assessment groups mobilize and meet regularly (e.g., monthly) as long as drought 

conditions persist. In many states, drought planning efforts are coordinated with seasonal 

water, agriculture, and fire hazard management objectives and thus can be relatively 
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inactive during the winter part of the year. When droughts are declared to be over, task 

force and assessment groups typically dissolve and drought management processes 

remain relatively inactive until the next time a drought is declared. Monitoring groups, 

however, are responsible for assessing conditions on a regular basis to anticipate the 

development of drought conditions and thus are considered to be continually active. The 

prevalence of limited and short-term appropriation of resources for drought planning 

most likely limits opportunities for enhancing the assessment of impacts and 

vulnerabilities, and the development and implementation of long-term mitigation 

programs. 

State drought planning processes have, however, developed a number of ways to 

assess drought impacts. The most common approach mentioned in survey responses 

involves formation of government agency-led impact assessment groups similar to those 

described by NDMC guidance. Groups were often categorized by resource area, such as 

agriculture, municipal and industrial water, forest health, etc. To collect information on 

drought impacts, assessment groups almost exclusively rely on leveraging and “tapping 

into” agency social networks and existing regulatory reporting requirements. Examples of 

agency networks and regulatory reporting requirements include agricultural extension 

services and other state and federal agricultural reporting programs, local agricultural and 

watershed management groups, annual or quarterly state fish and wildlife agency surveys 

and reports, existing reporting requirements of municipal and regional water management 

issues (e.g., water shortages, reservoir levels, water quality issues), and other existing 

state and federal natural resource management programs. Impact assessments, in most 
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cases, consist of summaries of quantitative first-order impact data on, for example, 

stream flow, reservoir levels, soil moisture deficits, forest fire risk, and other agricultural 

and natural resource parameters monitored regularly. 

Several planning processes surveyed have also conducted novel impact 

assessments that establish new communication networks independent of existing 

regulatory reporting requirements. In all of these cases, public participation was 

necessary to obtain data. These assessments were also more likely to include a mixture of 

quantitative and qualitative data representing second-, third-, etc. order impacts such as 

residential water quality and quantity problems, lost business or income potential, 

community stress, and local conflicts regarding water allocation and management. 

A variety of approaches were used by states to obtain impact data and public 

input. Several states organized “town hall” meetings where government officials traveled 

to different parts of the state to obtain input from the public and from industry 

representatives. Online and mail surveys were also used in a few states to target specific 

economic sectors and geographic regions. In two states, private research firms were 

contracted to conduct phone surveys and interviews with a variety of stakeholders. In one 

of these states, a large percentage of residents rely on private (and often shallow) wells, 

and a phone survey estimated the number of residents experiencing water shortages or 

quality problems. A third state set up a phone “hotline” during water shortages to answer 

questions, which also helped residents inform hotline operators of household water 

shortages and outages. Another state organized and supported local public drought 

 



 42

assessment groups throughout the state that provided information on local drought 

impacts. 

The analysis of email questionnaire responses, state plans, and related planning 

documents indicated that many drought planning processes had assessed, or planned to 

assess, the causal nature of impacts (i.e., vulnerabilities). Subsequent screening and 

phone interviews, however, revealed that most of these claims were largely unfounded. In 

fact, only four of these planning processes had completed some version of a drought 

vulnerability assessment. These four planning processes are described below in greater 

detail. 

Finally, the survey revealed that impact assessments have been used 

predominantly to enhance emergency response management. Assessments were used, for 

example, to help define boundaries of agricultural disaster areas; to internally coordinate 

distribution of state and federal resources for mitigation programs; and to provide content 

for press releases on drought conditions, impacts, resource use or land access restrictions, 

and government aid programs. The survey identified only four state processes, 

highlighted below, that had completed a vulnerability assessment of some kind. Three of 

the four had only recently completed the vulnerability assessment. In these cases, results 

of the assessment had not been finalized or acted on. The other state’s assessment of 

vulnerable public water suppliers, however, was used to identify suppliers that qualified 

for assistance from state programs that would help address vulnerabilities identified in the 

study, such as basic source, distribution, treatment facility, and contractual limitations. 
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Case Studies 

 

 

Kansas Water Office 

 

Kansas has established an operations plan for a Governor’s Drought Response 

Team charged with monitoring and evaluating drought conditions and implementing 

restrictions and emergency programs. The assessment and mitigation of drought 

vulnerability, however, has been integrated into the state’s long-term water planning 

process. Since the 1970s, the Kansas Water Office has emphasized conservation, 

management, and protection of water resources. Ratified by the state government in 

1985, the Kansas State Water Plan is updated regularly and includes a variety of 

preparedness and response programs. 

In 1998 the Kansas State Water Plan included several goals to be reached by 

2010, including a reduction in the number of “drought vulnerable” public water suppliers 

to fewer than 5% of all suppliers in the state. In a 1992 assessment of public water 

providers during the 1988-1991 drought, 181 water suppliers were determined to be 

drought vulnerable as a result of several supply, distribution, and treatment limitations. 

The Kansas Water Office updated the 1992 study in 2001, using a similar definition of 

drought-vulnerable water suppliers (adding a category for vulnerability due to purchase 

contract provisions), conducting a survey of public water suppliers, and relying on 

reporting requirements of local water managers in the Kansas Water Plan. The updated 
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study estimated that the number of drought-vulnerable water suppliers decreased from 

181 in 1992 to 88 in 1998. Results of the study have been used to target state resources at 

the basin or local level to reduce drought vulnerability, including special efforts to 

achieve the 2010 objective of fewer than 5% of water suppliers vulnerable to drought. 

 

 

Hawaii Commission on Water Resource Management 

 

Drought planning and management in Hawaii has leveraged resources for 

administering the state water code as well as for developing and implementing the state 

hazard mitigation plan. In 2003, revisions to the first phase of the Hawaii drought plan 

completed in 2000 included a quantitative assessment of drought risk that used the 

NDMC definition of risk as the product of exposure and vulnerability. The Drought Risk 

and Vulnerability Assessment and GIS Mapping Project was funded through a Federal 

Emergency Management Agency pre-disaster mitigation planning grant and was 

conducted primarily by researchers at the University of Hawaii (Hawaii Commission on 

Water Resource Management 2003). A GIS was developed to produce a statewide 

assessment of drought risk by integrating spatially modeled drought frequency and 

severity with spatial measures of vulnerability. Spatially interpolated Standard 

Precipitation Index (SPI) and historical rainfall data were used to create ordinal drought 

intensity maps (i.e., moderate, severe, and extreme) using 3- and 12-month SPI 

timescales. Vulnerability was represented by data on land use, population, past wildfire 
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frequency and spatial extent, water resources (wells, rainfall catchment), and agricultural 

designation (irrigated and dryland). Relative risk maps were created by overlaying the 

exposure and vulnerability components. Separate maps were created for each SPI 

timescale, drought severity level, and sector (water supply, agriculture and commerce, 

and environment and public safety), and are provided in the pre-final draft of the Hawaii 

Drought Plan (Hawaii Commission on Water Resource Management 2004). 

Although no public participation or input was involved in the development of the 

risk maps, the maps will be evaluated locally. Specifically, the risk maps are being used 

as an initial assessment of vulnerability that will undergo local re-interpretation in the 

development of local natural hazard mitigation plans and programs. County drought 

mitigation projects are developed through the coordination of local and/or county drought 

committees, the Hawaii Drought Council, and the State Drought Coordinator as part of 

the Hawaii multi-hazard mitigation program. According to the pre-final draft of the 

Hawaii Drought Plan (Hawaii Commission on Water Resource Management 2004, p. 66), 

the maps: 

…should be reviewed by county agencies and local stakeholders to verify 
that they accurately represent drought risk areas on each of the islands. As 
part of these follow-on actions, residents and businesses affected by 
drought should also be interviewed to determine the magnitude of past 
drought impacts, identify existing response mechanisms used to address 
drought occurrences, and assess what type of mitigation measures worked 
best and were the most effective. 
 

 

California Department of Water Resources 
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Currently, there is no statewide drought plan or planning process in California. 

The state delegates drought planning to all public water providers with more than 3,000 

connections or that deliver more than 3,000 acre-feet per year. In 1983 the California 

state legislature passed the Urban Water Management Planning Act, partly in response to 

drought impacts in the state in 1976 and 1977. Amended several times since 1983, the act 

encourages the approximately 300-400 public water providers in the state to develop and 

submit updated water management plans every five years to the state Department of 

Water Resources. One California Department of Water Resources official who was 

interviewed estimated that, as of 2004, more than 90% of all public water providers that 

fall within the 3,000 connection/3,000 acre-foot criteria have submitted an updated plan 

to the state. 

Although no formal process has been established at the state level to assess and 

document drought impacts, public water providers in California are required to assess 

certain drought vulnerabilities when creating and updating local water management 

plans. Based on demographic and customer base data, water providers must analyze past, 

current, and future demand for water (up to 20 years in advance), identify and quantify 

current and future surface and groundwater supplies and water rights, analyze the 

reliability of current and future water supplies based on several short- and long-term 

drought scenarios, and document existing and planned conservation and demand 

management measures. As a result, local water providers furnish the state with 

periodically updated information to help identify local vulnerabilities to short- and long-

term drought, and become eligible for state assistance to improve system resilience to 
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drought. Additionally, it allows the Department of Water Resources to identify common 

local issues and inadequacies that may be addressed with legislation at the state level. 

 

 

Colorado Water Conservation Board 

 

Since 1981, the Colorado drought mitigation and response plan has been revised 

three times. Impact assessments were conducted and published in 2002 and 2003 by the 

state’s eight sector-based impact assessment groups (IAGs) and a water availability task 

force (WATF) (Colorado Water Availability Task Force 2002, 2003). Both reports 

include qualitative and quantitative descriptions and analyses of sector-based impacts, 

and recommend specific mitigation programs. The 2003 report also details governmental 

entities responsible for the mitigation programs identified. 

In addition to the WATF and the IAGs, the Colorado Water Conservation Board 

(CWCB) has been involved in drought assessment, planning, and mitigation efforts in 

Colorado. Created in 1937, the CWCB is one of four Department of Natural Resources 

sub-agencies focusing on water quantity issues, and is the state executive branch agency 

responsible for supporting state and local water and drought planning. In 2004, the 

CWCB completed a drought and water supply assessment (Colorado Water Conservation 

Board 2004) that involved the participation of numerous local, state, and federal 

government agencies and collaboration with various consulting firms. The assessment 

involved interviewing and surveying more than 500 local, state, and federal stakeholders 
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on several issues pertaining to drought impacts and water management: current water use 

and carry-over storage, current limitations on water supply, drought and water 

conservation planning, drought impacts, concerns for meeting future water demands, 

structural and non-structural project needs for drought mitigation, funding needs, use of 

cooperative agreements, and the role of the state in future drought planning and 

mitigation efforts. Participants were surveyed in person, over the phone, and on the 

Internet using a web-based survey instrument. In addition to the large-scale survey, a 

more in-depth, interview-based study was conducted with five persons in different parts 

of the state. Results of the survey supported a set of recommendations for mitigating 

drought vulnerabilities and improving long-term water management. 

 

 

DISCUSSION 
 

The survey revealed that, as of 2004, at least twenty-one state planning processes 

had assessed impacts, but only four had assessed vulnerabilities and only one had used 

impact and vulnerability assessments to inform or develop long-term planning and 

mitigation programs. This finding is almost certainly influenced by a lack of political 

support for long-term drought planning and mitigation programs after a drought has 

diminished, rather than an inability to produce informative assessments. The issue of 

sustained political and public support is certainly important for implementing long-term 

drought planning and mitigation programs. The survey, however, was not intended to 
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explore this issue and it is not discussed in detail here. Nevertheless, the survey revealed 

several issues valuable for directing future drought vulnerability assessment guidance. 

In general, there has been a lack of documentation, organization, and public 

access to impact assessments. In several instances, assessment results were documented 

as appendices in voluminous drought planning documents, buried in lengthy web pages, 

or never published or made available to the public outside of press releases. In several 

cases hardcopy or electronic versions of assessments had been misplaced, were not 

readily accessible, or were admittedly lost. Also, very few assessment reports or 

summaries that were available on websites (of participating state agencies) or obtained in 

hardcopy included descriptions of assessment methods, assumptions, discussion of 

findings, or recommendations for action. Assessment groups may be composed of people 

not involved in previous drought planning processes. In cases where there was significant 

turnover from one task force to the next, it is expected that previous “lessons learned” 

had to have been re-learned by subsequent drought task force members. To address this 

institutional memory loss, drought planning processes must be much more diligent by 

publishing any and all reports in both hardcopy and electronic format and archiving 

reports in multiple places. Such a requirement would be helpful for compiling data and 

information on impact and vulnerability assessments, coordinating those involved to 

comment on experiences, and making clear recommendations for what measures need to 

be taken to mitigate vulnerabilities before the next drought develops.  

Of the impact assessments that were obtained or discussed in the survey, the most 

common approach to collecting data for impact assessments was through the leveraging 
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of existing reporting requirements intended for planning and regulatory programs other 

than drought impact assessment. Most of the data from these assessments were 

quantitative, instrumental measurements that represented first-order drought impacts. 

This approach to gathering data is quite practical for states faced with limited funding, 

and has been most efficient when impact assessment group members and their contacts 

received training or other guidance for documenting impacts as comprehensively as 

possible. Several interviewees, for example, indicated that agricultural extension agents 

and other field-based officials played key roles in soliciting for and providing information 

on the agricultural impacts of drought. 

In general, the data obtained by leveraging existing data reporting requirements 

was limited to first-order drought impact data such as reduced snowpack, lower reservoir 

levels, reduced stream flow, reduced soil moisture, increased vegetation stress, 

depreciated water quality, and increased wildfire risk. In several cases, impact 

assessments consisted of mostly instrumental monitoring datasets, some of which were 

also used by drought monitoring groups for determining drought triggers, stages, and 

inter-annual and decadal climate variability. 

First-order impact data is important for assessing drought exposure. Data were 

reportedly most useful for developing and implementing short-term, reactive drought 

management options. Drought planning contacts from several states indicated that 

assessment data derived from leveraging existing reporting requirements were used 

primarily to coordinate and appropriate resources for short-term drought management 

objectives (i.e., avoiding or addressing emergencies). 
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The leveraging of existing data reporting requirements, however, should not be 

considered a sufficient data collection process for assessing vulnerability. Leveraging 

existing reporting requirements is effective for assessing drought exposure, but is 

inadequate for assessing system sensitivity or adaptive capacity. The assessment of 

drought sensitivity is particularly challenging without, for example, data on crop failures, 

lost tourism revenue, fire management expenditures, or community water system 

shortages. Such data would be necessary to establish sensitivity-based relationships 

between drought exposure and exposed biological, economic, and other systems. Also, 

many of the assessment data cited in interviews and in drought planning documents were 

inappropriate for analyzing how decision making, planning, policies, rules, or other 

socio-economic and political institutions affect impacts. Thus, assessments that draw 

conclusions exclusively from first-order impact data are not likely to accurately 

characterize sensitivity and, thus, vulnerability. Such assessments would provide little 

insight into how existing policy, social practices, and social change contribute to second-, 

third-, etc. order impacts such as water shortages, crop failures, economic losses, 

community stress, and ecological degradation. 

The Kansas Water Office example demonstrates the value of considering non-

physical determinants of drought sensitivity. Surface water level data for rivers, streams, 

and reservoirs were useful for determining the amount of water remaining in a storage 

system. Also, the effects of climate variability on water availability (i.e., physically 

determined sensitivity) could be ascertained when these data were evaluated against 

precipitation, soil moisture, and other environmental data. This information, however, 
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was insufficient for articulating public water system vulnerability. Which systems would 

have priority rights to below-average surface water during a drought? Which systems 

would not? When would these latter systems begin to experience shortages? To answer 

these and other supply-side questions, Kansas Water Office officials considered system 

water rights, contractual agreements, state and federal environmental law, and other 

institutional arrangements and entitlements. In doing so, systems most likely to 

experience shortages during a drought were probably more accurately identified than if 

this data were not considered. The statewide vulnerability assessment conducted by the 

Kansas Water Office has since been used to assist the most vulnerable systems with 

source, distribution, and treatment capacity limitations. As a result, the state claims there 

were fewer drought-vulnerable public water providers in the late 1990s compared to the 

late 1980s. 

The Kansas Water Office, however, did not adequately incorporate adaptive 

capacity into its assessment. To do so would have required a much closer examination of 

how individual systems and system customers would adapt to less-than-adequate water 

supply, and what factors would enable and limit the range of possible adaptations. The 

CWCB drought and water supply assessment included five brief case studies that 

attempted to reveal these kinds of issues. Social scientists participating in the study 

interviewed an owner of a rafting company, a farmer and calf-cow rancher, a dryland 

farmer, an owner of a plant nursery, and a “truck” farmer (Charney et al. 2004). Each 

case study revealed specific information on local and regional second-, third-, etc. order 

impacts, how each person adapted to these impacts, and how their adaptations were either 
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constrained or enabled by particular opportunities or entitlements. In one of the case 

studies, the authors report what was described as “a ripple effect” that extended and 

dispersed the effects of drought along modes of production. Sustained precipitation 

deficits were traced through farm product commodity chains revealing a nested ordering 

of impacts. Lower-order impacts were described as outcomes of higher-order impacts, of 

the ways in which higher-order impacts were mediated by social, political, and economic 

systems, and of how groups and individuals in turn adapted. The case studies, while 

limited to fairly specific situations and parts of the state, illuminated the importance of 

considering adaptive capacity in the overall characterization of vulnerability. The CWCB 

assessment did not indicate how the case studies were being used to formulate policy to 

reduce vulnerability, but nonetheless represents an example of a more complete 

assessment of vulnerability.  

The CWCB assessment also highlights another important consideration for 

assessing vulnerability. Few state agencies involved with state drought planning have 

staff social scientists capable of conducting in-depth case studies, surveys, focus groups, 

and other methods of data collection from human subjects. In the Colorado case, private 

consultants experienced in social science study design, data collection, and analysis 

conducted the five case studies. The collection and analysis of data from surveys, focus 

groups, interviews, and other social science methodologies requires specific experience 

and training that is rare or absent in many government agencies charged with, for 

example, managing natural resources or commerce. The study of adaptation, in particular, 

 



 54

often requires collecting and analyzing qualitative data. The CWCB accomplished this by 

drawing on expertise from outside government agencies. 

Given the limited membership of social scientists in state drought planning 

processes, it is expected that many impact assessment groups have lacked the capacity to 

conduct focus groups, interviews, and large-scale surveys. Planning processes that 

include social scientists or officials trained to design and conduct interviews, focus 

groups, and surveys, I argue, are more likely to effectively analyze drought sensitivity 

and, in particular, adaptive capacity. Additionally, such planning processes are far more 

likely to collect more and higher quality second-, third-, etc. order impact data. 

