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Abstract

Climate change is conventionally recognized as a large-scale issue resolved through regional or national
policy initiatives. However, little research has been done to directly evaluate local climate change action
plans. This study examines 40 recently adopted local climate change action plans in the US and analyzes
how well they recognize the concepts of climate change and prepare for climate change mitigation and
adaptation. The results indicate that local climate change action plans have a high level of “awareness”,
moderate “analysis capabilities” for climate change, and relatively limited “action approaches” for cli-
mate change mitigation. The study also identifies specific factors influencing the quality of these local ju-
risdictional plans. Finally, it provides policy recommendations to improve planning for climate change at
the local level.

Keywords: climate change, local jurisdiction, action plan, quality

1. Introduction

Climate change is now widely recognized as an important global problem expected to
have adverse impacts on both the natural and human environment (IPCC 2007). Local ef-
forts have profound implications for climate change and can contribute significantly to
global efforts to reduce greenhouse gas (GHG) emissions (APA 2008). Local jurisdictions
have the ability to influence development activities and have direct control over emissions
resulting from municipal operations. In fact, many localities in the US are already taking
action to reduce greenhouse gas emissions. Some recent studies have advanced our un-
derstanding of how communities can most effectively address the issue of climate change
(Lindley et al. 2006, Moser and Tribbia 2006, Moser and Luers 2008, Travis 2008). For ex-

41



42 Z. TANG ET AL. IN JOURNAL OF ENVIRONMENTAL PLANNING AND MANAGEMENT 53 (2010)

ample, local climate change action plans are critical for providing a fundamental inven-
tory for GHG emissions, setting a long-term emission reduction target, making appropri-
ate action policies, coordinating cross-boundary issues and implementing decisions. The
most recent research highlights the criticality of making adaptations in the next several
decades before mitigation measures can have an effect (Stern 2007); however, research on
local actions is lagging behind climate impact assessment.

In 1992, more than 178 governments at the United Nations Conference on Environ-
ment and Development (UNCED) signed Agenda 21, a milestone plan of action to be
taken globally, nationally and locally in every area in which humans impact the envi-
ronment. The Local Agenda 21 (LA21) is a part of the global Agenda 21. A LA21 plan
is a strategic comprehensive plan of action established by a local government through
participatory measures to ensure environmental protection, economic prosperity, and
social equity. In 2002, Local Agenda (LA21) advanced to the next phase— Local Action
21. Local Action 21 emphasizes an accelerated implementation of sustainable develop-
ment. These actions include: (1) identifying and removing barriers (e.g. poverty, injus-
tice, conflicts and an unhealthy environment) to sustainable development; (2) reducing
depletion of resources and environmental degradation; and (3) ensuring effective im-
plementation, monitoring and continual improvement. Climate change mitigation and
adaptations are the critical part of the Local Action 21. An increasing number of local ju-
risdictions have recognized that global climate change has a critical local dimension. By
August 2008, there were 850 mayors from 50 states, the District of Columbia and Puerto
Rico, representing a total population of almost 80 million citizens, who have signed the
US Conference of Mayors Climate Protection Agreement ( http://www.usmayors.org/
climateprotection ). Furthermore, 157 local jurisdictions in the US have joined the Cit-
ies for Climate Protection ™ (CCP) Campaign, which is an important part of Local Ac-
tion 21 ( http://www.iclei.org/index.php?id=800 ). The CCP Campaign helps local ju-
risdictions to reduce GHG emissions and integrate climate change mitigation into their
decision-making processes. The CCP Campaign provides an innovative performance
framework for local governments to reduce greenhouse gas emissions throughout their
jurisdictions. Most importantly, at least 40 of these local jurisdictions have developed
local climate change actions plans (Figure 1).

The jurisdictions with local climate change action plans indicate a serious consider-
ation and commitment for climate change mitigation. A local climate change action plan
will provide a feasible, bottom-up means to establish strategic goals to lower emissions,
identify emission sources and amounts, make appropriate policies and establish mech-
anisms for co-ordination, monitoring, measuring and reporting performance. Although
many previous studies have focused on evaluating plan quality for natural hazards
(Burby et al. 2000, Olshansky 2001, Nelson and French 2002, Burby 2005, Tang et al. 2008),
ecosystem management (Brody et al. 2004), coastal planning (Tang 2008); sustainability
(Berke and Conroy, 2000, Berke 2002, Conroy and Berke 2004), and smart growth (Ed-
wards and Haines 2007), no research to date has empirically linked local plan quality to
climate change. Furthermore, although some studies have begun to discuss the role of lo-
cal policy in climate change (Bizikova et al. 2007, Burton et al. 2007, Swart and Raes 2007,
Brody et al. 2008a, 2008b, Zahran et al. 2008a, 2008b), little research has directly analyzed
local climate change action plans (Wheeler 2008). To date, no empirical model has mea-
sured local climate change action plan quality. In recognition of this gap in the current re-
search, this study proposes a proactive model to empirically examine local climate change
action plan quality.
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Figure 1. Status of US state and local climate change action plans (dated October 10, 2008). Notes:
For a list of jurisdictions or updating information see: Jurisdictions joined the Cities for Climate
Protection (CCP) Campaign: http://www.iclei.org/index.php?id=1484&region=NA . Jurisdictions
signed U.S. Conference of Mayors Climate Protection Agreement: http:/ /www.usmayors.org/cli-
mateprotection/list.asp

Specifically, the study addresses a number of questions related to local jurisdictional
efforts to mitigate climate change:

(1) To what extent do local jurisdictions indicate awareness of climate change in their lo-
cal climate change action plans?

