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ABSTRACT

Planning for Mitigating Climate Change Risk
to Metropolitan Areas (USA).
(August 2006)
Himanshu Grover, B. Planning, School of Planning and Architecture, New Delhi

Chair of Advisory Committee: Dr. Samuel D. Brody

In the last couple of decades, there has been increasing evidence of changesin
global climate. With urban areas identified as the primary contributors to the climate
change, there is an impetus for initiatives to persuade major contributors of greenhouse
gases to undertake policy measures for climate change mitigation. The support for such
initiatives at the international level has been mixed with many nations, including the
United States, not accepting the Kyoto protocol. In view of the evident disagreement at
the international level, initiatives promoting local communities to adopt self regulating
policies for climate change mitigation have gained importance. One such initiative isthe
Citiesfor Climate Protection (CCP) supported by the International Council for Local
Environmental Initiatives.

This research explores the differences in the socio-economic and civic
characteristics of metropolitan areas in the contiguous United States that have committed
to CCP (as apolicy measure for climate change mitigation) to those that have not. The

datain this study has been primarily collected from the census documents and



government publications. The indicators are grouped into risk, stress and civic variables.
The differences amongst the metropolitan areas with CCP committed jurisdictions and
those with non-committed jurisdictions have been analyzed through statistical t-tests and
use of geographical information system (GIS). The research reveal s that metropolitan
areas with a higher degree of risk are more likely to commit to climate change mitigation
policies whereas those with higher stressindex are less likely to commit. The
metropolitan areas with higher civic index were aso found more likely to commit to
policy measures for climate change mitigation. The results of the study are significant as
they reveal that communities that are at risk are not necessarily adding to the climate
stress and those contributing the most to the climatic stress are not committed to climate
change mitigation. The results of the study support the need to discontinue the closed
box approach and instead adopt an approach with vertical integration. Cooperation and
coordination amongst the hierarchical aggregate levels of communities, from aplaceto a

region, are imperative for effective implementation of climate mitigation initiatives.
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CHAPTER |
INTRODUCTION

This chapter outlines the research context andifcemnthe purpose of this study.
The need for the study and its significance hase Been discussed in detail in this

chapter.

1.1 Context of the study

The scientific community now concurs that the glaitianate is changing. The
scientific data collected as part of the Intergomeental Panel on Climate Change
(IPCC) assessment and other various internatioitatives reveals that the global
mean surface air temperatures are rising, thecaogtimass is reducing, and the global
mean sea-level rise is estimated to be 1.0-2.0manipehe 20th century (Houghton et
al. 2001). This change may be slow but is certathatfects every aspect of the life on
earth. The change in the average global tempesatur@ marginal increase in the sea-
level may not be that evident but certainly theegahfeeling of increased heat in
summers and increasing dry spells in the yearuslvging felt (Andrews 1995). Recent
research now firmly establishes that the presetiajiclimate is experiencing changes
beyond the natural variability as a consequen@ntifropogenic activities (Crowley

2000; Karl and Trenberth 2003).

This thesis follows the style éfmerican Political Science Review.



Beyond this general agreement on the changes iclithate and role of
anthropogenic activities in exacerbating this clearigere is little consensus on the
future predictions of climatic change. The magngtaed extent of climate change are
debatable, with each side representing scienti@atnilhe anticipated future trajectory
of the greenhouse gas emissions forms the undgrbasis of the future climate change
predictions. The most common way of predictingftitare climate changes is based on
the complex global circulation models (GCMs) theyon mathematical relationships
based on the general principles of physics amahgatnderlying forcing scenarios. The
number of variables involved, complexity of thealegquired and disagreement on the
relationship effects has resulted in a number ohsuodels with an equal number of
possible predictions. These predictions necessanilyot agree with each other,
consequently resulting in a wide range of futursgiailities.

Within this high level of inherent uncertainty, tH&CC provides most realistic
estimations (IPCC 2001a) based on the six sceneajusiring most of the emissions and
driving forces are generally accepted as a bendhriihese estimations project carbon
dioxide concentrations, the primary anthropogemnézghouse gas, in the year 2100, to
range from 540 to 970 ppm, compared to about 280 ipghe pre-industrial era and
about 368 ppm in the year 2000. The resulting diplaaeraged surface temperature is
projected to increase by 1.4 to 5.8°C over the saened.

The global response to climate change thus fapredominantly been on
developing a coordinated international responsmitarol the discharge of greenhouse

gases through international agreements (IPCC 20Uha)principal international



agreement on reduction in global emissions of dreese gases is the Kyoto protocol
that was adopted at the third session of the Cenéer of the Parties to the UNFCCC in
Kyoto, Japan, on 11 December 1997; it was opesifprature from 16 March 1998 to
15 March 1999 at United Nations Headquarters, NevkYBy that date the Protocol
had received 84 signatures. It entered into forcEebruary 16th, 2005, after at least 55
incorporating Annex | Parties which accounted taltéor at least 55 % of the total
carbon dioxide emissions for 1990 (within the grefigj\nnex | parties), deposited their
instruments of ratification, acceptance, approvaaression. As of 18 April 2006, 163
states and regional economic integration orgamrathad deposited instruments of
ratifications, accessions, approvals or acceptambasibly, Australia and United states,
two primary producers and consumers of fossil fbalge not ratified the treaty. The
international agreement itself has been widelyaisiéd for being too weak to have
much impact upon future climate change and fordp&io strong in its obligations upon
industrialised countries. Thus, it has not beery &aachieve international consensus on
an acceptable climate change mitigation strategy.

Climate change has up to this point been predortiinlamed as a global issue.
However, with the growing numbers of world’s pogida moving to urban areas and
most of the activities contributing to climate charbeing urban, it is obvious that
without the active participation of the urban arease of the countries can aim to
achieve their international commitments (BetsilD20Kates and Torrie 1998). Local
governments control the emissions within theirgdiction through control of economic

and land use development activities (Collier 19@dditionally, the local authorities are



direct agents in contact with the community and ttemefore help realize the broad
policy initiative into local level actions. Recentthere has been an increased interest in
promoting local climate change mitigation initiags/(Blanco 2006).

Despite growing interest, there is a general ldckppreciation of the multi-
scalar nature of the issues related to climategdamtigation in most initiatives. These
local initiatives are being treated within ‘socioasial containers’(Marvin and Guy
1997) of the respective jurisdictions ignoring thier-connectedness to the larger
regional context. The failure of such an approacaahieving sustainable development
has been documented in detail in the context ofddriKingdom (Bulkeley and Betsill
2005). Another study on the effectiveness of citieldS to deal with the problem of
climate change mitigation identifies the limitatsoof administrative capacity, budgets
and the inability to exercise control outside thienited jurisdiction as the primary
limiting factors (Betsill 2001). Similar researchncludes that most US cities have
limited control over utilities, especially energgregeration and are thus unable to make
any effective changes in one of the most imporgactors of climate change mitigation
(DeAngelo and Harvey 1998).

Wilbanks and Kates (1999) note that as a consegquefitbe realization of these
limitations of the present approach there is anei@ging interest in considering a
bottom-up approach which seeks to investigate niytlmow local places contribute to
climate change and what measures can they takéigate these changes, but also to
identify what controls the local interests thatdgithese forces. There have been climate

change policy studies in US at the local levelités (see Betsill 2001) and at the



county level (see Zahran et al. 2005a), but thet mimgous level of economic and
functional aggregation — the metropolitan stattarea has so far been overlooked.

This research seeks to fill in this gap by idemtifycharacteristics at the
metropolitan area level that influence the decisiohthe constituent local jurisdictions
to enact climate change mitigation initiatives. gsthe Cities for Climate Protection
(CCP) campaign as a measure of policy commitmedilintate change, this study
measures the level of interaction between the mpelitan level activities and the
decision of a constituent jurisdiction (city or @uaty) to join this international climate
change mitigation initiative.

The next chapter reviews the existing literaturezanous aspects of climate
change including its causes and anticipated imp&atent research on the role of local
government in climate change mitigation is alsefyidiscussed. Thereafter the
background on the CCP initiative is included in $laene section.

Chapter three identifies the conceptual framewdidGusses the hypothesis and
details the variable measures included in thisystiile study flow and the details of the
nature of analysis are included in this section.

Chapter four presents the results and findinge@tésearch. The following final
chapter discusses the implications of the findigugg research conclusions. The
recommendations and possible avenues for futuearels are also outlined in the final

chapter.



1.2 Research purpose and objectives

This research is thus based on the understandmgtipport for climate change
mitigation policies at the local level cannot balexated independent of the local
regional context. In fact, in most cases it isrggional realities that not only dictate the
local jurisdictional response but also limit itsl&p to respond effectively. Using the
CCP campaign, this research seeks to identify rpelitan area scale factors that affect
local support for climate change mitigation iniitias.

Specifically this research will focus on the folliony four areas of inquiry. First,
| will identify the developmental challenges impdses a consequence of the threat of
global climate change. There exists a variety ihale change impact models and
scenario simulations. This scientific data wouldsbeplified in terms of tangible
challenges they pose to the development and grofahban settlements. Based on
these vulnerability indicators | will conduct a brbassessment of threat levels to
metropolitan areas in North America (US) due tocipeited climate change.

Secondly, | will assess the levels of stress tmatarious metropolitan areas
exert on the environment through a variety of stiadicators. Finally | will analyze the
nature of relationship between the metropolitaelesk indicators, the stress variables
and the policy support for climate change mitigatiorough commitment to CCP by the
constituent local jurisdiction in the context oetbommunity’s civic attributes. A
combination of statistical techniques and advar@&lanalysis will be undertaken in

order to realize this research.



1.3 Significance of the research

The significance of this research lies in identifythe critical link between
metropolitan level activities and the limitatiomsgosed by them on the capacity of the
constituent communities to adopt climate changéyation measures. Presently the
capacity and the efficiency of local governmentsiiplement climate change mitigation
initiatives is hampered by the regional activitie®r which they have little control.
Identification of these meso-level factors wouldph®e local communities realign and
re-evaluate their policy and planning options idesrachieve the desired goals of
climate change mitigation.

In the context of the United States this reseagginasents an important building
block towards creating a planning model that ersatiie nation to realize the national
mandate of “emissions reductions through volungatyon” (BBC 2005). Additionally it
could set an example for settlements all over thddao follow and could result in
overcoming the many hurdles that hinder the implaatéon of an effective climate
mitigation strategy at the global level throughdbaction.

This research could help redefine local planningtsgies that: help implement
the climate change mitigation policies effectivatythe local level, contain the
increasing exposure of human settlements to clictz@ge impacts, and identify
practical means for adapting existing settlememtbé climate change impacts. It is
expected that this research will play an importatg in increasing the capacity of local

governments to respond to and adopt climate chaniggation initiatives.



CHAPTER Il
THEORETICAL CONCEPTS

This chapter outlines the underlying theoreticadagpts and the literature
relevant to this research. The scientific conclpise been discussed briefly with more

emphasis on their planning implications and fingdiof earlier related research.

2.1 The earth’s climate

A detailed scientific description of the earth’syatic system is beyond the
scope of this research. However in order to effetficomprehend the anticipated
impact and the nature of climate change predictibissmportant to briefly discuss the
underlying concepts and phenomena that drive cliroaange.

Generally the terms ‘weather’ and ‘climate’ areduggerchangeably in the
common parlance. However each conveys a differgatpretation of the atmospheric
system. ‘Weather may be defined as our experiehtiee atmosphere around us,
characterized by typical elements like temperatwmed, precipitation and clouds, over
a limited time (usually) a few hours over a patacarea (1997). The weather is highly
variable and is a consequence of rapidly developingpspheric phenomenon. ‘Climate’
refers to the prevalent or characteristic mete@iokd conditions, and their extremes, of
any place or region (Glickman 2000). Climate isallyua statistical average of the
weather conditions over a long period of time iarger region.

The climate system as defined by IPCC (2001a)ngriteractive system

consisting of five major components: the atmospheehydrosphere, the cryosphere,



the land surface and the biosphere” forced or arfaed by external forcing mechanisms
including the sun and the human activities. Varibinsls of physical, chemical and
biological processes and interactions take platieinveach of the components of the
climate system. These components itself are opstersg linked with each other by
fluxes of masses, heat and momentum (Baede €0@l)2Climate variations are caused
by changes that take place within the various corapts of the climatic systems. These

changes could be natural or anthropogenic.

2.2 Human impact on the climate
2.2.1 Evidences of climate change beyond natural variations

The climate of earth is the product of a numberarhplex processes and
interactions among the sun, oceans, atmospherckalahthe biotic environment. The
natural variability in the climate has been longegted by the scientific community.
The climate has always been variable and undergiomeas well as abrupt climate
changes resulting in consequential impact on tbhedxenvironment (Crowley and North
1988). The climatic variations are an intrinsic gmment of the natural climatic systems
and are a result of the natural forcing procesBesse natural climatic variations include
El Nino-Southern Oscillation (ENSO), global and hegpheric variability, regional
patterns, and extreme events signified by drasgadion in the normal weather
conditions. The various natural forcing mechanisinas contribute to these climatic
variations include; the global energy balance,atik forcing and the natural

greenhouse effect.
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In the recent years, especially following the irtdasrevolution the human
activities have had an appreciable impact on timeaté. The human impact on the
global climate is primarily a result of interferenwith the natural flows of energy
through changes in atmospheric composition andydhe actual generation of heat in
energy usage. The increased release of greenhasss imto the atmosphere by human
activities is resulting in global warming whichlaeyond the limits of natural variation
(Karl and Trenberth 2003).

