


Local Climate Action Planning

Michael R. Boswell, Adrienne I. Greve, and Tammy L. Seale



 



Local Climate 
Action Planning

Michael R. Boswell, Adrienne I. Greve, and Tammy L. Seale

Images by Dina Perkins

Washington | Covelo | London



© 2012 Michael R. Boswell, Adrienne I. Greve, and Tammy L. Seale (text), 
Dina Perkins (images)

All rights reserved under International and Pan-American Copyright Conventions.
No part of this book may be reproduced in any form or by any means without
 permission in writing from the publisher:  
Island Press, Suite 300, 1718 Connecticut Ave. NW,  Washington, DC 20009

ISLAND PRESS is a trademark of the Center for Resource Economics.

Library of Congress Cataloging-in-Publication Data

Boswell, Michael R.
Local climate action planning / Michael R. Boswell, Adrienne I. Greve, 

and Tammy L. Seale.
p. cm.

ISBN-13: 978-1-59726-961-2 (cloth : alk. paper)
ISBN-10: 1-59726-961-1 (cloth : alk. paper)
ISBN-13: 978-1-59726-962-9 (pbk. : alk. paper)
ISBN-10: 1-59726-962-X (pbk. : alk. paper)  1.  Climate change mitigation—

Planning. 2. Climate change mitigation—Government policy. 3. Greenhouse gas
mitigation—Planning. 4. Greenhouse gas mitigation—Government policy. 
5. Communication in the environmental sciences. 6. Communication in social action.
I. Greve, Adrienne I. II. Seale, Tammy L. III. Title.
QC903.B67 2011
363.738'746—dc23

2011036255

Printed on recycled, acid-free paper 

Manufactured in the United States of America
10   9   8   7   6   5   4   3   2   1

Keywords: California climate change legislation, carbon footprint, climate change
adaptation, climate change mitigation, community planning, comprehensive plan,
emission reduction, energy efficiency, global warming, greenhouse gas emissions,
 natural hazard mitigation, public participation, resilient communities, smart growth,
transportation planning, visioning



 



 



For our nieces and nephews



 



Contents

Preface xi

Chapter 1 Climate Action Planning 1

Chapter 2 Getting Started 33

Chapter 3 Public Participation 65

Chapter 4 Greenhouse Gas Emissions Inventory 87

Chapter 5 Emissions Reduction Strategies 115

Chapter 6 Climate Change Adaptation Strategies 153

Chapter 7 Implementation 183

Chapter 8 Communities Leading the Way 199

Chapter 9 Time to Take Action 227

Appendix A: Climate Science 233

Appendix B: The Public Participation Program 249

Notes 257

Index 273



 



Preface

In response to increasing evidence that climate change is occurring and
has the potential to negatively impact human civilization, climate action
plans are becoming the primary comprehensive policy mechanism for
the reduction of greenhouse gas emissions and for management of risks
posed by climate change (climate change adaptation). Climate action
planning is an opportunity: an opportunity for communities to control
their destinies in the face of global change, to achieve energy security,
to sustainably develop their economies, and to ensure a high quality of
life. Communities can seize this opportunity by building on existing
planning and partnerships, by being creative and innovative, and by com-
mitting to working together for a better tomorrow for themselves and
the next generations.

This book describes the process and methods for preparation of
climate action plans for local governments. It is intended to be a practical
guide; helping readers to navigate the principal actions and critical con-
siderations for developing a climate action plan for their local jurisdic-
tion. We believe that the best climate action plans are based on sound
science, public education and outreach, recognition of global context
and external constraints, awareness of the interdependent nature of local
policy, and integration with existing planning policies and programs. 
We base this on our professional experience of working on over three
dozen climate action plans and greenhouse gas emissions inventories in
California and our academic experience researching and publishing on
the state of climate action planning practice nationwide. As of this writ-
ing, there is no book that addresses climate action planning as a specific
area of professional practice. Our hope is to contribute to the robust de-
velopment of this professional field.

The book is aimed primarily at those who have been tasked with
preparing a climate action plan, whether they are local government staff
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members, consultants, or community volunteers. Professionals who
should find the book useful include city/urban planners, regional plan-
ners, land use planners, environmental planners/managers, transportation
planners, city administrators, city attorneys, city engineers, emergency
managers, public works and transportation managers, architects, landscape
architects, building officials, sustainability coordinators/managers, and
climate action managers. In addition, the book is accessible to students
in these fields and can serve as an introductory text to the field of climate
action planning. The book should also be useful to anyone involved or
interested in the climate action planning process such as elected officials,
environmental and planning nonprofits, advocacy groups, and members
of the public.

We extend our sincere thanks to all those who supported us in this
effort: 

Heather Boyer (our editor), Courtney Lix, and the rest of the staff
at Island Press who made this all happen; Dr. Hema Dandekar, Head of
the City and Regional Planning Program at California Polytechnic State
University in San Luis Obispo (Cal Poly), and R. Thomas Jones, Dean
of the College of Architecture and Environmental Design at Cal Poly
for their encouragement and support; all our colleagues in the City and
Regional Planning Department at Cal Poly for help in editing chapters
and their general cheerleading, and three student assistants, Emily Ewer,
Jordan Cowell, and Arianna Allahyar, who helped with our database; Dina
Perkins for her beautiful chapter pictures and enormous patience; our
colleagues in the Sustainability and Climate Change Services team at
PMC for their willingness to collaboratively and enthusiastically tackle
new challenges and set new standards in the field of climate action plan-
ning; Ken Yocom, Assistant Professor of Landscape Architecture at Uni-
versity of Washington, and Vivek Shandas, Associate Professor of Urban
Studies and Planning at Portland State University, for their willingness
to review draft chapters; and five anonymous reviewers.

We especially want to thank the following community leaders who
were interviewed for the community cases:

In Portland and Multnomah County, Oregon: Michael Armstrong,
 Se nior Sustainability Manager, City of Portland Office of Sus -
tainability.

In Evanston, Illinois: Elizabeth Tisdahl, Mayor of Evanston; Paige K.
Finnegan, Chief Operating Officer at e-One, LLC, and Co-Chair
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of the Evanston Environment Board; and Dr. Stephen A. Perkins,
Senior Vice President, Center for Neighborhood Technology.

In Pittsburgh, Pennsylvania: Lindsay Baxter, City of Pittsburgh Sustain-
ability Coordinator.

In San Carlos, California: Deborah Nelson, Planning Manager, City of
San Carlos.

In Miami-Dade County, Florida: Susanne M. Torriente, Sustainability
Director (Plan Leader), and Amy Knowles, Organizational De -
velopment Administrator, at Miami-Dade County.

In Homer, Alaska: Anne Marie Holen, Special Projects Coordinator, City
of Homer.





Chapter One

Climate Action Planning

Global warming is real and demands our immediate response. It is in our national in-
terest to act now and mayors understand that a successful plan in this country for reduc-
ing our energy consumption begins in cities and local communities. We are leading by
example in the fight against global warming and representing America to the world.1

Gregg Nickels, U.S. Conference of Mayors president 
and Seattle mayor

The U.S. Global Change Research Program’s June 2009 report to the
presi dent and Congress clearly establishes the nature of the global
warming  problem:

Observations show that warming of the climate is unequivocal.
The global warming observed over the past 50 years is due pri -
marily to human-induced emissions of heat-trapping gases. These
emissions come mainly from the burning of fossil fuels (coal, oil,
and gas), with important contributions from the clearing of forests,
agricultural practices, and other activities.2

Global warming is already impacting human health and safety, the
economy, and ecosystems. As greenhouse gas emissions continue to ac-
cumulate in the atmosphere, global warming impacts will increase in
severity. The global challenge is twofold: reduce the human-induced
emissions of heat-trapping gases, and respond to the negative impacts al-
ready being felt and the likelihood that they will worsen in the future.