(2) How well do local jurisdictions analyze the impacts of climate change in local climate
change action plans?

(3) What actions have local jurisdictions taken to mitigate and adapt to climate change,
and which strategies received the greatest and least attention?

(4) Do the traditional contextual variables affect local climate change action plan quality?

(5) How can local climate change action plans be improved to address climate change
mitigation and adaptations?

This study will provide important information for decision makers interested in mitigat-
ing the adverse impacts of global climate change on local communities.

2. Conceptualizing local planning capacity for climate change

To enhance society’s preparedness for the possible adverse impacts of climate change,
decision makers should recognize three critical components termed “AAA”: (1) Aware-
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ness; (2) Analysis; and (3) Action (UKCIP 2003, California Climate Change Center 2006).
Local climate change action plans should indicate a comprehensive awareness of climate
change, make a thorough analysis of these impacts, and translate awareness and concerns
into concrete action policies. These three critical components are vital for incorporating
climate change mitigation and adaptation into local action plans. This study develops a
conceptual framework using these three components to guide local planning capacities in
addressing climate change mitigation and adaptation. The components are illustrated in
Figure 2.

Awareness measures the degree to which local jurisdictions understand the concepts
of climate change. Local jurisdictions need to be aware of the scientific underpinning of
climate change, climate variability and global warming (Lindseth 2004). Moreover, the ef-
fects and impacts of climate change on local jurisdictions should be addressed in local cli-
mate change action plans. Finally, the long-term goals and detailed targets for GHG emis-
sions should be included in local climate change action plans.

Analysis components should provide an emission inventory and cover the major driv-
ers, sources or contributors to climate change (Angel et al. 1998). The analysis also should
identify the base year of emissions and predict future emission trends. A vulnerability as-
sessment should be conducted to identify the most vulnerable places and most vulnera-
ble populations (Center for Science in the Earth System et al. 2007). The cost estimates for
GHG emission reduction should also be a part of the analysis. Finally, analysis tools and
software should be identified in the plans (ICLEI 2008).

The actions component of a plan should demonstrate how a local jurisdiction will re-
duce GHG emissions. The action strategy should identify and quantify appropriate mea-
sures to achieving a reduction in emissions. Actions should involve policies, tools and
strategies to address climate change mitigation and adaptations in the natural environ-
ment, built environment and human health. These actions should include: (1) Commu-
nication and collaboration policies (Lindseth 2004); (2) Financial tools (Yarnal ef al. 2003);
(3) Land use policies (Betsill 2001); (4) Transportation policies (Andrews 2008); (5) Energy
strategies (Andrews 2008, Nelson 2008); (6) Waste strategies (California Air Resources
Board et al. 2008); (7) Resources management strategies (Mayors Climate Protection Cen-
ter 2007); and (8) Implementation and monitoring strategies (California Air Resources
Board et al. 2008).

These three core plan components provide a framework to guide local climate change
action planning. Using this framework, a plan quality evaluation coding protocol was de-
veloped with detailed indicators within each component to explain the key points that in-
corporate climate change concepts was developed. When aggregated, these indicators can
be statistically measured to compare the plans across multiple jurisdictions.

Local Awareness | — Local Analysis

~N 7

Local Actions

Figure 2. Conceptualizing local climate change action plan quality.
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2.1. Explaining variation in climate change plan quality

In addition to measuring the ability of local jurisdictions to address and plan for climate
change, an explanatory model is also tested to identify the factors influencing variation in
plan quality across the US (see Figure 3). The dependent variable in the study is local cli-
mate change action plan quality. It can be measured by the three plan components stated
above.

Based on past research on plan quality and local climate change mitigation, mul-
tiple independent variables affecting the plan quality measure are identified. Local cli-
mate change action planning is a complex process incorporating geographic, political, so-
cial and economic settings and is usually affected by many factors including jurisdiction
framework, decision-makers’ values and experiences, information resources and aware-
ness of alternatives. Although many studies have discussed the factors influencing local
planning (Forester 1984, Brody 2003, Norton 2005), little research has quantitatively mea-
sured the factors influencing local climate change action plan quality. Independent vari-
ables cover three sets of traditional contextual variables to evaluate local climate change
action plan quality. These independent variables —capacity variables, climate risk vari-
ables and emission stress variables—can be used to explain local climate change action
plan quality.

Capacity variables include political will (Bestill 2001), state mandates (Berke et al.
1996), and community wealth (Van Liere and Dunlap 1981, Scott and Willits 1994, Brody
et al. 2003, Tang and Brody 2009, Tang et al. 2009).

The first hypothesis here is that the jurisdictions with stronger political will in mul-
tiple climate change programs may have higher plan quality than others. Jurisdictions
with strong political will should improve local capabilities for information access, techni-
cal support and inter-organizational co-ordination.

The second hypothesis is that a jurisdiction within a state with mandates in climate
change may have higher plan quality. Planning mandates have been shown to enhance
local plan quality in several previous studies (Berke and French 1994, Burby and Dalton
1994, Dalton and Burby 1994, Berke et al. 1997, Brody et al. 2003). In many instances, a top-
down regulatory approach can motivate local jurisdictions to address what they may con-
sider regional problems.