The recent scientific assessments by IPCC confiiceace of an anthropogenic
signal in the climate record of the last 35 to[@0@st of the studies undertaken in the last
couple of decades find that the estimated raten@aghitude of warming observations
over the last 140 years has been found in beseagmet with model simulations
including anthropogenic and natural forcing factdPsCC 2001b).

The first calculations of the magnitude of globarming were attempted by
Arrhenius (1896) who predicted an average globaptrature increase of 5 deg. C, if
the atmospheric concentrations of carbon dioxideewleubled. Recent more
scientifically robust estimations predict that thest likely global average temperature
rise for a doubling of the concentration of atmasphcarbon dioxide will be 3.5 °C,
with a 90% probability of the warming being betwée# °C and 5.4 °C (HCCPR 2005).
As per the assessment published by the IntergovartahPanel on Climate Change
(IPCC), the global mean surface air temperaturge hlseady risen by 0.3 °C to 0.6 °C

since the late 19th century and by 0.2 °C to 0.3V€r the past 40 years (IPCC 2001b).



11

2.2.2 Enhanced greenhouse impact

The concept of green house effect was first proppbgethe French
mathematician Fourier in 1827 and followed up by British scientist Tyndall in 1860,
with the discovery that the effect was a resuthefabsorption of heat by the minority
gases, predominantly water vapour, carbon dioxmenaethane (King 2005). A part of
the energy radiated back into the atmosphere lilp &atrapped by the atmospheric
greenhouse gases (water vapor, carbon dioxidepttued gases), retaining heat
somewhat like the glass panels of a greenhous&oWtithis natural “greenhouse
effect,” temperatures would be much lower than theynow, and life as known today
would not be possible. As a result of this efféet €arth’s average temperature is a
maintained at a comfortable 60°F.

Historical data reveals that before the IndustiaVolution, the amount of
greenhouse gases in the atmosphere remained edJatonstant. Since then, the
concentration of various greenhouse gases hasasenle The amount of carbon dioxide,
for example, has increased by more than 30% sireséndustrial times and is still
increasing at an unprecedented rate of on averd@e Per year, mainly due to the
combustion of fossil fuels and deforestation. Ti@eased concentration of greenhouse
gases in the atmosphere enhances the absorpti@nassion of infrared radiation (Karl
and Trenberth 2003). This effect is called the acbkd greenhouse effect. If the amount
of carbon dioxide were doubled instantaneouslgnaperature increase of 1.5 to 4.5°C
in the mean global temperature may be expectedppeeciate the magnitude of this

temperature increase, it should be compared wilgkbbal mean temperature difference
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of perhaps 5 or 6°C from the middle of the lastAge to the present interglacial (IPCC
2001b). However it still represents a large ranfgengertainty. This uncertainty arises
from our limited knowledge of clouds and their natetions with radiation.

2.2.3 Urban development

The effect of urban development on the local regli@iimate has now been
scientifically documented and confirmed. The phgksalements of the city, its urban
fabric, the surfaces and the resulting interactesult in modifying the local climate to a
great extent (Landsberg 1981). Table 2.1 providgsreeral description of climatic
alterations created by cities. It may be highlightieat the extent and actual magnitude is

dependent on the size and function of the settlemen

Table 2.1: General alterations in climate created Y cities (Landsberg 1981)

Climatic Element Comparison with rural areas

Temperature Annual mean

Winter minimum
Summer maximum

0.5-3.0°C higher
2.5-4.0°C higher
1.0-3.0°C higher

Relative humidity Annual mean 6% lower
Winter 2% lower
Summer 8% lower

Cloudiness Clouds 5-10% more
Fog, winter 100% more
Fog, summer 30% more

Solar radiation Total, horizontal surface 0-12% less
Ultraviolet, winter 30% less
Ultraviolet, summer 5% less
Sunshine duration 5-15% less

Wind speed

Mean
Extreme gusts

20-30% lower
10-20% lower

Calms 5-20% more
Precipitation Amounts 5-10% more
Days with <5 mm 10% more
Thunderstorms 10-15% more
Snowfall, inner city 5-10% less
Snowfall, lee of city 10% more
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This localized heating effect in the urban aresoismmonly known as the urban
heat island effect. Within the urban area tempeeattend to decrease as the radial
distance from the city centre increases, with tlestrmarked effect during the night
when rural areas cool more in relation to urbamsf&raves et al. 2001).The study
identifies the primary cause of the heat islandctffa lower rate of radiant cooling
during the night in urban areas which leads toarall net radiation gain relative to a
rural area; the storage of solar energy by buildiagerials (especially those with a dark
surface), which is then released at night; anthgep heat sources (e.g. transportation,
heating, air conditioning, cooking and industriebgesses); the decrease in evaporation
from soil and vegetation; the decrease in convedirat loss from buildings to the air

due to a decrease in wind speeds.

2.3 Predicting climate change impact

The behaviour of the climate system, its constitsi@and their interactions is
simulated through climate models based on the basi of physics like conservation
of mass, momentum and energy and on empiricaioakdtips derived from
observation. The most comprehensive and commontetaased for global climate
change predictions are the General Circulation ModeGCMs (IPCC 2001b; Nihoul
1985). These models are constructed so as to eyirksy climatic processes with
sufficient detail that large scale climate andsggsitivity to human activities can be
calculated consistently (Gates 1999; Meehl et@002). Models of various components
and processes of the climate system are couplpbtiuce increasingly complex

models.
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The efficiency and reliability of these models deg& on the realistic
representation of the interaction between variamsponents of the climate. As the
relationship between the various climatic functi@son-linear, these are solved
numerically by means of well-established mathemaatechniques (IPCC 2001a).

Though the models have become more reliable owe, tihey still do have
limitations in terms of the spatial resolution, siation errors, and parameterizations,
resulting in varying degrees of confidence in thargitative model simulations. Most of
the recent models can not only simulate the meaablas but also the natural occurring
variability in the climate (Tett, Johns, and Mitdr©97). The coupled models have
shown to have a higher degree of reliability indquang realistic simulations of the
climate change that has already been observe iaGth century (Tett et al. 1999). The
past climate simulation with these models have bésn increasingly successful
(Hougton et al. 1996). Thus there is increasindidence in the presently used climate
models to provide projects of change that may lieipated in the future climate

(Meehl et al. 2000b).

2.4 Anticipated global impact

The following synthesis of the anticipated globahate change impact is
primarily based on the recent IPCC assessment<C(l®D1a). The future climate
change is dependent on the existing and the fehaages in the atmospheric
compositions. Future emissions are determined bgwsdriving forces such as the
population, socio-economic development and teclgicéd change. Evidently most of

these are highly uncertain and cannot be predidteekefore IPCC utilized the six
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scenarios detailed out in the Special Report orsEimms Scenarios for predicting the
future climate change. These scenarios are basttearspective storylines and
comprise a wide range of driving factors. No prali#zs have been assigned to them as
all scenarios are considered plausible and intigrnahsistent.

The predictions in each of the SRES scenariosifisraht in magnitude but do
provide a number of similar propositions. Carbaoxdie concentrations, globally
averaged surface temperature, and sea levels@eei@d to increase in the 21st century
under all IPCC emissions scenarios. The globalamessurface temperature is projected
to increase by 1.4 to 5.8 deg C over the period182100. The global average annual
precipitation is also expected to increase furtheing the 21st century. The global
mean sea level rise is projected to rise by 0.0888 m by the year 2100 (base year
1990).

Substantial regional differences are projectedimate and sea level, compared
to the global mean in the various climate changaagos. It is likely that all land areas,
particularly those at northern high latitudes, wiirm more rapidly that the global
average. Most notable would be the warming in resrtiiegions of North America, and
northern and central Asia, which is expected todase by almost 40% in all the
modelling scenarios. The glacier and ice capsgected to continue their retreat. The
regional variations in the sea level rise are etqebto be much more than the climate.
This is because the level of sea level rise is Wiéget to a large extent on a variety of

local physiological as well as climatic factors.Wwhver the models are consistent in the
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prediction that a greater average rise may be ¢ggac the Arctic Ocean and a less
than average in the Southern Oceans.

Projected climatic change will have beneficial adderse environmental and
socio-economic effects, but it is expected thatdnger the changes and the rate of

change in climate, the more the adverse effectddumel

2.5 Anticipated impact in US

Herein, | summarize the impacts as identified eyNational Assessment
Synthesis Team, US Global Change Research Progrd#te). These assessments
were created by the team using a combination ofetsadeveloped by the Hadley
Center in the United Kingdom and the Canadian CGdateClimate Modeling and
Analysis (NAST 2001). The assessments are baséteanid-range emissions scenario
for the future (IPCC emissions scenarios) and asghm following in the perspective
year 2100 with no change in policies to limit greense gas emissions:

I. world population will double to about 11 billion qae;

il. global economy will grow to more than 10 timespitssent size (year 2000),
maintaining the present rate of growth;

iii. carbon dioxide emissions would reach 700 ppm withdased use of fossil
fuel; and

iv. the share of non-fossil sources of energy woulthbee than 40% of the
world’s total energy.

The identified possible impact of global warming8 has been identified as:



17

1. Increased warming: Assuming continued growth inldvgreenhouse gas
emissions, the primary climate models used in #sessment project that
temperatures in the US will rise 5-9°F (3-5°C) warage in the next 100 years.

2. Increased damage in coastal and permafrost aréamt€ change and the
resulting rise in sea level are likely to incredsethreat to buildings, roads,
power lines, and other infrastructure in climatigakensitive places.

3. Vulnerable ecosystems: The report suggests thet adiinerable ecosystems,
such as alpine meadows in the Rocky Mountains angedarrier islands, are
likely to disappear entirely in some areas. Othgush as forests in the
Southeast, are likely to experience major spetigs or break up into a mosaic
of grasslands, woodlands, and forests. The logeadls and services lost
through the disappearance or fragmentation of taegsystems are is expected
to be costly or even impossible to replace.

4. Differing regional impacts: Climate change is expddo vary widely across the
US. Temperature increases will vary somewhat from re@gion to the next.
Though heavy and extreme precipitation eventsikeéyIto become more

frequent, yet some regions of US are expectedttdrigs.

In addition to the above the report suggests tivaate change will very likely
magnify the cumulative impacts of other stressesh s air and water pollution and
habitat destruction due to human development pettéror some systems, such as coral

reefs, the combined effects of climate change dherstresses are very likely to exceed
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a critical threshold, bringing large, possibly ireesible impacts. The report also
cautions of uncertainties and surprises. It is pigzbthat significant uncertainties remain
in the science underlying regional climate charagebstheir impacts. Thus it is likely
that some aspects and impacts of climate chan@i®evibtally unanticipated as complex
systems respond to ongoing climate change in usgée@ble ways and recommends a

cautious approach.

2.6 Cities for climate protection

In 1991, the ICLEI launched the Urban CO2 ReducRomject to counter the
increasing carbon emissions from the growing uidraas in the world. The program
coordinated the CO2 reduction efforts of 14 murabtfes in Canada, the United States,
and Europe. The program proved remarkably sucdesgth municipalities achieving
both significant reductions in CO2 emissions andraping expenditures (Betsill 2000;
Bulkeley and Betsill 2005). In 1993, the ICLEIliofals converted the CO2 project into
the more ambitious CCP campaign. The stated nmisgithe campaign is to enlist
“cities to adopt policies and implement measureactieve quantifiable reductions in
local greenhouse gas emissions, improve localuality, and enhance urban liveability
and sustainability” (ICLEI 2005). The CO2 reductianget set for cities is a 20 percent
reduction from 1990 levels (Betsill 2000; CollierdaLofstedt 1997). This ‘Toronto
Target’ is significantly more stringent than tharetards set by the Kyoto Protocol
(VanKooten 2003). To join, a locality must pasgsolution or issue an executive
decree that binds it to the CCP campaign’s madt@ctive — reduction of GHG

emissions. The CCP campaign uses a performance-bppeoach, structured on five
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milestones that localities commit to undertakedfgers 2004). The milestones move
localities from a baseline inventory of emissialasthe adoption of targets, to the
elaboration and implementation action plans anaddstadized progress reports (ICLEI
2005). The administrative costs vary by the siz @omplexity of the local
government, the nature and pace of plan enactraedtywhether officials can galvanize

community and private support for plan initiatives.

2.6.1 Participation in CCP

Because participation in the CCP campaign is valyniand the ICLEI has no
coercive authority to reward or punish the behawgigrarticipants and non-participants,
coordinated action across localities to mitigaterieks of climate change can be
considered a collective action dilemma (Zahraal.€2005b). CCP campaign initiatives,
like all collective policy actions on climate changroduce collective and selective
costs and benefits that are market and/or non-rarketure (Griffin 2003). A
collective benefit of participation in the CCP caaign is the reduction of aggregate
GHG emissions — a major cause of climate varightititthe last century (Oreskes 2004).
With greater climate stability, the expected impadtclimate change on terrestrial and
marine ecosystems, infrastructure, and patternsoofality are reduced.