1

Q

et al., 
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The largest source of heat-trapping gases, or greenhouse gases, is  
fossil-fuel-burning power plants, and the second-largest source is fossil-
fuel-burning vehicles (fig. 1.1). For the former, changes such as better
technology, development of large-scale renewable energy, and retire-
ment of old, inefficient power plants will have an important role to play
in reducing greenhouse gas emissions. For the latter, evolving vehicle
and fuel technology and standards will help reduce greenhouse gas
emissions. These types of technological evolution and large-scale energy
programs are driven by private-sector investment and federal and state
government legislation and programs. Although these efforts are impor-
tant and necessary, the problem of global warming cannot be solved
without the participation of communities, local governments, and indi-
viduals as well.

Local action is critical for needed greenhouse gas emissions reduc-
tions to occur. Local governments control the vast majority of building

2 Local Climate Action Planning

Figure 1.1 2008 CO2 emissions from fossil fuel combustion by sector and fuel type. 

Source: Reprinted from U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions
and Sinks: 1990–2008, EPA 430-R-10-006 (Washington, DC, 2010, fig. ES-6).



construction, transportation improvements, and land use decisions in the
United States. Civic and business organizations, environmental groups,
and citizens can join forces with local government and commit to local
action that includes energy efficient operation of local government, en-
ergy efficient buildings, alternatives to driving such as city buses and bi-
cycles, and city planning that improves the quality of life and allows
people to depend less on their car.

Fortunately, communities all over the United States are responding
to the challenge of climate change by assessing their greenhouse gas
emissions and specifying actions to reduce these emissions. As of early
2011, over a thousand mayors had signed the U.S. Mayors Climate Pro-
tection Agreement (box 1.1), vowing to reduce carbon emissions in
their cities below 1990 levels, in line with the Kyoto Protocol (fig. 1.2).3

In October 2009, Mayor Scott Smith of Mesa, Arizona, became the
1,000th signatory to the Agreement. At the signing ceremony, he ex-
pressed the needed collective effort: “I welcome the opportunity to join
with 1,000 of my peers in this truly bipartisan effort to improve not
only the environment, but our communities and our nation. We may
not all agree on specific action points, but we are united in a common
goal of responsible environmental stewardship.”4 When Mayor Tim
Davlin of Springfield, Illinois, signed the Agreement he reminded
everyone what it would take and why it was needed: “We must rally the

Climate Action Planning 3

Figure 1.2 Map showing cities participating in the U.S. Mayors  Climate Protection
Agreement (as of February 2011).

Source: List of cities from http://www.usmayors.org/.



Box 1.1
The U.S. Mayors Climate Protection Agreement a

A. We urge the federal government and state governments to enact policies and programs to
meet or beat the target of reducing global warming pollution levels to 7% below 1990
levels by 2012, including efforts to: reduce the United States’ dependence on fossil fuels
and accelerate the development of clean, economical energy resources and fuel-efficient
technologies such as conservation, methane recovery for energy generation, waste to en-
ergy, wind and solar energy, fuel cells, efficient motor vehicles, and biofuels;

B. We urge the U.S. Congress to pass bipartisan greenhouse gas reduction legislation that
(1) includes clear timetables and emissions limits and (2) a flexible, market-based system
of tradable allowances among emitting industries; and

C. We will strive to meet or exceed Kyoto Protocol targets for reducing global warming
pollution by taking actions in our own operations and communities such as:

1. Inventory global warming emissions in City operations and in the community, set
reduction targets and create an action plan.

2. Adopt and enforce land use policies that reduce sprawl, preserve open space, and
create compact, walkable urban communities;

3. Promote transportation options such as bicycle trails, commute trip reduction pro-
grams, incentives for car pooling and public transit;

4. Increase the use of clean, alternative energy by, for example, investing in “green 
tags,” advocating for the development of renewable energy resources, recovering
 landfill methane for energy production, and supporting the use of waste to energy
technology;

5. Make energy efficiency a priority through building code improvements, retrofitting
city facilities with energy efficient lighting and urging employees to conserve energy
and save money;

6. Purchase only Energy Star equipment and appliances for City use;
7. Practice and promote sustainable building practices using the U.S. Green Building

Council’s LEED program or a similar system;
8. Increase the average fuel efficiency of municipal fleet vehicles; reduce the number of

vehicles; launch an employee education program including anti-idling messages; con-
vert diesel vehicles to bio-diesel;

9. Evaluate opportunities to increase pump efficiency in water and wastewater systems;
recover wastewater treatment methane for energy production;

10. Increase recycling rates in City operations and in the community;
11. Maintain healthy urban forests; promote tree planting to increase shading and to

 absorb CO2; and
12. Help educate the public, schools, other jurisdictions, professional associations, business

and industry about reducing global warming pollution.

a As endorsed by the 73rd Annual U.S. Conference of Mayors meeting, Chicago, 2005.



entire community to creatively find additional ways to reduce emissions
and make our planet a better place to live for our children and their
children.”5

These kinds of commitments have driven the completion of 
over 120 city and county climate action plans (CAPs) as of early 2011
(fig. 1.3).6 Most of these are only a few years old so their impact is yet 
to be felt, but some communities are well into implementation of their
greenhouse gas emissions reduction strategies and are beginning to re-
port success. ICLEI–Local Governments for Sustainability (ICLEI),7 a
“membership association of local governments committed to advancing
climate protection and sustainable development,” in their 2009 annual
report notes the following successes (among others):8

• Broward County, Florida, reduced emissions by 62,491 metric tons of
greenhouse gases annually between 1997 and 2007.

• Portland, Oregon, reduced local carbon emissions in 2008 to 1% below
1990 levels, despite rapid population growth. 

• New York City, New York, in September 2008 reported a 2.5% reduc-
tion in citywide greenhouse gas emissions between 2005 and 2007,
largely due to the impact of new natural gas power plants that came
on line in 2006.

Climate Action Planning 5

Figure 1.3 Map showing cities with completed, stand-alone climate action plans 
(as of February 2011).

Source: Authors.



• San Francisco, California, reduced community-wide emissions by 5%
 between 1990 and 2005—8% from peak emissions in 2000—totaling
670,000 tons of greenhouse gases.

• Minneapolis, Minnesota, reduced community-wide emissions by 7%
(440,700 metric tons) between 2000 and 2006, over 50% of which was
due to reductions in electricity usage.

• Seattle, Washington, reduced its greenhouse gas emissions to 8% below
the 1990 baseline by 2005.

• Boulder, Colorado, has been reducing community emissions since 
2006.

These successes show that actions to reduce greenhouse gas emissions
can work and that aggressive reduction targets can be met.

Also at the local level, many U.S. colleges and universities are lead-
ing the way in climate action planning. As of early 2011, about 380 U.S.
colleges and universities have adopted a CAP, with several hundred
more committed to action.9 There is a great opportunity for communi-
ties to partner with their local colleges and universities to share knowl-
edge and resources and engage in collaborative planning.

The tremendous variety of efforts taking place in cities, counties,
and colleges and universities to address the problem of climate change is
impressive and suggestive of the need to establish “best practices” in this
new field of planning for greenhouse gas emissions reduction and for
climate change adaptation. Although the specific names for these plans
vary, they are generally referred to as climate action plans (CAPs). This
book provides basic guidance on preparing a local CAP and making key
decisions about methods and assumptions that all plan writers should
address. The information in the book should be useful to cities, coun-
ties, and colleges and universities since the basic climate action planning
process is the same. 

What Are Climate Action Plans?

