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Abstract: 
Climate change policy has been an important example of the polycentric nature of policy-making in the United States.  Throughout the last decade the most aggressive and innovative policy experiments occurred at the state and local level. Given the highly decentralized nature of policy implementation combined with the regional variability of climate change impacts local governments will continue to play a central role in designing policy and responding to climate change.  In spite of this, there has been little research on the perspective of local agencies and interest groups on data needs, anticipated impacts on public infrastructure, services and environmental management. Utilizing data from a recently completed survey of public agencies and interest groups in the state of Nevada, the paper explores how local policy actors perceive climate change issues, the association between the resource of concern and the scale of impact,  and the assessment their own capacity to adapt to climate change impacts.  Special attention is paid to participation in current climate change policy and information networks.  The conclusion provides a broad assessment of local government needs and capacity to implement climate adaptation policies.  
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	While discussions of climate change mitigation have focused on international negotiations and efforts at the national level, attention toward climate adaption policies have shifted attention toward the role of local governments.  The role of local governments is central to any number of discussions of policy formulation and implementation. While there has been a long tradition of research into local government and public policy within the context of developed economics, there has been recent upsurge of interest in the impact in developing countries as well.  Local government, whether local offices of national bureaucracies or highly decentralized autonomous entities, are responsible for the bulk of public services delivered to citizens.  The types of public goods delivered through local governments include such things as public safety, utilities, water sanitation, energy conservation and generation, local green space, land use, and a variety of economic development activities, among others.  Many of these public services have the potential to be profoundly impacted by climate change.
The role of local governments becomes critically important when considering the spatial variability of the impacts of climate change and the difficulty of larger governance units to respond quickly and appropriately.  At a minimum, local governments are typically the primary implementing agent on the ground for national-level policy.  As an organization between local interests and national directives, they provide an intermediary between citizens and provincial, state and national policy.  In some political systems, they may take on the additional role of providing a focal point for public expression of new policy issues related to climate change.  Additionally, local government have provided a diverse set of policy experiments in both climate adaption and mitigation that can be imitated by other local government units and serve as models for regional and national policy.  Local governments have a number of very different roles related to climate change adaptation.  
	This paper has three primary purposes.  First, it reviews the general literature of the role of local governments in climate change policy, with a particular focus on adaptation.  Second, it attempts to formulate a broad theory of local governments as policy agents in the process of issue identification, policy formation, adoption, implementation and experimentation.  Lastly, it applies the theoretical framework to survey data collected from local governments in the state of Nevada.  While the data represents a limited sample of the scope of local government activities, it does provide evidence of the multifaceted role of local governments in climate change adaptation.  The paper concludes with recommendations for linking predictions from climate science more closely to local government policies.  