The problem with such collective benefits, as vaillircollective action dilemmas,
is that they cannot be withheld from non-particigan the CCP (Lubell et al. 2006).
The non-excludability of collective benefits sigo#&ntly undermines incentives to
participate, leading to suboptimal provision ofipplgoods (Olson 1965). Absent a

coercive authority to monitor and sanction behawotiective endeavours like the CCP
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campaign are more likely to succeed if localitiesrae selective (excludable) benefits
from participation.

The ICLEI offers excludable benefits to CCP paptarits like software and
analytic services, access to case studies andtaets, and strategic plans to enable
localities to inventory, track, and reduce GHG enaigs (ICLEI, 2005). ICLEI officials
claim that participation in the CCP campaign pregidecondary benefits such as
reduced utility and fuel costs, improved localguality, and increased job growth in
energy goods and services.

The results of recent studies indicate that speg#ographic and socioeconomic
characteristics motivate (and de-motivate) locakglictions to participate in the CCP
campaign. These factors are also distributed at¢hesvarious geographic scales within
which the city is nested. At the local city leviektglobal climate change mitigation is
the way the problem is framed determines the lef/phrticipation in the program. The
local officials succeed in garnering support fag thitiative only if they are successful in
‘localizing’ the climate change problems by linkitige mitigation policies with other
issues already on the local agenda (Bulkeley 200&Xes and Torrie (1998) identified
that most of the CCP cities had prior interestnai®nmental issues. The only feasible
way for such a global issue (climate change miiogatto get on the local agenda has
been through presenting the preferred policy opf@missions control) as solutions to
the problems already being addressed at the lecal (Kingdon 1995). This indirect

strategy of localizing the climate mitigation padis is considered the only way to
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include emissions concerns within the broader rarigecal community concerns
(Sarewithz and Peilke 2000).

However there are limitations to which the locaies in US can influence the
overall climate change mitigation efforts and pravihe communities from taking
effective policy action (Betsill 2001). There amagtical difficulties wherein the
mitigation agenda does not fit the existing priegtand the pattern of development;
institutional barriers wherein the organizatiortloé local government is not effective for
mitigation initiatives; budgetary constraints; andre importantly lack of control over
the regional economic and functional linkages. fidsearch suggests that the regional
context of the city with its regional functionahkages is an important factor in
determining its ability and capacity to undertakstainable development measure like
climate change mitigation (Wilbanks and Kates 198%ecent study by Zahran (2005a)
indicates that the powerful triggers for CCP invavhent at county level include:
presence of a physical threat and geographic vaibiléy associated with climate; the
socioeconomic make-up of a local jurisdiction; anganized environmental activities.
The study indicates that a combination of high gaphic risk and socio-economic
capacity associated with climate change are the ocoospelling attributes that prompt
participation in the CCP campaign.

In the following chapter, | detail out the conaegdtdomain, the construction of

the indicator variables and discuss the statiséinalysis undertaken in this research.
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CHAPTER IlI
RESEARCH DESIGN AND METHODS

This chapter outlines the research design and #teadology of analysis

adopted in this study.

3.1 Conceptual framework

The uncertainty associated with climate change anpgad lack of any tangible
incentives make adoption of climate change mita@apolicies at the local level
represents a challenge. Lack of funds for enactiegsures for effective emissions
controls, and necessity for an integrated actioegibnal and global scales has resulted
in limited policy commitment from the local goverant. Consequently the climate
change mitigation policy decisions are a resuthefinternal assessment of local
capacities in relation to climate change threalt® decision of the local governments to
adopt climate change mitigation measures is tlkedylito be dependent on their
assessment of risk associated with climate changadts, the appreciation of the
contribution of the stress imposed by communitytanclimatic system, and finally the
civil society attributes that promote environmerggics.

The risks include levels of estimated physical expe to the direct impact of
climate change, such as sea level rise and indirgizcts such as increased losses due
to higher frequency of the extreme weather evemiid@ss of ecosystem functions. The

perception and experience of risk has been foumpdamote risk management initiatives
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including resilience and mitigation activities etconcerned communities (Hood and
Jones 1996; Moran and Colless 1995).

The stress functions refer to activities that abote to carbon emissions, such as
increased vehicular trips and carbon-intensive strtl activities. Controlling the
emissions from traditionally high emitting regiassconsidered critical for ensuring
effective climate change mitigation. The Kyoto foenl also seeks to promote
emissions control in industrialized countries th@nstitute a large proportion of the
carbon emitters. This approach is based on theogitign that countries should not to be
harmed by others’ actions without suitable compemsgRayner et al., 1999). The
approach places the responsibility of remediationth@ communities that have caused
the damage by overuse of the common pool resoufbesCCP program itself aims to
enlist the higher polluting cities to commit to esions reductions within sustainable
limits.

The third dimension influencing the decision of eounities to adopt climate
change policies is local civic and environmentatipgpation. Levels of engagement are
defined by both a community’s ethical environmenégponsibility and its economic
capacity. Ethical responsibilities are based aepting the "responsibility for nature”
(John Passmore 1974) and relates to the modermepboatenvironmental ethics. It
implies reflective, normative rules of action awddfearance toward entities and regions
which exist and persist "on their own," independ&rtiuman "management,” and

instead are maintained in balance by natural peese#\ssociated with the concept is
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the economic ability of the community to adopt seckironmental ethics as they are
usually associated with higher personal costs.

The combination of these three local dimensionsséf stress, and civic
attributes are expected to be important factorsitiflmence local governments to adopt

climate change mitigation policies.

3.2 Research questions

This research specifically explores 3 principaksesh questions:

R1: What is the level of threat to metropolitanssrdue to the anticipated impacts of

climate change in the USA?

The extent of geographical impact of the anticigatieanges in the climate is yet
to be accurately identified. The problem is furtbempounded by the fact that the
nature of the impacts is variable and may not lgatinee for all the affected regions. For
example, positive gains are expected in the namthelder regions of the nation with the
increasing average temperatures. However, ovdotiger term the net impacts are
expected to be detrimental to the continued gramit development of the human
activities. Existing research on use of scienfificlings in environmental policy making
suggests that the ‘assessment’ of risk is an impbtink between the science and policy
realms (Alcamo, Kreileman, and Leemans 1996; Jag@8). To a large extent, the
knowledge and reliability of environmental risk elehines of the nature of local policy
response.

Therefore it is important to map the geographipa¢ad of the vulnerable

regions. Identifying the most likely vulnerableas to climate change is the first step
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leading to further analysis of the need for adageand mitigation measures. As
climate mitigation and adaptation are expecteavolve considerable investment of
resources, this geographical analysis would hedpgme an appropriate tool for

identifying geographic priority areas.

R2: What is the relationship between metropolit@aga expected to be at risk due to

climate change and those that exert high levetgrets on the natural climatic system?

One of the major issues in the climate change éabaharing mitigation and
adaptation costs. The equity and justice consimeraiat the international level in
identifying the criteria for fixing the responsiif and proportional cost sharing among
industrialized and the developing countries areagonmimpediment in achieving
consensus on global mitigation initiatives (Bastiain Polselli, and Tiezzi 2004). The
Kyoto protocol emphasizes the duty of the develapstbns in cutting down their
emission and assisting the developing countrieh®yharing the costs of mitigation
(Paavola and Adger 2006). In US, with the unevsitridution of resources and income
across the states and the cities, there possidy smilar levels of equity and
environmental justice issues.

An empirical analysis of the nature of this relaship, identifying the stressors
and at risk metropolitan areas can be instrumaemi@tveloping regional agreements for
distributing costs of climate change mitigation addptation within the country.
Ideally, following the internationally acceptedmmiples of equity, the stressor

metropolitan areas need to undertake proportionastments in climate change
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mitigation efforts and compensate the metropoléeeas at risk for adaptation measures

necessary to ensure their continued vitality.

R3: What is the relationship between estimated lefvelimate change risk, level of

stress imposed, and the metropolitan areas’ poboymitment to climate change

mitigation?

Protection against climate change impact can beaeth through a combination
of mitigation and adaptation efforts. Mitigatingnshte change risk involves controlling
greenhouse gas emissions to avoid adverse clictadioge; and adaptation entails
changes in production and consumptions to redueetpact when the climate change
does occur (Kane and Shogren 2000). The interredtfonus has been on mitigation
through policy measures whereas adaptation in ressptm anthropogenic climate
change seeks to maintain viability by maximisingdfés that can be accrued as a result
of changing climate and minimize the expected lo$B#tock and Jones 2000). A
combination of mitigation and adaptation technigi@s been proposed as the best way
to achieve optimal utilization of resources in @sge to the changing climate (Ausubel
1993; IPCC 2001a; Kane and Shogren 2000). Existehaesupportive mitigation policy
helps increase the efficiency of the adaptationsuess. Exploring the drivers of policy
commitment to adopt climate change mitigation petian context of the estimated
levels of risk and the stress contribution woultphenderstand the expected response of

metropolitan areas in the face of climate changeath The analysis would also help



27

identify the existing levels of equity in termsdifaring responsibility for mitigating

climate change impacts.

3.3 Predicted outcomes

Within the framework of the research questionsioet above, this study

specifically seeks to scientifically test the folimg hypothesis:

H1: Climatic stressor metropolitan areas are noportionally at risk.

It is expected that the level of stress that tle¢rapolitan area exerts on the local
environment is a function of the socio-economiavéats, whereas the level of risk
from climate change impact is a function of its giogl location. Therefore, the risk
levels associated with a metropolitan area ar@xpected to proportionally correspond
to its contribution to climatic stress. The metriijam areas exerting high levels of stress

may not necessarily have high level of risk too.

H2: MSAs with higher climatic risk are more likely commit to climate change

mitigation policies.

Location in a high risk zone is more likely touttsn a metropolitan area
adopting climate change mitigation policies. Thetnmpolitan areas in risk zones such
as low lying coastal watersheds that are pronestpuient flooding are expected to be
involved actively in climate change mitigation tltan ensure some level of risk

reduction.
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H3: MSA exerting higher climatic stress are lekslly to adopt climate change

mitigation policies.

A reduction in carbon emissions by adopting clengtange mitigation policies
is expected to have negative economic impact omsitnil production and related
activities. Local economic dependent on carbomsitee sectors thus stand to suffer
economic losses due to any mitigation initiativeiserefore, it is expected that the
settlements exerting higher levels of climatic sérevould be less likely to support

climate change mitigation efforts due to the laaanomic concerns.

H4: Metropolitan areas with higher levels of cieicgagement are more likely to adopt

policies to mitigate the adverse effects of clinEtange.

The policies associated with climate change niibgeare expected to result in
changes in lifestyle and at times increased petsmsss to the local communities. In
this context, it is expected that the metropolaagas with higher level of civic
capacities including sensitivity to ecological cents and availability of resources for

bearing the mitigation costs are more likely totddimate change mitigation policies.

3.4 Unit of analysis and sample selection

Anthropogenic causes of climate change are usaafigciated with urban uses.
The distribution of workers in a community amongieas economic sector, the mode
of travel to work, travel time to work, and simikamnctions that are concentrated within
large urban agglomerations exert a high degreanson stress on the natural

environment. In United States such urban agglonoeraivith high degree of economic
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interconnectivity have been identified by OfficeM&nagement and Budget (OMB) as

the statistical metropolitan areas. This unit afregation has been adopted as the unit of

analysis on this study. The use of metropolitaasuges the primary unit of analysis is
supported by its high degree of urbanization aedrnherent characteristic of internal
socio-economic integration. As a result of thiggration, the policies and regulations
adopted or implemented by any unit of local goventiwithin the metropolitan area
are expected to have ramifications through ountke&opolitan area. Similarly, more
importantly, the risk, stress and civic charactmssof the metropolitan areas are
expected to influence the constituent communitesssion to adopt policy measure for
climate change mitigation.

This study specifically focuses on the Metropoligtatistical Areas (MSAS) as
defined in federal register (OMB 2001) Vol. 65, Nd9, Wednesday, December 27,
2000. The general concept of a metropolitan stegishrea as outlined in the census
definition, is that of a core area containing assabtial population nucleus, together
with adjacent communities having a high degreecohemic and social integration with
that core. Each metropolitan statistical area rhase at least one urbanized area of
50,000 or more inhabitants. Counties or equivadetities form the geographic
"building blocks" for metropolitan statistical aseds of June 6, 2000, there are 362
metropolitan statistical areas in the United Stalég geographic spread of these areas
corresponding to 2000 census data was downloadadWS census cartographic
download database (http://www.census.gov/geo/wwhwlmdy files.html) and is

presented in figure 3.1.
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Figure 3.1: The metropolitan areas in U.S (CensusOR0)

Meters
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The population of these regidnsonstituted 98% of the urban population of the
nation in 1991 (US Census 1990) and 98.2% of tharupopulation in 2000 (US 2000).
The combined population of these settlements lasased by 19% in the decade 1990-
2000 whereas the total population of the nationvgata rate of 13% during the same

duration (based on data from US Census 1990 an@)200

3.5 Concept measurement

This section details the measurement of varialdesl to test the hypothesis

outlined in the preceding section.