CAPs are strategic plans that establish policies and programs for reduc-
ing (or mitigating) a community’s greenhouse gas (GHG) emissions 
and adapting to the impacts of climate change. CAPs may be visionary,
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 setting broad outlines for future policy development and coordination,
or they may be focused on implementation with detailed policy and
program information. Although there is no official format or content
guide for CAPs, the most commonly used has been ICLEI’s Cities for
Climate Protection Milestone Guide. A review of existing guidance and
adopted CAPs shows that they are usually based on GHG emissions in-
ventories and forecasts, which identify the sources of emissions from the
community and quantify the amounts. They also identify a GHG emis-
sions reduction goal or target. To reduce emissions and meet the reduc-
tion tar get, CAPs typically focus on land use, transportation, energy use,
and waste—since these are the sectors that produce the greatest amount
of GHG emissions—and may differentiate between community-wide
actions and local government agency actions. This book refers to these
actions as emissions reductions or reduction strategies, rather than using the
terms mitigation or mitigation strategies. Additionally, many CAPs now
 include a section addressing how the community will respond to the
impacts of climate change on the community such as sea level rise, in-
creased flooding, and change in ecological processes; this is usually re-
ferred to as climate adaptation (box 1.2).

CAPs can be stand-alone documents or they may be integrated
into comprehensive land use plans, “green” plans, sustainability plans, or
other community-level planning documents (box 1.3). For example,
New York City prepared a sustainability plan titled PlaNYC that ad-
dresses housing, open space, brownfields, and water and air quality, as
well as climate change. Some communities may have climate action
policies and programs in various documents and resolutions that are
collectively the equivalent of a unified CAP. Increasingly though, CAPs
are prepared as stand-alone documents. This book focuses on the prepa-
ration of stand-alone CAPs and suggests how they can be integrated
with other community plans and policies.

CAPs vary in role and content based on community context and
local vision. Role refers to the functions that the plan performs in the
community. Content refers to the topics or issues that the plan covers.
Communities need to consider the following points as they make deci-
sions about the roles and contents of their own CAPs. In turn, these de-
cisions should direct the climate action planning process.

A CAP performs these functions in a local community:10
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1. Establishes actions necessary to reduce local GHG emissions and meet
desired targets

2. Establishes actions for adapting to climate change–induced impacts and
hazards

3. Establishes accountability for action
4. Brings stakeholders together
5. Informs the public
6. Integrates actions from various community plans
7. Integrates actions across different scales (local, regional, state, federal, in-

ternational)
8. Saves money through energy efficiency and builds the local economy
9. Improves community health and livability
10. Responds to local context and conditions

8 Local Climate Action Planning

Box 1.2
Defining Emissions Reduction (Mitigation) and Climate Adaptation

Terminology is not consistent across CAPs or CAP guidance documents. Two common terms
are climate mitigation and climate adaptation; CAPs often address both. This book, rather than
referring to mitigation or mitigation strategies, refers to emissions reductions or reduction strategies as
the preferred terminology. Either terminology refers to actions that reduce the net amount
of GHG emissions to the atmosphere.

Climate adaptation refers to actions taken to improve a community’s resilience when con-
fronted with impacts of climate change. This usually includes addressing sea level rise, changes
in weather and rainfall, and increased susceptibility to natural disasters such as wildfires, floods,
and hurricanes. Climate adaptation planning is linked very closely to hazard mitigation plan-
ning, and this often creates confusion over terminology. To avoid this confusion, this book
uses the terms climate adaptation and adaptation.

Climate change is like an imminent car crash.
Mitigation is the brakes—it will reduce the magnitude of the impact of climate
change.
Adaptation is the airbags—it will soften the blow.
We need BOTH to survive the crash intact.a

a Geos Institute and Local Government Commission, Integrated Strategies for a Vibrant and Sustainable
Fresno County (March 2011), 18.



The following are standard contents of a CAP (box 1.4):

1. Background on climate change and potential impacts
2. Inventory of local GHG emissions 
3. Forecasts of future GHG emissions
4. GHG emissions reduction targets
5. Emissions reduction strategies (quantified and based on the best avail-

able science and appropriate for the jurisdiction) that cover energy,
transportation, solid waste, and land use

6. Adaptation strategies based on the best available science and appropriate
for the jurisdiction

7. Implementation program, including assignment of responsibility, time-
lines, costs, and financing mechanisms

8. Monitoring and evaluation programs

CAPs have two technical or quantitative components that can
make them more challenging to prepare than traditional community-
level plans: the GHG emissions inventory and the GHG emissions re-
duction strategies. The GHG emissions inventory is an identification
and accounting of GHGs emitted to the atmosphere from sources

Climate Action Planning 9

Box 1.3
Types of Local Plans Addressing Climate Change

Communities may choose to address climate change through a variety of local planning doc-
uments. The following four are the most common types:

Climate action plans: Stand-alone plans specifically addressing climate change issues and based
on local greenhouse gas (GHG) emissions inventories.

Sustainability and “green” plans: Plans that address a variety of sustainability, “green,” or envi-
ronmental issues but include a climate action section and may be based on a GHG inven-
tory.

Energy plans: Plans that focus on energy efficiency and conservation but include a climate ac-
tion section and may be based on a GHG emissions inventory.

Comprehensive/general/community plans: Community land use plans that include an element or
sections that address climate action and may be based on a GHG emissions inventory.



Box 1.4
An Example of a Climate Action Plan Table of Contents

Town of Bedford, New York, Climate Action Plan Table of Contents

I. Introduction 
a. Climate Science 
b. International & National Policy 
c. Our Climate Action Plan (CAP) 
d. Sustainable Bedford 

II. Greenhouse Gas Emissions Inventory 
a. Introduction 
b. Methodology and Model 
c. Creating the Inventory 
d. Community Emissions Inventory 
e. Municipal Emissions Inventory 
f. Conclusion 

III. Reduction Measures 
a. Summary 
b. Energy 

—Municipal 
—Community 

c. Transportation 
—Municipal 
—Community 

d. Waste + Recycling
—Municipal 
—Community 

e. Land + Water Use 
—Municipal 
—Community 

IV. Implementation 
a. Bedford 2020 Coalition
b. Measuring Our Progress
c. Implementation Timeframe Table 

V. Glossary and Acronyms 
VI. Acknowledgements 
VII. Sources 
VIII. Appendix 

Source: Town of Bedford, New York, Town of Bedford Climate Action Plan, accessed March 1, 2011,
http://www.bedfordny.info/html/pdf/green/2009%20Sept%20Draft%20Action%20Plan
.pdf.



within the community over a period of time, usually a calendar year.
These emissions are not measured directly; instead they are estimated
based on quantifying community activities and behaviors such as the
number of miles driven in vehicles and the amount of electricity con-
sumed by residences and businesses. For example, the City of Ham-
den, Connecticut, conducted a GHG emissions inventory and deter-
mined that the community emitted 613,233 metric tons of GHGs in
2001.11 The emission sources were nearly evenly split among the resi-
dential  sector (37%), the transportation sector (34%), and the industrial
and commercial sector (24%), with a small contribution by the waste
sector (5%). The GHG emissions inventory also usually contains pro -
jections of future emissions that provide a basis for reduction targets and
a benchmark for progress toward achieving them.12

There are various approaches for inventorying GHG emissions, but
the lack of a clear, consistent protocol has frustrated many local efforts.
Fortunately, a recent partnership among ICLEI, the California Air Re-
sources Board, the California Climate Action Registry, and The Climate
Registry produced a standard approach useable nationwide for  inven -
torying GHG emissions that result just from local government opera-
tions (the Local Government Operations Protocol [LGOP]) such as fu-
eling vehicle fleets and powering government facilities. Additional work
by ICLEI is under way to develop a similar protocol for emissions from
the whole community and is expected to be available in early 2012.

The complement to the GHG emissions inventory is development
of GHG emissions reduction strategies. Reduction strategies are tied
quantitatively to the emissions detailed in the inventory to demonstrate
a plan’s ability to reach emissions reduction targets. Predicting emissions
reductions from reduction strategies requires that numerous assumptions
be made about future local behavior and feasibility of implementa-
tion for each strategy. For example, the City of Cincinnati, Ohio, iden-
tified a reduction strategy in collaborating with “regional bicycling
 advocates in order to increase bicycle use as a mode of transportation.”
They then estimated that it would reduce annual GHG emissions by
6,300 tons per year by gathering data on existing and forecasted trans-
portation mode share, average bicycle trip length, and vehicle emissions
factors. A key assumption was that this collaboration could achieve a
fourfold increase in the percentage of workers over the age of 16 that
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bike to work.13 Through future monitoring and evaluation the City
could determine the accuracy of their predictions and make needed
 adjustments.