Thus, state drought planning processes need to actively incorporate social science 

research into the assessment of impacts and vulnerability. To do so would improve the 

assessment of impacts and vulnerability, and arguably improve the relevance of such 

studies for developing long-term mitigation programs. To continue neglecting this issue 

will constrain future efforts to assess vulnerability. In most states, universities and 

colleges include programs, faculty, and graduate students capable of filling this 

methodological gap in state drought planning. Many non-profit and non-governmental 

agencies employ social scientists that could do so as well. At the University of Arizona, 

for example, the Climate Assessment for the Southwest (CLIMAS) project has conducted 

numerous studies on the sensitivity of human systems to climate variability and climate 

change (Morehouse et al. 2002, Finan et al. 2002, Vasquez-Leon et al. 2003, Bales et al. 

2004, Lemos and Morehouse 2005). CLIMAS is one of eight Regional Integrated Science 

Assessment programs in the United States funded by the U.S. National Oceanic and 
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Atmospheric Administration. In addition to several physical scientists, CLIMAS includes 

faculty and graduate student anthropologists, agricultural economists, and geographers. 

Social scientists have greatly improved the understanding of climate vulnerability in 

Arizona and New Mexico, and they have participated in numerous studies driven by 

national, state, and local policy agendas. 

Figure 3 presents a modified organizational structure that incorporates these 

recommendations. The structure is adapted from NDMC guidance presented in Figure 1. 

The primary difference is the addition of vulnerability assessment teams (VATs) that 

maintain research relationships with impact assessment groups and the public. Impact 

assessment groups primarily collect quantitative, first-order impact data that is provided 

to the Drought Task Force and VATs as necessary. VATs, however, focus on the use of 

social science methods to collect both quantitative and qualitative second-, third-, etc. 

order impact data, and study drought sensitivity and adaptive capacity. Additionally, 

VATs are responsible for synthesizing assessments of vulnerability by incorporating data  

from impact assessment groups. Importantly, the addition of VATs to the organizational 

structure presented in Figure 1 does not jeopardize the effectiveness of existing roles of 

the Drought Task Force and monitoring and impact groups. Thus, depending on the 

resources available to a state drought planning process, VATs can be quite small and 

focused on narrowly targeted projects, or have large memberships and multiple projects 

and drive policy formation. It is also important to note that, despite the predominance of 

limited post-drought task force activity, VATs can act as an anchor for enhancing the 

long-term lifecycle of drought planning processes. 
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  In addition to the proposed VATs, the survey revealed other effective strategies 

for improving the collection of second-, third-, etc. order impact data. During and after 

drought, task forces often create “wish lists” of data that, if available, would greatly 

improve their ability to assess conditions, improve reactive management, and formulate 

effective long-term programs. However, it is often unlikely that drought planning will 

receive committed, multi-year funding to collect this data in-house. As a compromise, 

existing data reporting requirements are modified to include reporting some of the data 

from the wish lists. In California, Department of Water Resources officials involved in 

local drought management issues have had data requirements added to the Urban Water 

Management Planning Act several times since the Act’s inception. The addition of these 

data requirements, it was argued, improved the state’s capacity to assess the drought 

vulnerability of local water providers. 

 

 

CONCLUSIONS 

 

This paper presented results of a survey of state drought planning processes in the 

United States. Given the substantial growth in the numbers of state planning processes in 

the United States during the past two decades, it is important to periodically survey the 

field to determine the current trajectory of drought management and evaluate this 

trajectory against recent research and planning guidance. This paper provides results of a 

first-ever survey of how states have thus far assessed impacts and vulnerabilities. 
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Although states have been largely effective at assessing first-order impacts, as a whole 

they have been far less successful at assessing second-, third-, etc. order impacts and 

vulnerabilities. Impact assessments are argued to be marginally effective for assessing 

vulnerability, and vulnerability assessments have been conducted by fewer than 15% of 

states with drought plans. The survey, however, illuminated several areas for 

improvement, including documentation and publication of assessments, the recruitment 

of social scientists to participate in vulnerability assessments, and modification of 

conceptual organization of drought planning to include vulnerability assessment teams. 

The results of the survey suggest that, despite consistent interest, communication 

between state planning processes is low. A number of states were are unaware of 

innovative approaches that other states have developed, yet indicated enthusiastically 

their interest in what other states were doing. That said, future efforts to improve state 

drought planning in the United States should include organizing regional and national 

meetings where state planning representatives can share ideas and present results of 

recent assessments. Wherever possible, funding for the proposed National Integrated 

Drought Information System should facilitate the transfer of impact and vulnerability 

assessment theory and methods between state planning processes and researchers. 

Finally, there is a need for greater integration and cross-fertilization between 

drought planners and hazard and disaster vulnerability researchers. Impact and 

vulnerability assessment guidance will only improve with increased collaboration 

between hazard planners and managers and researchers studying hazard impact and 

vulnerability assessment. In turn, hazard and disaster vulnerability research needs to be 
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more responsive to agendas driven by theoretical and methodological shortcomings of 

hazard planners and managers. In addition, future hazard vulnerability research should 

include more active participation in state and local impact and vulnerability assessments. 

Social scientists, in particular, are most likely to significantly contribute as members of 

vulnerability assessment teams. 
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SOCIO-HISTORICAL PRODUCTION OF DROUGHT VULNERABILITY 

IN RURAL ARIZONA: WATER SUPPLY AND DEMAND 
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INTRODUCTION 

 

Too often popular and official assessments frame disasters as caused by the 

magnitude and/or duration of extreme geophysical events (herein referred to as natural 

hazards), with much less analysis of how social, political and economic processes 

mitigated or exacerbated the disaster. As a result, policies aimed at mitigating risks that 

rely on such assessments can be misguided. The study of hazard and disaster 

“vulnerability” broadens the analyses of the causal relationships between natural hazards 

and disasters to include the examination of social, economic and political mitigating and 

exacerbating forces. 

This paper presents a vulnerability framework and case study analysis for 

assessing the socio-historical production of drought vulnerable community water systems 

in rural central Arizona, U.S.A. The framework and analysis was informed by ‘political 

economy/human ecology’ disaster vulnerability research (Hewitt 1983, Varley 1994, 

Blaikie et al. 1994, Oliver-Smith 1996, Wisner 2004), and recent political ecology 

research in First World settings (McCarthy 2002, Robbins 2002, Walker 2003, McCarthy 

2005). Using the framework, several statewide and regional processes, patterns, policies, 

and governing institutions that have developed over the 20th century were found to 

structure community water system shortages and outages experienced during a recent 

multi-year drought. How have regional development patterns contributed to local 

vulnerabilities? How have state and county policies and governing institutions similarly 

contributed to local vulnerabilities? Results of the vulnerability assessment differ from 
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popular and official accounts of recent water shortages that emphasize recent processes 

and patterns, local policies and governing institutions, and natural constraints on water 

availability. Regional newspaper and official state agency accounts explain shortages as 

the result of three interacting factors: a groundwater system sensitive to drought, several 

years of below-average precipitation, and rapid population growth, particularly during the 

1990s (Arizona Department of Water Resources 1996, McKinnon 2002, Parker et al. 

2005). Northern Gila County is located in a larger geologic zone where groundwater is 

pumped from fracture-based aquifers that are sensitive to drought. Moderate to extreme 

drought conditions for much of the previous 15 years have significantly reduced recharge 

to these aquifers. During this period the region experienced significant growth. Between 

1990 and 2000, for example, the population of the largest community in the region 

increased 62% from 8,377 to 13,620. Payson gained an additional 2,000 residents 

between July 1, 2000 and July 1, 2005 (Arizona Department of Economic Security 2006). 

This focus on the recent, local and natural, however, was demonstrated by the 

vulnerability assessment as too narrow to identify broader-scale drivers of local 

vulnerability. The assessment framework, which focused on the long-term, regional, 

social, and political-economic, revealed broader processes affecting local vulnerability 

such as regional intensifying land and water development patterns, rapid population 

growth in central Arizona during the second half of the 20th century; real estate 

investment in amenity-rich rural communities in north-central Arizona; and state and 

county institutions and policies that have been ineffective for ensuring the adequacy of 

local water resources in rural areas of Arizona. Thus the assessment revealed water 
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shortages in northern Gila County (Figure 1) were likely exacerbated by several years of 

drought, but were largely an expression of the region’s economic and social integration 

with the rapidly growing Phoenix-metropolitan area during the second half of the 20th 

century.  These results are seen as critical for understanding the drivers of local 

vulnerability and, therefore, highly valuable for efforts to develop alternative policies that 

mitigate vulnerabilities and enhance local sustainability.  

Following a review of disaster vulnerability and political ecology literature that 

informed the vulnerability assessment framework, Data collection and analysis methods 

are described. A review of the regional geography of central Arizona and northern Gila 

County then establishes the amenity-based qualities that underpin 20th century 

development in both regions. This also sets the scene for a review of late 19th and early 

20th century history when primary production-based economies contingent on reliable 

water supply were established in both regions. During this period several events took 

place that have since affected access to surface and groundwater resources in northern 

Gila County and much of north-and west-central Arizona. This is followed by a review of 

post-WWII history when rapid land-use change, population growth, and fraudulent land 

sales were taking place in both regions. Following the historical reviews, the main 

arguments of this paper stated above are revisited and discussed. The paper concludes 

with thoughts on subsequent hazard vulnerability research in First World settings, and 

how policy can improve conditions in northern Gila County and rural Arizona. 
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THEORETICAL FRAMEWORK 

 

The drought vulnerability assessment framework is based on political 

economy/human ecology hazards, disasters, and climate change research (e.g., Hewitt 

1983, Wisner 1993, Bohle et al. 1994, Blaikie et al. 1994, Varley 1994, Ribot et al. 1996, 

Oliver-Smith 1996, Pulwarty and Riebsame 1997, Mustafa 1998, Adger and Kelly 1999, 

Pelling 1999, Bankoff 2003, Vasquez-Leon et al. 2003, Wisner et al. 2004). One potential 

limitation of this literature is that the vast majority of studies have been conducted in 

developing countries that have significantly different socioeconomic, political and 

economic systems than those of the United States. As a result, it can be potentially 

problematic to derive from this literature a vulnerability assessment framework for Rural 

Arizona. To address this, ‘first world’ political ecology research is relied on to inform the 

application of a political economy human ecology vulnerability assessment in Arizona 

McCarthy 2002, Robbins 2002, Walker 2003, McCarthy 2005). Political ecologists, 

which have also traditionally focused on the developing world, have begun to explore the 

transferability of political ecology epistemology and research traditions to first world 

case studies. Both research traditions share a similar perspective on human environment 

relationships, and are well suited for integrating for this study. This section outlines both 

literatures and articulates the vulnerability assessmet framework.      

A subset of the broader literature on vulnerability, political economy/human 

ecology hazards and disaster research emerged in the late 1970s as a critique of 

“mainstream” analyses that focused on geophysical and behavioral factors as central 
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determinants of disaster vulnerability (O’Keefe et al. 1976, Hewitt 1983). These initial 

critiques rejected that disasters were ‘caused by’ external natural events, and that losses 

could be adequately explained using subtle environmental determinism and theories of 

societal modernization (Wisner 2004). Hazards such as earthquakes, tsunamis and 

drought are seen as triggers that, when combined with a vulnerable population, lead to 

disaster. Unlike previous research that assumed development would inevitably reduced 

risk, development is examined as playing an important role in structuring maladaptation 

to risks. Emphasis is placed on the potentially marginalizing effects of socioeconomic 

characteristics such as class, occupation, caste, ethnicity, gender, age, and how these 

characteristics affected individuals’ and households’ ability to secure necessary resources 

after a calamitous geophysical event occured (Wisner 2004). Thus, this research has 

sought to explain disaster vulnerability as conditioned by everyday practices, policies and 

social structures. 

Much of this research traces its roots to Amartya Sen’s work on famine in Asia 

and North Africa (Sen 1981). His research on famine during food shortages demonstrated 

how household and individual vulnerability was linked to societal class and market 

forces, and was determined by ‘entitlements’, or the ability to command goods. “Since 

the early 1980s many [researchers] have considered disasters as functions of an ongoing 

social order, of this order’s structure of human-environment relations, and of the larger 

framework of historical and structural processes, such as colonialism and 

underdevelopment, that have shaped these phenomena.” (Oliver-Smith 1996, p. 314). 

Building on Sen’s work, Watts and Bohle (1993) and subsequently Bohle et al. (1994) 
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developed a model of the causal structure of famine vulnerability in Africa based on 

endowments, class relations and empowerment, and political ecology. Later, Wisner et al. 

(2004, p. 20) built on this to how “normal pressures in global, regional, and national 

systems of economic, social and political power contribute to creating vulnerability to 

disaster…[and] how the material conditions of daily life, what one might call ‘normal 

life,’ also prefigure disasters” (Wisner et al. 2004, p. 20). 

The empirical bases of this body of research are derived almost entirely from case 

studies in post-colonial and Third World settings. Theories of the production of 

vulnerability are rooted in, for example, the analysis of systems of production imposed on 

indigenous people by colonial governments and their successors, which in turn have “set 

in motion processes of soil erosion, desertification, and deforestation that produce 

conditions of extreme environmental vulnerability to natural hazards” (Oliver-Smith 

1996, p. 315). Using a case study in The Philippines, Greg Bankoff (2003, p. 236) 

demonstrated how the construction of vulnerability to flooding in Manila is a function of 

societies and destructive agents “mutually constituted and embedded in natural and social 

systems as unfolding processes over time.” Mark Pelling (1999, p. 259) argues that flood 

vulnerability in urban Guyana is mediated by a development history determined by local 

agency and pressures of the global political economy with “reduced access to economic 

assets for the poor majority, inadequate infrastructure provision, gendered and ethnically-

stratified social systems, partisan politics and an underdeveloped civil society.” Pulwarty 

and Riebsame (1997) describe the role of global capital in developing large agricultural 

projects in Honduras that have displaced peasants into isolated valleys and steep hillsides 
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that are more vulnerable to landslides during and after hurricanes; how international 

economic restructuring of the Dominican Republic’s economy towards privatized banana 

plantations has led to a national economy more fragile and vulnerable to hurricanes; and 

how structural adjustments imposed on Jamaican government programs intensified the 

deforestation and development of hillsides for private agricultural operations that later 

contributed to landslides after hurricanes that displaced and killed scores of people. 

The emphasis on populations in poor or developing countries has been motivated 

by the history of significant loss of life and the disruption of livelihoods following from 

an extreme geophysical event. Compared to advanced capitalist states, for example, 

disasters in poor, developing countries are more likely to result in mass migration, 

deprivation, and loss of life. In many instances the government is incapable or unwilling 

to mitigate vulnerability or provide effective relief aid without significant international 

support. As a result, much of the vulnerability assessment research examines 

vulnerability at the community and household scales as the locus for resiliency, the 

capacity to adapt, and for mitigating vulnerability. 

The economic, social, and political economic landscape of Arizona is 

significantly different from developing countries in many respects, and as a result poses 

problems for the direct application of a human ecology/political economy assessment 

framework. Private property rights are well established and supported by a enforced set 

of legal and judicial institutions at the state and federal levels. Entitlements to 

governmental social services, including disaster relief aid, are much greater than in 

underdeveloped countries. Representative government at the local, county, state and 
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federal levels provides a degree of accountability and access for citizens not always 

enjoyed in the Third World. Households and communities, in general, possess a much 

greater range of financial and technological resources to mitigate vulnerability, loss of 

life, and disruption of economic systems in the event of a hazard. These issues, along 

with numerous other political, economic, social structural and historical contingencies, 

make transferring this framework from a Third World setting to the First World seem 

problematic. The literature reviewed above, unfortunately, provides little guidance for 

vulnerability research in First World settings, and thus little insight into applying this 

framework in the advanced capitalist setting of Arizona. 

Fortunately, political ecology, a closely related and quite analogous field of 

geographic research, has recently examined the issue of Third-First World transferability. 

According to Paul Robbins (2004, p. 12), 

 

“As a critique, political ecology seeks to expose flaws in dominant 

approaches to the environment favored by corporate, state and 

international authorities, working to demonstrate the undesirable impacts 

of policies and market conditions, especially from the point of local 

people, marginalized groups, and vulnerable populations. As critical 

historiography, deconstruction, and myth-busting research, political 

ecology is a hatchet, cutting and pruning away the stories, methods, and 

policies that create pernicious social and environmental outcomes.” 
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Early political ecology research (i.e., late 1960s – early 1970s) focused on unequal power 

relations, conflict, and cultural ‘modernization’ as key forces in reshaping and 

destabilizing human interactions with the physical environment. In the 1980s and 1990s 

political economy was analyzed as a force of maladaptation and instability in what is now 

considered the ‘structuralist’ phase of political ecology (Walker 2005). 

In recent years there has been a growing interest in the application of political 

ecology frameworks for human-environment research in the First World. Like the 

aforementioned research on vulnerability, political ecology research has been conducted 

predominantly in developing and underdeveloped countries and regions of the world 

(Bryant and Bailey 1997). In the past few years there has been an ongoing discussion 

about the application of political ecology research to first world settings (McCarthy 2002, 

Robbins 2002, Walker 2003, McCarthy 2005). In general, there seems to be some 

consensus that the political ecological analysis of nature-society interactions in the First 

World is entirely possible and appropriate (McCarthy 2002, Robbins 2002, Walker 2003, 

McCarthy 2005). According to Paul Robbins (2002, p. 1510), “there is nothing about the 

epistemology, methodology, philosophy, or politics of Third World political ecology that 

bars its deployment in other contexts.” Similarly, James McCarthy (2005, p. 953) feels 

that “most of the field’s standard questions, methods, and commitments are entirely 

relevant to research on human-environment relations in industrialized countries.” Recent 

examples of first-world political ecology topics include ranching and residential 

development along the Arizona-Sonora borderlands (Sheridan 2001), land use conflicts in 

the rural Western United States (McCarthy 2002, Walker 2003), the moral economy of 
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the American residential lawn (Robbins 2003), North Atlantic Fisheries (St. Martin 

2005), contemporary subsistence forestry in the United States (Emery & Pierce 2005), 

neoliberalism and community forestry in the United States (McCarthy 2005), and rural 

gentrification in The Adirondack Park in upstate New York state (Darling 2005). These 

studies reflect the myriad ways within the field of political ecology the term “ecology” is 

expressed more broadly as nature: tangible and material, as well as a socially constructed. 