! Hereon referred to as ‘metropolitan areas’
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3.5.1 Dependent variable

3.5.1.1Policy commitment to climate change mitigation

Participation in the Cities for Climate Protecti@CP) campaign initiated by
International Council for Local Environmental latives’ (ICLEI) has been adopted as
the measure of policy commitment to climate chagea member of the campaign,
each city must pass a resolution indicating itentto reduce GHG emissions and agree
to follow the CCP 5-milestone framework, which astsof calculating a base-year
emissions analysis, forecasting emissions grovdbp&ng an emissions target,
completing an action plan of how to reach thatétemd then implementing the plan
(http://www.iclei.org). Research conducted by Kouakd Schneider (2003) suggests
that the local governments (in the US) that arevelstimplementing any climate change
mitigation measures are all part of the CCP netwaskof 2003, there were 152 US
members in the CCP campaign. In this researcipaheipation of any jurisdiction
(county or any urban center) in the metropolitazadras been accepted as an indicator
of the policy commitment to climate change mitigatat the respective metropolitan
level.

3.5.2 Independent variables

The independent variables that were constructetefiing the proposed
hypotheses include the following measures at thieapelitan scale:
1. Risk due to anticipated climate change impacts
2. Stress imposed on the climatic system

3. Civic capacity
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3.5.2.1Risk due to anticipated climate change impacts

The purpose of this measure to create a relatkesgale on the basis of the
estimated level of exposure to anticipated impattdimate change. The selection of
the specific measurement variables is based ocamenonly cited impacts in the US
National Assessment (NAST 2000). All the climatarte models considered in the
national assessment agree that the climate is goiggt warmer; the heat index is going
to rise; and precipitation is likely to come in igand extreme events. The national
assessment report concludes that the anticipatetgels in climate would result in a rise
in sea level, changes towards extremes in the tenye and precipitation and
increased negative impacts of urbanization. Inc¢bistext the following indicator
variables have been used in this research to nettseitevels of risk to metropolitan

areas.

3.5.2.1.1 Precipitation above normal levels (1990-2000)

The total precipitation in excess of the normaklsvun the metropolitan area
during the decade 1991-2000 has been adopted aasurne of risk. The annual
precipitation data (1980-2000) for the contiguoi®ALhas been downloaded from
Spatial Climate Analysis Service, Oregon (http:/fwacs.orst.edu/prism/). This dataset
was created at the center through interpolatich@station data using PRISM
(Parameter-elevation Regressions on IndependepéeShodel). PRISM is an
analytical model that uses point data and a digi@alation model (DEM) to generate
grid estimates of monthly and annual precipitat@swell as other climatic parameters).

PRISM is well suited to all regions because it npowates a conceptual framework that
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addresses the spatial scale and pattern of ortpligrarecipitation. It has been found
suitable for localized analysis at the level ofi2 grids. The total excessive precipitation
was calculated for each grid cell form the yeaxlgrage data. The grids lying with a
metropolitan jurisdiction were then averaged oin@$IS tools.

A higher cumulative precipitation in the decade 1-:2900 is expected to result
in increased perception of risk and consequenth lapositive impact on adoption of

climate change mitigation policies.

3.5.2.1.2 Number of days above 85th percentile normal dairage apparent

temperature

This variable is a measure of the temperature dsebeing experienced by the
local community. The apparent temperature is a oreadf the combined effects of
temperature and humidity. Ignoring wind effectgpaent temperature can be estimated
as A (deg. C) =-1.3 + 0.92T + 2.2e, where T is i@miair temperature (deg. C) and e is
water vapor pressure (kPa) (Steadman 1984). THehep8rcentile values have been
shown to be closely correlated with weather relatedtality statistics (Kalkstein and
Davis 1989). The data set was downloaded from #ieNal Climatic Data Center
(NCDC) web based data sharing interface (ftp:fitdc.noaa.gov/pub/data/heatstress
/stationdata/). The data is available for 183 ctimstations. 162 out of these stations
were found to lie with the jurisdiction of at ledsmetropolitan area. For the rest of the
metropolitan areas the records of the nearesostatere utilized for the purpose of the

construction of this variable. The average distdvetereen the metropolitan area and the



nearest weather station was 91 miles with the maximum being 186 miles. The numbers
of days exceeding the yearly 85th percentile normal average apparent temperature were
summed up for the decade 1991-2000 for each of the metropolitan areas.

More number of days with extreme temperatures (high) in the decade 1991-2000
are expected to result in increased perception of risk by the local community and

consequently have a positive impact on adoption of climate change mitigation policies.

3.5.2.1.3 Casualities due to weather related disasters

One of the most debated impacts of climate change is its effect on the weather
related hazards. Even though there is lack of scientific consensus on the same a measure
of this probable impact has been included in this analysis. The rationale underlying this
selection is that communities tend to view their future level of risks in the perspective of
the past impact of extreme events. The variable utilized in the study is the sum of all the
deaths and injuries in the weather related extreme events from 1991 to 2000. This data
was downloaded from the Sheldus v.4.1 (www.sheldus.org) database maintained by
Hazards Research Lab, University of South Carolina. The data is available at the county
scale. It was spatially aggregated for each of the metropolitan areas using GIS tools.

Higher casualities in last decade due to the extreme weather events is expected to
result in increased perception of risk and consequently have a positive impact on

adoption of climate change mitigation policies by the local communities.
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3.5.2.1.4 Percentage of low lying coastal areas within th&ropelitan area

Coastal areas below 3.5 mts above msl| (mean seB lewe been identified as
most vulnerable to the estimated sea level riseeted by the middle of the 2tentury
(Nicholls and Tolls 2006). Environment Protectiogehcy (EPA) has prepared a
detailed high scale map of the US coastline idginiif regions ranging from 1 m to 4m
above mean sea level (Titus and Narayanan 199%.didital data was procured from
the EPA and used to identify regions less 3.5 nvalmean sea level (msl). The area
occupied by the low lying coastal lands has bed&ulzied as percentage of the total
metropolitan area it was situated within using &&ls.

Presence of a high percentage of such coastaliog areas within the
metropolitan areas is expected to add to the paorepf risk associated with sea level
rise and consequently have a positive impact optaatoof climate change mitigation

policies by the local communities.

3.5.2.1.5 Percentage of area occupied by sensitive land uses

The forests and wetlands have been identified rsitsge ecosystems that may
be impacted by the change in the climatic systeme. dhifts in the regional climate
pattern would lead to changes in the species commpassuccession of natural
ecosystems and even loss of wetlands (NAST 200Ms &reas with relatively larger
percentage of such sensitive land uses standskefrioss of ecological functions that

would impact all other developmental activity iretfegion. This measure was crated

using the medium resolution vector land use dagdable from NOAA (CA&DS 1999).
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The most recent updating of this data set wasezhout in early 1990s. The vector data
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was intersected with the metropolitan area bourdand the combined percentage of
the forests and wetlands was calculated for eatheometropolitan areas.

Presence of a high percentage of these sensitdgygtems within the
metropolitan areas is expected to add to the paorepf risk associated with climate
change and consequently have a positive impactiopti@n of climate change
mitigation policies by the local communities.

The following table details out the expected impHatach of the above

discussed indicators on the cumulative perceptforsk amongst the local

communities.
Table 3.1 List of risk variables
Risk Indicator Source of Primary data Expected impact on
perception of Risk
Precipitation (1991-2000, National Climatic Data Center (NCDC) +
mm:>normal)
Temperature (1991-2000, PRISM data set, Spatial Climate Analysis +
days > 85th percentile Service, Oregon.
apparent temp.)
Natural Hazards CasualtieSheldus v.4.1, university of South +
(1991-2000) Carolina
Percent Coastal low lying EPA +
area
Percent Eco-Sensitive NOAA +

Area
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3.5.2.2Climatic ‘Stress’

The research literature on climate change idestdwth of urban population,
carbon intensive industries, use of fossil fuelenergy generation and unsustainable
traveling pattern as important causes of environalestress that contributes to climate
change. In order to asses the level of climate ghatress imposed by a metropolitan
area the following variables have been construsteals to best capture these dimensions

of stress with the limitations of data availability

3.5.2.2.1 Population density (persons per sq km)

The gross density of the metropolitan area baséti@lS census 2000 data was
calculated to create this measure. Urban dersayréelative measure of efficiency. In
general, and other things being equal, higher tielzid use is less energy and resource
consuming and thus is more efficient from an ecesyerspective and consequently
effective in limiting the urban impact on regiordéimate (Bulkeley and Betsill 2003).
For example, transportation in higher density aredsss resource demanding since
distances are shorter and public transportatioftés more available and inexpensive.
As a result, air pollution will be lower in morerdely populated areas. A low density
growth would thus result in higher stress on theatic system than a denser pattern of
development.

Thus a higher density in the metropolitan arexeeted to have a negative
impact on the overall stress imposed and conselyyautitively impact the

commitment of the local community to adopt climalb@nge mitigation policy.
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3.5.2.2.2 Percentage of workers employed in carbon relatetbse

The percentage of workers employed in the carblaee: sectors was calculated
using the US census 2000 data. The industry seicidtgled in the carbon intensive
sectors are NAICS category of Agriculture, forestishing, and hunting, and mining;
Manufacturing and Transportation and Warehousing,Wtilities. A higher percentage
of employment indicates the dominance of this seaaotthe respective jurisdiction. It is
an obstacle in promoting policy measure for clinctange mitigation due to the local
economic considerations (Saporito 1992).

Thus more employment in the carbon intensive sedsoexpected to add on to
the climatic stress and consequently have a negatipact on the local community’s

decision to adopt climate change mitigation poficie

3.5.2.2.3 Per capita carbon emissions (1990)

The year 1990 has been identified as the basediaefgr promoting the climate
mitigation initiatives to achieve emissions beldustlevel. It is employed as the base
measure for measurement of unsustainable lev@mddsion. The data for carbon
emissions for all the states of U.S.A was obtaiinech Blasing, Bronaik, and Marland
(2004). The authors used the data for consumpta fdr coal, petroleum, and natural
gas for calculating the carbon emission obtaineectly from the Department of
Environment for calculating the overall carbon esiaas. The state level data was used
to calculate the total emission in each constitgeninty on basis of the census 2000
population. The county level data was then aggesbaito the respective metropolitan

area and then converted to a per capita figuren Bvaugh the climate change
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mitigation programs target high emission areaxémtrolling emissions, the intrinsic
linkages with the local economy make it difficudr these communities to adopt climate
change mitigation policies. The local carbon bassmwhomic sectors are expected to be
financially strong and influential to prevent sunleasures by the local government.
Thus higher emissions indicating larger numberasbon intensive industries is
expected to add on to the climatic stress and septestrong local economic concerns
that are expected to have a negative impact olotdad community’s decision to adopt

climate change mitigation policies.

3.5.2.2.4 Percentage of workers travelling alone in privathigles to work

The data was collected at the metropolitan lewshfiJS census 2000 data. This
provides a measure of the general extent of thelgevate vehicles. Car pooling and
use of public transportation help curb vehiculdiyimn whereas individual drive to
work adds to environment stress. This is a beteagsure than simple vehicular
ownership as it signifies the actual usage of #t@ale on a regular basis.

A higher percentage of workers using private vesid¢or travelling contribute to
the stress imposed by the metropolitan area. Asaté change mitigation measures are
expected to discourage this travel behavior, tiiécator is expected to have a negative

impact on the community’s decision to adopt climatange mitigation policies.

3.5.2.2.5 Percentage of households using solar energy amtyda¢l

The use of solar energy as heating fuels is obiyausre ecologically

sustainable than any other form of energy. Thegrgage of households using solar
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energy for heating purposes was calculated frora awilable in the 2000 US census. A
higher proportion of households using solar enéogyeating results in reduced
demand on energy generate from other sourcesrimat@e detrimental to the
environment and would result in higher carbon eroiss

Thus more use of solar energy by the householdsesillt in reducing the
overall stress imposed on the environment andlese a positive impact on adopting
climate change mitigation policies.

The following table 3.2 details out the estimategact of the various stress

variables on the cumulative climatic stress impdsgthe metropolitan area.

Table 3.2 List of stress variables

Indicator Variable Source of Primary data Impact on Cumulative
Stress

Population Density US Census 2000 -

Percent Carbon US Census 2000 +

Employment

Carbon Emissions per Carbon Dioxide Information Analysis +

Capita (1990) Center (CDIAC)

Percent Travel Alone US Census 2000 +

Percent Households SolarUS Census 2000 -
Energy Use

3.5.2.3Civic capacity

Since the climate change adaptations are assoaigietigher level of personal
costs it is perceived that the economic capaciéiéscation and general environmental

behaviour of the people will be an important deieamt of the dependent variables.
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Environmental behaviour is defined as significasttaas that directly or indirectly cause
positive environmental change (Stern 2000). Thesmwes of civic capacity sue
indicators of environmental behaviour as well as@s@conomic capacity that is
expected to support such behaviour. This studigesi the following variable as

measures of civic capacity:

3.5.2.3.1 Proportion of population participating in environm& causes and
proportion of population recycling products

These measures were derived from MRI consumer lbmirasurvey conducted
by Mediamark Inc. in 2003. Researchers at Applied@aphic Solutions Inc have
configured MRI household records to various lewlpolitical, administrative and
statistical scale using a mosaic coding technolzged on cluster algorithm. The
dataset on the metropolitan areas was collectemhd¢tusion in this study. The data is
based on the self reporting by the respondenk=if tlid recycle or participated in

environmental causes in the year prior to the surve

3.5.2.3.2 Percent of population above the national 80th peileeincome

This data was derived at the metropolitan scalefiiee 1000 US census. It
provides a relative measure of economic capacitii@focal population to absorb

financial implications that come with climate changitigation policies.