Most CAPs include emissions reduction strategies in the areas of
land use, transportation, renewable energy and clean fuels, energy con-
servation and efficiency, industrial and/or agricultural operations, solid
waste management, water and wastewater treatment and conveyance,
green infrastructure, and public education and outreach. Although these
categories are fairly consistent across plans, the reduction strategies
within the categories vary. Climate adaptation strategies also share com-
mon categories, such as buildings and infrastructure, human health and
safety, economy, and ecosystems with variation among local measures.
For a CAP to be implementable, it must reflect the local context, in-
cluding emissions sources and relative amounts, geographic location, ex-
isting policy, employment base, transportation modes, development
patterns, community history, and local values and traditions. These fac-
tors inform decision making as to which emissions reduction or adapta-
tion strategies are most likely to be locally effective.14

CAPs often include a discussion of co-benefits of the various
identified emissions reduction and climate adaptation strategies. Co-
benefits accrue in addition to the primary climate benefits (fig. 1.4). For
example, residential energy efficiency programs often decrease home-
owners’ power bills, bicycling incentives promote health and recre-
ation, and tree planting improves air quality and community aesthetics.
Communities may emphasize co-benefits more than climate benefits to
garner broader support for climate action planning. For example, in
Salina, Kansas, the Climate and Energy Project has focused on energy
efficiency (i.e., saving money) and green job creation;15 these are touted
as the primary benefits, and GHG emissions reductions are seen as 
co-benefits.

Because climate action planning has novel technical requirements,
CAP preparation is becoming a professional activity. In addition to non-
profit organizations such as ICLEI that specialize in providing planning
guidance and technical assistance, a number of consulting firms special-
ize in GHG emissions inventories and climate action planning services.
Some communities are creating high-level staff positions to oversee
preparation and implementation of climate action and sustainability
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plans. Professional associations are offering training and support for
members specializing in climate change issues. Colleges and universities
are offering classes and certificate programs, and full-degree programs
are emerging. This book contributes to this emerging field by guiding
climate action planners, and others interested in the field, through the
plan development process by identifying the key considerations and
choices that must be made in order to assure a locally relevant, imple-
mentable, and effective plan.

Why Is Climate Action Planning Needed?

Climate change is a global phenomenon that cannot be adequately ad-
dressed at any one scale. Both reducing GHG emissions and adapting to
unavoidable climate impacts require action at the local level as well as

Climate Action Planning 13

Figure 1.4 Categories of co-benefits identified in the draft City of San Luis Obispo
(California) Climate Action Plan.



the state, federal, and international levels. This section summarizes the
science and predicted impacts of climate change globally and in regions
of the United States (appendix A provides an in-depth discussion of the
science of climate change). Following these descriptions are discussions
of the need for solutions at the global and local scales.

The Global Problem

Without an atmosphere and the natural greenhouse effect, Earth’s aver-
age global temperature would be around freezing. When considered in
this context, the greenhouse effect is a physical phenomenon on which
human life and civilization and other forms of life as we know it de-
pend. The greenhouse effect is due to the presence of carbon dioxide,
water vapor, and a few other chemicals in the atmosphere (i.e., GHGs).
In the manner of a greenhouse, these chemicals help trap heat and thus
keep Earth’s temperature within a life-sustaining range. The problem is
that human activities such as burning fossil fuels in power plants and au-
tomobiles, clearing tropical forests, and operating modern agricultural
systems have produced additional GHGs that are accumulating in the
atmosphere and generating additional global warming.

To better understand the nature of this accumulation and its po-
tential impacts, the United Nations Environment Programme (UNEP)
and the World Meteorological Organization (WMO) established the In-
tergovernmental Panel on Climate Change (IPCC) “to provide the
world with a clear scientific view on the current state of climate change
and its potential environmental and socio-economic consequences.”16

The IPCC is an international group of over a thousand scientists who
review and summarize climate science and issue periodic reports. These
reports represent the consensus of these scientists as to the best knowl-
edge we have about climate change. The IPCC, in their 2007 reports,
state the following:17

Carbon dioxide is the most important anthropogenic [human-
caused] greenhouse gas. The global atmospheric concentration of
carbon dioxide has increased from a pre-industrial value of about
280 ppm to 379 ppm in 2005 [fig. 1.5]. The atmospheric concen-
tration of carbon dioxide in 2005 exceeds by far the natural range
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over the last 650,000 years (180 to 300 ppm) as determined from
ice cores. . . . The primary source of the increased atmospheric
concentration of carbon dioxide since the pre-industrial period
results from fossil fuel use, with land use change providing another
significant but smaller contribution.

The IPCC also identifies the sources and levels of other GHGs such as
methane and nitrous oxide. They then discuss the combined “radiative
forcing” of these GHGs. Radiative forcing is simply the concept that
certain forces may change the energy balance of Earth’s climate. GHGs
create positive radiative forcing and thus can drive a net increase in
Earth’s temperature. There are negative radiative forcings as well—such
as increased cloud formation—but the IPCC has concluded that the
positive forcings are larger.

Climate Action Planning 15
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Figure 1.5 Annual global temperature anomaly (NASA Goddard Institute for Space
Studies data) and CO2 levels from ice cores at Law Dome, Antarctica (Oak Ridge Na-
tional Laboratory Carbon Dioxide Information Analysis Center data) and atmospheric
measurements at Mauna Loa, Hawaii, USA (National Oceanic and Atmospheric Ad-
ministration data).

Source: Chart developed based on information from the website Skeptical Science: http://www
.skepticalscience.com/co2-temperature-correlation.htm. 



The IPCC reached several conclusions about the effects of the
posi  tive radiative forcing:

• Warming of the climate system is unequivocal, as is now evident from
observations of increases in global average air and ocean temperatures,
widespread melting of snow and ice, and rising global average sea level
(see fig. 1.5).18

• Most of the observed increase in global average temperatures since the
mid-twentieth century is very likely due to the observed increase in an-
thropogenic (human-caused) GHG concentrations.19

• For the next two decades, a warming of about 0.2°C per decade is pro-
jected.20

• Continued GHG emissions at or above current rates would cause fur-
ther warming and induce many changes in the global climate system
during the twenty-first century that would very likely be larger than
those observed during the twentieth century.21

• A global assessment of data since 1970 has shown it is likely that an-
thropogenic warming has had a discernible influence on many physical
and biological systems.22

• Some large-scale climate events have the potential to cause very large
impacts, especially after the twenty-first century.23

These conclusions demonstrate that there is a global problem in both
cause and effect.

The Local Problem

Climate change is a global problem, but the impacts of climate change
will be felt locally through disruptions of traditional physical, social, 
and economic ways of life. In some cases these changes may be positive
such as the lengthening of growing seasons in midlatitudes, but in most
cases they will be negative. In 2009 the U.S. Global Change Research
Program released a report titled Global Climate Change Impacts in the
United States,24 which summarizes the impacts of climate change on the
United States. The key findings of the report included the  following:

• Climate-related changes already observed in the U.S. and projected to
grow include
– increases in heavy downpours
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– rising temperature and sea level
– rapidly retreating glaciers and thawing permafrost
– lengthening growing seasons
– lengthening ice-free seasons in the ocean and on lakes and rivers
– earlier snowmelt
– alterations in river flows

• Climate changes are already affecting water, energy, transportation, agri-
culture, ecosystems, and health. 