According to Joel Wainwright (2005, p. 1033), however, “The shift from the 

Third World to the First complicates the narrative of early political ecology, because 

studies of environmental change and governance in industrial societies complicate 

notions of marginality, land management, and the place of nature.” More broadly, “First 

World political ecology research calls into question political ecology’s underlying 

geographical imaginaries,” namely separation of the Third and First worlds (McCarthy 

2005, p. 953). The “gaze” of political ecology research has traditionally been “out” and 

“far” (Robbins 2002, p. 1510), referring to the dominant study of the global south by 

researchers in the global north. This gaze has led to a preoccupation with indigenous 

movements and NGOs…and an obsession with local organizations of resistance” 

(Robbins 2002, 1510). The reorienting of this gaze “inward” onto the First World, 

Robbins maintains, is not problematic unless it is associated with a subsequent change 

from an exclusive focus on local, disaggregated informal institutions to include an 

analysis of formal, centralized and official institutions, the State, and capital centers of 

knowledge and power. “An orientation ‘inwards’ toward the First World is an incomplete 

revolution, without a simultaneous and symmetrical interrogation upwards to other poles 
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of power” (Robbins 2002, p. 1511). This paper adapts this guidance in the assessment of 

local vulnerability by focusing on regional and state-level institutions, processes and 

politics. 

Peter Walker’s research on the gentrification of the rural Western United States 

and the ensuing conflicts that emerge (2003) represents the most closely related example 

of political ecology to the research presented here. His research explored the local 

outcomes of a regional process that is “transforming many areas of the rural American 

West from resource-dependent communities and economies into more diversified 

economies and cultures” (p. 13). This transformation, more broadly known as the “New 

West” (Riebsame & Robb 1997, Shumway & Otterstrom, Taylor 2004), plays an 

important role in the drought vulnerability of rural Arizona. As natural amenities have 

become commodities in rural real estate markets, areas like northern Gila County are 

increasingly seen as places of private property development, investment, and in-

migration, irrespective of carrying capacity. According to Walker, informal local politics 

in the American West are inextricably interwoven with formal political institutions at 

multiple scales. In addition to local and federal scales, regional and especially county-

level political institutions are critically important scales and important as focal points for 

political ecology research. 

In addition to vulnerability research, this paper also draws from both literatures 

reviewed to frame drought. Drought and other climatic hazards have long been examined 

in the political economy/human ecology of disasters (Wisner 2004). Drought, like other 

geophysical extremes, is seen as triggering vulnerabilities already in place. Drought is 
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also framed in this paper as the “ecology” in political ecology. A frequent critique of 

political ecology, especially from the physical sciences, is, simply: “Where is the 

ecology?” (Walker 2005). Early work in political ecology focused on land degradation, 

including reduction or loss of ecological functions. More recent work in political ecology, 

particularly that which is more aligned with postmodernism and poststructuralism, frame 

ecology in a much more socially-constructed manner. This paper defines drought 

climatologically, as sustained deficits of precipitation for months, seasons and even years, 

in between an empirical, realist and socially constructed framing of nature. 

In addition to drought, this paper frames climate as a “natural setting,” as “natural 

resource,” and as a “natural hazard” (Riebsame 1985). “[Climate] acts as a background, 

occasionally determines critical outcomes, often presents hazards or triggers disasters, 

and is a basic resource to human activity” (p. 80). In northern Gila County, the State of 

Arizona, and much of the American West climate is an important amenity that drives 

migration, resettlement patterns, and economies. In this sense, “nature provides climate, 

and climate provides the setting” (Riebsame 1985, p. 70). Climate is also seen here as a 

natural resource. Much of rural Arizona obtains its potable water from groundwater that 

is replenished by the infiltration of precipitation and melting snow. Thus, the amount of 

groundwater available is in part determined by climate variability. Finally, climate is a 

hazard. Drought, a normal part of climate variability, adversely impacts water systems by 

increasing demand (e.g., outdoor watering) and, eventually, decreases supply as aquifers 

receive less recharge. 
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In summary, this paper adapts a political economy/human ecology framework to 

explain the production of drought vulnerable community water systems in rural Arizona. 

Recent discussion within the field of political ecology provides insights to adapt this 

framework to the social, political and economic setting of 20th century Arizona. In 

addition to examining how long-term regional development patterns, and state and county 

policies and governing institutions have contributed to local drought vulnerability in 

northern Gila County, the assessment also contributes to the theoretical bases for hazard 

vulnerability research in First World settings. 

 

 

APPROACH AND ANALYSIS 

 

The assessment framework ties water scarcity in northern Gila County to broader-

scale social, political and economic structures and historical processes of development. 

Water scarcity in northern Gila County is ultimately experienced at the household or 

subdivision scales as short-term water outages, and at the community scale as indoor and 

outdoor water use restrictions lasting from days to months. The paper, however, does not 

focus on the household or subdivision scale where impacts of a deficient water system 

would be evident, and most adaptations to water shortages and outages likely occur. 

Rather, the paper “scales up” the framing of drought vulnerability in northern Gila 

County to the level of community water systems, and identifies chains of explanation 

between drought vulnerability at this scale and county, state and federal water and land 
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use policies and historical processes of regional development in Arizona and the 

intermountain Western United States. This scaling up focuses the analysis on the 

pressures, constraints and conditions under which residential water is provided, and 

consequently overlooks the broader context of vulnerability that includes household-level 

adaptive capacity and causes of vulnerability. 

The vulnerability assessment examines the history of private development and 

state and county government processes that have conditioned the drought vulnerability of 

community water systems in northern Gila County and, more broadly, rural Arizona. 

Data for the assessment were obtained primarily from secondary sources including 

government reports and other “gray” literature, peer-reviewed journal articles, newspaper 

articles, books, and state government and university websites. Semi-structured interviews 

with numerous state, county and local government officials, university researchers, and 

business representatives supplemented secondary data. 

 

 

PHYSICAL SETTING 

 

The Salt River Valley includes the Phoenix-Metropolitan area (2000 population: 

2.5 Million), and is located on the northeastern edge of the Sonoran Desert in the Basin 

and Range Province of Western North America. The Valley contains broad, gentle slopes 

varying about 1100 feet above sea level (a.s.l). The Salt River flows through the Valley 

from the east to west and has historically provided an abundant source of water 
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(Knowles-Yanez 1999). The natural vegetation of the Salt River Valley is predominantly 

brush and bushes, mesquite and paloverde trees, and a variety of cactus species and 

thorned vegetation. The Valley is surrounded by isolated mountain ranges that provide 

scenic views and hiking opportunities. 

The Rim country is located approximately 75 miles northeast of the Salt River 

Valley in the upper reaches of the Tonto Creek and East Verde River watersheds (Figure 

2). The region has one incorporated (i.e., locally governed) town, Payson (population 

15,000) and several other smaller unincorporated communities including Pine, 

Strawberry and Star Valley. The region is flanked on north by the Mogollon Rim, the 

exposed and eroded southern edge of the Colorado Plateau. The Mogollon Rim is a 

remarkably beautiful landscape feature that provides a scenic backdrop for the local 

communities, and draws visitors and prospective residents to the area. The region ranges 

from 4,800 feet above sea level in the southern part of the region to between 6,000 and 

6,500 feet atop the Mogollon Rim. The dominant vegetation is Pinyon Pine and Juniper 

woodland, with increasing presence of Ponderosa Pine in the upper elevations and on top 

of the Mogollon Rim. 

 

The Valley experiences very little rainfall, mild winters, hot summers, and an 

abundance of sunny days. On average (1948-2005) the Valley only receives between 

seven and eight inches of rain annually. Approximately 50% of the annual total typically 

falls during the North American monsoon season during July, August, and early 

September (Sheppard et al. 1999). Minimum mean monthly temperatures in the Valley  
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Figure 2. Northern Gila County is composed of numerous communities, of which only
                one is incorporated (Payson). The region is accessible via Highways 87 and
                260. Many of the smaller communities are accessible via unpaved roads in
                the surrounding Tonto National Forest.
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vary from the low 40s in January to the low 80s in July. Maximum mean monthly 

temperatures vary from a low in the mid-60s in December and January to the mid-100s in 

June, July and August. Also known as the “Valley of the Sun,” residents enjoy, on 

average, 211 days of sunshine and fewer than 70 cloudy days a year (Cerveny 1996). 

Compared to the Salt River Valley, the Rim Country is much wetter, has milder 

summers, and colder winters. Annual precipitation totals range between 20 and 33 inches, 

with higher amounts closer to the Mogollon Rim. Roughly two thirds of average total 

annual precipitation falls between October and April, with July-September rainfall 

representing the remaining third of the average annual total (Western Regional Climate 

Center 2006). Minimum mean monthly temperatures in the Rim County vary from a low 

in the low 20s in December and January to the mid 50s in July and August. Mean 

monthly maximum temperatures vary from a low in the mid-50s in December and 

January to the low 90s in June, July and August (Western Regional Climate Center 

2006). 

The previous descriptions of the climate of the Salt River Valley and northern 

Gila County reflect average conditions. The climate of Arizona, however, varies 

significantly on inter-annual and multi-decadal scales (Sheppard et al. 1999). 

Instrumental records reveal three major statewide drought events: the late 1890s to the 

early 1900s, the 1950s, and from the late 1990s to present (McPhee et al. 2004). 

Additional droughts of shorter duration, lesser intensity (e.g., magnitude of precipitation 

deficits), and/or lesser areal extent have occurred more frequently throughout the 20th 

century. Thus, drought is a natural part of this climatic variability (Figure 3). 
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Figure 3. Significant interannual variability in precipitation is normal for the region.
                Figure 3 shows annually-averaged precipitation anomalies for Payson from
                1950-2004 (based on 1970-2000 annual average in Payson). Note that the
                1980s were predominantly wetter than average, but the trend switched to
                below-averrage annual totals beginning in the mid 1990s. 2002 was the driest
                year on record. 
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The impact of drought on water supply during the last century has changed as 

Arizona’s ‘portfolio’ of developed water resources has evolved and the geographies of 

demand have shifted. The state’s major metropolitan and agricultural areas, including 

Phoenix and the Salt River Valley, have buffered themselves from short-term drought 

(e.g., months to several years) by developing intra- and inter-state surface water transport 

and storage infrastructure, and managing it conjunctively with local groundwater 

resources. However, many rural areas of the state, including northern Gila County, rely 

primarily on local groundwater resources that are not as plentiful or resilient to drought. 

 

 

EARLY 20TH CENTURY DEVELOPMENT OF THE SALT RIVER VALLEY AND 

NORTHERN GILA COUNTY 

 

This section discusses water and land development at the beginning of the 20th 

century that continues to affect water supply options in northern Gila County. Early in the 

development of the Salt River Valley agricultural interests organized and capitalized on 

recent federal legislation that helped secure a reliable water supply for Valley agriculture. 

Soon after, the federal government established a National Forest to protect the watershed 

that supported the Valley’s agriculture.  Both events established relatively permanent 

water availability constraints in northern Gila County. 
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Between 1870 and 1920 agriculture was the predominant economic activity in the 

Valley. Wheat, barley, and corn became the first surplus crops, with commercial citrus 

and fruit crops flourishing later. Eventually, alfalfa developed as a cash crop and 

contributed to cattle, horse, and sheep ranching in the region. In 1875 farmers were 

cultivating 8,000 acres of barley and wheat, along with corn, beans, and a range of fruit 

trees, supplying the nearby military outposts and mines in Arizona (Sheridan 1995, p. 

200). The Desert Land Act of 1877 increased the size of a homestead from 160 acres to 

640, enticing more people to the valley (Sheridan 1995). By 1890 there were 11,000 

people in the valley, and four canals irrigated 50,000 acres north of the Salt River 

(Sheridan 1995). In 1895 the first railroad service linked the Phoenix area to Southwest, 

Midwest, and Eastern markets. Dairies were established as well as an ostrich feather 

industry. In the early 1900s cotton became another important cash crop. Growth along the 

agricultural periphery was actively promoted (Knowles-Yanez et al. 1999). 

Between 1900 and 1920, the automobile facilitated outward migration from the 

city center to developments that grew up to the north of downtown Phoenix. By 1912, 

Phoenix was a compact and well-defined city with functional zones for a central business 

district, industry and residential districts. It had been recently named the capitol of the 

new State of Arizona and had established itself as the a dominant market center between 

El Paso and Los Angeles” (Knowles-Yanez et al. 1999, p. 2) In 1920 Phoenix surpassed 

the population of Tucson and became the largest city in Arizona. Beginning in the 1920s 

boosters began to promote the Valley as a favored place for tourism, good weather, health 

care, and the arts in addition to being a rural agricultural center of the southwestern 
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United States. Phoenix gained “metropolitan district” status as a result of the 1940 census 

that measured an aggressive annexing policy that began in the 1930s to promote rapid 

population growth (Knowles-Yanez et al. 1999, p. 5) (Table 1). 

By the turn of the century Anglo Americans had displaced Apache Indians in 

northern Gila County and the Tonto Basin to the south, homesteaded most cultivable 

sites, and established ranches and small farms. Homesteads totaling 2,158 acres were 

established in the Payson area prior to 1933 (Tonto National Forest 2005). Data on 

homestead acreage in other parts of the region were not available, but it is clear that 

homesteads created the vast majority of private land in the region today. Despite the 

settlement of dozens of homesteads, Payson was one of the most remote communities in 

Arizona during the late 1800s and early 1900s, taking 5 days of travel by wagon to 

Flagstaff and Globe (Trimble 2004). “By the 1920s most homesteads were patented…and 

much of the area had been fenced. Essentially all economic activity was subsistence 

farming and ranching. Some early resorts (essentially dude ranches) were at Tonto Creek 

and Natural Bridge but were quite small. A few very small sawmills made lumber for 

local use” (U.S. Forest Service 1972, p. 64). 
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Appropriating and Protecting the Salt River Watershed for Valley Agriculture 

 

Access to surface water and groundwater in northern Gila County (and much of 

north-central Arizona) was permanently and significantly restricted by two events early 

in the 20th century: Valley farmer’s appropriation of rights to the normal flow of Salt  

River and all of its tributaries (including those with headwaters in northern Gila County), 

and the establishment of the Tonto National Forest (Figure 1). In 1902 the federal 

government passed the U.S. Reclamation Act that established the United States Bureau of 

Reclamation (“Bureau”) and funding programs for the construction and maintenance of 

irrigation projects. In order to realize the agricultural potential of the Valley, farmers 

needed to find a way to collectively regulate the Salt River’s flow and, in turn, eliminate 

the constant conflicts and litigation over water supply. They also realized that private 

capital, which up to that time had developed sufficient community water systems in 

Phoenix, would not prove sufficient for such a large task (Sheridan 1995). In 1903 Valley 

farmers incorporated the Salt River Valley Water Users Association (Association) and 

immediately began working with the Bureau on plans to build a dam on the Salt River. 

The formation of the Association allowed the farmers to collectively pool their property 

as collateral for the dam project and provide the Federal government a legitimate legal 

entity to work with on financing the dam. 

Approval for the building of Roosevelt Dam came in 1905 and the dam was 

completed in 1911 80 miles east of Phoenix where the Tonto Creek flows into the Salt 

River. Roosevelt Reservoir has a capacity of roughly 1.6 Million acre-feet. The $10.4 
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Million debt owed to the Federal government for dam construction costs was paid off by 

the Association in 1955 with profits from agricultural products on Association land. 

From 1923 to 1946, five more water-storage dams (all smaller than Roosevelt Dam) were 

built along the Salt and Verde rivers. 

As part of the deal to build Roosevelt Dam, federal officials wanted the 

Association to settle water rights claims to the Salt and Verde Rivers, and avoid future 

conflicts between the users of stored water and the owners of vested water rights to the 

natural and normal flows of the river (MRWRMS 2005). In 1910 Judge Edward Kent 

determined relative rights of Association lands to the water of the Salt River and its 

tributaries. Known as the Kent Decree, the decision formally established the rights to the 

normal flow of Salt River and all of its tributaries (including those with headwaters in 

northern Gila County) to the Association, minus those claims established prior to 1909. 

At the time the decree was entered, water use on the watershed was minimal and unlikely 

to interfere seriously with the right of the Association to the water behind Roosevelt Dam 

(MRWRMS 2005). 

As plans for Roosevelt Dam were being developed, agricultural interests in the 

Valley recognized the need to protect the Salt River watershed from degradation that 

might lead to more rapid runoff and silt buildup behind the dam, reducing the dam’s 

capacity. Depressed cattle markets led to overstocking of many ranges in Arizona in the 

1890s, including the Tonto Basin south of the Mogollon Rim. Extreme drought in the late 

1890s led to significant denudation of these ranges. “Since overgrazing exacerbated 

erosion and lowered the water table, Valley farmers sought to limit the ranching economy 
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in the Tonto basin by encouraging stock reductions or exclusions” (Soward 1998, p. 344). 

In the same year that the Roosevelt Dam was approved (1905), the recently created U.S. 

Forest Service established the Tonto National Forest (Figure 1), enveloping the 

communities in northern Gila County in approximately 3 million acres of federally 

managed land. The forest would be administered to protect watershed qualities, which 

included limiting ranching and regulating the stocking of ranges.   

The Association’s appropriation of surface water rights and the establishment of 

the Tonto National Forest did not present immediate constraints on development in 

northern Gila County. But northern Gila County became easily accessible to the Phoenix 

metropolitan in the mid-1950s as the one-lane dirt road between Payson and Mesa was 

improved to a paved, two-lane highway. The implications of the Kent Decree were fairly 

straightforward: future growth in northern Gila County would have to rely on 

grandfathered surface water rights and groundwater. Also, National Forest policy would 

limit water supply options for the coming growth. Since as early as the 1970s, requests to 

develop wells in the Tonto National Forest to augment existing community water systems 

have been denied, Groundwater development has since been limited to drilling wells on 

the private land in the region. 
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POST WORLD WAR II GROWTH IN THE VALLEY AND NORTHERN GILA 

COUNTY 

 

The development and populating of the Rim Country has been driven by its 

regional ties to the Phoenix-metropolitan area, its milder summers, scenic beauty, and 

natural amenities. Significant population and economic growth occurred in the Salt River 

Valley during the first half of the 20th century, but it was during and after World War II 

that the region really boomed (Table 1). According to Tom Sheridan (1995, p. 263), 

“federal investment in highway construction, recreational facilities, education, municipal 

government and the states’ transportation network enabled the explosive urbanization of 

Arizona that took place during World War II and in the postwar years.” Much of the 

state’s population growth occurred within the boundaries of Maricopa County, which 

covers 9,200 square miles in central Arizona. Between 1940 and 2000, for example, 

Maricopa County’s population grew from 186,000 to over 3,000,000 (a 1,600% increase) 

Today, the county includes the cities of Phoenix, Mesa, Glendale, Scottsdale, Tempe 

Chandler, Peoria and Gilbert, and an additional 18 incorporated and unincorporated 

communities (as of 2005). 