3.5.2.3.3 Percent of population graduating from high school

This variable created from the US census 2000 skgtaignifies the level of

literacy in the metropolitan area. Higher leveldigracy are confirmed to promote
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environmental behaviour through better understandfrthe ecological process and
human’s relationship with nature. Higher educaterels are expected to promote

climate change mitigation efforts in the metropiiareas.

3.5.2.3.4 Number of environmental NGOs

The number of registered environmental NGOs imatcounty level (for the
year 2000) was derived from the National CenteCoaritable Statistics. The county
level data was subsequently aggregated into theopwitan level. A higher number of
environmental NGOs signifies higher environmentdivésm in the metropolitan area
and is more likely to translate into policy measui@ climate change mitigation.

All the civic variables are expected to have atpasimpact on the local
community’s decision to adopt climate change mitaapolicies. Table 3.3 highlights
the expected impact of each of the variables aadtimulative impact of the respective
group variables on the local community’s policy e¢oitment to climate change

mitigation.

Table 3.3 List of variables used in the study

Source of Primary data Expected impact on
policy commitment to
climate change mitigation
RISK +
Precipitation (1991-2000, National Climatic Data Center (NCDC) +
mm>normal)

Temperature (1991-2000, PRISM data set, Spatial Climate Analysis +
days > 85th percentile Service, Oregon.
apparent temp.)

Natural Hazards CasualtieSheldus v.4.1, university of South +
(1991-2000) Carolina
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Table 3.3: Continued

Source of Primary data Expected impact on
policy commitment to
climate change mitigation

Percent Coastal low lying EPA +
area

Percent Eco-Sensitive NOAA +
Area

STRESS =
Population Density US Census 2000 +
Percent Carbon US Census 2000 -
Employment

Carbon Emissions per Carbon Dioxide Information Analysis -

Capita (1990) Center (CDIAC)

Percent Travel Alone US Census 2000 -
Percent Households SolarUS Census 2000 +
Energy Use

ClviC +
Proportion participated in MRI Consumer Behavior Survey, +

Environmental Causes Mediamark Inc.

Proportion Recycled MRI Consumer Behavior Survey, +
Products Mediamark Inc.

Percent 8 Percentile US Census 2000 +
Income

Percent College Educated US Census 2000 +
Number of Environmental National Center for Charitable Statistics +

Organizations

3.6 Study flow and research techniques

This research employs a combination of GIS andssitl analysis in order to

achieve the research results and empirically keshypothesis discussed earlier.
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First, | used two sample independent t-tests teréamia the differences between
the characteristics of metropolitan areas that latlen them jurisdictions signatory to
the CCP campaign and those that do not. The tsestimmonly used to determine if
two groups of data have statistically different meérabachnick and Fidell 2001).
Second, | created a scale for each of the condepuable groupings of risk, stress and
civic attributes. In the creation of the scalea fariables were dropped in order to
maintain a high degree of reliability. The combioatof variables with the highest value
of Cronbach’s alpha was used in creation of thpaetsve scales. The variables were
normalized (z-scored) and adjusted for consistémchrection with respect to the
grouping concept before incorporation into the edaheasure.

Third, | mapped and geographically evaluated thle, Stress and civic scales.
The scales were divided into 5 standard deviatiwgrvals namely very low, low,
normal (average), high and very high. The normdheraverage category include the
scores nearest to the mean and is indicative adeneral trend on the respective scale.
The scales are relative and may necessarily ndyithp associated degree of
importance (like high or very high). However, thae still useful in comparing the set
of metropolitan areas included in the study. Ineortd compare within the metropolitan
areas t-test analysis was undertaken. Finally adimo@ analysis is undertaken to
compare the relationship between the various isdic¢ghe metropolitan areas.

Procedures adopted for analyzing the data aregepted in Figure 3.2.



Figure 3.2: Study flow
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3.7 Validity threats
3.7.1 Geography of the study area

The GIS files for the study area consisting ofist@tl metropolitan areas as
available from US census bureau and are desigmesfall scale, thematic mapping
applications at a target scale range of 1:500,600%,000,000. Thus these are suitable
for the purpose of this research. The data doweldddm the census website however
did have multiple polygons for a number of metrajanl areas. These were aggregated
and merged. The final base data layer was creaied GIS to signify a unique set of
polygons for each of the metropolitan areas anthsuthe accuracy of the source data.

3.7.2 Independent variables

The raw data on the dependent variable is dichotsnased on the list of CCP
signatory members available for ICELI as of Mar€l®02. Most of the signatories to the
agreement are cities, municipalities or countieb r@ot the metropolitan statistical areas.
Thus the larger scale of analysis at the metragobitrea level is acceptable on the basis
of conceptual validation of the research issuethadinderlying definition of
metropolitan areas as integrated economic andlsadiéies which implies a high
probability of impact by policy changes in any bétconstituent jurisdictions. However
with the number of jurisdictions uneven in eaclithaf metropolitan areas and relative
variation in the level of intra-regional linkagdise use of a non-political unit may

represent a possible limitation of this study.
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3.7.2.1 Independent geographic variables

The independent geographic variables (mapped anghzgd in this study are;
low lying coastal areas, cumulative measure of gsige precipitation, number of days
of extremes in temperature, and percentage oftsenland use areas.

The coastal elevation data was collected in théovéarm EPA and is suitable
for site level analysis. The extreme temperatuenedata is available as number of days
yearly exceeding 8b5percentile average annual apparent temperatuoeiatad with the
respective climatic divisions (183) across USA friiational Climatic Data Center
(NCDC), US Department of Commerce. The data setjovasd to the respective
climatic divisions in GIS and then aggregated axtbhe metropolitan using the
minimum distance to station measure. This aggi@gaissumes similar climatic
situation in the metropolitan area and ignoreslangl climatic variations. At the
metropolitan scale this level of data precisioappropriate. Ratio of urban area to the
sensitive ecological land uses was created usmgdhd Use/Land Cover digital data
available from NOAA. The data was progressivelyatpd up to early 90’s and is
classified into 30 land use classes. It possilghyasents land use character only up till
mid-1990s. Thereafter there may have been changés iand use that are not captured
by the data set. The use of GIS procedures to nardehen compare the required land
uses has resulted in maintaining the accuracy elrability of the original dataset.
3.7.2.2 Independent non-geographic data

Statistical data has been collected from the varsmurces primarily at the

metropolitan level. In case where only the courtyel data was available, for example
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the casualities data, the same was aggregated into the appropriate metropolitan area.
Civic engagement data are derived from the MRI Consumer Behavior survey. Civic
engagement and psychographic data on US adults are collected bi-annually by
Mediamark Inc. Adults are selected randomly from a population list of 90+ million
households. Each wave consists of 12,000+ face-to-face interviews, totalling 25,000 per
year since 1979 (about 550,000 in all). However as the data is based on self —reporting
behaviour it may be prone to error due responder bias. The number of environmental
NGOs present in the metropolitan statistical area is derived from the record of registered
NGOs with National Center for Charitable Statistics and is subject to the definitions
adopted by the organization.

In addition to the above discussion, it is important to mention the possible threat
of external validity. Specific to this study is the issue of temporal validity wherein there
may be a possibility that the action undertaken earlier (CCP acceptance before 2000) is
being compared with the independent data for the year 2000. Since this study uses a
cross-sectional research design, the results and findings are subject to limited

interpretation and cannot be generalized beyond MSAs.
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CHAPTER IV
RESULTS

This chapter presents the results of the analgsrged out as part of this
research. The first section details out the stagisdnalysis and the subsequent section
presents the geographic analysis. Finally the coetbresults of the overall geo-

statistical analysis are discussed.

4.1 Statistical analysis

Descriptive statistics and results from t-testalbthe variables used to identify
the difference in characteristics of metropolitages with policy commitment to climate
change mitigation and those without it, in terntlinate change risk, stress, and civic
capacity are presented in table 4.1 and table 4.2.

The results of the t-test indicate that there aeificant differences between
metropolitan areas that have adopted CCP and thasbave not. Starting with the risk
variables, the difference between the mean pretipit levels among the two sets of
municipalities is found to be insignificant butfdifence between the mean numbers of
days exceeding the 8%ercentile average apparent temperatures (1990)20€und
to be significant. The metropolitan areas that heseepted the CCP have significantly
lower number of days exceeding the apparent terierthan those that have not
accepted it. This is possibly because the metrtgwoéireas that have a higher number of
days with temperature exceeding normal heat camditdo not consider the anticipated

marginal increase in these excessive heat dayskas r



Table 4.1: Descriptive statistics comparing CCP aomitted and non-committed metropolitan areas

on risk, stress, and civic variables
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CCP Std. Std. Error
Signatory N Mean Deviation Mean
RISK VARIABLES
Precipitation (1991-2000, cm > 1 122 1036.21 376.88 34.12
yearly normal) 0 185 1042.51 328.68 24.16
Temperature (1991-2000, days > 1 122 4.66 7.59 0.69
85th percentile yearly apparenttemp) 0 185 5.94 6.70 0.49
Weather Related Natural Hazards 1 122 151.62 478.22 43.30
Casualties (1991-2000) 0 185 110.68 184.11 13.54
Percent of Eco-Sensitive Area 1 122 39.20 24.89 2.25
0 185 33.44 27.16 2.00
Percent of Low Lying Coastal Area 1 122 19.01 32.08 2.90
0 185 10.48 25.87 1.90
STRESS VARIABLES
Density of Popu|ation 1 122 260.88 465.12 42.11
(persons/sgkm) 0 185 91.04 61.18 4.50
1 122 26.19 5.23 0.47
Percent Carbon Employment (2000) 0 185 28.51 7.17 0.53
1 122 5.75 5.46 0.49
CO2 Emissions per Capita (1990) 0 185 7.82 5.87 0.43
Percent Workers Traveling Alone to 1 122 76.66 6.91 0.63
work in Pvt. Vehicles (2000) 0 185 80.47 3.75 0.28
Percent Households using Solar 1 122 0.05 0.13 0.01
Energy for Heating (2000) 0 185 0.02 0.03 0.00
CIVIC VARIABLES
Proportion participated in Env. 1 101 0.03 0.00 0.00
Causes 0 182 0.03 0.00 0.00
1 101 0.39 0.03 0.00
Proportion Recycled Products 0 182 0.37 0.03 0.00
1 122 53.70 5.31 0.48
Percent High School Educated 0 185 51.45 5.26 0.39
Percent Households with income > 1 122 22.02 8.82 0.80
80" Percentile National household 0 185 15.33 4.30 0.32
Income
Number of Environmental 1 122 896.68 560.07 50.71
Organizations 0 185 598.41 413.66 30.41




Table 4.2: Independent samples t-test comparing GCcommitted versus non-committed metropolitan areasn risk, stress, and civic variables

tA df Sig. (1-tailed) Mean Std. Error
Difference Difference

RISK VARIABLES
Precipitation (1991-2000, cm > yearly normal)* -0.15 305.00 0.44 -6.30 40.66
Temperature (1991-2000, days > 85th percentilelyear -1.55 305.00 0.06 -1.28 0.82
apparent temp)*
Weather Related Natural Hazards Casualties (1990920 0.90 144.90 0.19 40.94 45.36
Percent of Eco-Sensitive Area 191 274.40 0.03 5.76 3.01
Percent of Low Lying Coastal Area 2.46 220.35 0.00 8.53 3.47
STRESS VARIABLES
Density of Population (persons/sgkm) 4.01 123.77 000. 169.84 42.35
Percent Carbon Employment (2000) -3.274 301.837 00.0 -2.32098 .70902
CO2 Emissions per Capita (1990)* -3.116 305 0.00 -2.07455 .66577
Percent Workers Traveling Alone to work in Pvt. \tdés -5.56 168.50 0.00 -3.80 0.68
2000
I(Derce)nt Households using Solar Energy for Heaf20§() 2.36 128.02 0.01 0.03 0.01
CIVIC VARIABLES
Proportion Participated in Environmental Causes 315. 178.78 0.00 0.00 0.00
Proportion Recycled Products* 4.79 281.00 0.00 20.0 0.00
Percent High School Educated* 3.65 305.00 0.00 522 0.62
Percent Households with income >"8ercentile Avg. 7.79 159.35 0.00 6.69 0.86
National household Income
Number of Environmental Organizations 5.04 206.17 0.00 298.27 59.13

Note: * Equal variances assumed

" Appropriate statistical technique employed in cida of the t value

TG



The prior history of experiencing extreme heat conditions may have resulted in
lowering the perception of risk associated with increasing number of extreme heat days.
Instances of similar behavior by communities in regards to other natural disasters like
earthquakes and hurricanes have been cited frequently in social science research (Dynes
1970; Quarantelli 1978). On the other hand the metropolitan areas with less number of
days exceeding normal heat stress conditions may be more sensitive to the risk of
expected increase in the number of extreme heat days. This variation in interpretation of
the risk on the basis of past experiences may be responsible for the observed negative
direction of this risk variable as against the expected positive direction.