Climate adaptation and local governments

	Much of the work on local policy responses to climate change has focused on mitigation efforts at the local level (Betsill 2001).  In terms of mitigation, state and local governments have played a particularly interesting role in the United States.  In the face of federal policy inaction, state and local governments have in many ways substituted local and regional initiatives for what would typically be understood as the realm of national policy (Rabe 2006).  The range of activities at the sub-national level, from energy conservation to forming regional emissions markets, has shown remarkable scope and challenges many of the simplistic assumption of the matching of the scale of a policy solution and the size of the governance unit.  From a simple political economy perspective local governments should not waste resource on mitigating what are truly global problems.  Any locally produced reduction in greenhouse gas emissions is enjoyed by not only other local government by other national governments as well.  
	Adaptation policies however do not suffer from the same dilemma.  Planning efforts that include the potential effects of climate change can be incorporated into long standing public service production by local government units and not involve taking on additional responsibilities.  Indeed, a recent survey of inter-mountain western states found that many local mitigation efforts frame policies as improvements in long-range planning, water efficiency or cost savings through energy conservation, rather than mention the locally politically controversial issue of climate change  (Metz and Below 2009).  
	Theoretically, there are a number of reasons to expect that local governments will play an increasingly important role in climate adaptation policy.  First, because local governments provide the bulk of services most citizens experience, the vast majority of changes to policy will occur at the local level.  This will include everything from new water infrastructure to account for changes in rainfall, evolution of fire control policies, to changes in economic policy as agricultural production patterns shift.  Second, since local governments are more closely linked to local demands for services, it is the scale at which there will also be the greatest variation in policy approaches.  The range of policy instruments developed to address a problem at a local level allows for a high degree of experimentation and the potential for policy diffusion.  Third, because climate change is anticipated to have very localized impacts, the scale of local governments may make them the most appropriate unit of response.  The idea of matching governance units spatially to the ecological issue has a long history in ecosystem management and co-management regimes, often with mixed empirical results, however, local governments continue to provide the basic unit of formal policy response to a policy problems.  Forth, local governments can also provide an entry point for policy entrepreneurship.  Policy entrepreneurs are individuals within a policy network who are able to bring together disparate interests towards forming new policy coalitions or reaching common goals (Schneider, Teske et al. 1995; Mintrom 1997).  The more decentralized a policy-making environment, the greater the potential for policy entrepreneurship.  Finally, the ability to match institutional solutions to the specific type of climate change impact is more likely to occur at a local government, or even community and neighborhood level, than at national level (Betsill and Bulkeley 2006) (Ostrom 2009).  Examples from the European and American contexts have show many of the most innovative policy instruments at the local level (Collier and Löfstedt 1997; Betsill 2001; Bulkeley and Kern 2006). 

Developing a theory of local government as a policy agent in climate adaption

	The degree to which local government will actually be able to fulfill any of the above roles depends on a number of factors at the intersection of the type of climate impact and the characteristics of the local government unit.  The vast variety of institutional arrangements defining the powers and limits of local governments in policy-making and implementation make empirical comparisons difficult across sectors even within the same national unit, let alone as a common governance unit.  With those limits in mind, there is still analytical value in developing a broad framework for understanding their potential role in climate change adaptation.  
	The framework outlined here looks at the type and nature of the impact to which local governments are required to respond in combination with the characteristics of the local government unit, as determining their potential role.  Figure 1 presents a graphic example of the interaction of the various factors.

Figure 1:  Interactions across nature of impact and characteristics of local government
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Figure 1 represents how the interaction of nature of the climate change impact interacts with the characteristics of the local government to influence the type of policy role a local governing unit may take.  While the linkages between the various aspects cannot be considered causal, there is empirical and theoretical evidence to suggest their importance.  