World War II revitalized Arizona’s economy. In 1941 the city of Phoenix leased 

1,440 acres to the federal War Department for an aviation training field. Other aviation 

training fields were soon established in and nearby the Valley. These installations became 

the catalyst for explosive growth in defense contracting development. By 1941 the Valley 

 



Census Year Maricopa County Phoenix Mesa Glendale Scottsdale Tempe Chandler Unincorporated County

2000 3,072,149 1,321,045 396,375 218,812 202,705 158,625 176,581 598,006
1990 2,122,101 983,392 288,104 147,864 130,075 141,993 89,862 340,811
1980 1,509,175 789,704 152,404 97,172 88,622 106,920 29,673 244,680
1970 971,228 584,303 63,049 36,228 67,823 63,550 13,763 142,512
1960 663,510 439,170 33,772 15,893 10,026 24,897 9,531 130,221
1950 331,770 106,818 16,790 8,179 2,032 7,684 3,799 186,468
1940 186,193 65,414 7,224 4,855 2,000 2,906 1,239 102,555
1930 150,970 48,118 3,711 3,665 2,761 2,495 1,378 88,842
1920 89,576 29,053 3,036 2,737 1,047 1,963 51,740
1910 34,488 11,134 1,692 1,000 1,473 19,189
1900 20,457 5,544 722 885 13,306
1890 10,986 3,152 500 500 6,834

91

Table 1. Population Change in the Salt River Valley, 1890-2000.
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had approximately 12,000 defense-related jobs in a variety of factories that were 

supplying the war effort (Sheridan 1995).  

In 1949 a Charter Government Committee composed of conservative 

businessmen representing the metropolitan area’s professional class gained control of city 

administration in Phoenix and set a strong agenda for growth (Knowles-Yanez et al. 

1999). The Charter Government also launched an aggressive campaign to attract high-

tech industry to the Valley by touting its natural amenities, right-to-work employee 

status, skilled labor pool, and plentiful energy provided by Arizona Public Service and 

the Salt River Project (Formerly the Salt River Valley Water Users Association) for 

industry. The Charter Government was successful at recruiting high-tech giants such as 

Motorola, General Electric, Goodyear Aircraft Corporation, Kaiser Aircraft Electric, and 

Sperry Corporation (Knowles-Yanez et al. 1999). Between 1950 and 1960 over 700 firms 

settled in the Phoenix metropolitan area (Sheridan 1995). 1953 marked the last year that 

agriculture was the leading source of income in Maricopa County. 

Postwar population of the Valley increased dramatically. From 1950 to 1960 the 

population of Phoenix grew from 106,000 to over 439,000. The overwhelming majority 

of this growth was due to migration originating from outside Arizona. Also, many 

military personnel who were stationed in the Valley during the war returned after the war 

to settle with their families (Knowles-Yanez et al. 1999). Between 1955 and 1980 

Arizona ranked second in the country in net migration (Sheridan 1995). A study of 

newcomers to Phoenix and Tucson between 1975 and 1980 (357, 043 and 117,137 

people, respectively) indicated that more than 93% came from out of state (Sheridan 

 



 
 

93

1995). By 1990 Phoenix’s population of almost one million people made it one of the ten 

largest cities in the United States. Maricopa county population had grown to over 2 

million, and was estimated at over 3.6 Million in 2005 (Arizona Department of Economic 

Security 2006) The Valley of the Sun had been transformed from an arid and inhospitable 

place to a major sunbelt destination. “Nearly every family owned its own home and had 

two cars. People planted Bermuda grass in the summer and rye grass in the winter and 

filled their yards with subtropical plants. There were no limits – to water, energy, or easy 

credit. It was suburbia triumphant, a strange, sun-dazed experiment taking shape on the 

northern edge of the Sonoran Desert as air-conditioning and flood irrigation kept the 

desert at bay” (Sheridan 1995, p. 281). 

In summary, the second half of the 20th century brought sustained, explosive 

growth to the Salt River Valley that in turn led to significant development and population 

growth in northern Gila County. “An economy built on the four C’s (copper, cattle, 

cotton and citrus) shifted into a more diversified one based on real estate, construction, 

electronics, aerospace, retirement, service, and tourism” (Knowles-Yanez et al. 1999, p. 

11). Higher wages led to greater affluence and capacities to travel, recreate and vacation. 

A large proportion of the residents of the Valley had not grown up with life in the desert, 

and many periodically sought refuge in the higher elevations north and east of the Valley. 

It was during this era that northern Gila County became increasingly integrated into the 

economy and demographic growth of the Valley. 
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According to Tom Sheridan (1995, p. 316-316), it was in the 1950s that the 

economies of many rural Arizona towns began to change in what he refers to as the 

“urbanization of the rural”: 

 

“Explosive population growth in Phoenix and Tucson drove thousands of 

city dwellers into the mountains to escape the heat. The biggest boom 

occurred on the Mogollon Rim. [The] cabin craze swept across just about 

every piece of patented land above 5,000 feet. Ranchers sold off 

homesteads that had been in their families for generations and subdividers 

mounted a national promotional campaign to attract the crowds.” 

[Phoenix] was turning [these communities] into summer extensions of 

itself.” 

 

The development and populating of the Rim Country has been contingent on its 

access to the Phoenix-metropolitan area. “By the end of the [1920s] the only major region 

with tourism potential that had been left out of Arizona’s [major roadway] system was 

the Mogollon Rim country (Sheridan 1995, p. 239). Improvements in automobile access 

from the Valley to northern Gila County thus opened the floodgates and Phoenicians 

transformed the region. 

The first road linking Payson with the Salt River Valley was completed in 1937. 

In 1958, the road was improved to a two-lane paved highway (state highway 87), 

shortening the previous nine-hour trip to about five hours (Brown 2001). Between 1960 
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and 2001 the road was expanded to a four-lane highway. In the early 1970s state highway 

260 between Payson and Show Low was paved, and the Beeline Highway became the 

popular route for residents of the Salt River Valley to access the White Mountains 

(Trimble 2004). The current travel time from Phoenix to Payson is approximately one 

and a half hours. Thus, as the Valley’s population grew, access to northern Gila County 

improved significantly. 

Payson had the second highest population growth rate in Arizona during the 

1960s (400%). As an unincorporated community, Payson grew from an estimated 350 

residents in 1960 to 1,490 in 1970. Pine and Strawberry experienced similarly high rates 

of growth (U.S. Forest Service 1972). “During the 1960s the economic structure of 

Payson and the rest of the Mogollon Rim changed from being dominated by lumber, 

lumber-related activities and ranching to economic activities related to serving the 

surging influx of people from Phoenix” (p. 78). 

During this time, many of the homesteads established during the late 1800s and 

early 1900s were being sold, subdivided, and developed as vacation home sites, tourist 

destinations and small mountain resorts serving the growing Phoenix metropolitan area 

(Arizona Department of Economic Planning and Development 1971, U.S. Forest Service 

1972b). During the decade following World War II, southwest regional Forest Service 

officials counted 47 subdivisions being developed within the perimeters of the Payson 

ranger district of the Tonto national forest (Baker et al. 1988). By the early 1970s over 

10,000 lots on over 3,900 acres (approximately 25% with permanent or mobile 

dwellings) had been subdivided along the Mogollon Rim in northern Gila County alone 
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(U.S. Forest Service 1972a). Several mining claims resulted in patented lands, which later 

became subdivisions. Except for some manganese operations, there was little actual 

mining (U.S. Forest Service 1972b). 6,250 additional lots (approximately 14% with 

permanent or mobile dwellings) on over 4,250 acres had been subdivided along the Rim 

in southern Coconino and Navajo Counties. 

The rapid pace of subdividing and lot sales continued into the 1970s, driven 

largely by demand from Phoenix. A U.S. National Forest Service land use planning study 

(U.S. Forest Service 1972b) included an analysis of rural subdivisions in the Rim 

Country area (bounded by Pine-Strawberry on the west, Payson and Young on the South, 

Heber-Overgaard on the East, and the beginning of the Juniper-Pinyon grasslands north 

of the Mogollon Rim). By 1972 11,274 (68%) of the 16,000-plus lots had been platted for 

rural subdivisions in the Rim Country area had been purchased. While residents of the 

Rim Country purchased 13% of these lots, 70% of the sales in 1972 were to people 

whose primary residence was in the Phoenix area. Between 1967 and 1976 the number of 

Phoenix-area residents owning second-homes in Arizona increased from 7,000 to 19,000. 

In a 1976 survey of 118 second-homes in northern Gila County, 114 (96%) were owned 

by people whose primary residence was the Phoenix-metropolitan area (Hogan 1977). A 

1975 study of second-homes in north-central Arizona (i.e., Gila, Navajo, Coconino and 

Yavapai counties) identified almost 10,000 second-homes on private land (Bond and 

Dunikoski 1977). An additional 613 second-homes were identified on public lands in 

these counties. 
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Along the Mogollon Rim, homestead-to-subdivision transition and lot splitting 

continued throughout the 1970s and 1980s. More recent development activities in 

unincorporated areas and communities of the region have consisted primarily of lot 

splitting and the subdividing of private land for residential uses in Pine, Strawberry, and 

Star Valley (Gila County, 2003). Interviews with members of the real estate community 

in the Rim Country indicated that during the 1990s there was a marked increase in 

Californians purchasing land and homes, altering the dominant presence of Phoenix 

residents in the pool of recent newcomers. Exclusive gated communities, including 

Chaparral Pines and The Rim Golf Club in Payson (with houses starting in the mid-

$500,000 range), reflect the potential for the area to cater increasingly to wealthy tastes. 

The growth in Payson and several other communities were facilitated by U.S. 

Forest Service land exchanges with private investors increased the amount of developable 

land within the Payson town limits by approximately 8,000 acres between 1930 and 

1997. Similar land exchanges in 1964 increased the amount of developable land in Pine 

by 232.5 acres (Tonto National Forest 2005). Land exchanges helped the Town of Payson 

become the population and economic hub of the region, with a range of services 

increasingly provided by large corporate entities including Wal-Mart, Home Depot, and 

Safeway. Figure 4 shows development of housing units in the region from 1950 through 

2004. Approximately 1200 acres of Tonto National Forest, land that can be exchanged at 

a later date for private development, remains within the Town of Payson limits. 

Thus, it can be seen that recent growth in the area is but the latest phase of a 

decades-old pattern of regional development. Explosive growth in the Valley with access 
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to amenity-rich northern Gila County transformed the region’s landscape to a series of 

exurban satellites of the Phoenix metropolitan area. Development brought with it 

opportunities for increased quality of life, and significant profits for the real estate sector. 

The rapid growth on private land, unfortunately, was poorly planned and regulated by 

local, county or state government. Like much of Arizona from the 1950s to 1970s, eager 

buyers, land speculation, and fraudulent and misleading land sales were not uncommon.  

 

 

Fraudulent Land Development in Rural Arizona 

 

Following World War II fraudulent land sales emerged as a problem in Arizona 

and in many of the “Sunbelt” states. Congressional hearings between 1963 and 1968 

revealed a disreputable sector of the real estate industry was subdividing land and selling 

lots in remote and uninhabitable areas in several states without basic services such as 

potable water and electricity. In Arizona, property buyers were being misled about water 

availability. 

Nationally, interstate “sight-unseen” land sales were estimated at $500 Million in 

1963, $700 million in 1964, and $1 Billion in 1967 (Coffey & Welch 1969). Reporter 

Don Bolles of the Arizona Republic estimated that between the mid-1950s and mid-

1970s more than 6 million lots and $1 Billion had changed hands in phony real estate 

transactions in Arizona (Sheridan 1995, p. 335). As subdivision land development 

boomed in Arizona in the 1960s, Federal, state, and local government agencies were 
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deluged with complaints about Arizona’s remote subdivisions (Ball 1977). By the early 

seventies Arizona was becoming known as the land fraud capital of the world (Osbourne 

1988, Sheridan 1995). In northern Gila County, subdivisions were being developed and 

sold with poorly designed and inadequate water systems. Landowners split their land up 

into large numbers of small parcels, regardless of how much demand the local 

groundwater supply could support. Rural County government officials had few economic 

and political and economic incentives to regulate and intervene. 

In 1975 the chief hydrologist of the Arizona Water Commission, the sole state-

level entity responsible for water planning in the state at that time, commented on the 

relationship between land fraud and water: 

 

Arizona has long been a haven for the less than scrupulous land 

developers and their imaginative schemes. One of the concerns with such 

land sales was, and is, the availability of water. Developments offering 

fabulous views, wonderful climate, and unsurpassed investment potential 

often were less than crystal clear about the potential for a water supply” 

(Briggs 1975). 

 

To reduce fraudulent interstate land sales, the Federal government established the 

Interstate Land Sales Full Disclosure Act in 1968. The act requires developers, 

promoters, etc., to disclose specific, truthful information to out-of-state purchasers prior 

to signing contracts, and empowers buyers to seek damages if they have been defrauded. 
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During that time interstate sales of recreational lots in Arizona was big business. For 

example, between 1968 and 1974 260,728 lots in Arizona had been registered with the 

federal Office of Interstate Land Sales Registration (American Society of Planning 

Officials 1976). This number represented approximately 8% of the total number of 

interstate-advertised recreational lots in the United States during that period. Only three 

other states, New Mexico, Texas and Florida, had larger numbers of lots registered. 

Arizona state government, however, has historically played a very limited role in 

the regulation of development in rural communities. Thus, the regulation of land 

development has occurred primarily at the municipal and county levels. In the early 

1970s the administration of the State Real Estate Department changed and it began taking 

a “harder look at land development in the state” (Altenstadter 1977). In 1972 the state 

legislature gave county board of supervisors, for the first time, the power to regulate the 

subdivision of land within their jurisdictions. Many counties in Arizona had subdivision 

regulations at that time. Counties that did not adopted regulations and many began a 

process of strengthening their regulations (Ball 1977). 

The state also responded to concern that inadequate water supply was an all-to-

frequent issue in fraudulent land sales. In 1973 the state legislature passed bill 2100, 

establishing the Adequate Water Supply (AWS) program. Arizona Department of Water 

Resources (ADWR) and the State Department of Real Estate administer the program 

jointly. The AWS program requires developers to obtain a report on the adequacy of 

water supplies from ADWR prior to advertising lots for sale. Adequacy is defined as 

“water of sufficient quality that will be physically, legally, and continuously available for 
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the next 100 years” (Arizona Department of Water Resources 2005). If it is determined 

that water supply is inadequate, it must be disclosed to potential buyers in all advertising 

material and contracts. The AWS program does not, however, require this to be disclosed 

to subsequent owners. While water supplies and development in the states’ major 

metropolitan and agricultural areas have been increasingly regulated since the passage of 

the Groundwater Management Act in 1980, the AWS program remains the only state-

level requirement that applies to the remaining 87% of the state (i.e., rural Arizona) that 

ties development to any notion of adequate water supply. 

Data from the AWS program in northern Gila County demonstrate the concern for 

growing water scarcity. Between 1973 and 1996 water adequacy statements were issued 

for about 5,100 lots in Payson, Pine, and Strawberry. ADWR issued determinations of 

inadequate water supply for 98% of those lots (Arizona Department of Water Resources 

1996). This may initially sound alarming, but it largely reflects a loophole in the AWS 

program. If a developer wants a determination of adequacy, (s)he must produce an 

engineered study that can cost thousands of dollars. Because of the expense of this 

requirement many developers immediately request a determination of inadequacy 

regardless of the actual adequacy of water supplies. The determination and disclosure of 

inadequate water supply has apparently been of little consequence for new lot 

development in northern Gila County (Figure 4). Thus, while the AWS program may 

have increased the knowledge of water supply in rural areas somewhat, it has done little 

to nothing to reduce the sale and development of land with extremely limited or 

unreliable water supply.  
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DISCUSSION AND CONCLUSIONS 

 

The vulnerability assessment provides insight critical for understanding how 

regional social, political and economic processes and trends in central Arizona have 

directly and indirectly contributed to the production of drought vulnerability in northern 

Gila County. Popular and official accounts have framed recent water shortages and 

outages in northern Gila County as the result of local, recent, and natural factors. The 

analysis presented here, however, suggests that local and recent factors overlay on nearly 

a century of regional development patterns, state policy and institutional arrangements, 

and regional power relations that have favored the state’s major urban and agricultural 

areas. Discussion below focuses on the usefulness of a political economy/human ecology 

perspective to analyze drought vulnerability of northern Gila County and First World 

settings more broadly. Included in the discussion are insights beneficial for future 

vulnerability assessments using a similar framework. A review of water policy in Arizona 

follows, adapting Robbins’ (2002) emphasis on “looking inward and up” at formal state 

institutions. The remainder of the paper addresses the importance of policy and the state-

level political solutions for reducing drought vulnerability of rural water systems, and 

some of the significant political-economic challenges facing the implementation of 

policy. 
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This paper contributes to the advancement of First World hazard vulnerability 

assessments. For example, it directly engages in the discussion on deconstructing 

political ecology’s ‘geographical imaginaries’ of the Third and First Worlds (McCarthy 

2002, Walker 2003, Wainwright 2005, McCarthy 2005). Some important distinctions 

between First and Third World vulnerability to drought-induced water shortages can be 

made. Most of the people in the communities of northern Gila County are fully capable of 

short-term adaptations to water shortages and outages in their communities. Relative to 

vulnerability in the Third World, water shortages in the Rim Country Arizona are 

unlikely to threaten livelihoods, household cohesion or mortality rates. When outages 

have occurred in Pine Gila County officials have dispatched a water truck to provide 

water in the community, and local businesses have donated bottled water. In the Third 

World, a severe drought may trigger widespread malnutrition, forced migration, 

significant social unrest, and death. Many households lack sufficient entitlements to 

buffer against multi-year droughts. Most property owners in Pine can easily adapt to 

water outages by driving seven miles to Wal-Mart in Payson and buying water to drink. If 

the merit of hazard vulnerability research was based solely on the magnitude of the 

societal consequences of vulnerability studied, there might be little interest in studying 

drought in rural Arizona. Because the production of vulnerability and not the 

consequences of vulnerability is the focus here, the study remains quite useful for 

advancing our understanding of vulnerability in the First World.  

During periods of water outages, Payson and Pine have developed informal 

agreements with neighbors and community members to share water. Residents with 
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private wells or residents in a different subdivision of the community, for example, can 

be a temporary source of potable water. Poorer residents employed in the lower paying 

service industry jobs in the region may have a harder time paying for water by the gallon, 

but in the absence of such informal agreements, the vast majority of residents and 

second-home owners are at most inconvenienced to drive their automobile to Payson and 

purchase as much water as they need. 

Profiting from the commodification of nature is at the roots of many of the social, 

political and economic ‘drivers’ of vulnerability in the Rim County. It remains possible 

by the draw of Arizona’s natural amenities: sunshine and mild climate (i.e., for parts of 

the year in most areas of the state). In other parts of rural Arizona, for example, there has 

been significant market pressure to transform landscapes of Old West ranches to New 

West “ranchettes” (Sheridan 2001). The Rim Country is a good example of what 

Riebsame (1997), Walker (2003) and Robbins (1999) refer to as the New West: An 

eclectic blend of reconstituted “Old West” rustic culture, and the convenience, 

technology, and amenities of contemporary society. It also reflects the dominance of 

service-based amenity-rich rural counties in the New West (Shumway and Ottorstrom 

2001).  “In consumption-based rural capitalism, crucial local industries such as tourism, 

recreation and real estate all depend on the existence of landscapes that fit the primarily 

urban environmental aesthetics of (an imagined) ‘pristine’ nature that attracts migrants 

and tourists. As such, aesthetic environmental ideologies are not ‘obstacles’ to capitalist 

accumulation; rather, they are at the core of a new kind of capitalism.” (Walker 2003, p. 