• Climate change will stress water resources.
• Crop and livestock production will be increasingly challenged.
• Coastal areas are at increasing risk from sea level rise and storm surge.
• Risks to human health will increase, including heat stress, waterborne

diseases, poor air quality, extreme weather events, and diseases transmit-
ted by insects and rodents. 

These changes will vary regionally so each community will experience
a different mix of types and severities of impacts.

Some states have prepared similar analyses of the risks presented by
climate change to assist communities in more clearly understanding
their own risks. For example, Alaska identified problems such as melt-
ing glaciers, rising sea levels, flooding of coastal communities, thawing
perma frost, increased storm severity, forest fires, insect infestations, and
loss of the subsistence way of life as animal habitat and migration pat-
terns shift and as hunting and fishing become more dangerous with
changing sea and river ice.25 South Carolina is concerned about changes
to agriculture, loss of forests, availability of water supplies, and increased
electricity demand.26 In California the combined effects of increased
drought, temperatures, wildfires, floods, and sea level rise could result in
“tens of billions per year in direct costs, even higher indirect costs, and
expose trillions of dollars of assets to collateral risk.”27

At the local level, cities and counties are identifying their climate
risks and developing adaptation strategies. For example, Chicago identi-
fied more intense heat waves and responded with changes to the build-
ing code, an aggressive tree planting program, and a revised emergency
response plan. Miami, Florida, at an average of only 1.8 meters above sea
level, has begun long-term planning for infrastructure, flood mitigation,
and water supply.28 Aspen, Colorado, is worried about economic im-
pacts to its world famous ski resorts. The ski season is predicted to start



later and end earlier, with a decreased ability to make and maintain
snow during the season.29 For each of these communities the local
prob lem is very real and provides enough justification to act.

The Need for Solutions beyond the Local Level

Some aspects of emissions reduction and climate change adaptation re-
quire action at larger scales. The connected nature of materials flows
(including global trade), economic markets, and information results in
the need for governmental mandates on national and international
scales. These policies level the playing field to alleviate the potential loss
in competitive advantage by enacting local climate policy. These larger-
scale strategies also provide context for local efforts by addressing those
emissions sources that fall outside local jurisdictional control. 

The most widely recognized of the international efforts to ad-
dress climate change is the Kyoto Protocol, an international agreement
adopted in 1997. The Protocol defined GHG emissions reduction tar-
gets and outlined a series of strategies to reach these targets, most of
which are market-based mechanisms, including a cap-and-trade or
emissions trading system. The emissions reduction target, which varied
slightly by participating country, averaged 5% below 1990 emissions 
levels by 2012. This target has been used as the basis for many local cli-
mate planning efforts and was specified in the U.S. Mayors Climate Pro-
tection Agreement (see box 1.1). In addition, Kyoto signatories were
required to measure or inventory their emissions and identify mea-
sures to reduce them.30 The Kyoto Protocol has resulted in an overall
reduction in emissions, but these reductions are not uniformly dis -
tributed among participating countries or emissions sectors.31 Between
1990 and 2007 emissions have dropped in some countries but not all.
There is similar variation among emitting sector and type of GHG.
Carbon markets have proved effective for curbing manufacturing emis-
sions but have not resulted in reduced emissions from transportation or
energy sectors.

In December 2009, the United Nations Climate Change Confer-
ence was held in Copenhagen, Denmark. The aim was to define an
agreement to guide actions beyond the 2012 target year of the Kyoto
Protocol. The resulting Copenhagen Accord is less detailed than the

18 Local Climate Action Planning



Kyoto Protocol, but it includes several measures of note. Several coun-
tries that support the Accord had not signed the Kyoto Protocol, most
notably the United States and China. Instead of an emissions target tied
to emissions levels in the past, the Accord sets a goal of keeping the
global temperature increase at 2°C or less. The Accord also placed a
greater emphasis on the need for adaptive actions in the face of climate
change impacts.32 In February 2010, the countries supporting the
Copenhagen Accord submitted their national 2020 reduction targets.
These targets vary widely, and many are contingent on the action of na-
tional legislative bodies.33 President Obama pledged a reduction of 4%
below 1990 levels by 2020 for the United States, but this awaits con-
gressional ratification.

At the national level in the United States, legislative acts, executive
orders, court decisions, and agency rulemaking have defined the na-
tion’s climate change policy. Perhaps most notable have been the Envi-
ronmental Protection Agency’s (EPA’s) decision to consider carbon
dioxide a pollutant to be regulated, new rulemaking on automobile ef-
ficiency and gas mileage standards, and the failure of Congress to pass a
cap-and-trade bill that would further regulate GHG emissions from big
industries and utility providers (box 1.5). On climate adaptation, little
federal policy direction exists, but President Obama has created the In-
teragency Climate Change Adaptation Task Force to provide recom-
mendations on this issue.

Two notable North American efforts at GHG emissions reduction
are the Regional Greenhouse Gas Initiative (RGGI) and the Western
Climate Initiative (WCI). The RGGI includes ten northeastern and
mid-Atlantic states with the aim of reducing GHG emissions from the
power sector by establishing a cap to achieve a 10% reduction by 2018.
The WCI includes seven western states and four Canadian provinces
with a goal to achieve a reduction of 15% below 2005 emissions levels
by 2020. WCI addresses a much broader spectrum of emissions sources
as compared with the RGGI. Where RGGI sets an emission cap on the
energy sector, WCI seeks to cap emissions associated with electricity
generation, industry, transportation, and residential and commercial fuel
use. Success for WCI participants will rely to a greater degree on local
action as well as state-level mandates. RGGI and WCI have not been in
operation long enough to assess the degree of success.
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Box 1.5
Notable Recent Federal Actions on Clean Energy and Climate Change

Recovery Act Investments in Clean Energy

The American Recovery and Reinvestment Act included more than $80 billion in the gen-
eration of renewable energy sources, expanding manufacturing capacity for clean energy
technology, advancing vehicle and fuel technologies, and building a bigger, better, smarter
electric grid.

Federal Agency Sustainability

An Executive Order on Federal Sustainability commits the federal government to lead by
example and reduce greenhouse gas emissions by 28% by 2020, increase energy efficiency,
and reduce fleet petroleum consumption.

Efficiency Standards for Cars and Trucks

For the first time the United States will set joint fuel economy/greenhouse gas emissions
standards for cars and trucks and create efficiency and emissions standards for medium- and
heavy-duty cars and trucks. This is being done under the Environmental Protection Agency’s
Corporate Average Fuel Economy (CAFE) program.

Making Homes More Energy Efficient

The Recovery Through Retrofit program will eliminate key barriers in the home retrofit
industry by providing consumers with access to straightforward information about their
home’s energy use, promoting innovative financing options to reduce upfront costs, and de-
veloping national standards to ensure that workers are qualified and consumers benefit from
home retrofits.

Monitoring Emissions

For the first time, the United States will catalogue greenhouse gas emissions from large emis-
sion sources—an important initial step toward measurable and transparent reductions. 

Climate Change Adaptation

An Executive Order on Federal Leadership in Environmental, Energy, and Economic
 Per formance calls on the Interagency Climate Change Adaptation Task Force to develop
fed eral recommendations for adapting to climate change impacts both domestically and
 internationally.

Cap-and-Trade Legislation

Although numerous climate bills aimed at creating a national cap-and-trade program for
greenhouse gases were introduced in the 111th U.S. Congress—most notably the American
Clean Energy and Security Act of 2009 (ACES)—none passed. Future action is uncertain,
but this is a significant area of potential future climate action.

Source: Compiled from “Energy and Environment,” U.S. White House, accessed February 20, 2011,
http://www.whitehouse.gov/issues/energy-and-environment.



State-level actions are too numerous to list here. As of early 2011,
thirty-six states had completed CAPs (with at least two other state plans
in progress) (fig. 1.6), and twelve states had begun work on or com-
pleted climate adaptation plans (see chap. 6, fig. 6.3).34 These plans con-
tain a host of emissions reduction and climate adaptation strategies.
State-level plans generally set overarching goals but tend to be weak in
terms of specific policy action items and are likely less effective than
local plans.35 Nevertheless, communities should consult state plans when
developing their own local plans; they may provide information or the
opportunity for multiscale coordination of planning. 