Nature of the Impact
The nature of the policy response demand by climate change adaptation has a number of characteristics that make it somewhat different from typical local government activities and requiring a response different from that of the standard local policy.   Foremost among these is the temporal nature of climate change impacts.  Typically, policies at any level of government are responding to publically perceived problems, not anticipated effects.  The vast majority of local government policies are reactive, rather than proactive, and are responding to a need already experienced and identified.  For example, water conservation programs only become politically feasible once there is acute scarcity and are phased out during periods of relative short-term abundance, even if risks of future scarcity remain.  Since climate change impacts are often difficult to perceive by the generally public, and occur gradually over a long time span, they may not achieve “problem” status until effects are serious.  The exceptions to this general rule of issue identification are those cases where local government units plan for long term public interventions such as in the case of water systems engineering and such units have information at the appropriate scale for planning purposes.  As illustrated in the survey data collected on Nevada local government organizations, those organization with the longest planning horizons (water utilities and transportation) were typically those with the highest level of concern about anticipated impacts and the greatest demand for improved certainty and down-scaling of modeling output.  
One of the common complaints from local governments when asked what is preventing increased preparation for the impacts of climate change is that of the scale of information.  There are two source of information uncertainty.  First, the ability of local engineers, land use planners and natural resource managers to decipher the outputs of complex models into specific probable impact on the specific sector or resource they are responsible to manage.  While models at a state-level may predict increased frequency and severity of wildfires, this provides little actionable information for a park manager attempting to reduce fuels hazards from grasslands.  Second, there is the issue of the downscaling of climate models.  Climate predictions are based on broad regional models and not targeted to the scale at which most local agencies manage resources.  So while there are broad predictions of reduced rainfall in the California/Nevada Sierra Range, the severity of the reduction and its impact on vegetation, snowpack and runoff is dependent on micro-climates.  While one side of a ridge may experience server reductions of rainfall, the wind currents, aspect and vegetation on a nearby peak may increase rainfall.  Since management decisions are based on watershed-level predictions information needs to be scaled-down significantly before local governments will be able to use climate science in a rational way.  
An overarching problem with developing appropriate responses to climate change is that of the inherent uncertainty of the information.  While the public discourse, especially in the United States, overstates the uncertainly underlying the general atmospheric models, there does remain a high level of uncertainty on the impacts of climate change on specific geographic locations.  While issues of down-scaling models have to do with whether the information produced can provide any information on local level impacts, those of uncertainty are related to the acceptable range of error of a predicted outcome.  Complex model of hydro-ecological systems often produce results that modelers are often uncomfortable with using to produce policy (Costanza, Wainger et al. 1993; Tang, Engel et al. 2005), and typically provide forward looking predictions based on past patterns.  Providing a prediction with an acceptable probability of error from models of complex natural-human ecosystems based on future events will depend on the next generation of climate models (Wilby and Wigley 1997).  
The final set of important characteristics of the nature of climate change impacts has to do with the political economy of local governance institutions rather than the physical processes and predictions of climate change.  Following fundamental principles of local political economies (See for example McGinnis 1999; Oakerson 1999), the spatial distribution of the negative impact of climate change and the ability of a local governing unity to gain the potential benefits of mitigating the negative impact will determine its willingness and capacity to adapt.  When the benefits of local action are contained within a local jurisdiction, such as the case of improving water supply from a local source, it is easier to justify an expenditure of local funds to citizens.   

Characteristic of the Local Government
	While the nature of the impact of climate change outlines the possible responses by a local government, the ability to effectively respond to a problem is dependent on the characteristics of the organization itself.  There is a long tradition of research on the effectiveness of local governments in responding to citizen demands, and their ability to develop and implement local policies (Rondinelli, McCoullough et al. 1989; Dillinger 1994; Grindle 2007).  Many of the same factors that influence the overall effectiveness of local government also apply to climate adaptation.  However, due to the specific temporal and spatial characteristics of climate change impacts there are some characteristics that may be particularly important to the role of local governments.  
	Foremost, is the extent to which policy making authority has been decentralized to local units.  There can be a broad range of decentralization, from solely implementation to full political, fiscal and political decentralization (Rondinelli, McCoullough et al. 1989; Teune 1996).  The specific mix of decentralized activities ultimately influences the role of a local government.  Similarly, the specific policy authority of a local unit largely determines their ability to act with full authority to address a specific issue.  For example, in the US context the ability of local governments to address water quality issues are often limited by restrictions on their authority to intercede with aspects that are considered under federal jurisdiction.  Such policy fragmentation crossing environmental media is well documented, but also exists for other types of public goods as well. 
	While both the degree and type of decentralization and the scope of authority are structural limits placed on local governments, the ability to act to effect policy change depends on local capacity. While there are challenges to measuring organizational capacity, it generally refers to the internal resources available for effective action (Brown, LaFond et al. 2001).  Capacity is often associated with local government functions of implementation, however capacity can refer to any potential local government role.  
	Lastly there are important considerations of the accountability and representation within local government organizations.  Recent efforts that have emphasized decentralization of service delivery and public good production in developing countries as an attempt to better match development efforts to local needs and bypass corrupt national official have often run into the problem of potentially strengthening locally corrupt officials (Agrawal and Ribot 1999; Ribot 1999).  Issues of the accountability of local governments remain central to any discussion of interventions and responsive policy.
	The above framework is intended to outline the essential elements in understanding the potential role that local government can play in designing and implementing climate adaptability policies.  Obviously the interaction between any set of variables can produce complex outcomes influencing the role local governments play in climate adaptability policies.  The following section explores some of these interactions using a recently completed survey of local governments in Nevada.   