17). 
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While widespread shortages have been seemingly avoided, everyday practices 

continue to slowly but steadily consume the capacity of groundwater resources and 

community water systems to buffer against drought. Disturbances to the hydrologic cycle 

such as drought now carry greater financial consequences as more people, property, and 

economic activity are exposed. Over time, this process could result in less and less of a 

climatic aberration necessary to trigger water shortages. Thus, decades of relatively 

uncontrolled growth in northern Gila County has come to undermine the very 

sustainability of the region that has for decades benefited economically from a continuous 

wave of rural migration and tourism. 

But, real estate and recreational tourism will likely continue to be very profitable 

in northern Gila County regardless of the long-term sustainability of water supply. Unlike 

previous research on the New West, this paper illuminates the potential for New West 

development pressures to produce and exacerbate hazard vulnerability. The marketing 

and development of the Rim Country and rural Arizona as tourist, second-home, and 

retirement destinations will likely continue to be successful at silencing concerns about 

water supply as long as the state and counties permit development without improved 

long-term planning and stricter criteria and enforcement for ensuring the adequacy of 

water supplies. Also, boosters of the region can (and have) successfully eliminated 

drought vulnerability from the popular discourse on the region’s natural bounty. 

The vulnerability of community water supplies in rural Arizona has and will 

continue to be driven by several factors independent of climatic processes and 

geophysical properties. For decades Arizona has been a top destination for people 
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seeking an affordable yet high quality of life that includes a warm climate with plenty of 

sunshine. As has happened for decades, people living in the Salt River Valley will 

continue to seek out recreational refuges from the summer heat of the desert. The Salt 

River Valley’s climate is relatively pleasant between October and May. Between the 

beginning of June and the end of September, however, temperatures are typically 

between 70 and 110 degrees Fahrenheit (Western Regional Climate Center 2006). With 

the exception of air-conditioned buildings and nearby low-elevation reservoirs, the 

closest areas to escape the heat are in the nearby central highlands and White Mountains. 

Phoenix-area visitors to the Rim Country, for example, can enjoy high temperatures that 

are approximately 20 degrees cooler than in the Valley by driving about an hour. Higher 

elevations in northern Arizona and in the White Mountains are even cooler. As long as 

the population of the Valley continues to grow, the pressure to continue developing 

private land in the Rim Country, the central highlands, and other areas of rural Arizona 

will remain. 

Despite decades of growth in second homes, subdivisions and weekend 

destinations in rural parts of the state, the state government has done little to ensure that 

the amount of development is consistent with the water supply in these areas. Rural 

interests have vehemently opposed state intrusion into what are seen as local affairs, and 

as a result have left themselves in many cases with only local resources to manage what 

is clearly a regional and statewide issue. As millions more move to the state’s 

metropolitan areas in the next several decades, more and more people will seek refuge 

from the harsh summer in the desert in Arizona’s high-elevation rural areas. 
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Arizona groundwater laws unfortunately do little to prevent water shortages at the 

local level. This is likely a symptom of Arizona political leaders’ reluctance to manage 

groundwater in rural areas of the state. Since before statehood, Arizona’s state and local 

governments have maintained an attractive climate for business, and business interests 

have had ample influence on government, particularly in matters involving the use of 

water resources (Mann 1963). Rather than rural water supply issues, the history of State 

water-related legislation, laws, and policies has been driven largely by unsustainable 

groundwater pumping in the major agricultural and metropolitan areas in central and 

south-central Arizona since before the 1950s. A brief review of the state’s history of 

addressing groundwater sustainability provides justification to implicate state-level 

political institutions in the production of contemporary of rural water supply 

vulnerability. It also highlights the importance of effective policy and expert political 

maneuvering in order to make strides in reducing the vulnerability of rural water supply.  

Rather than establish a limited number of state agencies in which various aspects 

of natural resource management could be coordinated, the state has historically created 

numerous commissions and smaller agencies with limited scope and often short life 

spans. In 1914 the administrative branch of Arizona state government included 42 

agencies. By 1968 there were over 125 (Cook 1968). Several committees were charged 

with developing capacity to manage water resources, but most were short-lived and many 

operated without funding (Mann 1963). As a result, policy-making had effectively been 

removed from the control of both the executive and legislative branches of state 

government. Special interest groups were able to exert significant influence over the 
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commissions, agencies, and appointed officials. According to Mann (1963, p. 72), “The 

public agencies, in many instances, had become little more than spokesman for the 

private interest groups with whom they must deal.” 

Beginning in 1919 the Governor of Arizona established the first of several 

unsuccessful attempts to establish natural resource planning at the state level. The 

Arizona Resources Board was supposed to investigate and develop plans for, among 

other things, conserving and utilizing watersheds and water resources and recommending 

to the governor policies to protect public and private water rights. Unfortunately, the 

Board received no formal funding, only filed one survey report, and may have never been 

formally appointed (Mann 1963). The Arizona State Planning Board, appointed by 

Governor Mouer in 1934, experienced a similar fate. Subsequent efforts to establish 

resource planning boards in the 1930s and early 1940s were not supported by the state 

legislature (Mann 1963). In many cases, these committees and boards produced reports 

that were not acted upon. In 1944 the Arizona Post-War Planning Committee, a division 

of the newly created Arizona State Resources and Planning Board, recommended 

cutbacks in acreage of irrigated agriculture to address the growing problem of 

groundwater overdraft and overstocked and depleted ranges. These recommendations 

were not given serious consideration at the state level (Mann 1963). 

While surface water is considered public property with rights to it managed by the 

state, Groundwater is considered private property. In 1904 the Arizona Supreme Court 

ruled that groundwater was subject to English Common law which provided that “all 

percolating waters are considered a part of the soil where found, and, therefore belong 
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absolutely to the owners thereof” (Mann 1963, p. 45). The courts determination of 

groundwater as private property was buttressed by the passage of the State Water Code in 

1919. Under the Code percolating groundwater was considered private property while 

groundwater flowing in underground streams or channels was considered public property 

and thus managed similar to surface water (Mann 1963). 

In 1945, 26 years after the passing of the State Water Code, the state legislature 

finally passed additional state-level law aimed at managing groundwater. The 

Groundwater Act of 1945 required that all persons owning and operating wells report 

such wells to the state land commissioner, and include well attributes such as depth, 

casing, amount of water produced, etc. The act also required a notice of intention to drill 

be filed with the water commissioners office prior to drilling for all wells drilled after the 

passing of the act. 

Under pressure by the Federal Government to address unsustainable groundwater 

pumping, the state legislature passed another groundwater act in 1948 that gave the state 

land commissioner the power to establish “critical groundwater areas.” Within critical 

groundwater areas, the commissioner could prohibit the development of new wells and 

thus indirectly limit the amount of irrigated acreage. The act, however, did not allow the 

regulation of rates at which existing wells pumped groundwater. Thus while the act did 

allow for action to prevent worsening overdraft of groundwater, it did virtually nothing to 

address existing overdraft. Critical areas were established only after local hearings that 

gave warning of a decision, and restrictions on well drilling took effect only after a 

designation was made. In general a great deal of well drilling occurred while the first 
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critical areas being considered and prior to being established (Dunbar 1977). Between the 

late 1940s and 1955 a total of 10 critical groundwater areas were established. 

All these legislative efforts were attempting to respond to groundwater pumping 

in the state’s major agricultural areas that was growing increasingly out of control. In 

1940 an estimated 1,500,000 acre-feet of water was pumped for irrigation in Arizona. By 

1950, this had risen to 3,410,000 acre-feet. Three years later, 4,800,000 acre-feet of 

groundwater had been pumped for agriculture (Mann 1963). A slightly lesser amount, 

4,600,000 acre-feet, was pumped in 1963 (Arizona Academy 1964). The consequences of 

this rate of groundwater pumping included rapidly dropping groundwater levels, 

subsidence and the formation of large surface fissures, and poorer water quality. Efforts 

to lessen the use of groundwater generally pitted cities, mines, and agricultural interests 

against each other. 

By the late 1960s the fractured nature of the management of Arizona’s water 

resources was reaching a peak. No fewer than six Federal agencies within the Department 

of Interior, three agencies with the Department of Agriculture, and the Army Corps of 

Engineers were involved in water administration in Arizona. At the same time there were 

no fewer than 11 state agencies with significant responsibilities in local and regional 

water administration (Cooke 1968). To make matters worse, there were virtually no 

requirements that these agencies coordinate on local or regional planning or projects. 

In 1980 the state legislature passed the Groundwater Management Act (GMA). 

The state was under significant pressure by the Federal Government to ensure that a 

proposed federally financed project for importing Colorado River water to central 
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Arizona would mitigate, rather than sustain, the continued decline of groundwater levels. 

There was only enough political support to begin regulating groundwater use in the three 

basins experiencing the most severe overdraft (Salt River Valley, Chino Valley, and the 

Upper Santa Cruz). A fourth basin centered in Pinal County (between Phoenix and 

Tucson) was later added. Within these basins, formally called Active Management Areas 

(AMAs), groundwater overdraft was to be managed in such a way as to achieve “safe 

yield” by 2025. The pumping of groundwater, in theory, would be reduced to the level of 

natural recharge by importing surface water from the Colorado River, reusing effluent, 

and adopting a variety of conservation measures that included restricting development to 

that which had rights to an “assured” water supply. The GMA also established the 

Arizona Department of Water Resources, a single agency responsible for managing the 

state’s water resources and interacting with federal and local agencies. 

Given the private property nature of groundwater and the exercising of this right 

for “beneficial use,” a property owner can legally impact the productivity of a neighbor’s 

well without any recourse for compromising the neighbor’s right to use the groundwater 

beneath their property. At an aggregate level, this is inconsistent with the hydrological 

connectivity of groundwater across property lines and with surface water. In communities 

with limited groundwater resources this legal precedent allows for the unsustainable 

consumption of groundwater in ways that can easily undermine the water supply of 

others in the community. 

Despite the rather bleak history of groundwater management, since the passage of 

the GMA and the creation of ADWR, the state government has begun to integrate 
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planning, development and water supply for Arizona’s growing rural population. In 1998 

and 2000 the Arizona state legislature passed “smart growth” acts that require counties 

and communities with moderate to high rates of growth (i.e., four counties and 23 

communities in 2004) to include information on water supply, future water demand, and 

how future water demand will be met in their comprehensive plans. A 2003 ADWR 

survey of local and county government and water providers, however, found that the 

legislation has “had a very limited impact on improving coordination between water 

management and population growth” (Jacobs and Megdal 2004, p. 99), and has “made 

apparent the critical lack of information in rural areas of Arizona” (p. 99). 

Responding to the states driest year on record (in 2002) and what may eventually 

be the state’s worst multi-year drought on record, state legislators introduced three bills in 

the Arizona state legislature in the 2004-2005 session. One bill signed into law in April 

2005 requires community water systems to prepare a water supply plan, a drought 

contingency plan, and a water conservation plan. To date limited data has been collected 

at the state level about most private and public water systems in unincorporated 

communities. Two other bills, one that would grant counties the legal authority to deny 

approval for developments without adequate water supply, and another that would have 

significantly enhanced existing water-related requirements for county “smart growth” 

plans, were never voted on. A wetter than average 2004-2005 winter dampened the 

momentum this legislation had gained from the extreme drought conditions of the 

previous several years. 
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These recent legislative efforts represent important steps, but also reflect the 

uphill battle for any legislation, including efforts aimed at mitigating the production of 

vulnerability, that might lead to restrictions on development in rural areas. Only three 

counties outside of AMAs (Mohave, Pima, and Yavapai) have implemented some form 

of constraint on development patterns or groundwater use to mitigate risk of community 

water shortages (Jacobs 2004). A recent analysis of county smart growth planning in the 

state indicated that “[the focus of counties] seems to be on looking for water resources to 

facilitate projected growth and not on considering the impacts of growth on available 

water resources or developing a carrying capacity concept” (Jacobs and Megdal 2004, p. 

99). According to two former senior officials with the ADWR, “there is substantial 

reluctance to adopt any of the AMA-type regulatory approaches [outside of AMAs]” 

(Jacobs & Holway 2004, p. 64). 

The economic well being of many rural communities and county governments in 

Arizona are also in conflict with such legislation. A large percentage depends on tourism 

and development, and have significant streams of revenue tied to the flow of weekend 

and seasonal visitors and permanent migrants. In addition to private interests, local, 

county, and state governments seeking to generate business and tax revenues have 

orchestrated the development of the Rim Country as an amenity-rich playground for 

Valley residents. As early as the late 1950s Gila County government was actively 

marketing the entire county as an amenity-rich area for tourism and summer home 

development for Phoenix area residents (Gila County, 1959). Throughout the second half 

of the 20th century, Gila County government supported tourism and second-home 
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development as a central aspect of economic development for northern Gila County 

(Ferguson, Morris and Associates, 1971, Gila County 2003). Thus, there is significant 

political and economic resistance to any efforts that might limit economic growth in these 

areas, regardless of the implications of that growth on the long-term sustainability of the 

local economy. Thus, any policy ‘fixes’ would need to surmount significant political 

resistance to restricting rural growth. 

The less politically challenging approach to mitigating water shortages thus would 

seem to be augmenting existing supplies. At least in the case of northern Gila County, 

two additional factors are likely to continue to compromise this option. First, private land 

in northern Gila County exists as islands within a sea of national forest. The U.S. Forest 

Service has essentially prohibited the development of private and municipal wells in the 

National Forest. The other factor is the lack of rights to surface water. As the Rim 

Country has grown in population, there has been more interest in acquiring rights to some 

of the surface water in the region that is appropriated for use downstream in the Salt 

River Valley. Over the past several decades the SRP service area, within which SRP 

water can be legally distributed, has become predominantly urban. By 1977 roughly half 

of the 235,000 acres within the SRP service area had been urbanized. By 1995 75% of the 

SRP service area had been urbanized. In 2004 over 86% of the service area had become 

urbanized (Salt River Project 2005a) and received 84% of all water deliveries during the 

year (approximately 550,000 acre-feet) (Salt River Project 2005b). The shift of water to a 

higher value in the Valley has made the transfer of any rights to the Rim Country even 

less likely than if the water were still used for agriculture. 
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INTRODUCTION 
 

Drought conditions persisted in varying degrees across most or all of Arizona 

between the mid-1990s and the mid-2000s. In Arizona, conditions were most severe 

during the summer of 2002, and impacts were considered most significant in rural areas 

where natural resources and amenities play an important role in livelihoods, local 

economies, and community welfare. Approximately one hour from the Phoenix 

Metropolitan area, residents of the “Rim Country” of northern Gila County (Figure 1) 

have experienced a range of impacts including extreme wildfire risk, periods of water 

shortages (i.e., when demand exceeded supply), water outages (i.e., when customers 

experienced a lapse in the delivery of water to their homes or businesses) and water use 

restrictions (i.e., when customers are encouraged or required to reduce demand 

significantly). 

This paper presents the results of a comparative drought vulnerability assessment 

of two rural central Arizona community’s water systems that have experienced multiple 

shortages and outages during a recent drought (Figure 1). An historical analysis of system 

reliability, shortage and outage mitigation efforts in Payson and Pine, as well as state and 

county governance systems provided an empirical basis to assess the capacity of both 

water systems to effectively manage external stressors affecting the reliability of water 

supply. According to official government and newspaper accounts (Arizona Department 

of Water Resources 1996, McKinnon 2002, Parker et al. 2005), recent water shortages 

and outages have primarily resulted from three factors: the reduction of recharge to the  
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area’s aquifers by severe drought, the drought-sensitive nature of the region’s 

groundwater resources, and increasing water demand driven by population  

growth. These accounts frame water shortages and outages as emerging largely 

uncontrollable forces, namely climate variability and population growth. This perspective 

is challenged by examining social, economic, and political pressures that stress the 

reliability of water supply, and by evaluating the impact of state, county, and local 

institutions on local adaptive capacity. How effectively have community water systems 

and residents in the region adapted to the stressors of drought and increasing demand? 

How have local, county and state legal and regulatory frameworks (‘institutions’) 

constrained and enabled the capacity of communities to adapt to the impacts of climate 

variability and mitigate water shortages? 

The findings of the assessment indicate the two systems are differently affected 

by state and local institutions, which in turn has a significant impact on the systems’ 

abilities to adapt to the impacts of drought and population growth on water supply and 

demand. One of the systems is privately operated in an unincorporated community while 

the other serves an incorporated town and is operated by the Town government. This 

distinction between the two systems had a significant impact on the ways in which state 

and county institutions were found to affect local adaptive capacity. In general, state and 

county institutions are found to have been largely ineffective at ensuring local adaptive 

capacity in the privately operated system, and in general support reactive adaptations that 

are reactive, limited in scope, and ineffective at mitigating the social, political and 
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economic drivers of shortages and outages. Local control and accountability in the 

publicly operated system, however, provides greater capacity to adapt pro-actively.  

The findings of the assessment make valuable contributions to previously 

identified research and policy agendas (National Research Council 2001, Mileti 1999). In 

the United States and other First World countries, community water systems are subject 

to a variety of federal, state, and local institutions that supposedly ensure that local water 

systems can reliably provide water services. It is not well understood, however, how 

effectively these institutions support local capacity to successfully adapt to climate 

variability, climate change, and other socioeconomic stressors that affect water supply 

and demand. Findings of the vulnerability assessment also contribute to the 

understanding of vulnerability assessment for pro-active hazard and disaster risk 

mitigation (Mileti 1999) and local drought planning guidance (Wilhite et al. 2005). 

Following a review of the literature on climate vulnerability and adaptive 

capacity, the paper describes the history, geography, and water resources of northern Gila 

County. Assessment results follow with an examination of the history of water shortages 

in Payson and Pine, including the kinds of adaptations implemented in each community 

to mitigate water shortages. Assessment results are followed by discussion of the 

adaptive capacity of both communities and, in particular, an examination of the 

relationships between state, county, and local legal and governing institutions, and the 

capacity of the community water systems to adapt to multiple stressors. 
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HAZARD VULNERABILITY AND ADAPTIVE CAPACITY 

 

Researchers studying how disasters emerge during and after extreme geophysical 

events have long been interested in the mediating roles of behavior, society, and culture. 

In recent decades there has been a growing emphasis on the concept of vulnerability 

(White et al. 2001, Wisner et al. 2004, Patt et al. 2005). The assessment framework was 

guided by findings of vulnerability assessment research that began in the late 1970s as a 

critique of popular explanations of disaster causality in the fields of hazards and disaster 

research (Hewitt 1983). In general, the field was critiqued for over-emphasizing the 

power of geophysical and behavioral factors to explain disaster losses, and under-

emphasizing the role of socio-cultural structures and political and economic processes 

and institutions. A large, interdisciplinary body of research has since advanced the study 

of how social, political, and economic processes and institutions result in people and 

places that are more or less vulnerable before, during and after an extreme geophysical 

event (Varley 1994, Blaikie et al. 1994, Bohle et al 1994, Ribot et al. 1996, Mileti 1999, 

Wisner et al. 2004). In general vulnerability is a relative quality that develops over time 

through the interaction of social and environmental systems at local, regional, and global 

scales. When triggered by an extreme geophysical event, vulnerability is expressed 

through the disruption of livelihoods and markets, dislocation of populations, and the loss 

of or injury to natural systems, property, and life. 