These international, national, and state-level actions will affect
local communities, so it is important that they are considered when de-
veloping greenhouse gas emissions inventories and when developing
emissions reduction and climate adaptation strategies. Legislative action
or government programs that increase fuel efficiency, increase renewable
energy, or incentivize energy efficient buildings provide a foundation on
which local climate plans may build. 

The Need for Local Solutions

Although solutions for climate change are needed at all levels of gov-
ernment, there is a clear need for action at the local level. Globally, cities
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Figure 1.6 Map showing states with climate action plans (as of February 2011).
States with completed plans shown in gray and with plans in progress shown in hatch.

Source: List of states from http://www.pewclimate.org/what_s_being_done/in_the_states/state_action
_maps.cfm.



consume 75% of the world’s energy and emit 80% of the GHGs.36

These emissions come from the cars and trucks we drive; the houses
and buildings we heat, cool, and light; the industries we power; and the
city services on which we depend. The impacts of climate change will
be felt most severely at the local and regional levels as cities become
threatened by rising sea levels or increased risk of flood, drought, or
wildfire, for example. Changing the way we build and operate our cities
can reduce GHG emissions and make cities more resilient against the
impacts of climate change.

Several studies have shown the necessity of action at the local level
to reduce GHG emissions. In a study of the Puget Sound region of
Wash ington state, researchers determined that an aggressive set of as-
sumptions about future mandated state or national fuel efficiency stan-
dards (a 287% increase in fleetwide fuel economy) would still require
actions to reduce the number of miles traveled in vehicles (VMT) by
20%.37 Reducing VMT is largely a function of land use planning and al-
ternative transportation availability, which are mostly controlled by local
governments. In another study, researchers showed that to reach needed
GHG emissions reductions in the United States, part of the reduction
must come from a decrease in “car travel for 2 billion, 30-mpg cars from
10,000 to 5,000 miles per year” and a cut in “carbon emissions by one-
fourth in buildings and appliances projected for 2054.”38 These reduc-
tions can come from local communities reducing VMT and requiring
that new buildings meet strict energy codes and existing buildings be
upgraded.

In the United States, local governments have primary control over
land use, local transportation systems, and building construction. Each of
these areas is a critical component of a CAP. Of course, most communi-
ties already have plans that address these issues. For them, climate change
is perhaps a new motivation or provides a different approach for doing
good community planning.

Regardless of the specific purpose or variation of the CAP a com-
munity may prepare, the local CAP and planning process is an acknowl-
edgment of the local responsibility for addressing part of the climate
change problem (box 1.6). In fact, one could argue that cities are leading
the way in the United States. Federal and state action has been slow to
emerge, but many cities are well into implementation of their CAPs and
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already helping solve the global problem and ultimately their own local
problems.

Why Prepare a Local Climate Action Plan?

We offer eight possible reasons for preparing a CAP. Communities may
acknowledge all or some of them, and there are likely additional reasons:
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Box 1.6
“Why Waiting Is Not an Option,” from the City of 
Cambridge, Massachusetts, Climate Protection Plan

Because climate systems are complex and we can’t predict the nature and extent of the im-
pacts with certainty, some people advocate delaying action. Unfortunately, waiting to resolve
the scientific uncertainties in predicting climate could be disastrous.

To slow and eventually reverse global warming, we must lower the concentration or
total amount of greenhouse gases in the atmosphere. This means that not only do we have
to lower the rate of greenhouse gas emissions, but we have to reduce the total quantity of
emissions until they are lower than the rate at which nature removes carbon from the air.
Otherwise, the concentration of carbon dioxide and other GHGs will continue to rise as
will temperatures. Currently, the rate of human-made GHG emissions is roughly double the
rate of removal. Consequently, emissions must fall by at least half to stabilize GHG concen-
trations at current levels, and even more to lower the concentration. Scientists indicate that
ultimately emissions need to fall to 75 to 85% of current levels.

Waiting to take action is dangerous because of the nature of GHGs. When carbon
dioxide emitted by a motor vehicle, building furnace, or power plant enters the atmosphere,
it will stay there for a long time—50 to 200 years. This means the warming trend cannot be
reversed quickly. The longer the wait, the worse the problem becomes.

While uncertainties in predicting how climate will change in the future may cause
scientists to overestimate the impact, there are also uncertainties that may cause them to un-
derestimate the impact. For example, it is unlikely that nature will continue to absorb carbon
dioxide at current rates; the latest science suggests it will absorb less as natural systems become
saturated, and that several factors limit the ability of plants to take up more CO2.

This plan proposes that rather than gamble that the scientific community is wrong
about climate change, Cambridge take action to reduce emissions by taking advantage of ex-
isting technology and resources.



• Global leadership: Communities acknowledge an ethical commitment as
a global citizen to help solve the climate change crisis.

• Energy efficiency: Communities want to increase energy efficiency and
save money.

• Green community: Communities want to create a sustainability or green
image for the community, possibly to promote tourism or economic
development.

• State policy: Communities want to be consistent with state policy direc-
tion, sometimes due to incentive programs or looming mandates.

• Grant funding: Communities want to gain access to funding that de-
pends on having a CAP, GHG reduction plan, or energy efficiency plan
in place.

• Strategic planning: Communities take the opportunity to organize dis-
parate sustainability, green, and climate action policies under one docu-
ment and program for ease of management and implementation.

• Public awareness:Communities want to raise public awareness of the cli   -
 mate change issue and build support for more ambitious future efforts.

• Community resiliency: Communities that have recognized their vulnera-
bility to the impacts of climate change are seeking greater resilience.

What Is Happening in Climate Action Planning?

Climate action planning is occurring all over the United States in a
wide variety of communities.As noted earlier, there are about 120 stand-
alone, city and county CAPs with GHG emission inventories that have
been formally adopted or received. In addition, many communities (one
study estimated 11.8% of U.S. local governments39) are engaging in ac-
tions to reduce GHG emissions whether they have formally developed
a CAP or not. The cities with CAPs are a diverse bunch and defy the
typical stereotypes as liberal or green. They range in population size
from under 3,000 to over 3.8 million; most are under 100,000. They in-
clude cities from all four U.S regions and from thirty of the fifty states,
though California is the clear leader, with about one-third of all plans.40

They are places varying from Homer, Alaska—a small, isolated town 
on the Kachemak Bay that depends on tourism, commercial fishing, 
and logging—to Madison, Wisconsin—a midsize city that is the capital
of the state and home to the prestigious University of Wisconsin–
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 Madison–to Chattanooga, Tennessee—a city struggling to recover 
from significant deindustrialization in the 1980s—and to Los Ange-
les, California—the second-largest city in the United States and the en-
tertainment capital of the world. There is no typical climate action
planning community.

To further illustrate the diversity of climate action planning in the
United States, four cases of local climate action planning are presented
here, and chapter 8 provides in-depth examinations of six other com-
munities. These communities are very different from each other, but
they have all decided to address the problem of climate change through
the preparation and adoption of a CAP. They illustrate the kinds of cli-
mate action planning under way, the level of innovation occurring in
communities, and the range of challenges and opportunities present in
communities.