The results also reveal that there are no statistically significant differences
between the numbers of casualities due to the past weather related natural disasters in the
CCP signatory metropolitan area and the non-signatory metropolitan areas. There
however are significant difference between the mean percentage of area occupied by the
eco-sensitive land uses of forests and wetlands within the metropolitan jurisdiction. The
CCP signatory metropolitan areas have significantly higher area of these areas in
comparison to the non-signatory metropolitan areas. This is in line with the expected
results as a larger sensitive ecosystem in a metropolitan area indicates a high probability
of local community’s acceptance of the need to protect such critical ecosystems. The
conservation attitude of the local government towards its fragile bio-diversity is probably
the motivator for such metropolitan areas to join the CCP campaign.

The percentage of low lying coastal areas is also found to be significantly higher

in the metropolitan areas that have joined CCP. The sea level rise is probably one of the
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most publicly accepted anticipated impacts of ctem@hange. Thus it seems to have the
expected positive effect on making the metropoléeea take an initiative in mitigating
climate change. The metropolitan areas not withenlow lying coastal zones are
certainly more protected from sea level rise amuefore are possibly not inclined
towards adopting mitigation programs.

In regards the stress variables all the indicatake statistically significant mean
differences between the metropolitan areas sign&o€CCP and those that are not. The
metropolitan areas signatories to CCP have a hidgresity of population. A higher
density of population signifies a higher degreenfan efficiency and is indicative of
the local government taking measures to ensurerlstiess on the local environment.
Such metropolitan areas that have higher densitidsa sustainable growth pattern (in
terms of urban coverage) are expected to havehehdggree of sensitivity to climate
change issues. Thus as expected the results iediettthe metropolitan areas signatory
to CCP are denser and compact in comparison totkttee metropolitan areas.

The percentage of workers in the carbon sectausd to be significantly lower
in metropolitan areas that have joined the CCP eagnp Probably because the costs
associated with limiting the carbon emissions unlderCCP program are expected to be
high especially for the carbon intensive sectohesE costs include cost of technology
change and process innovation. With the local esonbase comprising of a carbon
intensive activities the local governments are $edye less inclined to adapt climate
change mitigation measures that will adversely ichpfae local economy. It may be

argued that probably the long term gains outweghshort term losses to these
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industries. However in the context of a politicatdion to join with CCP the context of
‘long term’ as associated with the pay back peabrequired innovations is certainly
too long. The results thus indicate that as expettte metropolitan areas that have not
joined the CCP have a large percentage of the feocke employed in the carbon sector.

In terms of the per capita emission (1990) theltesudicate that the
metropolitan areas that joined the CCP had comipahaiower per capita emissions to
start with. The metropolitan areas with high pgritsaemissions are probably the areas
with high percentage of carbon intensive industi@sger per capita travel miles and
higher energy use. The level of emissions is thestly related to the nature of the
local economic activities and the development patte the metropolitan area.
Therefore as expected municipalities that are rparaof CCP have higher per capita
carbon emissions as they are probably reluctambdertake climate change mitigation
measures that would adversely impact the existmog@mnic base and the development
pattern.

In the metropolitan areas that have signed the @@&percentage of workers
traveling alone to work in private vehicles is fouio be significantly lower. The use of
single occupancy private vehicles to work indicdéek of public transportation
facilities, higher consumption of energy and prdpaomore spread out pattern of
development. Imposition of climate mitigation me@sin such areas is expected to
involve large capital costs to modify the presentl of development and change the

traditional habits of the community. As expecteel tésults indicate that the
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metropolitan areas that have jurisdictions with G@ke a lower percentage of
population driving private vehicles (with singlecopancy) to work.

In terms of the use of solar energy, the metropolédreas with the CCP
campaign have a significantly higher percentageooiseholds using it as means of
energy for heating their homes. This is an indicatdhe local government’s ability to
provide a more ecological friendly means of endogthe community. On the other hand
the metropolitan areas with households using otteans of energy for heating may be
expected to make large capital investments in stfuature if they were to adopt a
cleaner energy source. This might be an effecttememic deterrent in adopting the
CCP. Thus as indicated by the results the varibdlaves as expected, with the
metropolitan areas not joining the CCP having lop&ncentage of households using
solar energy as a heating fuel for their homes.

In regards the civic variables, the mean proportibpopulation participating in
environmental causes and proportion of populatemyeling is significantly higher in
metropolitan areas that are signatory to the C@Bram. This is indicative of the
general environmental behavior of the society wipicdvides the local political
administration the support to adapt more envirortaldriendly measures. The
communities with a higher level of environmentaitggpation may be expected to
accept marginal increase in financial burden farseovation of the natural environment.
As expected the metropolitan areas that have nmwdahe CCP campaign have a
comparatively lower percentage of population endagesnvironmental activities and

recycling programs.



The percentage of high school graduates in thelptpn of the metropolitan
areas that have adopted the CCP program is foubd sognificantly higher. Better
education levels have multifold societal impactudang higher income levels, more
environmental sensitivity and better understandihgommon resource issues.
Consequently these civic attributes are expect@ddmote environmental friendly
measure include climate change mitigation. Thusxagcted metropolitan areas that
have not joined the CCP have lower percentageghf $chool graduates.

The percentage of population earning more tha®@ieercentile of the
national household income is also found to be Sgamtly higher in the metropolitan
areas committed to CCP. A higher percentage opdipeilation in the highest income
domain signifies a higher capacity of the commutotadopt measures involving
increased outlay of resources. These communities tiee capacity to absorb the
enhanced costs of mitigation policies that maydupiired for effective control of
emissions. Comparatively, lower economic capacitmeet the estimated costs of
mitigation measures will prove to be a deterrergadicipation in CCP. Therefore as
expected the metropolitan areas that have a loareeptage of population earning
higher incomes have not committed to the CCP.

The number of environmental organization was &dsad to be significantly

higher in the metropolitan areas that have joimed@CP campaign. The role of

environmental NGOs as active catalyst for facilitigtconsensus on broader issues of

ecological importance was expected to be a faotpromoting policy measure for

mitigating climate change. The results reveal #sa¢xpected metropolitan areas that
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have not joined the CCP have comparatively lowenlmer of such environmental

NGOs.

4.1.1 Index construction

The risk, stress and civic variables were combiogéther within the respective
conceptual domains to create risk, stress and eidices. Initially all the variable in
each domain were included in the index and evalufatestatistical reliability of the

scale. The table 4.3 presents the results of thkysis.

Table 4.3: Preliminary reliability analysis of indices

Index Items Item Total Alpha  Variance SD
Correlation
Climate Change Risk Index 426 7.589 2.7548
Precipitation 372
Temperature .107
Natural Hazards Casualties .070
Percent Eco-Sensitive Area .351
Percent Coastal Area 229
Climate Change Stress Index .537 8.766 2.9607
Population Density (per meter) .322
Percent Carbon Employment .342
CO2 Emissions per Capita 191
Percent Travel Alone .582
Percent Household Solar Energy Use 116
Civic Index 762 -.1175 3.5368
Percent Participated in Environmental Causes 737
Percent Recycled Products 797
Percent 88 Percentile Income .681
Percent College Educated .510
Number of Environmental Organizations .059

The civic variables are found to statistically haogether really well with an
alpha coefficient of 0.762. However the varialsiamber of environmental

organizations is evidently the least correlatedhlie other variables included in the
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civic index. The climate change risk variables alsem to statistically hang together
with an alpha coefficient of 0.537. However thipresents only a low to moderate level
of reliability for creating a common scale of sge8mongst the variables included, per
capita CO2 emissions and percentage of househsidg solar energy are found to be
the least correlated with the other variables idetliin this scale. The climate change
risk variables seem to have the minimum level bébdity for developing a common
scale with a low alpha coefficient of 0.426. Theaperature variable and the natural
hazard causality variable are found to have minincomelation with the other variables
in the scale. Thus statistically the risk and tiness indices created above cannot be
considered reliable.

Therefore the scales were revised to drop thé temeelated variables in each of
the groups. The reliability analysis was carrietifouthis shortened list of variables

within each group. The results are presented inabie 4.4.

Table 4.4:Final reliability analysis of indices

Index Items Item Total Alpha Variance SD
Correlation

Climate Change Risk Index .632 5.183 2.2767
Precipitation .563
Percent Eco-Sensitive Area .485
Percent Coastal Area .295

Climate Change Stress Index .637 5.212 2.2830
Population Density (per meter) 425
Percent Carbon Employment .267
Percent Travel Alone .692

Civic Index .870 11.064 3.3262
Percent Participated in Environmental Causes .810
Percent Recycled Products .852
Percent 88 Percentile Income .649

Percent College Educated .598
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These indices created with the shortened list oblsée are found to be
statistically more reliable. Each of the indices t#e alpha coefficient of more than 0.6

that is generally considered a measure of sufficigrability for creation of a scale.

4.2 Geographical analysis

The metropolitan areas were subsequently mappealang with the indices
created through statistical analysis earlier. bieoto provide a relative measure of
degree (high or low) amongst the metropolitan atlkasndices were segregated into 5
standard deviation intervals. The figure 4.1 higihds the distribution of risk amongst

the metropolitan areas.

Figure 4.1: Distribution of risk due to climate change impact
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Almost 30% (87 nos.) of the metropolitan areakvighin the high to very high
risk category. List of these metropolitan aregsravided in the appendix. The map
reveals that the risk due to climate change is eotmated around the gulf coast and the
eastern coast. The high risk areas as identifi¢kisnstudy seem to include the coastal
regions that have historically been under threditusficanes and other severe weather
conditions. Existence of large number of wetlanas law lying coastal areas, along
with higher than normal precipitation in the lastdde is the cause for this high level of
risk in parts of Louisiana, Mississippi and Florittagh percentage of low lying areas
adds to the vulnerability along the northern haélfhe east coast. Along the west the
pockets of high vulnerability are seen in regiornthwoncentration of wetlands in the
low lying coastal areas.

The figure 4.2 shows the distribution of the mptidan areas in the context of

the levels of stress they impose on the naturadatic systems.

Figure 4.2: Level of stress imposed by the metropitdn areas on climatic systems
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The above geographic analysis reveals that oniytbeometropolitan areas exert
very high stress on the climatic system. TheseH#dtart--Goshen, IN; Kokomo, IN;
Hickory--Morganton--Lenoir, NC; Sheboygan, WI; abdcatur, AL. All these
settlements have a high percentage of workers graglm carbon intensive industries,
high per capita emissions and extremely low desssifi 1 metropolitan areas are
identified as high stressors. The map reveals bagitentration of these metropolitan
areas in states that have a high share of manufag®mployment (refer annexure for
2004 state rankings for manufacturing employméliie western states with less of the
manufacturing sector and higher tertiary sectoneaac base seem to be contributing
only average or below average stress levels. Homtaiganalysis needs to be
interpreted with caution as the normal (averagehefstress as identified in this analysis
is only a relative measure and not absolute. Ipralbability due to the overall higher
levels of per capita energy consumption and wasteation in US even the average
stress may qualify as high stress in an absolwfysis. For instance, the per capita CO2
emissions in US due to consumption of fossil fuedse 5 times than the world average
per capita in the year 2003 (http://www.eia.doe/govironment.html) and almost 20
times that of India. This represents the magnitfd#ifference between the developed
and developing nations in terms of emission coutims. The relative scale of analysis
will thus have to be adjusted in the internaticc@itext if the results are to be compared
with other countries. The analysis of the stredexreveals that more than 80% (248

nos.) of the metropolitan areas exert averagedcahove average stress on the climate.
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The figure 4.3 shows the distribution of the cividex across the metropolitan areas of

UsS.

Figure 4.3: Civic indices for the US metropolitan aeas
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The civic index reveals that a high percentagdefmetropolitan areas (70%)
have an average or better than average civic indealculated in this study. The
distribution of the civic index across the courdeems to correspond with the per capita
earnings and the educations levels of the respestates (refer annexure for per capita
state rankings). In comparison with the metropalidreas that have adopted CCP (refer
Figure 4.5), almost 80%, have average or aboveageetivic index as calculate din this

study.
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The figure 4.4 reveals that the metropolitan ateashave accepted the CCP are
clustered along the east and the west coasts didtréoution seems to correspond to the
distribution of above normal risk metropolitan ax¢aigure 4.2). This validates the
results of the t-tests wherein a difference inrtteans of the risk variables was observed
between the two sets of metropolitan areas. The aeals that almost 30% of the

settlement with associated climatic change riskvabvmrmal are signatory to the CCP.

Figure 4.4: Status of CCP in the US metropolitan s¥as
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The comparison of the CCP metropolitan areas thighstressor areas as
identified by this study (refer Figure 4.3) revetliat the location of these areas

generally corresponds with the normal and belownabistressor metropolitan areas.
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The analysis of the data reveals that only 13 etiiigh stressor metropolitan areas are
part of the CCP campaign. None of jurisdictiongh@ top 5 stressor (very high
category) metropolitan areas have signed onto @ié €ampaign.

The t-test was conducted to explore the differsrimmween the CCP committed
and non-Committed metropolitan areas in terms @figk stress and civic indices. The

results are presented in table 4.5.