While a number of definitions of vulnerability have been proposed (Cutter 1996), 

most recent definitions are variants of three factors: exposure, sensitivity, and adaptive 
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capacity (McCarthy et al. 2001, Turner et al. 2003, Adger 2003). Exposure refers to “the 

probability of the occurrence of an extreme event whose influence extends over a 

particular area with particular characteristics” (Adger 2003, p. 32). Exposure thus reflects 

the magnitude and spatial and temporal qualities of an extreme geophysical event. As a 

hypothetical or modeled concept, exposure can refer to specific areas that could be 

subject to extreme geophysical forces (e.g., floodplains, earthquake zones, areas below 

sea level). Drought exposure is often delineated geographically by state, county, 

landscape, and watershed boundaries that are assigned a spatially-averaged value.   

Broadly defined, sensitivity is “the extent to which a human or natural system can 

absorb the impacts without suffering long-term harm or some significant state change” 

(Adger 2003, p. 32). For the purposes of the assessment sensitivity refers to how 

incremental changes in the duration, spatial extent, and intensity of precipitation deficits 

affect the availability or reliability of water supply in a community water system. For 

example, two similarly designed community water systems that have experienced similar 

exposure to drought, but with different water shortage histories, could be broadly 

interpreted as having different sensitivity to drought. 

The third factor, adaptive capacity, refers to the “ability of a system to adjust to 

perturbations and changes in variability or system states to moderate potential losses, to 

take advantage of opportunities, or to cope with consequences” (McCarthy et al. 2001, p. 

6). In the assessment ‘system’ refers to water system managers, system organization (e.g., 

Town of Payson Water Department, Pine Water Company), physical infrastructure, and 

customers (e.g., communities of Payson and Pine). Local, county, and state regulatory 
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programs and institutions, however, are treated as separate from systems but are 

recognized as important for determining formal interactions between the communities (as 

customers), the water providers, and the state. The remainder of this section reviews the 

concepts of adaptation and adaptive capacity within the context of vulnerability to 

climate variability, climate change, and water shortages. 

 

Adaptation 

 

Research on adaptation to climate change and climate variability (Smit et al. 

2000, McCarthy et al. 2001, Smith et al. 2003) has increased in importance as evidence 

grows of climate change in the 21st century. Climate adaptation research is based on 

earlier and concurrent work by hazards and disaster researchers on individual and 

collective adaptation to extreme geophysical events such as hurricanes, floods, and 

earthquakes (Burton et al. 1993). Other fields that have studied social adaptation to 

environmental change or calamity include ecological anthropology, cultural geography, 

and ecological economics. The concept of adaptation originated within the fields of 

biology and evolutionary ecology. An important distinction between the application of 

the term to biological sciences and its applications in the social sciences is that people 

and societies possess the ability to plan and manage adaptation (Smithers and Smit 1997). 

Adaptations are fashioned differently for a variety of reasons including: the continued 

viability and vitality of households, communities, and economic sectors; for sustaining 
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and enhancing quality of life; and for protecting and promoting political and economic 

interests.  

Thus, adaptation refers broadly to actions taken with the intent of offsetting actual 

or expected losses. It includes not only the process of adapting but also the resulting 

outcome or condition (Smit et al. 2000). Within the context of extreme climate variability 

and climate change, expected losses arise from a ‘do-nothing’ scenario. Smithers and 

Smit (1997) classify adaptations as anticipatory or reactive, structural (e.g., technological, 

legal, economic, or institutional) or behavioral (e.g., incorporating additional information 

in decision-making, collective vs. individual decision-making), and whether they are 

intended to buffer existing practices or if they facilitate change to new types and patterns 

of activity. Burton et al. (1993) distinguish adaptations from more temporary 

‘adjustments’ (a term from the hazards and disasters literature) as more permanent or 

long-lasting. Smit and Pilifosova (2003) point out that reactive adaptations can be passive 

or autonomous, without conscious planning or consideration of all possible options. 

Smithers and Smit (1997) also differentiate adaptations by social scale; that is, whether 

the adaptation occurs at the individual, household, corporation, community, 

state/provincial, or national levels. A final dimension to consider is the social scale(s) in 

which the adaptation is formulated, implemented, and enforced (e.g., agencies, elected 

representatives, or judicial courts). 
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Community Water Systems and Adaptive Capacity 

 

With generally unrestricted and unparalleled access to water quality and quantity 

technology, adaptations of water systems in the U.S. are contingent on the resource base 

of the system that makes adaptations accessible. While adaptations may follow from or 

be in anticipation to stimuli external to the system (e.g., climate variability, rapid 

emigration), they are more so a function of factors inherent to the system, community, or 

individuals formulating and implementing adaptations. Capacity, in the broadest sense, 

reflects those factors inherent to the system that, in general, improve the potential for 

systems to adapt, either pro-actively or reactively, to perturbations or system changes. 

Thus, systems with greater or increasing capacity will be, in general, more successful at 

achieving their goals (e.g., uninterrupted water service) and mitigating losses by planning 

for endogenous factors such as deteriorating infrastructure, and less certain exogenous 

factors such as climate variability or long-term population growth. 

Capacity is determined by a number of factors that represent geographic, social, 

political, and economic qualities of a system. The declaration from a 1991 United 

Nations Development Symposium on water sector capacity building identified three 

broad components to capacity: an enabling set of institutional arrangements, community 

development and participation, and development of human resources and organizations 

(United Nations Development Program 1991). Within the context of the U.S. Safe 

Drinking Water Act, the U.S. Environmental Protection Agency (1998) defines (system) 

capacity as possessing technical resources to operate and maintain system infrastructure, 
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administrative capabilities, and financial resources, including revenue sufficiency, credit 

worthiness, and fiscal management and controls. 

Unfortunately, there are few, if any, adequate substitutes for many of the services 

potable water provides. When demand has or will soon exceed supply, systems generally 

adapt to water shortages in three ways: increasing supply, reducing demand (or the rate of 

growth in demand), and altering the allocation of water to users. The kinds of adaptations 

chosen and how they are implemented depend on capacity-related factors, and, in 

general, follow the logic of minimizing financial and political costs and maximizing 

actual and perceived benefits. Within a particular geographic setting, adaptations can also 

follow a particular order. Ohlsson and Turton (1999) describe the progression of 

adaptations as emerging from a series of capacity ‘bottlenecks,’ as demand for water in a 

system exceeds supply. First-order water scarcity bottlenecks are driven by deficits in 

water supply relative to demand and the scarcity of social resources to engineer and 

finance supply-side adaptations. As demand continues to increase but water supply 

becomes more fully appropriated, first-order bottlenecks give way to second-order 

bottlenecks. These second-order bottlenecks are driven by the technological and political 

challenges of increasing efficiency, and by the scarcity of social, political, and financial 

resources to reduce demand (e.g., via market incentives). As overall demand continues to 

increase despite improvements in efficiency, second-order bottlenecks in turn give way to 

third-order bottlenecks. Third-order water scarcity bottlenecks are driven by the scarcity 

of social, political, and financial resources necessary to reallocate supply. Thus, at each 

step, water resource scarcity is also a social resource (i.e., capacity) scarcity, “in the sense 
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that the ability to mobilize a sufficient amount of social resources to change societal 

water use emerges as a strategic bottleneck” (Ohlsson and Turton 1999, p. 4). 

“[Additionally,] the…level of social resources needed to successfully implement 

adaptations becomes progressively higher at every step of the adaptation [process]” 

(Ohlsson and Turton 1999, p. 5). 

Researchers at the University of Guelph have studied the capacity of local 

agencies and groups in Ontario and Minnesota to adapt to changes in water supply 

brought about by climate variability and expected climate change (de Loe et al. 2001, de 

Loe et al. 2002, Ivey et al. 2002, Ivey et al. 2004, Pirie et al. 2004).   Pirie et al. (2004) 

assessed the capacity of local governments in the state of Minnesota for drought 

contingency planning and water allocation. They identified several factors that facilitate 

capacity, including productive relationships with senior government agencies and 

partnering with other local and regional agencies (De Loe et al. 2002); adequate agency 

and human resources, including a commitment to fund planning programs; and 

experience with past droughts and water shortages, including a history of implementing 

mitigation (e.g., conservation programs and prioritizing water use). De Loe et al. (2002) 

also included the importance of social capacity, or the degree to which the local water 

provider interacts with the community it serves. “By participating in decision making, 

citizens can ensure that their interests are taken into account” (De Loe et al. 2002, p. 

223). 

The aforementioned factors pertain primarily to individual systems and the kinds 

of relationships systems establish with other organizations that can provide support or 
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technical services. Yet, De Loe et al. (2002, p. 222) argue for the relatively greater 

importance of an effective institutional framework that supports the adaptive capacity of 

systems: 

 

“Institutional considerations, rather than technical or analytical limitations, 

may be the most important barrier to improved resource management. 

Overlapping agency responsibilities, fragmented administrative structures, 

and weak or inappropriate legislation can significantly diminish an 

organization’s capacity. It is [also] important to determine whether or not 

senior governments support local-level groundwater protection by 

providing enabling legislation, clear overall direction, and support from 

their agencies.” 

 

 

ASSESSMENT DATA AND METHODS 

 

The assessment involved a variety of data collection and analysis methods. 

Multiple visits were made to northern Gila County and to state, county, and municipal 

government offices, businesses, and research centers in Payson, Phoenix, Globe, and 

Pine. Primary qualitative data were collected from semi-structured interviews with 

stakeholders including state, county, and local government officials and representatives, 

water providers, members of the local and regional real estate sales industry, activist 
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residents, and local community groups. Secondary data were obtained from interviewees 

and other official sources such as commissioned reports, studies, and public records. 

Quantitative historical data were obtained primarily from government documents and 

previous historical research located at the Arizona State University and University of 

Arizona libraries. Additional quantitative historical data were obtained from The Payson 

Roundup archives and Gila County assessors office records. 

The analysis of the data identified dominant factors contributing to the 

vulnerability of the two systems to water shortages and outages, and aimed to construct 

testable hypotheses for subsequent research. The multi-faceted nature of vulnerability, 

capacity, and adaptation necessitated a flexible and adaptive research style. Interviews, 

for example, followed a semi-structured format to avoid overly limiting discussion. 

Official documents, news reports, and other secondary sources were often identified and 

discussed during interviews, used to evaluate claims made during interviews, and were 

used multiple times for identifying key stakeholders to interview. Interviewees’ 

descriptions of events (e.g., water shortages, system improvements) were cross-

referenced with published historical data and materials as much as possible, since some 

interviewees’ knowledge of specific events from the late 1980s to present was only 

marginally accurate. 
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REGIONAL GEOGRAPHY AND WATER RESOURCES OF THE RIM 

COUNTRY 

 

The Rim Country region is located approximately 70 miles northeast of the 

Phoenix-metropolitan area in the upper reaches of the Tonto Creek and East Verde River 

watersheds (Figure 2). The region is immediately south of the Mogollon Rim, the 

exposed and eroded southern edge of the Colorado Plateau. Elevation above sea level 

ranges from 4,800 feet in the southern part of the region near Payson to between 6,000  

and 6,500 feet atop the Mogollon Rim. The dominant vegetation type is Pinyon Pine and 

Juniper woodland, with increasing presence of Ponderosa Pine in the upper elevations 

and on top of the Mogollon Rim.  

There are approximately 35 communities in the region. Communities vary in size 

from isolated gated subdivisions of several homes, to the larger unincorporated 

communities of Pine and Strawberry (2000 census populations of 1,931 and 1,028, 

respectively), to the incorporated Town of Payson with a 2003 population of over 15,000 

(Arizona Department of Economic Security 2005). The region’s proximity to the Phoenix 

metropolitan area and its relatively milder climate (Figure 3) have made it a popular 

summertime tourism destination and second-home area. Using Gila County assessor’s 

office records, it was estimated that 20% of the approximately 6,900 housing units in 

Payson in 2004 were secondary housing for Phoenix-area residents. In Pine, 60% of the 

2,100 housing units were estimated to be secondary housing for Phoenix-area residents. 
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The Rim Country is one of the wettest areas of Arizona despite significant inter-

annual precipitation variability (Figure 4). Average annual precipitation totals in the 

region range between 20 and 33 inches, with higher totals closer to the Mogollon Rim. 

Roughly two thirds of the annual precipitation occurs between October and April, with 

the remainder occurring between July and September (Western Regional Climate Center 

2005). The region is part of the larger Central Highlands planning area (Figure 1) 

administered by the Arizona Department of Water Resources (ADWR), in which 50% of 

the developed surface water in Arizona (other than Colorado River Water) originates 

(Arizona Department of Water Resources 1994). In addition to rain-fed surface water 

resources, there are numerous springs of varying discharge rates and water quality along 

the base of the Mogollon Rim, some of which are the headwaters of perennial streams 

that eventually flow into the Salt and Verde rivers.  

Groundwater resources in the Rim Country, in contrast, are considered less 

plentiful, less reliable, and less predictable than in much of rural Arizona, and in 

particular the parts of the state with basin and range geology. The groundwater system is 

characterized by multiple and divergent ground-water flow paths, disconnected recharge 

areas, and shallow water-bearing zones beneath sedimentary and igneous rock (Parker et 

al. 2005). Groundwater storage and flow paths are generally determined by large-scale 

fracture systems or by karst features in carbonate rocks (Parker et al. 2005). In Payson, 

groundwater is stored in fracture zones and individual fractures tens of feet thick in the 

upper 300-600 feet of igneous rock beneath a shallow alluvial unit (Southwest  
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Figure 4. Significant interannual variability in precipitation is normal for the region.
                Figure 3 shows annually-averaged precipitation anomalies for Payson from
                1950-2004 (based on 1970-2000 annual average in Payson). Note that the
                1980s were predominantly wetter than average, but the trend switched to
                below-averrage annual totals beginning in the mid 1990s. 2002 was the driest
                year on record. 
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Groundwater Consultants, Inc. 1998). The Town of Payson estimates the amount of 

accessible groundwater at less than 15,000 acre-feet (Mike Ploughe 2004, personal 

communication). In Pine, several hundred feet of finely grained siltstone limit storage and 

transmittal of groundwater to fracture openings in the rock, with no significant storage of 

groundwater in the pores of the rock (Kaczmarek, 2003, p. 34). 

The relatively shallow and fractured nature of groundwater holdings causes 

groundwater levels in the region to respond to precipitation variability much more 

quickly (i.e., annually) relative to other parts of the state. Figure 5 shows depth-to-water 

measurements for selected wells in Payson from 1995-2005. Some of the well data in 

Figure 5 show gradual declines in depth-to-water levels during this period when  

precipitation was below average. Water levels in these wells, however, increased 

markedly during the winter of 2004-2005, responding to 190% of average precipitation 

(17.6 inches above average) for the period between July 2004 and March 2005. ADWR 

collects depth-to-water measurements for only two wells in Pine, and Pine Water 

Company (PWC) is reticent about providing data. With such limited data it is difficult to 

examine relationships between precipitation, recharge, and depth-to-water levels in Pine. 

If the fractured zones are depleted of groundwater, well production is limited by 

the flow of water through the system of fractures, the amount of water stored in the 

fractured rock, and the hydrologic conductivity of the fractured rock (Kaczmarek 2003). 

During periods of peak demand, municipal wells in Payson and PWC wells in Pine may 

be pumping continuously for days or weeks to meet demand. At some point, many wells 

exhibit a dramatic drop in production capacity over a short period of time, a symptom of  
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‘over-pumping’ a well. Other wells tapping into the same system of interconnected 

fractures may experience similar drops in productivity despite minimal pumping. When 

this happens, over-pumped wells must be allowed to recover, and other wells must 

compensate for the loss in production capacity, or water must be brought in from outside 

the system in order to avoid water shortages. 

Existing research on groundwater in northern Gila County suggests drought has 

made it more difficult to provide a reliable water supply, particularly during the 

summertime. A significant (but undetermined) amount of water is consumed in both 

communities for outdoor irrigation of landscape vegetation. With the exception of newer 

development in Payson, Rim Country residents’ landscaping options are not restricted by 

zoning. In many cases, residents maintain lawns, gardens, and to a lesser extent, pools, 

ponds, and fountains. Outdoor water demand (and presumably water consumption for 

outdoor purposes) is moderated by the need to keep landscaped yards in good health, and 

thus coincides with maximum potential evapotranspiration in June and early July. 

Outdoor demand remains high throughout the summer but decreases from an annual peak 

in early July with the onset of the North American monsoon (NAM) that brings regular 

afternoon showers to much of Arizona and New Mexico. Precipitation deficits during the 

months prior to early summer can increase outdoor irrigation as residents respond to 

perceived plant stress. 

Drought also affects system supply. Over time, decreased infiltration of 

precipitation to the local fractured zones reduces the amount of groundwater. As 

groundwater levels drop, well pumps draw less water per unit of time to the surface, 
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requiring longer periods of time to pump the same volume. Additionally, lower 

groundwater levels reduce the volume that can be pumped before local production 

capacity drops sharply. 

 

 

THE PRODUCTION OF VULNERABLE WATER SYSTEMS IN PAYSON AND 

PINE 

 

Assessment findings are presented and discussed below in sequential, thematic 

sections that facilitate the discussion of adaptive capacity later in the paper. This ordering 

of the following sections also facilitates the hypothesis-building style of the paper. 

Findings begin with a brief review of 20th century history of development in central 

Arizona and northern Gila County, which supports the findings that post-WWII 

development was a significant driver of contemporary drought vulnerability in northern 

Gila County. Following this are reconstructed histories of water shortages and outages in 

both communities between 1989 and 2004, as well as actions taken during the period to 

mitigate the impacts of growth and drought on water supply and demand. 

 

 

Regional Development and Population Growth in Central Arizona 
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At the beginning of the 20th century, Anglo development in northern Gila County 

was composed of homesteads that supported small farms and cattle operations. In 1905, 

the recently-created U.S. Forest Service established the Tonto National Forest. The 

National Forest was established to protect watershed qualities that at the time were being 

compromised by drought and overstocking of the range with cattle. At almost three 

million acres, the Tonto National Forest is currently the fifth largest national forest in the 

United States. The Forest extends east and north from the eastern edge of the Phoenix-

metropolitan area, where Sonoran desert vegetation dominates. East and north of the Salt 

River Valley, the Tonto National Forest includes much of the Central Highlands of 

Arizona and contains a variety of biomes such as Sonoran desert, oak-juniper savannah, 

and pine forests. With the Mogollon Rim as its northern boundary, the Tonto National 

Forest effectively surrounded all the homesteaded land in northern Gila County, and 

limited the amount of land that could be privatized in the region. 