The City of Houston, Texas

Houston is the fourth-largest city in the United States and the world
capital of the oil and gas industry.41 It doesn’t seem like the place that
would be working to reduce GHG emissions and improve energy effi-
ciency, yet it has emerged as an international leader in doing just that. In
2008, Mayor Bill White approved the Houston Emissions Reduction
Plan—their version of a CAP—which identified several strategies that
would be undertaken by the larger community and fourteen strategies
in the following areas that the city would implement:42

• Wind energy
• Facility retrofits with energy savings company financing
• LED traffic signals
• Houston airport system’s environmental initiatives
• Citywide lighting retrofit project
• Energy efficient vending machines and vending misers
• LEED [Leadership in Energy and Environmental Design] certification

for construction of city buildings
• Combined heat and power system at wastewater treatment facilities
• Fleet use and replacement
• The mayor’s hybrid initiative
• Texas emissions reduction plan
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• Emerging technology
• Recycling program for all city facilities
• Recycling program for residents

Many of these strategies were already under way, so the plan served to
coordinate and give heightened profile to the City’s activities. 

Houston’s efforts to reduce GHG emissions, improve energy effi-
ciency, and save money are working; seven of the fourteen strategies in
the plan have been completed. Houston is the top-ranked city in the
nation for the municipal purchase of green energy, with 34% of their
energy coming from wind power.43 The EPA identified the city as one
of the top in the country for the number of energy efficient buildings,
with 133 buildings saving tenants $74 million per year.44 Houston has
leveraged their leadership in GHG emissions reduction to successfully
be awarded one of EPA’s Climate Showcase Communities grants. The
$423,000 grant will be used to reduce transportation-related emissions.
According to the City’s sustainability director, the money will be used
to support alternative forms of transportation such as a bike-share pro-
gram and expansion of electric car infrastructure.45

The Houston CAP is not particularly long or detailed but it does
lay a clear path forward with specific objectives, timelines, and imple-
mentation mechanisms. Combined with a strong commitment from the
mayor’s office and support from the community, Houston is helping
lead the world in climate action planning.

The City of Stamford, Connecticut

Stamford is a midsize city in the greater New York metropolitan area
with a diverse population. In 2003 Mayor Dannel Malloy committed
the city to participating in the Cities for Climate Protection Cam-
paign. The city prepared a GHG emissions inventory and in 2005
adopted the Local Action Plan that set reduction targets of 20% below
1998 GHG emissions levels by 2018. The plan addresses both munici-
pal and community-wide reduction strategies focused primarily on en-
ergy conservation but also including transportation and smart growth
 programs.

As of 2009 the city had received over $2.7 million in incentives
and grants through Connecticut Light and Power Company to fund
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about seventy municipal energy efficiency projects, including LED traf-
fic lights, school energy efficiency retrofits, and solar-powered electric
vehicle charging stations. These projects are estimated to reduce the
city’s GHG emissions by about 9,000 tons per year, which is about 70%
of their 2018 municipal goal. Moreover, the city is expecting substantial
energy cost savings and very short payback periods. For Stamford, re-
ducing GHGs is good for the planet and for the city’s fiscal health. 

To assist the business sector, the City has created an “Energy Im-
provement District (EID) for the core of the City, which allows large
power users, such as office and apartment buildings, to generate their
own economical and energy efficient electricity.”46 The EID is ex-
pected to help businesses save money, reduce GHG emissions, earn
credits toward LEED green building certification, and increase energy
reliability. In addition, the City hopes to use the EID to attract high
technology businesses into the downtown.

Stamford created their Local Action Plan with the assistance of an
ICLEI intern, a grant from a community foundation, and expertise from
community volunteers. To help implement the plan, as well as other
community environmental programs, in 2007 the mayor established
Sustainable Stanford, a volunteer task force composed of members of
the City’s business, educational, environmental, and religious communi-
ties; City staff; and citizens. The City of Stamford has shown that a CAP
can be prepared in a cost-effective manner, and the results can provide
the community with environmental and economic benefits.

The City of Key West, Florida

Key West is a small city of about 25,000 people located at the south-
ern tip of Florida. The City adopted the City of Key West CAP in
 October 2009. The plan itself is mostly visionary and leaves imple -
mentation to a more detailed planning document to be prepared in the
 future.The opening statement of the plan clearly explains why the City
chose to act:

Key West is one of the most vulnerable cities to the effects of climate
change. Scientists suggest that escalating greenhouse gas emissions
threaten to increase the Earth’s temperature and raise sea levels. The
City of Key West City Commission, observing high tides already at
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street level, has committed to take action here at home and to encour-
age the rest of the world to do so too.47

The climate action planning effort was initiated by the mayor 
who signed the U.S. Mayors Climate Protection Agreement in 2007.
This was quickly followed by city commission resolutions committing
to climate action planning and setting GHG emissions reduction tar-
gets. The City established several focus groups and committees to en-
sure the great est amount of public input. In addition, they convened a
topic- specific expert panel, several internal city teams, and an umbrella
Climate Action Team to bring together the right people to make the
plan happen. Key West has set an example of how people and participa-
tion are critical to the climate action planning process.

Like the other example communities, Key West adopted numer-
ous measures to mitigate GHG emissions, although, unlike other ex -
ample communities, Key West recognized their extreme vulnerability 
to climate change and addressed how they could adapt to the impacts of
climate change as well. The City identified sea-level rise and increasing
temperatures as threats to the sustainability of the community. The CAP
states the following:

All areas of planning need to be reexamined through the lens of
climate change. The plan needs to address ecologically sensitive
land planning, floodplain planning, utility planning, zoning and
build-back planning and shoreline hardening. The planning
process will include vulnerability assessments and risk assessments,
so that a climate resilient community with preparedness goals and
preparedness action can be established.48

The idea of integrating adaptation planning into all areas of community
planning and the concept of resilience are key components of successful
climate action planning.

The City of Santa Cruz, California

Santa Cruz is a coastal city of about 55,000 people located an hour’s
drive south of San Francisco. It is known for its beaches, redwood for -
ests, and the University of California–Santa Cruz.Since the city is in the
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state of California, it must consider the preparation of its CAP in light
of state law and policy. California’s mix of legislative acts and governor’s
executive orders has made local climate action planning nearly manda-
tory, though the City states that it “did not need a State mandate” to
act, and it claims a long history of interest in climate change, including
joining ICLEI’s Cities for Climate Protection Campaign in 1998.49

When the City updated its General Plan in 2007, it established a GHG
emissions reduction target and a number of goals and policies aimed at
achieving the target. At that time the City also established the Climate
Action Program and made the decision to hire a climate action coordi-
nator.

Climate action coordinators represent a new profession that is
small but growing. Some communities are recognizing the need to des-
ignate someone with the oversight and responsibility for implementing
the numerous emissions reduction and climate adaptation strategies
found in CAPs. Moreover, the increasing number of state and federal
laws and grant opportunities make hiring a coordinator a prudent
choice. In Santa Cruz the climate action coordinator has been tasked
with the following responsibilities:50

• Conduct the GHG emissions inventories
• Facilitate the completion of the CAP
• Research municipal best practices in reducing GHG emissions and re-

spond to climate change impacts
• Coordinate volunteer and consultant resources
• Coordinate City participation in regional climate change initiatives
• Support internal City staff efforts to reduce and respond to climate

change
• Draft and evaluate proposed general action plan programs
• Communicate the City’s climate change efforts and initiatives

In early 2011, the City reviewed a draft CAP that would “meet
State land use requirements pertaining to climate change, achieve the
policies identified in the draft General Plan 2030 update, and accom-
plish the reduction goals set by City Council.”51 The plan acknowledges
there is no silver bullet and focuses on three areas of action: conser -
vation, sustainable lifestyle choices, and renewable energy alternatives.
Mayor of Santa Cruz Mike Rotkin summed up the tangible benefits of
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the City’s plan: “We’re doing it because it’s the right thing to do, and
because it will have a positive economic effect. . . . The only grow-
ing sector of the economy is the green sector. We are confident that is
our future.”52

Topics Covered in This Book

This book describes the process and methods for preparation of CAPs
for local governments. The book is a practical, how-to guide that directs
the reader through the principal steps and critical considerations for de-
veloping a local CAP. Each chapter concludes with a list of resources on
climate action planning. In addition, given the relative newness of cli-
mate action planning and the paucity of standard or best-management
practices, we address policy development. The treatment of policy de-
velopment ranges from the assessment of the global implications of cli-
mate change to the specific role of local government in addressing the
issue. In the book, we advance the theory that the best CAPs are based
on sound science, public education and outreach, recognition of global
context and external constraints, and integration with existing policies
and programs.