Independent variables (2): Dependent variable:
Climate risk variables: .| Local climate change
e Coastal distance action plan quality
e Population density * Awareness
e Hazard damage * Analysis
/ e Actions
Independent variables (3): ?
Emission stress: Independent variables (1):
e Energy consumption Capacity variables:
e Light transportation e Political will
e Average commuting time e State mandates
e Vehicular emission e Wealth

Figure 3. Conceptual model of dependent and independent variables.
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The third hypothesis is that a wealthier jurisdiction may develop a higher quality cli-
mate action plan. Wealthier jurisdictions should have more financial, human and techni-
cal resources with which to develop a high quality plan.

Climate risk variables include coastal distance (Brody et al. 2008a, Zahran et al. 2008a),
population density, and hazard damage (Brody et al. 2008b, Zahran et al. 2008b).

The fourth hypothesis is that the jurisdictions located in coastal areas may have higher
climate risk, leading to a higher plan quality. When a jurisdiction locates in coastal areas,
it may have more coastal-related risks (e.g. hurricane and flooding).

The fifth hypothesis is that the jurisdictions with higher population density may have
higher plan quality. When more people are at risk from the effects of climate change such
as sea level rise or increased severe storms, it is expected that local governments will re-
spond by protecting the public welfare with stronger climate change plans.

The sixth hypothesis is that the jurisdictions with more historical hazard damages may
have higher plan quality. When a jurisdiction has experienced historical hazard damages,
we expect local governments to be better prepared to deal with risks associated with cli-
mate change.

Emission stress variables include energy consumption (Brody et al. 2008a), light trans-
portation (Brody ef al. 2008a), average commuting time and vehicular emission.

The seventh hypothesis is that the jurisdictions with higher energy consumption will
adopt lower quality climate change plans. Communities that rely economically on en-
ergy industries would be less concerned with mitigating the adverse effects of climate
change.

The eighth hypothesis is that the jurisdictions with a higher percentage of people us-
ing light transportation will adopt higher quality climate change action plans. Localities
committed to alternative forms of transportation will be more likely to be concerned over
the climate change problem and adopt policies that reduce GHG emissions.

The ninth hypothesis is that the jurisdictions with higher vehicle emissions may feel
pressure to develop higher quality climate change action plans. While planners may not
be able to control the number of vehicles on the road, they can respond with appropriate
strategies to reduce their impact on the climate change problem.

The tenth hypothesis is that the jurisdictions with higher average commuting time
adopt lower quality climate change action plans. Communities with a history of sprawl-
ing development patterns and high land consumption rates may not be interested in miti-
gating the impacts of climate change.

3. Research methods
3.1. Sample selection

The population for this study is all of the jurisdictions in the US that have adopted a local
climate change action plan. First, there was a search of websites of the jurisdictions that
have joined the US Conference of Mayors Climate Protection Agreement and the CCP
Campaign. Next, the information provided by the Pew Center on Global Climate Change
and National Association of Counties was double-checked to find possible local climate
change action plans. After systematic searching, 40 local climate change action plans were
collected which were available by September 1, 2008.



EVALUATING LOCAL CLIMATE CHANGE ACTION PLANS 47

3.2. Concept measurement
3.2.1. Dependent variable

The preceding conceptualization of plan quality leads to the local evaluation coding
protocol. Each component was evaluated by examining all elements of a plan to assess
whether it addressed the 36 indicators categorized into the three plan components: (1)
awareness; (2) analysis; and (3) action. Following the analytical approach of previous
studies on plan quality, each indicator was scored on a 0-2 scale. A score of “0” means
the indicator is not mentioned in the plan, a score of “1” means that an indicator is con-
sidered but not thoroughly, and a score of “2” means the indicator is fully considered.
The equations are used to calculate plan component quality and total plan quality.! First,
the total of all indicator scores within each plan component are summed. Second, each
plan component quality is standardized by dividing the total possible score in each plan
component and multiplying by 10. Third, the five plan components score is summed to-
gether to get the total plan quality.

To maintain reliability, the plan indicators were pre-tested and multiple-tested against
the plan coding to reduce personal bias in measurement and judgment. Each plan was
evaluated three times; the final evaluated score was adopted for each indicator. This study
uses the equal weighting approach for all of the indicators.

This study also introduces indicator performance to measure each indicator’s qual-
ity. Indicator performance includes two sub-items:? an indicator breadth score and depth
score. Indicator breadth measures the extent to which each of the indicators was ad-
dressed across all plans. Indicator breadth means the proportion of plans that addressed
the indicator. Indicator depth measures the level of importance and analyses how much
importance is stated for each indicator in a plan. Indicator depth means how fully an in-
dicator was addressed by the plans. If none of the plans address an indicator, the indica-
tor depth score is 0. If at least one plan addresses an indicator, the indicator depth score
is within 50-100%. It indicates relatively high quality analysis for those jurisdictions who
conducted the analysis.

Cronbach’s Alpha was used to test inter-item scale reliability. The scale reliability can
measure the correlations between the individual items that construct the scale, relative
to the variances of the items. The Cronbach’s Alpha for three plan components and total
plan quality is listed in Table 1. Based on previous research (Nunnally 1978), this study’s
inter-item scale reliability reaches the acceptable level.