The case of local government organization in the state of Nevada
	Empirical data was collected during the fall of 2009 from local governmental offices in Nevada.  The survey targeted all local and state government offices with resources identified as likely to be impacted by climate change.  In order to capture the full range of climate impact variability the survey targeted the widest scope possible of local and state government units.  These included obvious inclusions such as water and natural resource management agencies, as well as those whose impacts are less certain, such as recreation and infrastructure.  A variety of questions were asked of local governments on their perceptions of climate change impacts, specific issues related to particular sectors, and the scale and temporal extent of local planning efforts.  In total, surveys were sent to 237 organizations.  These results represent preliminary analysis of early survey results representing a 15% response rate.  A full description of the methods can be found in Kauneckis and Cuffe (2010).   
	 Nevada tends to be a late adopter among western American states in terms of climate change policy.  Whether this is due to its libertarian political culture or the fact that neither of its major industries, gambling and mining, are directly influenced by climate is open for discussion.  The state has neither a mitigation nor adaption plan, however it does have an action plan, which highlights greenhouse gas emission reduction and renewable energy, and risks to water supply water conflict (Nevada 2008).  The state has observer status in the Western Climate Initiative regional emissions trading plan (Pew Center on Global Climate Change 2010). This has meant that local units have been acting independently in anticipating the effects of and developing appropriate responses.  Indeed, only around 10% of respondents were even aware the state had any climate related policies.  
	The initial response rate of 15%, while small, does have the advantage of selecting for those organizations who likely view climate change as a serious challenge to their mission, essentially self-selecting for those groups with strong preferences.   Figure 2 illustrates the types of organization that responded to the initial survey invitation.  Nearly half of respondents were local government organizations (48%) such as divisions of city governments, about a quarter of responses were from state agencies (23%), followed by regional agencies (13%) and special purpose government districts (7%).   More important for understanding the priorities from a local government perspective were the types of activities for which each organization is responsible.  Figure 3 shows the self-reported activity of respondents.  Unsurprisingly, the single highest response was from organizations involved in surface or ground water management.  The second most prominent category were those organization involved in infrastructure, followed by recreation, public health and fire control.  
	Results from the survey speak partially to the role of local governments as implementation agents.  In the case of Nevada, this is a bottoms-up process with local agencies self-identifying climate change impacts and receiving little direction from the state.  Respondents were asked to prioritize potential climate change threats to the mission of their organization according to a five-point scale indicating level of concern.  Figure 4 illustrates those areas of highest priory both according intensity of priority and to frequency of response.  The highest priority item across all responding organization was fire control, followed by extreme weather event, and four types of water management issues (surface water availability, snowfall/season water storage, groundwater recharge, floods event).  Second priority issues included concerns about the impact on natural vegetation communities, the economic impact, infrastructure and human health impacts (including heat waves).  While there were relatively low number of organization involved in actual fire control activities (see figure 2), it was the single dominant issue of concern.  On the other hand, there were a relatively high number of organizations directly involved in infrastructure planning, yet the impact of climate change on infrastructure was a relatively low priority, and ranked as a secondary concern.  The number of water management organization and importance of water issues were more directly associated.
	The data also helps illustrate the role of local governments as information consumers.  One of the principal emphasizes of current climate modeling research is on the down-scaling of global climate model to assist in determining potential local impacts.  One of the frequent complaints in this study by local government representatives was the high degree of uncertainly underlying specific impacts and the lack of concrete information.  In order to determine information flows, respondents were asked to name the source of current information on climate change impact to the mission of their organization (Figure 5).  The most frequently used source was the general media, followed by research conducted by federal agencies, then state and university research.  The heavy reliance on public media as a source of climate change impacts has important implication for both the usability of information produced as well as the link between policy, media cycles and planning.  
	This project was also interested in determining the temporal needs of information from a local government perspective.  Figure 6 shows the reported planning horizon from respondents.  About one-fifth of respondents planned for 1 year or less, forty-four percent for 2-5 years, thirty percent for 6-20 years and only one organization (Southern Nevada Water Authority) had a planning horizon longer than 20 years.  In terms of including climate change impacts as part of current planning activities (figure 7), fifteen percent of respondents identified no impact (this included climate change skeptics) and approximately nine percent expected impacts greater than 80 years.  Thirty-four percent include climate change as part of current long-term planning activities, three percent as part of short term planning, and a full eighteen percent claimed to be dealing with climate impacts on in daily management decisions.  
	Respondents were also asked to indicate the type of information required to act effectively to climate change impacts.  It should be noted that climate modeling occurs at a resolution of 50 kilometer areas.  Efforts are underway to down-scale using both improved data collection and statistical techniques to a one-kilometer resolution.  The majority of respondents replied that information at the regional level of the western states was most important for the highest priority impacts (recall these included wildfires, severe weather events and water management).  This was followed by information at the state-level, watershed, and local political jurisdictions.  In terms of information on climate change impacts on neighbor states, California was of primary importance, likely due to the influence on water management and the regional economy.  