Table 4.5: Independent samples t-test comparing GZcommitted versus non-committed
metropolitan areas on risk, stress, and civic indies

t df Sig. (2-tailed) Mean Difference Std. Error

Difference
Risk 1.88* 305.00 0.06 0.50 0.26
Stress -5.65 305.00 0.00 -1.59 0.25
Civic 5.66 281.00 0.00 2.35 0.39

Note: * Equal variances assumed
N Appropriate statistical technique employed iresgbn of the t value

The above results reveal that the metropolitaasavath CCP committed
jurisdictions have significantly higher levels agk and civic indices. This indicates a
higher probability of adoption of CCP in metropaftitareas with higher risk levels.
Similarly metropolitan areas with a high civic ind@ay be expected to adopt policy
measures for climate change mitigation (as defimedcceptance of CCP). In contrast
the stress index is found to be significantly lowe€CP committed metropolitan areas

implying that high stressor metropolitan areaslikety to join the CCP campaign.
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In order to analyze the relationship amongst ltiheet indices of risk, stress and
civic attributes correlation analysis was undentaKiéhe results are presented in the

following table 4.6.

Figure 4.6: Correlation between risk, stress, civiindices and CCP status

RISK Index CIVIC Index STRESS Index

CCP Status Pearson Correlation 0.11 0.34 -0.34
Sig. (2-tailed) 0.06** 0.00* 0.00*

RISK Index Pearson Correlation 1.00 0.00 -0.08
Sig. (2-tailed) 0.95 0.19

CIVIC Index  Pearson Correlation 0.00 1.00 -0.21
Sig. (2-tailed) 0.95 0.00*

STRESS Index Pearson Correlation -0.08 -0.21 1.00
Sig. (2-tailed) 0.19 0.00*

*significant at .05
**significant at .1

The above results do not reflect any statisticsiliypificant relationship between
risk and civic indices. Similarly no statisticallignificant relationship is revealed
between the risk and stress indices. However staliy significant negative
relationship is revealed between the stress inddxlee civic index (r=-0.21, p<.05).
Thus suggests that civic attributes as definetdimstudy are lower in high stressor

metropolitan areas.

4.3 Summary of results

The summary of the results of the geo-statisacalysis as discussed in the

preceding section are summarized below:
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H1: Climatic stressor metropolitan areas are noportionally at risk.

The research results support the above hypothssie significant relationship is
observed between the level of stress exerted bm#isopolitan area and its associated

level of risk due to climate change.

H2: MSAs with higher climatic risk are more likely commit to climate change

mitigation policies.

In general the research results suggest validafitnypothesis as jurisdictions

within high risk metropolitan areas were founddawdur CCP acceptance.

H3: MSA exerting higher climatic stress are lekslly to adopt climate change

mitigation policies.

The research results also provide support forlithpothesis as the metropolitan
areas show a significant negative relationship betwtheir level of stress and those with
jurisdictions signing on to the CCP. The higherstress the lower is the chances of the

jurisdictions within the metropolitan area becompagt of the CCP.

H4: Metropolitan areas with higher levels of cieicgagement are more likely to adopt

policies to mitigate the adverse effects of clingtange.

The research results support this hypothesiseaddta analysis reveals that there
exists a significant positive relationship betwéas civic attributes of the metropolitan

area and the CCP acceptance.
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4.4 Discussion of results

The results of the study confirm the influence @trapolitan areas on the
constituting jurisdiction in regards adopting clim@ahange mitigation policies by
joining CCP. There is an evident lack of relatidpdbetween stress and risk variables at
the metropolitan level. This represents dilemmaafity and justice similar to that as
being encounters at the international level. Arplogenic cause of climate changes is
attributed to greenhouse gases emitted by developaatries but the impact are
expected to disproportionately burden the develppountries making the sharing of
costs difficult (Neumayer 2000). A similar situatiseems to be emerging within the
metropolitan areas of US.

The continued reluctance of the higher carbon @mgitegions to adopt climate
change mitigation measures is identified throughdbrrelation analysis. The
metropolitan areas with higher stress index weoadato be less likely to have
constituent jurisdictions commit to support climaklange mitigation policies by joining
the CCP. With the CCP campaign focusing enlistimgpreciable percentage of the
greenhouse gas emitting urban areas, this remaiasse of concern. Enlisting cities
and counties in metropolitan areas with comparBbtilaver carbon emissions in the
mitigation program would not help much in the long if the metropolitan areas with
higher emission continue to increase their emissidhis challenge for the CCP has
also been identified in recent county level stutlfaotors affecting participation of

localities in policy commitment to climate chang@alijran et al. 2005b).
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This is of serious concern because if the metrtgookreas emitting higher
carbon are unable to control their emissions, @lgation efforts would prove
ineffective. In such a scenario the overall reducin emission statistics of the nation is
only a statistical average of these high emissieasaalong with reducing low emission
regions. Consequently the perceived success imtigation efforts would be short
lived as further reduction of emission in alreaoly lemission areas may become too
small in comparison to the increasing emissionthkyhigh stressor metropolitan areas.

The positive impact of the risk index on the statil€CP supports the findings
of the earlier literature that the perception ekris a powerful trigger for adopting
climate change mitigation measures. The levelsif due to the anticipated impact of
climate change to the metropolitan area is se@maitslate into local policy initiatives
for climate change mitigation. The relationshipviegn the community’s civic index
and policy commitment to climate change mitigatmghlights the role of
environmental activism and inherent adaptive cdigaciHigher level of civic attributes
as described in this study are a positive factatr pnhomote eco-consciousness translating
into effective participation in climate change méttion initiatives like the CCP.

Overall the results o the study indicate that tle¢rapolitan area level attributes
of risk, stress and civic capacities have an ingmdrntole to play in the decision of the
local governments participating in the climate aamitigation initiatives. The regional
economic concerns and the developing pattern depeeth high carbon emissions

prevent such positive local initiatives. Howevergaption of higher risk does influence
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enhanced commitment to mitigation efforts. SimydHe regional adaptive capacities

are also found to support local mitigation initvais.

45 Limitations

This study stops short of measuring the levehgdact of the metropolitan area
level variables on the local government’s decigmjoin CCP. Thus the interpretation
of the analysis in terms of the relative levelrdfuence of the metropolitan level
variables with reference to the national level aurtty/local level variables cannot be
undertaken.

The lack of temporal qualification of the datatba acceptance of CCP limits
the extension of these results. The list of CCRatyy jurisdictions utilized in this
study includes even those that may have joinedreef® date of metropolitan data
acquisition.

The use of metropolitan area level variables #isencing factors in the local
government’s decision to adopt climate change wtitbgp policies may have limited
political relevance as these areas are not forwlalqn-administrative jurisdictions.

Further the use of CCP itself as a climate chanigjgation measure is limited.
Even though ICLEI claims significant progress inigions control by participation of
in CCP there is no way to empirically confirm ttzere. Due to the lack of sufficient
time lag following the policy adoption empirical asirements of the emissions are
difficult. Thus there may be a possibility that sometropolitan areas may be adopting

measures other than CCP enrollment for climate gdamitigation.
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

This section discusses the conclusions draw frardibcussion of the results of
the research and proposed some recommendations loical governments in order to
ensure effective climate change mitigation. Thalfsub section identifies future areas

of research that arise out of this study

5.1 Conclusions

This study highlights the influence of metropolilamel characteristic in
influencing the local initiatives for climate chanmitigation. The climate mitigation
programs at the local level like the CCP cannoteaghthe desired objectives by
adopting a closed box approach. The regional secomomic linkages are pertinent to
the process of decision making at the local legpkeially for issue like climate change
mitigation that have ramifications beyond the Igaaisdiction. For instance if a local
government within a predominantly industrial metligan area decides to apply stricter
emission norms it is effectively going result iegatively effect its competitiveness in
the regional market for attracting more industusé. The other service industries and
even residential developments would then followwtlag the primary economic
activities go. Thus the local governments are @dyeonstrained in terms of what they
can achieve as regards climate change mitigation.

The research reveals that a higher level of seeeded by the metropolitan

function has a negative impact of the local govesntis policies towards climate
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change mitigation. This highlights the possibitifyfailure of most of the national and
international climate mitigation efforts in creaia culture of responsibility amongst the
worst carbon emitters. The results of this reseacotto findings similar to those in
disaster research in terms of the broader econiot@ests taking precedence in
decision related to adoption of mitigation policikgepresents a case for extending the
research on “socio-political ecology” of hazardsspective (Peacock, Morrow, and

Gladwin 2000).

5.2 Recommendations

In the context of the relationships identified e tstatistical analysis undertaken
the following is a brief list of planning recommextibns that can play a decisive role in
achieving the goals of the broader mitigation efor
1. Effective regional level climate change mitigatiaitiatives: There are number of
national level and local level programs for promgtclimate change mitigation.
However as this research reveals that the sucéessglo programs is qualified by
the regional socio-economic realities. Thus lodyctile climate change mitigation
programs need to evolve into an integrated networkss the various spatial
scales of linkages and take into account the regigocio-economic consideration.
Planning at the level of economically aggregateitsuike the metropolitan areas
for climate change mitigation will prove to be meféective aht the piecemeal
local efforts.

2. Assessing long term risks and mitigation capacitigbe regional context: With

the results of this study validating the fact ttlahate change is slow but certain
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process and mitigating its impact would also takestit is necessary to plan
mitigation and adaptation strategies for a lorggspective duration extending
even up to a couple of decades into the futurempbrary present day assessment
of risks with limited boundaries of the local judistion is not enough. The impact
of present day stress contributions may be expdotbdng about changes after a
few decades. In such a scenario perspective rdgaaraning would help identify
possible future vulnerabilities and adopt a mosdient growth pattern.

Controlling growth in coastal areas: Directing gtbwway from the areas more
vulnerable to the anticipated impact of climaterdeis necessary in view of the
possibility that the present mitigation efforts M@uaot result in any tangible gains
for quite some time. Reducing densities in the ligng coastal zones has to be
done in order to ensure limited exposure to thesiptessea level rise.

Reducing the footprint of the settlement: Highengiges prove to help reduce the
carbon emissions in the metropolitan area. Theoreafor the same could be
multi-fold. The reduction in overall vehicle trigess use of construction materials
that may result in urban heat island effect andoafrse possibility of higher public
activism due to higher concentration of people. iiddally higher densities have
also been found be more sustainable and sociabtksiby the new urbanism and
smart growth researchers. Local planning policas ilize principles like mixed
use and street-scapes from these urban sustaipasiciplines as common means

of mitigating climate change and sustainability.
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Controlling suburbanization: The analysis of thead#sed in this study indicates
that there is a tendency of suburban householohetease in regions with higher
percentage of land under sensitive land uses littanwds and forests. Possibly this
is because of the intrinsic value of these ecobdgiesources that offer a pleasing
setting for living. However the destruction of tihesource is also linked to
increasing stress on the climate and subsequeatimegmpact on controlling the
growing emissions it is imperative that local plenghguideline identify ways and
means to control this phenomena. Use of plannialy ®uch as growth
boundaries, restricted use zones and transferv@alement rights can be utilized
by the local bodies to prevent urban sprawl ineséregions.

Diversification of economic base: This study aleeealed that higher proportion
of the workforce employment in carbon intensivet@elimits the benefits of
mitigation policies. This is possibly because @& #dtonomic power exerted by
these industries in the respective jurisdictionthis respect it may be worthwhile
to plan towards diversification of economic basd araybe re-evaluate the
economic principles of concentration advantage vatpect to the long term
environmental costs. If cities can achieve a rigglance of the economic base the
continued vitality of the city can be maintainedhwut increasing the stress on the
environment.

Energy efficient buildings: the consumption of egein the buildings has been
identified as a prominent cause of environmentalst By utilizing energy

efficient techniques the urban impact on the clen@tange can be reduced.



74

Limiting the use of light during off-wok hours, Iger lasting fixtures, and use of
effective building materials for insulation can ineéduce the energy costs of the
buildings.

8. Environmental activism: This represents an impdréspect in enabling successful
adoption of climate change mitigation and adaptateasures. As such measures
have associated costs that will have to be bornadiyiduals; their perception of
the problem becomes an important determinant afessc There exists a great
amount of research of risk perception and its direlationship to the willingness
to bear the costs to offset the same. In casarotd change it represents a more
arduous task as it is difficult to personalize ttisks associated with climate
change. However it is imperative that the commuraslizes its level of risk along
with the appreciation of stress it exerts on thd@renment. This would enable the
local government to receive support of appropmmaitggation and adaptation

measure.

5.3 Future research

A comparative evaluation of the impact of natiomagtropolitan and county
level socio-economic considerations on climate geanitigation would be a logical
extension of this research. A detailed empiricallgsis would help identify the
comparative level of influence the various spa@les exert and thus identify the
optimal scale for policy interventions.

The research also suggests the need to develagpatgd models of measuring

climate change mitigation initiatives. The futuesearch should look into using more
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risk perception variables in climate change mitmatesearch. The relationship between
existing literature on environmental risk perceptamd the risk perception to the threats
of climatic change need further study.

Some of the other research areas that this staayifebs for future research
include; assessment of level of understanding antfemdépcal officials and planners
regarding the ‘risk’ and the ‘stress’ variablese w§ economic development variable as
independent variables to model the climatic risicpption and mitigation initiatives;
and finally developing measures for urban plantaads that can be used as

independent variable to model effective climatitigaition.
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METROPOLITAN STATISTICAL AREAS WITH CCP CITIES/COUN TIES

16.