3.2.2. Independent variables

Nine independent variables are measured and analyzed to explain the variation in the
climate change plan quality scores. These measurements and resources are listed in Ta-
ble 2.

Table 1. Inter-item scale reliability.

Plan component and total plan quality Number of indicators ~ Cronbach’s Alpha
Awareness 4 0.754
Analysis 6 0.872
Action 26 0.947

Total plan quality 36 0.954
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The political will variable measures whether the jurisdictions are participating in the
following major climate change programs: (1) Climate Protection Campaign (CPC); (2)
Mayors Climate Protection Agreement. The state-level mandate variable was dichoto-
mously measured by whether the state has passed legislation for climate change in which
a jurisdiction participates. Wealth is measured by the median family income for each ju-
risdiction based on the 2000 US Census.

The coastal distance variable was dichotomously measured by whether a jurisdiction
is located in a coastal watershed defined by the National Oceanic and Atmospheric Ad-
ministration (NOAA). Population density was measured by the number of people per
square mile in a jurisdiction in 2000 as reported by the last US Census. The hazard dam-
age was measured by the property damage in US dollars (in 1000 units) for all hazard
events from 1995 to 2000 as reported by the spatial hazard events and losses database for
the United States, 2004.

Energy consumption was measured by the total estimated energy use per capita in
2001 from by the National Atlas of the United States from information provided by the
Energy Information Administration. Light transportation was measured as the percent-
age of workers aged 16 years or older in a jurisdiction that travel to and from work by
walking, biking or using public transportation (which includes bus, trolley, rail, subway,
ferryboat) as reported in the 2000 US Census. The vehicle emissions variable was mea-
sured by the number of vehicles in a jurisdiction, as reported in the 2000 US Census. Fi-
nally, the average commuting time was measured by the travel time to work for workers
aged 16 years or older in a jurisdiction based on estimates from the year 2000 US Census.

3.3. Data analysis

Data were analyzed in two stages. First, descriptive statistics were used to assess the
quality of the 40 local climate change action plans in the sample. Second, ordinary least
squares multiple regression analysis was employed to identify which factors significantly
influence local climate change plan quality. Diagnostic procedures found no violations of
regression assumptions and that the ordinary least squares would yield best, linear and
unbiased parameter estimates. Scatter plots and residual plots were also drawn of depen-
dent variables versus each of the independent variables and no significant influential data
points or outliers were found.

4. Results
4.1. Descriptive statistics for plan quality

As shown in Table 3, the mean total score for climate change action plan quality is 17.25,
which is 57.5% of the total possible score on a scale of 0-30. Of the three plan components,

Table 3. Descriptive statistics for total quality and components performance.

Number of Number of Mean
Components jurisdictions variables Min. Max. (% of total) Std. Dev.
Awareness* 40 4 2.50 10.00  7.68 (76.8%) 2.10
Analysis* 40 6 0.00 10.00  5.56 (55.6%) 3.09
Actions* 40 26 0.00 8.65  4.01(40.1%) 241
Total** 40 36 5.35 28.65 17.25(57.5%) 6.48

* Each component possible maximal score is 10.00
** Each plan’s total possible maximal score is 30.
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awareness received the highest score (M = 7.68, 76.8% of the total possible score in this
component), suggesting that jurisdictions undertaking planning initiatives have strong
awareness for climate change impacts and local responsibilities. The analysis component
received a moderate score (M = 5.56, 55.6% of the total possible score in this component),
indicating local jurisdictions have undertaken some level of research analysis for climate
change issues. Finally, the action plan component the lowest score (M = 4.01, 40.1% of the
total possible score in this component), indicating that there is still much room to improve
local action policies, tools, and strategies in climate change mitigation and adaptation. In
Table 4, the correlation matrix indicates that these three plan components are significantly
(p <0.01) correlated.

In addition, there are large variations in quality across local jurisdictions’ climate ac-
tion plan quality regarding climate change awareness, analysis and action. As shown in
Appendix 1, the lowest three plan scores are 5.35 (Austin, TX), 6.45 (Santa Cruz, CA),
and 6.83 (Evanston, IL). Most of the jurisdictions with lower scores only have abstract
plans rather than full plans. In contrast, the three highest scoring jurisdictions are 25.9
(Berkeley, CA), 26.54 (Bellingham, WA), and 28.65 (King County, WA). Twenty-seven
(67.5% of 40 jurisdictions) plans in the sample scored below the 50th percentile for total
plan quality.

4.2. Indicator performance
4.2.1. Indicator performance for awareness plan component

All of the 40 local climate change action plans have identified the important concepts of
climate change or global warming and GHG emissions (Table 5). An awareness and un-
derstanding of climate change issues is an important foundation for adopting specific
actions to address the problem. In Table 5, most (95.0% breadth) jurisdictions have set
long-term goals and detailed targets for GHG emission reduction. In addition, the ef-
fects and impacts of climate change were addressed by a majority (72.5% breadth) of

Table 4. Correlation matrix for three plan components.

Components Awareness* Analysis* Actions*
Awareness 1

Analysis 0.848** 1

Actions 0.840** 0.512** 1

* Each component possible maximal score is 10.00
** indicates significance at 0.01 level.

Table 5. Awareness plan component indicator performance.