Conclusions
	Local governments have a number of important roles to play in climate change policy as part of a larger polycentric system of public good production and multi-tiered governance of the global environment.  The first part of this paper attempts to outline a broad theoretical framework for understanding the variety of roles and potential outcomes of local government activities.   The second half utilizes results from a recent survey to highlight challenges to the role of local government as implementing agent and consumer of scientific information.  While the empirical results do not attempt to directly address the underlying theoretical propositions, they do help to illustrate the complexity of understanding the role of local government organization in climate change adaption.    
	As the formal government organization most closely linked to local concerns and ‘potentially’ able to directly align policy response to local impacts, local governments are a critical actor in developing effective climate adaptation policy.  However there are significant challenges in various roles local government play, providing relevant scientific information on the probability of impacts as well as information at the appropriate scales, and linking policy-making to accountable governance institutions while maintaining distance from media cycles.  The preliminary data collected within the state of Nevada hints at the diversity of concerns, capacity and perception of the potential impact of climate change and developing effective responses.  

(Kauneckis and Imperial 2007)
(Kauneckis and Andersson 2009)
(Kauneckis)
 (Victor, House et al. 2005).
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APPENDIX:   DESCRIPTIVE SURVEY RESULTS


Figure 2: Type of Organization in Initial Response Group









Figure 3: Activity of Organization










Figure 4: Priority of Impacts of Climate Change








Figure 5: Source of Information



Figure 6:  Planning Horizon
	What is the typical time frame for which your organization currently plans and develops policy?  

	Answer Options
	Response Percent

	a. No long term. Planning is on an issue by issue basis
	12.5%

	b. 1 year
	9.4%

	c. 2-5 years
	43.8%

	d. 6-10 years
	15.6%

	e. 11-20 years
	15.6%

	f. 21-50 years
	3.1%




Figure 7:  Perceived distance of the potential impacts of climate change
	How distant are the potential impacts of climate change in regard to the work of your organization?

	Answer Options
	Response Percent

	a. Not likely to have any impact ever
	15.6%

	b. Distant, greater than 80 years away
	9.4%

	c. Part of our current long-term planning activities
	34.4%

	d. Part of our current short-term planning activities
	3.1%

	e. Contemporary, we are dealing with climate change impacts now
	18.8%

	f. Don’t know
	18.8%




Figure 8:  Scale of Information Needs
Question: For those items that you identified as HIGHEST PRIORITY, what scale of information is important for your organization?