The development and populating of the Rim Country has been contingent on its 

access to the Phoenix-metropolitan area. The Harvey Bush highway, linking Payson with 

the Salt River Valley through a nine-hour drive, was completed in 1937. In 1958, the 

highway was improved to a two-lane paved road and renamed the Beeline Highway (state 

highway 87). This shortened the nine-hour trip to about five hours (Brown 2001). 

Between 1960 and 2001 the road was expanded to a four-lane highway. In the early 

1970s, state highway 260 between Payson and Show Low was paved, and the Beeline 

Highway became the popular route for residents of the Salt River Valley to access the 
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White Mountains (Trimble 2004). The current travel time from Phoenix to Payson is 

approximately one and a half hours. 

According to historian Tom Sheridan (1995), it was in the 1950s that the 

economies of many rural Arizona towns began to change. “Explosive population growth 

in Phoenix and Tucson drove thousands of city dwellers into the mountains to escape the 

heat. The biggest boom occurred on the Mogollon Rim” (Sheridan 1995, p. 315). Areas 

like the Rim Country were also popular destinations for outdoor recreation, hunting, and 

fishing (Gila County Historical Society 1984). During the decade following WWII, 

southwest regional Forest Service officials counted 47 subdivisions being developed 

within the perimeters of the Payson ranger district of the Tonto National Forest (Baker et 

al. 1988). Homesteads established during the late 1800s and early 1900s were being sold, 

subdivided, and developed as vacation home sites and mountain resorts for Phoenix 

metropolitan residents. Gila County government was actively marketing the area as early 

as the late 1950s as an amenity-rich area for tourism and summer home development for 

Phoenix area residents (Gila County 1959). Since then, Gila County government has 

adopted this model of economic development for northern Gila County (Ferguson, Morris 

and Associates 1971, Gila County 2003). 

Payson’s 400% population growth rate between 1960 and 1970 was the second 

highest in the state. The unincorporated community grew from an estimated 350 residents 

in 1960 to 1,490 in 1970. Pine and Strawberry experienced similarly high rates of growth 

(U.S. Forest Service 1972). According to the U.S. Forest Service, “During the 1960s the 

economic structure of Payson and the rest of the Mogollon Rim changed from being 
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dominated by lumber, lumber-related activities and ranching to economic activities 

related to serving the surging influx of people from Phoenix” (Ibid p. 78). 

Subdivision development and lot splitting continued throughout the 1970s and 

1980s. More recent development activities in unincorporated areas and communities of 

the region have consisted primarily of lot splitting and subdivision of private land for 

residential uses in Pine, Strawberry, and Star Valley (Gila County 2003). U.S. Forest 

Service land exchanges with private investors between 1930 and 1997 increased the 

amount of developable land within Payson town limits by approximately 8,000 acres, 

over three times the amount of original homesteaded acreage. Similar land exchanges in 

1964 increased the amount of developable land in Pine by 232.5 acres (Tonto National 

Forest 2005). Land exchanges helped the Town of Payson become the population and 

economic hub of the region, with a range of services provided by local businesses and 

large corporate entities including Wal-Mart, Home Depot, and Safeway. 

In addition to the growth in permanent residents in northern Gila County, there is 

a significant seasonal influx of tourists and seasonal residents. Town and regional real 

estate sales and home building industry have actively marketed Payson as the ‘Gateway 

to the Rim Country.’ The overwhelming majority of tourists and second-home owners 

traveling to the region are from the Phoenix metropolitan area, and thus travel Highway 

87 to Payson, north to Pine and Strawberry, or east on Highway 260 to Heber-Overgaard, 

Show Low, and the White Mountains (Figure 1). This pattern of seasonal and weekend-

weekday migration is evident in traffic data for Highway 87. Figure 6 shows daily 

absolute difference in 2004 directional traffic counts approximately one mile south of  
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Payson on Highway 87. Converting the total traffic counts into absolute directional 

differences reveals the dominant northward migration at the end of the work week, and a 

corresponding southward migration on Sunday before the beginning of the next work 

week. On weekdays northbound and southbound traffic are more equal, suggesting an 

absence of the dominant one-way migration patterns observable on weekends. This 

weekly traffic pattern is amplified during the non-winter months between May and 

October, and peaks during holiday weekends. 

 

 

Community Water System Development in Payson and Pine 

 

Prior to the 1950s, settlers and residents of the Rim Country region relied 

primarily on individual shallow wells for water supply. As homesteads were sold and  

subdivided, developers began including simple water systems in their subdivisions to 

help sell lots. Some of these systems were organized and operated as small, for-profit 

water companies (e.g., run by the developer), while others were established by developers 

and eventually transferred to residents and managed through cooperative agreements or 

homeowner associations. Regardless of prior experience it was in most cases the 

developer who established initially operated the water system, with little or no state or 

county government oversight. 

Today, 33 of 39 community water systems in northern Gila County rely 

exclusively on groundwater (Mogollon Rim Water Resources Management Study 2005). 

 



 150

The remaining systems rely on surface water and rights established prior to the Kent 

Decree in 1910. The Kent Decree (named after Judge Edward Kent, who presided over 

the ‘friendly’ lawsuit) established rights to ‘normal-flow’ of the Salt and Verde Rivers 

and their tributaries to the Salt River Valley Water Users Association, now the Salt River 

Project (SRP). The Kent Decree therefore limited the amount of appropriable surface 

water in northern Gila County to that which had been appropriated prior to 1910. These 

rights were necessary for protecting the water that would begin to be stored behind 

Roosevelt Dam the following year, for use by the Salt River Valley Water Users 

Association. 

The first private water system in Payson was established in 1950. Later in 1965 

United Utilities (UU), a holding company providing water for several other communities 

in the region, purchased the system. In Payson, United Utilities implemented a rather 

unique requirement that developers drill wells and build distribution systems in order for 

their subdivisions to be hooked up to the larger system. In 1976, three years after Payson 

was incorporated, the water systems of four private water providers (including United 

Utilities) were integrated into one system. In 1980, the Payson town council established 

the Payson Water Department, purchased the integrated water system, and began 

operating a public, municipal water system. Between 1980 and 2004, the Payson Water 

Department expanded and improved the system considerably. In 2004 the Payson water 

system was serving approximately 13,500 people and included 32 active wells with a 

combined peak production capacity of 4,000 gallons per minute (gpm), 8.1 million 

gallons of storage capacity, and one groundwater recharge project. 

 



 151

Despite being a relatively small community, Pine has a complex history of private 

water provision and system development. Mormon settlers established rights to surface 

water in Pine Creek and developed the first communal water system in Pine in the late 

1800s. Through most of the 20th century, other residents of Pine relied on shallow wells. 

In the 1970s, a developer in Pine established E&R Water Company (E&R) to serve his 

developments and others in Pine. Following shortages, outages, and statewide attention in 

the summer of 1989, E&R was sold in 1990 to UU. During this time, another developer 

in Pine established the Myers Water Company that was eventually bought by UU and 

was renamed Williamson Water Works (WWW) sometime before 1995. As a subsidiary 

of UU, E&R came under pressure by the Arizona Corporation Commission for poor 

management practices, fiscal irresponsibility, and violating rules on extending the E&R 

system in 1996. As a result, UU sold E&R, WWW, and 8 other water systems in northern 

Gila County to Brooke Utilities, a holdings company based in Bakersfield, California. In 

its first few years of operation, Brooke Utilities integrated the E&R and WWW systems 

into one system, and renamed it the Pine Water Company (PWC). An evaluation in 2002 

(Arizona Corporation Commission 2003) indicated that the Pine Water Company (PWC) 

system served 1,887 connections and included 19 wells with a combined production 

capacity of 226,000 gallons per day and 985,000 gallons of storage. 

Since 1996, four Water Improvement Districts (WIDs) have been formed in Pine. 

WIDs are approved by the county government and are intended to provide communities 

with enhanced local governance and financing options to improve water service within 

the district. Three WIDs (Strawberry Hollow, Pine Creek Canyon, and Solitude Trails) 
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provide water for district residents, while a fourth WID (Pine/Strawberry) does not 

provide water, focusing instead on identifying and developing additional water supplies 

for the communities of Pine and Strawberry. 

 

 

Water Shortages as Symptoms of (Mal)adaptation to Growing Demand and 
Drought 

 

Despite similar drought exposure and sensitivity to precipitation deficits and 

increasing water demand, residents of Payson and customers of PWC have experienced 

significantly different summertime water service in the past 15 years. This section 

documents the history of shortages and outages during this period, as well as the different 

sets of adaptations implemented in each system to mitigate growing demand for water 

and the impact of drought on water supply. In doing so, it is hypothesized that the 

differences in water shortages and outages in the two systems have been driven by the 

sets of adaptations taken. Later in the paper, is it further hypothesized that differences in 

the sets of adaptations reflect different adaptive capacities that are constrained or enabled 

by the effects of state, county, and local governing and regulatory institutions, as well as 

by the differing incentives of public and private water providers. 

A history of summertime water shortages and outages (May-September) in 

Payson and Pine was reconstructed for the period 1989-2004 (Figure 7). The start year of 

1989 was chosen for two reasons: to account for a shift from persistent above-average to 

below-average annual precipitation totals which occurred in the late 1980s, and to include  
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a widely publicized outage in Pine in July 1989 which was blamed on drought by the 

local water company and state government officials. Interviews confirmed the existence 

of a history of water shortages in both communities but interviewees consistently had 

difficulty recalling exact dates and specific characteristics (e.g., duration, number of 

residents affected). Approximately 130 archived articles from The Payson Roundup  

(a local newspaper distributed in northern Gila County) and the Arizona Republic 

(distributed throughout Arizona) were reviewed to produce a more consistent and reliable 

reconstruction. The Payson Water Department, private water system administrators, and 

customers have used the Roundup as a primary source for announcing water use 

restrictions and system outages. The Roundup has also acted as a forum for official and 

unofficial perspectives in the debate over water supply, development, and regional 

sustainability. 

In both Payson and Pine, shortages and subsequent restrictions and outages have 

coincided with the major summer holidays of Memorial Day (late May) and Fourth of 

July. During these long weekends tourists and second-home owners, primarily from the 

Phoenix metropolitan area, migrate to the region en masse (Figure 6) to escape the heat of 

the Sonoran desert. A 1976 survey of approximately 300 owners of second-homes along 

the Mogollon Rim in Coconino, Gila, and Navajo counties reveals the decades-old 

tradition of migration to the central highlands during the summer (Hogan 1977). Fewer 

than 5% of the survey participants reported not regularly using their second-homes during 

the summer months (May through September), compared to 23-37% during the winter 

(November through March).  
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While weekend visitation rates remain high into September, it is hypothesized that 

shortages and outages have occurred far less often later in the summer because of the 

development of the North American Monsoon (NAM). The Memorial Day and Fourth of 

July holiday weekends occur before the average onset of the NAM. The period prior to 

the NAM is typically the driest time of the year in Arizona. In addition to water use for 

human consumption and indoor water uses (e.g., cooking, toilet flushing, showers), 

second home owners amplify outdoor water use during this time to maintain the 

greenness of their properties. As the NAM develops in early July and continues through 

mid-September the area experiences increased cloud cover and, on average, several 

inches of rain that reduces plant stress, increases greenness, and alleviates the need to 

regularly irrigate landscaped yards and vegetation. 

 

 

Town of Payson Water System 

 

Although drought conditions developed in the late 1980s, it wasn’t until 1994 that 

restrictions were placed on customers of the Payson water system. Between 1994 and 

2004 Payson residents experienced a total of 158 days of restricted water use during a 

total of 6 summers (May 1-September 30). The Payson water system experienced only 

one minor outage in late July 1995 that was attributed to a failed pump in a major 

production well. 
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In general, restrictions in Payson have been shorter in duration and less strict than 

in Pine (e.g., 20-30% reduction in overall water consumption and restricted but not 

banned outdoor water use). Between 1994 and 1997, restrictions were voluntary and ad-

hoc. In 1997 Payson passed the first formal four-stage water conservation ordinance with 

stages two, three, and four comprised of increasingly strict mandatory restrictions. In 

2003, the conservation ordinance was revised, modifying the justification for stage levels. 

Since 2003, stages have been determined by the previous year’s estimated groundwater 

recharge (rather than current above-ground storage levels) and are set for a period of 12 

months beginning in March. Stage 3 restrictions were in place in 2003 and 2004. In 

March 2005 restrictions were eased to stage 2.  

During the 1990s, the Water Department made a number of supply-side 

improvements to the Town water system. It is unclear exactly what improvements were 

made to the Payson water system (and when) between 1980 and 1993. In 1980, Payson’s 

population was 5,600 and the system pumped over 166 million gallons (81 gallons per 

capita). In 1993, Payson’s population was over 10,000 and the system pumped over 392 

million gallons (104 gallons per capita). It can be deduced from this growth that system 

production and/or storage was likely expanded. 

In 1995, the Payson Water Department reported that it operated 12 wells with a 

maximum production capacity of 2.35 million gallons per day, and had approximately 3.6 

million gallons of storage. In 1996, a groundwater recharge project (Green Valley Park) 

was completed and is estimated to be recharging local groundwater by as much as 

400,000 gallons per day. Also in 1996, the town added approximately 500,000 gallons of 
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storage. In 1997, the Town completed a groundwater water treatment project with the 

Arizona Department of Environmental Quality that decontaminated 140,000 gallons per 

day that was mixed into the town’s system. The project was expanded in 1998, to 

produce between 300,000 and 400,000 gallons per day. New or existing wells brought 

online in 1997, 1998 and 1999 increased total system production capacity to over four 

million gallons per day. A new 1.5 million gallon storage tank in 1999 brought Town 

storage capacity to over 5.5 million gallons. By 2002, the town had started to maximize 

the productivity of the local groundwater system with a production capacity of almost 

five million gallons per day. As of 2005, the town system includes 32 active wells and 

over 8 million gallons of storage capacity. 

Since 1996 the town has worked with the Tonto National Forest (TNF) to explore 

for groundwater on National Forest land near Payson. TNF has maintained a conservative 

policy on groundwater exploration and well development on forest land, and developed a 

formal policy in the late 1990s that adapted the National Environmental Protection Act 

process. Additionally, the policy puts the burden of proving no harm to other nearby 

groundwater users on those seeking permits to drill wells. In 1997, Payson was allowed 

to drill exploratory wells west of town, but the test wells produced discouraging results. 

In 2001, Payson applied to drill 21 exploratory wells northeast of town in an area thought 

to be more productive. After significant opposition from residents living near the 

proposed test well sites, the Tonto National Forest suspended the process indefinitely in 

June 2004. 
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In addition to groundwater, the Town of Payson has been actively searching for a 

surface water supply. In 1973, the town was able to secure a 5,000 acre-feet Central 

Arizona Project (CAP) allotment, but was never able to bring that water to Payson. In 

1993, Payson sold its allotment to the City of Scottsdale in exchange for a $4.3 Million 

water development fund that has been used for, among other projects, the development of 

Green Valley Park, which recharges groundwater levels and provides reclaimed water for 

outdoor watering of public parks. Since as early as 1998, Payson has been working 

towards establishing rights to surface water held in Blue Ridge reservoir north of the 

Mogollon Rim in the Little Colorado River watershed (Figure 2). In 2002, the town 

agreed to contribute $150,000 over three years to a regional water study involving the 

U.S. Bureau of Reclamation, Gila County, and other state and local representatives. 

In addition to water use restrictions Payson has mitigated growing demand with a 

variety of zoning and water supply rules and conservation programs. In 1996, the town 

council passed Ordinance No. 480, which essentially limits new developments to 20 lots 

or less (regardless of acreage) by requiring larger developments to provide a reliable 

water supply from outside of the town limits. The town also initially zoned open space 

such that developers would seek rezoning and thus face review by a planning and zoning 

board. This has allowed town officials to have more control over the pace of larger 

developments. 

The Water Department’s conservation programs include education and outreach, 

leak detection and repair, and requiring new and improved technologies. Free water 

audits are available to residential and commercial customers. Also, there is a range of 
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year-round and seasonal codes. For example, new turf is prohibited, all urinals in new 

non-residential development must be waterless, and an outdoor irrigation code prohibits 

watering between 9am and 6pm from May through September, regardless of conservation 

level. In 2003, the town council passed a revised and strengthened conservation 

ordinance. 

Finally, Payson has developed revenue streams to fund its water demand and 

supply activities. In addition to creating a $4.3 million water development fund, the town 

council increased water development impact fees in 1999 from $1,500 per home to 

$3,700, and $3,800 per 7,500 gallons of consumption per month for commercial 

developments. The town council also approved water rate increases in 1998 and 2000. In 

2003, base rates were increased by $1 to fund additional conservation programs. 

Past and Current Management of the Pine Water Company System 

 

Between 1989 and 2004, Pine residents served by E&R, UU and PWC 

experienced at least 545 days of restricted water use during 11 summers between 1989 

and 2004 (versus Payson’s 158 days during six summers). During six of the 11 summers, 

outages affected parts of the system, although outages typically lasted at most only for 

several days, and did not affect the entire system. Seven of the 11 summers with 

restrictions required the hauling of water by truck from systems or wells outside of Pine 

to maintain service to customers. 

The most common approach taken by PWC, UU and E&R to mitigate water 

shortages has been to implement temporary restrictions on customer use of water. 
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Restrictions were (and continue to be) implemented as a function of actual storage 

relative to total storage capacity. Between 1989 and 2005, summertime (May-September) 

water use was restricted during 11 summers for a total of at least 545 days. During much 

of this time customers were asked to reduce overall consumption by 30-50%, with a total 

ban on outdoor watering. When system outages were imminent or occurring, water was 

trucked in or transferred from Strawberry or other nearby water systems. This approach 

to mitigating outages, however, became increasingly difficult in the summer 2002, when 

during an outage PWC claimed to be having difficulty identifying a nearby source willing 

to sell water that could be trucked to Pine. Also, Gila County provided a 6,000 gallon 

water truck for residents in 1996, 1997 and 2002. 

Restrictions have typically been implemented in five stages. Stage 5 is a 

mandatory version of stage 4 restrictions that are enforced with fines and by unhooking 

repeat offenders. PWC had to receive approval from the Arizona Corporation 

Commission (ACC) to enforce mandatory restrictions or change rates to recover extra 

costs of service. The ACC approved all requests by E&R, UU and PWC to enforce 

mandatory restrictions. The ACC also approved an interim rate increase allowing PWC to 

charge customers extra to cover the costs of trucking water in 2003. 

More permanent system improvements were made in addition to short-term and 

reactive mitigation measures. Several interviewees and local newspaper articles 

suggested that the original owner, Ernie Rawls, developed a system fraught with leaks, 

insufficient in design, and increasingly inadequate to serve the growing number of 

customers it served. After a week-long outage in July 1989, E&R was sold to United 
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Utilities. United Utilities reported it had invested $182,000 between 1989 and 1991 

connecting new wells and storage facilities, although this amount has not been verified. 