Indicators Breadth (%) Depth (%)
Concept of climate change or global warming 100.0% 88.8%
Concept of Greenhouse gas (CO,) emission 100.0% 88.8%
Effects & impacts of climate change 72.5% 67.2%

Long-term goals and detailed targets for GHG emissions ~ 95.0% 85.5%
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plans. However, a comparatively lower depth score (67.2% depth) indicates that these
plans had limited details when it comes to an awareness of potential climate change
impacts.

4.2.2. Indicator performance for analysis plan component

A majority of plans conducted a detailed climate change analysis (Table 6). For exam-
ple, 87.5% of the sample conducted a thorough emission inventory and 82.5% calcu-
lated the base-year emission and forecast future emission trends. Approximately two-
thirds of the plans conducted cost estimates for GHG emission reduction based on their
target goals. Slightly more than half of the plans identified necessary software for emis-
sion forecasting, decision making or carbon footprint calculation. However, only 15.0%
of plans conducted vulnerability assessments to geographically identify the population
most susceptible to the adverse impact of climate change. The depth score for all six in-
dicators in the analysis plan component was over 80%, indicating relatively high qual-
ity analysis.

4.2.3. Indicator performance for action plan component

In the action component, there are large variations among policies, tools, and strategies
listed by individual plans; some are well covered in current climate change action plans.
However, some strategies receive little attention. Details are listed in Table 7.

4.2.3.1. Communication and collaboration policies. A majority (85.0%) of plans identifies pol-
icies for public awareness, education and participation, but the 75.0% quality score sug-
gests there is still room to improve this policy. The same pattern applies to identifying ap-
propriate procedures to co-ordinate with multiple agencies (e.g. business, government,
Intergovernmental Panel on Climate Change (IPCC), CCP, etc).

4.2.3.2. Financial tools. Several jurisdictions have adopted GHG reduction fees (47.5%
breadth, 68.4% depth), or establish carbon taxes (37.5% breadth, 76.7% depth).

4.2.3.3. Land use policies. Jurisdictions also vary in adoption of land use policies to address
climate change. For example, approximately two-thirds of the sample emphasizes mixed-
use and compact development (65.0% breadth, 88.5% depth). In addition, many plans
require utilizing green building and green infrastructure (60.0% breadth, 83.3% depth).
Surprisingly, only 37.5% of plans paid attention to infill development and reuse of re-
mediated brownfield sites, and only 35.0% of plans adopted growth control policies to

Table 6. Analysis plan component indicator performance.

Indicators Breadth (%) Depth (%)
Emissions inventory 87.5% 88.6%
Base year emission 82.5% 89.4%
Emission trends forecast 82.5% 87.9%
Vulnerability assessment 15.0% 83.3%
Cost estimates for GHG emission reduction 65.0% 80.8%

Using analysis tools 52.5% 85.7%
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address climate change. Moreover, only 17.5% mentioned disaster-resistant land use and
building codes in their plans. Most importantly, none of the plans adopted low-impact
design standards for impervious surfaces.

4.2.3.4. Transportation policies. A majority of plans emphasize using alternative transporta-
tion strategies (80.0% breadth, 85.9% depth), and transit-oriented development and cor-
ridor improvements (77.5% breadth, 88.7% depth). Many (72.5%) jurisdictions also rec-
ognize pedestrian-friendly, bicycle-friendly, transit-oriented community design to reduce
GHG emissions. Finally, approximately two-thirds (65%) of the sample commit to an ad-
justment of existing parking standards and prices.

4.2.3.5. Energy strategies. 80.0% of plans emphasized using renewable energy (e.g. so-
lar energy, wind energy), and 82.5% of them ask for energy efficiency and energy star
polices.

4.2.3.6. Waste strategies. Many jurisdictions have adopted a landfill methane capture strat-
egy (70.0% breadth), and waste reduction and recycling strategy (82.5% breadth). How-
ever, waste and storm water management received less attention in the plans.

4.2.3.7. Resources management strategies. Local climate change plans paid less attention to
resource management strategies in GHG reduction and climate change mitigation. Only
7.5% of plans adopted policies to protect critical environmental areas and conservation
zones. In addition, policies with watershed-based and ecosystem-based land manage-
ment initiatives were rarely (7.5% breadth, 50.0% depth) adopted in among plans in the
sample.

4.2.3.8. Implementation and monitoring strategies. 70.0% of plans emphasized continuous
monitoring, evaluation and updating. Slightly more than half (55.0%) of the plans estab-
lished implementation priorities for climate change actions. 52.5% of plans identify roles
and responsibilities among sectors and stakeholders. However, only 20.0% make financial
and budget commitment for implementation.

4.3. Regression results for independent variables

Multiple regression analyses are used to identify which variables among risk, stress and
capacity categories significantly influence of the quality of adopted climate change action
plans. Due to the small sample size, variables are analyzed by categories and then a fully-
specified model based on statistical significance of individual predictors is examined (fol-
lowing Brody 2003). The results in Table 8 help form a better understanding of the spe-
cific conditions that lead to strong local climate change plans.

Based on the model analyzing capacity variables, state mandates to adopt a climate
change plan significantly increase plan quality at the local level (p < 0.05). This result co-
incides with previous plan quality studies demonstrating the effectiveness of state regu-
latory requirements on enhancing plans for local jurisdictions. The other two variables in
the model, political will and community wealth, are not significant predictors of local cli-
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Table 8. Factors influencing climate change plan quality.