In terms of the activities of your organization, please rank the level of concern about each impact of climate change ?
A little concerned	Wildfires	Extreme storm events	Surface water availability	Snowfall/seasonal water storage	Recharge rates for groundwater	Flood events	Frequency of heat waves	Natural vegetation communities	Agricultural production	Wildlife habitat	Biodiversity	Infrastructure needs	Human health	Economic Impact	2	2	2	4	4	11	8	5	7	9	11	7	0	10	Somewhat concerned	Wildfires	Extreme storm events	Surface water availability	Snowfall/seasonal water storage	Recharge rates for groundwater	Flood events	Frequency of heat waves	Natural vegetation communities	Agricultural production	Wildlife habitat	Biodiversity	Infrastructure needs	Human health	Economic Impact	7	9	9	8	8	6	13	16	12	12	7	12	0	15	Very concerned	Wildfires	Extreme storm events	Surface water availability	Snowfall/seasonal water storage	Recharge rates for groundwater	Flood events	Frequency of heat waves	Natural vegetation communities	Agricultural production	Wildlife habitat	Biodiversity	Infrastructure needs	Human health	Economic Impact	18	17	17	12	10	8	7	6	5	3	3	2	2	1	



Please indicate how often you currently use each of the following as a source of information on the impacts of climate change to the activities of your organization?
Never	a. Newspapers and the media	b. Research by federal agencies (such as USGS, US Global Change Research Program, etc.)	c. Research by state agencies (such as Parks and Recreation, Dept. of Health, etc.)	d. University researchers	e. In-house researcher and projects	f. Research results from out-of-house consultants	2	2	6	6	18	17	Rarely	a. Newspapers and the media	b. Research by federal agencies (such as USGS, US Global Change Research Program, etc.)	c. Research by state agencies (such as Parks and Recreation, Dept. of Health, etc.)	d. University researchers	e. In-house researcher and projects	f. Research results from out-of-house consultants	5	6	10	8	5	6	Occasionally	a. Newspapers and the media	b. Research by federal agencies (such as USGS, US Global Change Research Program, etc.)	c. Research by state agencies (such as Parks and Recreation, Dept. of Health, etc.)	d. University researchers	e. In-house researcher and projects	f. Research results from out-of-house consultants	6	12	11	9	4	5	Often	a. Newspapers and the media	b. Research by federal agencies (such as USGS, US Global Change Research Program, etc.)	c. Research by state agencies (such as Parks and Recreation, Dept. of Health, etc.)	d. University researchers	e. In-house researcher and projects	f. Research results from out-of-house consultants	12	8	3	6	2	3	Very often	a. Newspapers and the media	b. Research by federal agencies (such as USGS, US Global Change Research Program, etc.)	c. Research by state agencies (such as Parks and Recreation, Dept. of Health, etc.)	d. University researchers	e. In-house researcher and projects	f. Research results from out-of-house consultants	6	3	1	2	2	0	



Western Regional Level	Nevada State Level	Border State (California)	Border State (Arizona)	Border State (Utah)	Border State (Idaho)	Local jurisdictions	Ecosystem level	Watershed level	Infrastructure Scale	Land management unit	0.67700000000000105	0.64500000000000091	0.38700000000000045	0.22600000000000001	0.19400000000000001	9.7000000000000045E-2	0.45200000000000001	0.19400000000000001	0.61300000000000077	0.25800000000000001	0.129	


Regional Agency	Federal Government Agency	State Government Agency	Local Government Agency	Special Purpose Government (School, Utility, Water District, etc.)	Business Association	Non-Profit Organization	0.129	0	0.22600000000000003	0.48400000000000032	6.500000000000003E-2	6.500000000000003E-2	3.2000000000000056E-2	
a. Fire control	b. Surface or ground water	c. Grazing or livestock	d. Forest or timber	e. Wildlife or game	f. Vegetation or plant communities	g. Biodiversity	h. Cultural resources	i. Recreation	j. Energy	k. Public health	l. Infrastructure	m. Office of an elected official	n. Other	0.24200000000000021	0.66700000000000415	0.12100000000000002	9.1000000000000025E-2	0.12100000000000002	0.15200000000000041	9.1000000000000025E-2	0.18200000000000024	0.36400000000000032	0.21200000000000024	0.33300000000000207	0.54500000000000004	0.18200000000000024	0.18200000000000024	
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