17.
18.
19.
20.
21.

22.
23.
24,
25.
26.
27.
28.
29.
30.

31.

Kansas City, MO--KS
Melbourne--Titusville--Palm
Bay,

Ocala, FL

Orlando, FL

Fort Lauderdale, FL

Fort Pierce--Port St. Lucie, FL
Miami, FL

Naples, FL

West Palm Beach--Boca Raton,
FL

Lakeland--Winter Haven, FL

. Sarasota--Bradenton, FL
. Tampa--St. Petersburg--

Clearwate

. New Orleans, LA

San Antonio, TX

. Raleigh--Durham--Chapel Hill,

NC
Greensboro--Winston-Salem--
High

Philadelphia, PA--NJ
Lancaster, PA
Wilmington--Newark, DE--MD
Atlanta, GA
Charleston--North Charleston,
SC

Gainesville, FL

Memphis, TN--AR--MS
Austin--San Marcos, TX
Killeen--Temple, TX

Little Rock--North Little Rock,
Pine Bluff, AR

Lawrence, KS
Buffalo--Niagara Falls, NY
Albany--Schenectady--Troy,
NY

Glens Falls, NY

32

33.

34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.

54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.

Pittsfield, MA
Middlesex--Somerset--
Hunterdon,

Reading, PA

Trenton, NJ

Boston, MA--NH

Brockton, MA
Fitchburg--Leominster, MA
Lowell, MA--NH
Bridgeport, CT

Danbury, CT

Hartford, CT

New Haven--Meriden, CT
Springfield, MA
Waterbury, CT

Burlington, VT

Lawrence, MA--NH
Manchester, NH

Nashua, NH
Lewiston--Auburn, ME
Portland, ME

New London--Norwich, CT--RI
Providence--Fall River--
Warwick,

Worcester, MA--CT
Rochester, NY

Syracuse, NY
Utica--Rome, NY
Binghamton, NY

Elmira, NY

Jackson, Ml
Janesville--Beloit, WI
Madison, WI
Milwaukee--Waukesha, WI
Jamestown, NY
Duluth--Superior, MN--WI
Minneapolis--St. Paul, MN--WI
Albuquerque, NM



68. Santa Fe, NM

69. Tucson, AZ

70. Riverside--San Bernardino, CA

71. Bakersfield, CA

72. Los Angeles--Long Beach, CA

73. Phoenix--Mesa, AZ

74. Yuma, AZ

75. San Diego, CA

76. Modesto, CA

77. Sacramento, CA

78. Stockton--Lodi, CA

79. Vallejo--Fairfield--Napa, CA

80. Yuba City, CA

81. Oakland, CA

82. Salinas, CA

83. San Francisco, CA

84. San Jose, CA

85. Santa Cruz--Watsonville, CA

86. Santa Rosa, CA

87. Boulder--Longmont, CO

88. Cheyenne, WY

89. Fort Collins--Loveland, CO

90. Greeley, CO

91. Provo--Orem, UT

92. Salt Lake City--Ogden, UT

93. Spokane, WA

94. Medford--Ashland, OR

95. Olympia, WA

96. Portland--Vancouver, OR--WA

97. Salem, OR

98. Bellingham, WA

99. Seattle--Bellevue--Everett, WA

100.Tacoma, WA

101.Yakima, WA

102.Eugene--Springfield, OR

103.Denver, CO

104 .Merced, CA

105.Baltimore, MD

106.Monmouth--Ocean, NJ

107.Washington, DC--MD--VA--
WV

108.Louisville, KY--IN

109.Bergen--Passaic, NJ

110.Jersey City, NJ

111.Nassau--Suffolk, NY

112.New York, NY

113.Newark, NJ

114.Stamford--Norwalk, CT

115.Pittsburgh, PA

116.Steubenville--Weirton, OH--
\WAY

117 Wheeling, WV--OH

118.Ann Arbor, Ml

119.Toledo, OH

120.Chicago, IL

121.Gary, IN

122 Detroit, Ml
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METROPOLITAN STATISTICAL AREAS WITHOUT CCP CITIES/C OUNTIES

CoNoOoO~wWNE

Asheville, NC

Albany, GA

Macon, GA

Savannah, GA

Decatur, AL

Florence, AL

Huntsville, AL
Greenville--Spartanburg--Anderso
Dallas, TX

Fort Worth--Arlington, TX
Sherman--Denison, TX

Wichita, KS

Alexandria, LA

Lake Charles, LA

Jackson, MS

Columbia, MO

St. Joseph, MO

Daytona Beach, FL

Fort Myers--Cape Coral, FL
Houma, LA

Beaumont--Port Arthur, TX
Brownsville--Harlingen--San Beni
McAllen--Edinburg--Mission, TX
Corpus Christi, TX

Laredo, TX

Victoria, TX

Brazoria, TX

Bryan--College Station, TX
Galveston--Texas City, TX
Houston, TX

Fayetteville, NC
Norfolk--Virginia Beach--Newport
Charlottesville, VA
Richmond--Petersburg, VA
Danville, VA

Lynchburg, VA

Roanoke, VA

Jacksonville, NC

39.
40.
41.
42.

43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.

Wilmington, NC

York, PA

Charleston, WV
Huntington--Ashland, WV--KY --
OH

Parkersburg--Marietta, WV--OH
Athens, GA

Anniston, AL

Birmingham, AL

Gadsden, AL

Tuscaloosa, AL

Johnson City--Kingsport--Bristol
Charlotte--Gastonia--Rock Hill,
Hickory--Morganton--Lenoir, NC
Chattanooga, TN--GA
Augusta--Aiken, GA--SC
Columbia, SC

Florence, SC

Jacksonville, FL

Knoxville, TN

Jackson, TN
Biloxi--Gulfport--Pascagoula, MS
Fort Walton Beach, FL

Mobile, AL

Pensacola, FL

Columbus, GA--AL
Montgomery, AL
Clarksville--Hopkinsville, TN--K
Nashville, TN
Longview--Marshall, TX
Monroe, LA
Shreveport--Bossier City, LA
Texarkana, TX--Texarkana, AR
Tyler, TX

Waco, TX

Abilene, TX
Fayetteville--Springdale--Rogers
Fort Smith, AR--OK



76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.

88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.

110.
111.
112.
113.
114.
115.
116.
117.

Lawton, OK

Wichita Falls, TX

Enid, OK

Oklahoma City, OK

Tulsa, OK

Baton Rouge, LA

Lafayette, LA

St. Louis, MO--IL

Joplin, MO

Springfield, MO

Topeka, KS
Allentown--Bethlehem--Easton,
PA
Harrisburg--Lebanon--Carlisle, P
Portsmouth--Rochester, NH--ME
Bangor, ME

New Bedford, MA
Scranton--Wilkes-Barre--Hazleton
Altoona, PA

State College, PA

Williamsport, PA
Cleveland--Lorain--Elyria, OH
Columbus, OH

Mansfield, OH

Flint, Ml

Saginaw--Bay City--Midland, M
Elkhart--Goshen, IN

Fort Wayne, IN

Muncie, IN

South Bend, IN
Kalamazoo--Battle Creek, Mi
Lansing--East Lansing, Ml
Kenosha, WI

Racine, WI

Grand Rapids--Muskegon--
Holland,

Bloomington--Normal, IL
Peoria--Pekin, IL

Sharon, PA
Youngstown--Warren, OH

Erie, PA

Akron, OH

Canton--Massillon, OH
Appleton--Oshkosh--Neenah, WI

118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.

141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.

85

Green Bay, WI

Sheboygan, WI

Wausau, WI
Fargo--Moorhead, ND--MN
Grand Forks, ND--MN

La Crosse, WI--MN

St. Cloud, MN
Davenport--Moline--Rock Island,
Dubuque, 1A

lowa City, IA

Rochester, MN

Des Moines, IA

Sioux City, IA--NE

Sioux Falls, SD

Eau Claire, WI
Odessa--Midland, TX

San Angelo, TX

Lubbock, TX

El Paso, TX

Las Cruces, NM

Amarillo, TX

Las Vegas, NV--AZ

Santa Barbara--Santa Maria--
Lomp

Reno, NV

Chico--Paradise, CA
Bismarck, ND

Billings, MT

Casper, WY

Rapid City, SD

Boise City, ID

Great Falls, MT

Bremerton, WA
Richland--Kennewick--Pasco, WA
Redding, CA

Colorado Springs, CO
Pueblo, CO

Fresno, CA
Visalia--Tulare--Porterville, CA
Atlantic--Cape May, NJ
Vineland--Millville--Bridgeton,
Cumberland, MD--WV
Hagerstown, MD

Dothan, AL



161. Panama City, FL

162. Tallahassee, FL

163. Cincinnati, OH--KY--IN
164. Hamilton--Middletown, OH
165. Dayton--Springfield, OH
166. Lima, OH

167. Evansville--Henderson, IN--KY
168. Owensboro, KY

169. Bloomington, IN

170. Indianapolis, IN

171. Kokomo, IN

172. Lafayette, IN

173. Terre Haute, IN

174. Lexington, KY

175. Champaign--Urbana, IL
176. Decatur, IL

177. Springfield, 1L

178. Rockford, IL

179. Johnstown, PA

180. Benton Harbor, Mi

181. Kankakee, IL

182. Cedar Rapids, 1A

183. Waterloo--Cedar Falls, IA
184. Lincoln, NE

185. Omaha, NE--1A
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APPENDIX C

STATE RANKINGS — NON-FARM EMPLOYMENT -- PERCENT IN

MANUFACTURING, 2004

State Percent Rank
Indiana 19.5 1
Wisconsin 17.9 2
Arkansas 17.6 3
Mississippi 15.9 4
Michigan 15.8 5
Alabama 15.3 6
lowa 15.3 6
Ohio 15.2 8
Tennessee 15.2 8
North Carolina 15.1 10
Kentucky 14.7 11
South Carolina 14.7 11
Kansas 13.3 13
Minnesota 12.8 14
New Hampshire 12.8 14
Oregon 125 16
Pennsylvania 12.3 17
Vermont 12.2 18
Connecticut 12.0 19
lllinois 12.0 19
Rhode Island 11.7 21
Missouri 11.6 22
Georgia 11.4 23
Nebraska 10.9 24
California 10.5 25
Idaho 10.5 25
Utah 10.4 27
Maine 10.3 28
South Dakota 10.2 29
Massachusetts 9.9 30
Washington 9.8 31
Oklahoma 9.6 32
Texas 9.4 33
West Virginia 8.6 34

New Jersey 8.5 35



State Percent Rank
Virginia 8.3 36
Delaware 8.2 37
Louisiana 7.9 38
Arizona 7.4 39
North Dakota 7.3 40
Colorado 7.1 41
New York 7.1 41
Maryland 5.7 43
Florida 5.2 44
Montana 4.6 45
New Mexico 4.5 46
Alaska 4.0 47
Nevada 4.0 47
Wyoming 3.7 49
Hawaii 2.6 50
United States 10.9 (X)

SYMBOL X Not applicable.
Source: U.S. Bureau of Labor Statistics.

88



APPENDIX D

(2000) DOLLARS 2004

89

STATE RANKINGS - PERSONAL INCOME PER CAPITA IN CONS TANT

State Dollars Rank
United States 30,547 X)
District of Columbia 48,044 (X)
Mississippi 22,861 50
Arkansas 23,858 49
West Virginia 23,995 48
New Mexico 24,291 47
Utah 24,675 46
Montana 24,908 45
Idaho 25,132 44
South Carolina 25,200 43
Louisiana 25,580 42
Kentucky 25,698 41
Alabama 25,778 40
Oklahoma 26,051 39
Arizona 26,378 38
North Carolina 27,124 37
Oregon 27,796 36
Tennessee 27,828 35
Georgia 27,870 34
Indiana 27,910 33
Texas 28,029 32
lowa 28,342 31
Maine 28,348 30
Missouri 28,387 29
Kansas 28,575 28
South Dakota 28,617 27
Ohio 29,049 26
Nebraska 29,065 25
North Dakota 29,120 24
Florida 29,173 23
Michigan 29,635 22
Wisconsin 29,824 21
Hawaii 29,826 20
Vermont 30,392 19
Pennsylvania 30,928 18



State Dollars Rank

Nevada 30,981 17
Rhode Island 31,285 16
Wyoming 31,817 15
lllinois 31,858 14
Alaska 31,954 13
California 32,478 12
Washington 32,738 11
Virginia 32,903 10
Delaware 33,259 8
Minnesota 33,259 8
Colorado 33,446 7
New Hampshire 34,352 6
New York 35,454 5
Maryland 36,399 4
New Jersey 38,333 3
Massachusetts 38,768 2
Connecticut 42,104 1

SYMBOL - X Not applicable

Note:  Constant dollar estimates are computed bytSe Census Bureau using the
national implicit price deflator for personal consution expenditures from the Bureau
of Economic Analysis. Any regional differencedfie rate of inflation are not reflected
in these constant dollar estimates.

Source: U.S. Bureau of Economic Analysis

INTERNET LINK
http://www.bea.doc.gov/bea/regional/data.htm
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