Stand.
Type of variables Name Coeff. Coeff. t-value p-value
Climate change capacity ~ Political will 1.363 0.150 0.953  0.347
State mandates 13.308 0.325 2.065  0.046**
Wealth -0.045 -0.144 -0.923  0.362
N = 40; F-ratio (3,36) = 1.777; Significance = 0.169; Adjusted R? =0.056
Climate change risk Coastal distance -0.072 -0.005 -0.033  0.974
Population density 1.034E-05 0.007 0.043  0.966
Hazard damages -1.712E-05  -0.350 -2.161  0.037**
N = 40; F-ratio (3,36) = 1.668; Significance = 0.191; Adjusted R? = 0.049
Climate change stress Energy consumption -0.007 -0.166 -1.050  0.301
Light transportation 8.120 0.147 0942  0.353
Vehicular emission 0.010 0.312 1.849  0.073*
Average commuting time -0.556 -0.450 -2.577  0.014**
N = 40; F-ratio (5,34) = 2.012; Significance = 0.114; Adjusted R?2 =0.094
Fully specified model State mandates 15.291 0.373 2914  0.006**
Vehicular emission 0.016 0.482 3294 0.002**
Average commuting time -0.522 -0.423 -3.024  0.005**
Hazard damages -2.191E-05  -0.447 -3.373  0.002**

N = 40; F-ratio (4,35) = 6.878;
Significance = 0.000**; Adjusted R? = 0.376

* Significant at 0.10 level
** Significant at 0.05 level

mate change plan quality. In addition, hazard damage in the climate change risk model
appears to significantly influence the quality of local climate change plans (p < 0.05), but
in the negative direction. In contrast, several variables in the climate change stress model
seem to strongly affect the quality of adopted local plans. Most prominently, increasing
commuting times associated with greater amounts of CO, emissions reduces the qual-
ity of local plans to mitigate the adverse impacts of climate change (p < 0.05). An increas-
ing number of vehicles on the road is also statistically significant (p < 0.1) but in the posi-
tive direction.

In the fully-specified model, statistically significant variables from each preceding sub-
regression model are analyzed. As shown in Table §, all four independent variables are
statistically significant at the 0.05 level despite the small sample size. State mandates and
vehicle emissions both increase the quality of local climate change plans, while a unit in-
crease in commuting time is associated with a decrease in the ability of local plans to ad-
dress the climate change issue. In addition, a unit increase in hazard damages is associ-
ated with a decrease in the ability of local plans to address the climate change issue.

5. Discussion and policy implications

This study found that a majority of the 40 local jurisdictions have active awareness and
adequate understanding of climate change. Jurisdictions have higher awareness because
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they are at the forefront of climate change action planning. The most persuasive expla-
nation for this result is that the local jurisdictions represented in the study are pioneers
in the US to take serious actions to address climate change at the local level. Although
157 jurisdictions have joined the CCP and 850 mayors have signed the climate change
agreement, these 40 jurisdictions are the first actors to adopt concrete local climate change
action plans. Therefore, it is not surprising for these 40 jurisdictions with local climate
change action plans to have clear awareness and high motivation to take actions in mit-
igating climate change. Of course, it is also important to further increase decision mak-
ers’ awareness of future impacts on climate change and help them understand how pre-
paredness for climate change can be integrated into daily decision making (Rayner and
Malone 1997, Bulkeley 2000). Adequate understanding of potential adverse impacts can
encourage local jurisdictions to commit themselves to climate change mitigation. Local ju-
risdictions can also increase public awareness to encourage developers and individuals to
adopt climate-friendly and environmentally efficient practices. The channels of awareness
include: (1) hands-on training; (2) user manuals; (3) workshops; (4) school education; (5)
web-based information; (6) dedicated list-serves, etc. All of these approaches help build
up stronger political commitment to deal with climate change.

While the evaluated plans generally made detailed emissions inventory and trends,
few linked emission data geographically. Localizing global climate change is the first
step in getting jurisdictions to develop action policies to mitigate climate change and
control their GHG emissions. Although much large-scale information on climate change
has been widely disseminated, local jurisdictions should link this information with local
policies. In many instances, local jurisdictions may feel that climate change is a global
issue and this creates an inability or reluctance to integrate global scientific input into
local action plans. Thus, it is necessary to provide professional training to enhance in-
stitutional capacity to stay abreast of the trends in relevant climate change information.
Since most current climate change studies are conducted at regional, national or global
levels, it is a constant challenge for local jurisdictions to integrate the information at the
local level.

The findings of this study have identified only moderate analysis capabilities in exist-
ing local climate change action plans. Some jurisdictions were not using all of the plan-
ning tools available. Local planners must analyze the impacts of climate change by re-
viewing major emission sources in their planning area and linking these results with local
planning policies. Local climate change action plans should also better identify critical
thresholds in climate-sensitive sectors and analyze the socio-economically and racially
differentiated vulnerabilities from climate change. In addition, local plans should iden-
tify constraints and stressors in climatic, economic, technological, institutional, social, le-
gal and ecological fields. These analysis capabilities can be improved through building a
long-term database with local climate and hydrology records. A climate sensitivity analy-
sis should also examine current plans and ordinances to ensure climate change mitigation
and adaptation is taking place.