E&R was sold to Brooke Utilities in 1996, and between 1997 and 2002, PWC drilled five 

new wells, deepened 2 wells, and added 100,000 gallons of storage capacity. In addition, 

Brooke Utilities completed a pipeline that linked the community water system in 

Strawberry (also owned and operated by Brooke Utilities) with PWC, allowing wells in 

Strawberry to supplement supply in Pine when necessary. In 2002, the PWC included 19 

wells with a maximum production capacity of 226,000 gallons per day and 985,000 

gallons of storage. PWC also improved monitoring of customer use by repairing and 

replacing meters for over 400 customers. Finally, PWC maintains a CAP allotment of 

161 acre-feet per year, but faces significant challenges to using that allotment. Also, 

PWC officials were required by the ACC in 2004 to participate in a regional study of 

water demand and supply organized by the U.S. Bureau of Reclamation and involving a 

range of key stakeholders. 

 

 

DISCUSSION 

 

Thus far it has been argued that Payson and Pine are similarly exposed to 

sustained precipitation deficits. Although a reliable instrumental record of precipitation is 

lacking for Pine, with only seven miles between Payson and Pine it is reasonable to 

assume precipitation anomalies (i.e., percent of average) in both communities have been 
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very similar. Additionally, both communities have had similar exposure to growth in 

permanent residents and seasonal and weekend tourists that have increased water 

demand. Both water systems are also considered to be similarly sensitive to precipitation 

deficits. Groundwater development is limited by the geologic stratum beneath both 

communities. Wells drilled into the first several hundred feet of stratum access relatively 

low-volume fractured zones that are recharged primarily by precipitation and snowmelt. 

The capacities of each system to adapt to the stressors of reduced recharge and increasing 

demand, however, are quite different, and are reflected in the different kinds of 

adaptations implemented. Differences in drought vulnerability between the two 

communities, therefore, are dominated by differences in adaptive capacity. 

Institutions and incentives have played an important role in determining which 

water supply augmentation, demand management, and reallocation options have been 

implemented. Therefore, it is further hypothesized that differences in adaptive capacity 

between the two systems reflect state, county, and local institutions affecting them, and 

also reflect differing incentives of public and private water systems. This section supports 

the hypothesis that state regulation and profit incentives of PWC have contributed 

indirectly and directly to more frequent water shortages and outages in Pine. The 

assessment supports adaptations of PWC have been inherently profit-sensitive, reactive, 

limited in scope, and largely inadequate for effectively mitigating vulnerability of water 

shortages and outages. 
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State Government’s Limited Role in Managing Water in Rural Arizona 

 

Historically, state government in Arizona has allowed the management and 

appropriation of groundwater resources in rural Arizona to remain at the local. This has 

allowed rural communities to have greater local control, but has also placed most of the 

burden on communities to adequately self-govern and manage their resources with fewer 

outside resources. Thus, it is argued here that the state’s limited involvement has played 

an indirect but important role in the production of drought vulnerable water systems in 

Payson and Pine. 

Surface water rights are administered by ADWR, but groundwater is considered 

private property. In 1904, the Arizona Supreme Court ruled that groundwater was subject 

to English Common law which provided that “all percolating waters are considered a part 

of the soil where found, and, therefore belong absolutely to the owners thereof” (Mann 

1963, p. 45). The courts determination of groundwater as private property was reinforced 

by the passage of the State Water Code in 1919. Under the Code, percolating 

groundwater was considered private property while groundwater flowing in underground 

streams or channels was considered public property and thus managed similar to surface 

water (Mann 1963). These two determinations of groundwater as private property created 

a legacy that ultimately complicated state efforts throughout the 20th century to address 

unsustainable groundwater use. 

In the early 1970s, the state legislature established a program to address rampant 

land fraud in the state, and in particular the sale of land without adequate water supplies. 
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Since 1973 ADWR and the State Department of Real Estate have administered the 

Adequate Water Supply (AWS) Program. The program requires developers to obtain a 

report on the adequacy of water supplies from ADWR prior to advertising and selling 

lots. Adequacy is defined as “water of sufficient quality that will be physically, legally, 

and continuously available for the next 100 years” (Arizona Department of Water 

Resources 1996). If ADWR determines that water supply is inadequate, it must be 

disclosed to potential buyers in all advertising material and contracts. The AWS program 

does not, however, require this information to be disclosed to subsequent potential 

buyers. 

Later, and under significant pressure by the Federal Government, the Arizona 

state legislature passed the Groundwater Management Act (GMA) in 1980. The Act 

emerged from the state’s need to ensure that the Central Arizona Project (CAP), which 

would pump Colorado River Water to central Arizona, would be approved by Congress. 

It also emerged from the federal government’s requirement that the CAP mitigate the 

overdraft and rapid decline of groundwater levels in the state’s agricultural areas. The 

GMA identified three basins in the state where groundwater overdraft was severe and 

required regulatory intervention. Within these basins, formally called Active 

Management Areas (AMAs), groundwater overdraft was to be managed in such a way as 

to achieve ‘safe yield’ by 2025. Groundwater pumping would be reduced to the rate of 

natural recharge by increasingly replacing and supplementing groundwater with imported 

Colorado River water via the CAP and other sources (e.g., recharge, effluent, etc.). This 

goal would be achieved with the regulation of groundwater pumping and mandatory 
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conservation programs. Additionally, the GMA established the Arizona Department of 

Water Resources, which was the first time the state had a single government entity 

responsible for managing the state’s water resources and interacting with federal and 

local agencies. While water supplies and development in Arizona’s major metropolitan 

and agricultural areas have been increasingly regulated since the passing of the GMA, the 

AWS program is the only state-level requirement for areas outside of AMAs that ties 

development to any notion of adequate water supply. 

In accordance with the AWS program, water adequacy statements were issued for 

about 5,100 lots in Payson, Pine, and Strawberry Between 1973 and 1996. ADWR issued 

determinations of inadequate water supply for 98% of those lots (Arizona Department of 

Water Resources 1996). While this may initially sound alarming, it largely reflects a 

‘loophole’ in the AWS program. If a developer wants a determination of adequacy, (s)he 

must produce an engineered study that can cost thousands of dollars. Because of the 

expense of this requirement many developers immediately request a determination of 

inadequacy regardless of the actual adequacy of water supplies for the proposed 

development. Additionally the state has not kept track of which inadequate 

determinations have resulted from a request for an expedited determination of inadequacy 

and which have resulted from conclusions of a geohydrological study. Regardless, the 

determination and disclosure of inadequate water supply to the original lot or homebuyer 

has apparently been of little consequence for new lot sales and development in northern 

Gila County (Figure 8). Thus, the AWS program has done little to deter the creation of 

water-short properties and the risk of water-short communities, and permits unscrupulous  
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property owners and real estate salespeople to downplay or obscure any evidence of 

inadequate water supply to subsequent potential buyers. 

Despite the ongoing drought being an important topic of discussion for leaders 

and politicians in Arizona, the state legislature has continued to show limited interest in 

state involvement in rural water supply problems. In the 47th session of the Arizona State 

Legislature (2004/2005), a total of three house bills were introduced that addressed 

linkages between rural water supply, development, and planning. HB 2169  

would have required medium size towns and counties to include in their growing smarter 

plans details of water supplies and how future demand would be met. HB 2173 would  

have provided towns, cities and counties with the authority to deny qualifying 

subdivisions (i.e., subdivisions with greater than 5 lots) approval to develop, or allow 

development with ‘conditions.’ Both bills failed make it to the floor for a vote. A third 

bill, HB 2277, was signed by the Governor in April of 2005. HB 2277, now law, requires 

community water systems (public and private) outside of AMAs to provide an updated 

water supply plan, a drought preparedness plan, and a water conservation plan to ADWR 

every five years. It also requires water systems to supply annual information on the 

amount of water delivered, number of customers, and general use of water. Considering 

there is currently a significant lack of data on these issues, particularly at the state-level, 

it is an important step for the state in terms of being able to assess rural community water 

supply vulnerability statewide. 
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State and County Institutions and the Adaptive Capacity of PWC 

 

The reliable provision of water for customers of the Pine Water Company is 

compromised by marginally effective ACC regulation, inconsistent state and county 

regulatory priorities, and economic incentives of a for-profit water provider. The Arizona 

Corporation Commission regulates the rates PWC and all other public service utilities in 

the state charge customers. In turn, the ACC provides public service utilities with an 

effective monopoly over their service area and the opportunity to earn a fair and 

reasonable return on their investments. Thus, the ACC aims to balance the customers' 

interest in affordable and reliable utility service with the utility's interest in earning a fair 

profit (Arizona Corporation Commission 2005). 

ACC regulation impacts the ability of private water providers to fund pro-active 

conservation programs. Unlike the Town of Payson, PWC and other private water 

companies outside of AMAs lack the legal authority to impose fees that would fund pro-

active mitigation and conservation programs without the approval of the ACC. As a 

result, costs incurred for pro-active measures or programs can only be funded by existing 

revenue streams or private capital. The ACC, however, encourages (and in some cases 

requires) water utilities outside of AMAs to develop and employ reactive mitigation, such 

as conservation stages and water use restrictions. ACC policy has limited the justification 

for conservation stages and therefore water use restrictions to the amount of storage 

available in the system relative to maximum or normal storage capacity. In extreme 

situations, the ACC has granted to water companies the authority to enforce these 

 



 169

restrictions with fines and unhooking repeat offenders. To protect existing customers 

from worsening shortages, the ACC has also established a moratorium limiting or 

prohibiting new hookups and mainline extensions. Moratoriums also act as an economic 

incentive for utilities to improve service, since moratoriums limit new customers being 

added to the system. Since 1989 the E&R/UU/PWC service area has continually been 

under some form of hookup and mainline extension moratorium. In 2005, for example, 

the ACC required the Pine Water Company to provide a plan to address their inadequate 

water supply within one year or face a full moratorium on new hookups. 

The economic incentives of for-profit water providers, in part conditioned by state 

regulation, compromise the adaptive capacity of the PWC system. PWC monthly rates 

are comprised of a flat rate and an amount based on water consumption. Since the 

majority of PWC revenues are directly proportional to consumption, conservation results 

in reduced revenues. This has had an effect on the way in which conservation is enacted 

in Pine, which has been consistently reactive to water storage levels and implemented 

only during periods when a risk of an outage is anticipated. 

The way in which the ACC sets rates of return for private utilities produces 

disincentives to invest in system improvements. Profit margins for private utilities are 

relatively fixed by the ACC. When a public utility seeks to raise rates it must request a 

‘rate case’ from the ACC to thoroughly evaluate a fair rate of return. Rate cases can take 

many months, incur significant legal costs, and require a thorough analysis of company 

financial records. As a result, small but growing utilities with limited resources avoid rate 

cases until absolutely necessary, and are less financially able to finance infrastructure 
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improvements. Therefore, the ACC only allows utilities to recoup investment costs by 

increasing rates after investments are made. While this protects customers from ‘paying 

for nothing,’ it requires utilities to invest capital or assume debt in order to invest in 

improvements. This debt can only be recouped through a rate case hearing after the 

improvements can be demonstrated to have provided a benefit. In a place like Pine, for 

example, the risk of investing tens of thousands of dollars with no return is greater than in 

other parts of the state. Many test wells drilled in Pine and Strawberry have produced an 

insufficient and/or unreliable amount of water. 

While the ACC regulates private utilities, Gila County regulates development in 

unincorporated areas, and therefore has the potential to indirectly regulate demand for 

water by limiting development based on water supply. The Gila County government has 

been criticized by the ACC and the president of Brooke Utilities for approving 

development regardless of water availability. He also criticized the county for supporting 

the creation of WIDs in Pine, arguably for developers to avoid ACC moratoriums, despite 

a history of water shortages. Gila County requires developers to demonstrate that an 

adequate amount of water can be obtained to serve their proposed subdivisions. Gila 

County does not, however, require developers to demonstrate that their supply will not 

adversely affect the supply of existing development. This is significant because new 

development in northern Gila County primarily results from rezoning and lot-splitting 

which only increases density. Despite over a decade of chronic summertime shortages in 

Pine and a poorly understood groundwater system, the county zoning board has yet to 

deny a single development due to a lack of water supply. When asked if recent state 
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legislation granting counties the authority to deny development based on inadequate 

water supply had passed, county officials indicated that it would likely not have changed 

any recent approvals and would not likely be adopted. 

As an unincorporated community, water conservation ordinances and programs in 

Pine can only be enacted and enforced by county government. Unlike Payson, the county 

has not implemented a broad conservation strategy. In 2004, the county enacted a 

conservation resolution that encourages water-saving technologies for new buildings. As 

of 2005, the county has yet to implement any subsequent ordinances requiring water-

conservation practices or technologies. 

Gila County has also undermined the intent of the ACC moratorium in Pine. 

Under state law, counties have the authority to approve water improvement districts. Five 

WIDs have been established in northern Gila County, four of which are in Pine. 

Consistent with the intent of state law allowing improvement districts, the 

Pine/Strawberry Water Improvement District (PSWID) was formed in 1996 with the goal 

of finding a reliable water source for both communities. It was also formed through a 

broad, community-wide petition process. The district’s goals also include evaluating the 

costs associated with maintaining or expanding present and potential sources, and it has 

funded several reports aimed at identifying and developing a reliable, long-term 

groundwater supply for both communities. 

WIDs are also exempt from ACC regulation. Two of the WIDs in Pine were 

established in the late 1990s by developers seeking to avoid a moratorium on new 

hookups. Their developments were within the PWC service area and thus could be 
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impacted by a moratorium on new hookups that was being considered by the ACC. State 

guidelines on establishing WIDs permit developers to establish districts prior to selling 

lots. Therefore, existing communities are not a requirement for the establishment of 

improvement districts. The Solitude Trails WID was illegally being served by E&R when 

it was formed, while in the Strawberry Hollow development lots and homes had not yet 

been sold. Solitude Trails has essentially been built out, while Strawberry Hollow was 

still selling lots and building homes as of 2005. The Solitude Trails WID provides water 

to its customers and sells surplus to the PWC, but it remains unclear if the Strawberry 

Hollow WID will be able to provide a reliable water supply for all 72 lots. While there 

are few large, undeveloped tracts of land within the PWC service area, these two WIDs 

demonstrate the possibility that in the future developers will create improvement districts 

to avoid the risk of a hookup moratorium. 

 

 

Local Institutions and the Adaptive Capacity of the Town of Payson 

 

The Payson Water Department, in contrast, is entirely responsible for the quality 

of service provided. The Water Department is accountable to customers (i.e., Payson 

residents and businesses) via oversight of the Payson town council and Mayor who, in 

turn, are elected officials who represent the interests of the community. Thus, the 

structure of local government provides Payson residents with a degree of access to 
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system managers, who are in turn held accountable for their actions through an elected, 

representative government. 

In addition to providing reliable water service in the near-term, the town 

government must be responsive to local economic interests. The entire region developed 

as a second-home, tourism and retirement destination, and real estate and development-

related business have remained central to the economic future of Payson. Thus it is in the 

interest of the Water Department and the town council that water supplies in the future 

will be sufficient to sustain Payson’s growth-based economy. The importance of this 

issue is reflected in the efforts of the Water Department to maximize the production 

capacity of the Payson water system after experiencing shortages in 1994. The town’s 

efforts to manage growth through the regulation of development, however, have been 

quite controversial and upset some members of the local business community. The town 

has actively sought light industry and retail businesses that do not require large amounts 

of water in an effort to expand its economy while limiting increasing water demand. The 

focus on attracting industry and businesses with low water requirements reflects the only 

example in both communities of strategically altering the allocation of water to more 

efficiently sustain the communities’ upward economic trajectory. 

The structure of Payson’s municipal government has allowed for a diverse 

approach to managing demand, investing in system improvements, and research. Because 

the Town is responsible for planning and zoning, water supply management, and has the 

power (with public support) to enact policy changes, it can develop a more diverse and 

comprehensive approach to mitigating the risk of water shortages. For example, the town 
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funded a multiyear geohydrological study in the early 1990s that led to an improved 

understanding of groundwater supplies and ultimately led to the adoption of a safe yield 

framework for managing water supplies and demand. 

 

 

CONCLUSIONS 

 

The assessment framework theorized vulnerability as a synthesis of exposure, 

sensitivity, and adaptive capacity.  The production of drought vulnerable community 

water systems was explored, in part, through an historical analysis of regional 

development. This approach was employed in a comparative drought vulnerability 

assessment of the Town of Payson and the Pine Water Company and its customers in 

Pine. Like much of Arizona and the Southwestern United States, the Rim Country region 

has been exposed to significant precipitation deficits over the past several years. The 

region, however, is arguably more sensitive to precipitation deficits than other parts of 

rural Arizona due the geohydrological characteristics of groundwater, but also because of 

limited access to surface water and groundwater on public lands. Both systems were 

found to be similarly exposed and sensitive to drought, leaving the assessment to focus 

on differences in adaptive capacity as key determinants in understanding the different in 

histories of water shortages and outages experienced in each community. Capacity to 

adapt to climatic and demographic stressors and mitigate shortages, in turn, were 

hypothesized to be affected significantly by state, county and local governing and 
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regulatory institutions, as well as differing incentives of a for-profit system and a 

municipally owned system. 

In advanced capitalist societies, well-established legal and regulatory institutions 

and economic incentives significantly affect the adaptive capacity of local public utilities. 

The intent of regulatory institutions to ensure that public utilities provide good service for 

a fair price may unintentionally constrain the capacity to adapt, as new challenges to 

reliable and sustainable service arise. The assessment has demonstrated the need for 

future research on the vulnerability of communities to climate variability and regional 

socio-economic pressures, particularly in the United States and other advanced capitalist 

societies, to also examine the role of national, regional, and local institutions and identify 

areas that policy-makers can address to enhance adaptive capacity. 

Unless policy changes are made at the state and county levels in Arizona, Payson, 

Pine and other rapidly growing communities in rural Arizona will remain limited in their 

capacity to adapt to the impacts of population growth and climate variability on their 

water supplies. Much of rural Arizona is projected to continue to grow significantly, 

underscoring the need to generate political solutions for facilitating greater adaptive 

capacity. Northern Gila County will remain popular with Phoenix-area residents as a 

place to visit, recreate in, and for owning a second home. Estimates of a recent regional 

water demand and supply options study (Mogollon Regional Water Resource 

Management Study 2005) suggest that in a full ‘build-out’ scenario, the region’s demand 

for water could increase to as much as 400% of current demand by 2040. Given the 

expected 130% increase in Phoenix-area population between 2000 and 2040 (an 
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additional 4,501,507 residents) (Arizona State University 2003), it is not unreasonable to 

expect this build-out scenario to be realized. Under this scenario, existing land and water 

management policies and institutions will remain ineffective at mitigating future 

shortages in the coming decades, and must be modified and bolstered to mitigate 

additional risk of water scarcity. 
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