One of the major findings of this study is that current local climate change action
plans focus predominantly on the built environment (e.g. energy, transportation, wastes
and buildings) and pay little attention to the natural environment. In addition, although
these plans made appropriate policies in communication and coordination, relatively
few strategies were employed for implementation. Local jurisdictions need more inno-
vative policies, tools and strategies to respond to climate change (e.g. carbon tax, carbon
fees). Local jurisdictions have considerable authority for land development, waste man-
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agement, transportation planning, and can play more critical roles in climate change
mitigation (Collier and Lofstedt 1997, Rayner and Malone 1997, Agyeman et al. 1998,
DeAngelo and Harvey 1998, Kates and Torrie 1998, Kates et al. 1998, Bulkeley 2000, Bet-
sill 2001). Although the strategies for climate change mitigation and adaptation have
increasingly gained attention in research and policy communities, the results indicate
that local jurisdiction discourse remains limited with regard to the many critical strat-
egies for mitigation and adaptation. Local jurisdictions should expand their policies,
tools and strategies for climate change. The previous research suggests the need to de-
sign policy instruments for real world conditions rather than trying to make the exist-
ing world conform to a particular policy (Rayner and Malone 1997). Studies have high-
lighted that some traditional planning policies (e.g. vehicle emission reduction) have
been well adopted in current plans for climate change; however, new policies, tools,
and strategies (e.g. carbon trade policy, tax abatement) were not well considered in local
climate change action plans. This suggests local jurisdictions should adopt more incen-
tives, such as regional initiatives, and natural resource management initiatives (Mayors’
Climate Protection Center, 2007), to mitigate and adapt to climate change. Finally, the
results also indicate that local jurisdictions tend to pay more attention to reducing cli-
mate change impacts (e.g. transportation policies, energy strategies) rather than prepar-
ing for the consequences (resources management strategies, disaster-resistant land use
and building codes).

The explanatory results identified several contextual factors influencing local climate
change action plan quality. By far, the most significant predictor contributing to higher
quality plans is the presence of state mandates. As shown in previous studies on plan
quality focusing on different topics such as natural hazards (Berke et al. 1996, Brody et
al., 2003, Burby 2005), top-down directives at the state level exerts pressure on locali-
ties to enact strong measures to address the climate change problem. In fact, the pres-
ence of a mandate increases the plan quality score by nearly 14.5 points. It is suspected
that state mandates are so critical in this context because local jurisdictions may not yet
feel climate change mitigation is their responsibility. As mentioned above, this issue
is often considered a national or regional problem outside the domain for local com-
munities. Mandates thus provide the essential motivation for localities to adopt strong
climate change plans while the issue is still relatively novel in the local governmental
consciousness.

The study also found that the transportation-related issues, such as vehicular emission
and average commuting time, can significantly contribute to local climate change plan
quality. Specifically, more vehicles on the road generating higher amounts of GHG emis-
sions appear to motivate local decision makers to adopt higher quality plans. Over-reli-
ance on automobiles is an issue well suited to local planning initiatives. Jurisdictions can
respond to traffic congestion by using local planning powers to offer alternative modes of
transportation such as bus and train. Indeed, the results show that 80% of the plans in the
sample included alternative transportation strategies and over 77% included transit ori-
ented developments. In contrast, longer commuting times that are indicative of a sprawl-
ing pattern of regional development significantly lowers the climate change plan quality
measure. This result is expected because localities with a poor history of planning may
find it politically difficult to abruptly enact strong development controls or may be less
interested in adopting plans that genuinely address the potential adverse impacts of cli-
mate change.
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Finally, it was found that the direction of hazard damage variable runs counter to pre-
vious studies in which hazards are positive motivators for climate change initiatives. The
past studies show that frequent experience with hazards will more probably lead to par-
ticipation in climate programs (Brody et al. 2008b, Zahran et al. 2008b). However, partic-
ipation in a program does not necessarily mean the adopted plan will be stronger. The
logic behind such a disconnect between hazard experience and climate change plan qual-
ity could be: (1) localities may be preoccupied with the immediate, short-term concern of
reducing hazard damage than longer, more abstract issues like climate change. Direct-
ing energy and resources to addressing immediate concerns could result in a weaker cli-
mate change plan if the two issues are not considered integrally linked; (2) communities
with large amounts of hazard damage tend to have a poor record for planning, develop-
ment management and concern for environmental impacts. These communities have less
of a desire to adopt a high quality plan and could be involved in the program only to sat-
isfy a state mandate or for publicity reasons. From a planning perspective, local jurisdic-
tions should be looking both at ways to reducing community’s footprint and/or address-
ing community impacts of climate change. They are all important approaches to achieve
local sustainable development goals. The results have found that the lack of emphasis on
land use and resource management strategies in those climate change action plans. This
result helps to explain the direction of the hazard damage risk factor. If climate change
action plans do not address risk reduction, then they may be less relevant to high-risk
jurisdictions.

6. Conclusion

This study found significant variation in the quality of adopted local climate change plans
across the US and specific factors that contribute to their relative strengths and weak-
nesses. While this analysis is the first to examine climate change plans using plan evalu-
ation techniques, it should be considered only an initial step in exploring the topic. First,
the sample was limited to only 40 plans. Future research should examine larger samples
providing greater power to make statistical conclusions and permitting the inclusion of
more independent variables in the same model. Given the surge in interest from locali-
ties to address the impacts of climate change, it is expected that more jurisdictions will
adopt plans in the future. Second, the analysis was limited to plans focusing exclusively
on climate change. Other types of regulatory documents, such as comprehensive, trans-
portation or natural hazards plans also tend to include specific provisions that mitigate
the negative effects of climate change. These plans, which traditionally have the greatest
influence on the way local communities develop, should also be the focus for future in-
quiry. Third, the study is limited to evaluating the quality of existing local climate change
plans. Perhaps a more pertinent research question is whether these plans make a differ-
ence in reducing stressors on the climate change problem and risk to vulnerable popu-
lation. Additional research needs to be conducted on the degree to which plans are re-
ducing GHG emissions and fostering resilient and sustainable communities. Fourth, local
climate change action planning is a dynamic and long-term process. The research was
limited to a single period (i.e. the year 2008), which may not clearly reflect the progress
of local climate change action planning. It is recognized that many jurisdictions involved
in this study are still improving their initial local climate change plans. As plans and poli-
cies have more time to develop, longitudinal analysis will better pinpoint the factors con-
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tributing to policy learning in response to the growing problem of climate change. Fifth,
the scope of this paper only focuses on evaluating plan quality for the jurisdictions that
have initiated local climate change action plans. The study did not compare differences
between jurisdictions with climate plans and others without them, and it is recognized
that some explanatory variables (e.g. climate risk) may be more likely to drive the deci-
sion to plan than plan quality itself. In future studies, the authors will compare the cli-
mate change action capacities of the two types of jurisdictions. Finally, a higher plan qual-
ity may not automatically mean good action in practice. Future studies should address
the implementation effectiveness of local climate change planning. Moreover, the future
study will use the subset of climate policies (e.g. land use, resource management, trans-
portation, etc.) as a new dependent variable to further identify the relationship between
risk and the types of climate actions used in local jurisdictions.
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Notes
1. Total and component quality is calculated by the following equations:

"lj
10
PG =y .

and

3
TPQ = chj
=1
where PC; represents the quality of the jth plan component (ranging 0-10); m; represents the
number of indicators within the jth plan component; I, represents the ith indicator’s score (rang-
ing 0-2); and TPQ is the total score of a whole plan (ranging 0-30).

2. Indicator breadth is calculated as the equation: IBS = Pj/ N x 100

Pj

Indicator depth is calculated as the equation: Yl
DS. ==L x 100

i 2P
IBS ; 1s the jth indicator breadth score (scale 0-100%); P, is number of plans that address the jth
indicator; N is total number of plans in the study; IDS. is the jth indicator depth score (scale 50-
100% if at least one plan addresses this indicator; if none of the plans address this indicator, the

score is 0); I is the jth indicator received scores (scale 0-2).
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Appendix 1. Local climate change plan quality across jurisdictions.

Jurisdictions State Total quality =~ Awareness Analysis Actions
Austin X 5.35 3.75 0.83 0.77
Santa Cruz CA 6.54 2.50 2.50 1.54
Evanston IL 6.83 3.75 0.00 3.08
Maplewood NJ 7.21 6.25 0.00 0.96
Fort Collins CcO 7.82 5.00 1.67 1.15
Portland ME 8.56 3.75 2.50 231
Chapel Hill NC 8.75 6.25 2.50 0.00
Miami-Dade County FL 9.13 8.75 0.00 0.38
Montgomery County MD 10.58 5.00 2.50 3.08
Salt Lake City uUT 11.83 8.75 0.00 3.08
Jefferson County WA 12.08 3.75 8.33 0.00
Davis CA 12.24 5.00 6.67 0.58
Benicia CA 13.30 6.25 6.67 0.38
Boston MA 15.06 7.50 3.33 423
Menlo Park CA 15.83 7.50 8.33 0.00
Somerville MA 16.51 8.75 3.33 442
Seattle WA 16.70 8.75 3.33 4.62
Charleston SC 17.47 8.75 5.83 2.88
Homer AK 17.60 8.75 2.50 6.35
Marin County CA 18.43 8.75 5.83 3.85
Aspen CcO 19.01 8.75 5.83 4.42
Anacortes WA 19.29 7.50 8.33 3.46
Duluth MN 19.87 7.50 8.33 4.04
Brattleboro VT 20.16 8.75 5.83 5.58
Pittsburgh PA 20.16 8.75 5.83 5.58
Durham NC 20.38 7.50 7.50 5.38
Sonoma County CA 20.61 8.75 6.67 5.19
Worcester MA 20.74 8.75 5.83 6.15
San Diego CA 21.25 8.75 7.50 5.00
Philadelphia PA 22.08 8.75 8.33 5.00
Denver CcO 22.28 8.75 8.33 5.19
San Francisco CA 23.24 8.75 8.33 6.15
Boulder CcO 23.59 10.00 6.67 6.92
Portland OR 23.62 8.75 8.33 6.54
Alameda CA 24.29 10.00 8.33 5.96
Keene NH 25.26 10.00 8.33 6.92
Madison WI 25.64 10.00 8.33 7.31
Berkeley CA 25.90 10.00 9.17 6.73
Bellingham WA 26.54 10.00 10.00 6.54
King County WA 28.65 10.00 10.00 8.65

The maximum score for total plan quality is 30.00. The maximum score for each plan component
of awareness, analysis and action is 10.00.
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