Chapter 2 lays out a program for getting started on climate ac-
tion planning, including issues of community commitment and part-
nerships, costs and timing, staffing, creating a Climate Action Team, and
auditing existing policies and programs. Chapter 3 establishes prin-
ciples and practices for developing community participation methods,
including the important task of educating the public about this new and
challenging public policy issue. Chapter 4 describes best practices for
inventorying GHG emissions and includes advice on choosing software,
acquiring and managing data, developing forecasts, and establishing
emissions reduction targets. Chapter 5 focuses on the core of any CAP:
GHG emissions reduction strategies. This chapter explains a process for
identifying and evaluating measures to reduce the amount of GHGs the
community is emitting. The chapter includes numerous examples of
how tailoring measures to particular community contexts and capabili-
ties is the key to successful implementation. Chapter 6 addresses climate
adaptation and shows the link between this and local hazard mitigation
planning. Chapter 7 provides guidance on successful plan implemen -



tation, including timing and financing of measures and monitoring
 outcomes. Chapter 8 discusses six case studies that show how commu-
nities have put this all together to develop effective CAPs. Chapter 9
presents our closing thoughts about the potential for local climate ac-
tion planning to positively transform the way we live, work, and play. Fi-
nally, two appendices address the science of climate change and public
participation.
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Chapter 2

Getting Started

Getting started can be the most challenging step of any new planning
process. Although climate action planning includes many of the tra -
ditional steps in a comprehensive planning process, it presents a set of
challenges distinct from other types of plan development. The climate
action plan (CAP) requires not only identification of GHG emissions
sources and reduction strategies, but also a quantification of their mag-
nitude and a forecast of future change. If the plan addresses climate
adaptation, it should include a local vulnerability assessment. Plan devel-
opment requires technical expertise and detailed data from a variety of
sources not usually drawn upon for other types of local plans, which
places an added informational and organizational burden on planning
efforts.

It is important that a community complete several preliminary
steps in the climate action planning process before working on the core
components. These preliminary steps warrant special consideration as
they will serve as the foundation to the overall climate action plan-
ning process.Communities can usually initiate and complete these steps
with out external assistance from technical experts or consultants. The
steps presented in this book are based on traditional steps for com -
prehensive planning and include observations from a review of CAPs
and evolving best practices. They are primarily written for the perspec-
tive of a local government leading the climate action planning effort 
but are readily transferable to other organizations that may be leading
the effort.

The most commonly referenced best practice for the climate ac-
tion planning process is ICLEI’s “The Five Milestone Process.”1 The
milestones establish a process to guide communities on how to identify
and reduce local greenhouse gas (GHG) emissions. ICLEI’s five mile-
stone process is as follows:
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1. Conduct a baseline emissions inventory and forecast
2. Adopt an emissions reduction target
3. Develop a local CAP
4. Implement policies and measures
5. Monitor and verify results 

While ICLEI’s milestone approach identifies core steps in CAP devel-
opment, there are several embedded or additional steps that are critical
to the CAP process. 

This book proposes a three-phase climate action planning pro-
cess based on the authors’ experience and that of others in preparing
CAPs: phase I: Preliminary Activities; phase II: CAP Development; and
phase III: Implementation and Monitoring. Although the steps are pre-
sented in numerical order, many of them overlap or are  iterative; thus
they should be applied as general organizing principles rather than a
stepwise “cookbook” for planning. If a community is  addressing climate
adap tation in its plans, then step 8 should include a local vulnerability
assessment and step 11 should include climate adaptation strategies, as
addressed in chapter 6. When moving through these steps it is important
to adhere to principles for a good planning process such as transparency
and documentation, participation, justification, and consistency. This
chapter describes phase I, phase II is described in chapters 4, 5, and 6,
and phase III is described in chapter 7.

Climate Action Planning Process

Phase I: Preliminary Activities
1. Establish community commitment
2. Build community partnerships
3. Establish the role of the plan
4. Assemble a Climate Action Team (CAT)
5. Consider the logistics of plan development
6. Establish a public education and outreach program
7. Audit existing community policies and programs

Phase II: CAP Development
8. Conduct a baseline GHG emissions inventory and interim forecast 
9. Formulate plan vision and goals
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10. Identify a GHG emissions reduction target
11. Develop, evaluate, and specify GHG emissions reduction strategies 
12. Quantify GHG emissions reduction strategies

Phase III: Implementation and Monitoring
13. Develop and administer an implementation program
14. Monitor and evaluate implementation and reduction target at-

tainment
15. Modify and update the plan

In phase I (Preliminary Activities), the community establishes a
com mitment to climate action planning; builds community partner-
ships; articulates the intended role of the CAP; makes logistical choices
such as identifying a funding source, a timeline for plan development,
and a CAP author (e.g., city, consultant, stakeholder, task force); develops
a CAT; develops a public outreach and education program; and con-
ducts an audit of existing community policies and programs. The order
of these preliminary tasks is not critical and will vary based on commu-
nity needs. For example, in some communities political commitment
may be secured after partnerships have been formed. In others, time and
funding considerations may affect the type of plan prepared.

In phase II (CAP Development), the community conducts a base-
line GHG emissions inventory; develops an interim forecast of future
GHG emissions; establishes a vision, goals, and a GHG emissions reduc-
tion target; and develops, evaluates, and quantifies GHG emissions re-
duction. This phase is usually iterative; often the forecast is adjusted
based on the policy audit, and the reduction target may be adjusted as
the community evaluates potential re duction strategies. Also, in Phase II,
the community should conduct a climate change vulnerability assess-
ment and prepare climate adaptation strategies to reduce the commu-
nity’s vulnerability and increase its resiliency. If the community has a
Local Hazard Mitigation Plan prepared under the federal Disaster Miti-
gation Act of 2000 (DMA 2000) or if they have a safety or natural haz-
ards element of a comprehensive plan, they may be able to use this as a
starting point since these plans include vulnerability assessments.

In phase III (Implementation and Monitoring) the community
develops and administers an implementation program, implements the
adopted policies and strategies, monitors and evaluates implementation,
assesses whether the GHG emissions reduction target is being attained,
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and then modifies and updates the plan based on the evaluation and the
changing policy environment. The last two steps are critical but often
overlooked. Since a CAP establishes a clear, specific numeric target for
GHG emissions reduction, accounting for plan success is a relatively
straightforward endeavor. CAPs should explicitly establish how this 
will be done, and plan stakeholders should commit to making needed
changes and updates.

These three phases of CAP development reinforce each other.
Given this is a new area of planning, communities need to be willing to
experiment, innovate, change course, admit failures, and promote suc-
cesses. The freedom to develop and implement aggressive, innovative
emissions reduction and climate adaptation strategies in phase II relies
on the strength of the organizational steps taken in phase I and feedback
loop provided by phase III. Experimentation and innovation is only
possible with careful monitoring and a firm commitment to revise and
adapt strategies based on observed effectiveness.

Chapters 4, 5, and 6 address phase II, and chapter 7 addresses phase
III tasks in further detail. This chapter focuses on phase I tasks, except
public education and outreach, which are covered in chapter 3. These
tasks are intended to address the following questions that every com -
munity must answer based on its goals, budget, size and characteristics,
political climate, and governance structure:

• How will the planning process be structured?
• Who will prepare and implement the plan?
• What should the plan do?
• Who will participate in the planning process?
• How much will the plan cost and how long will it take?
• What is the community already doing to address climate change?

Establish Community Commitment

Chapter 1 outlined several reasons why a community may want to pur-
sue a local CAP. These include the critical nature of the global climate
change problem and the need for immediate action. Some communities
act out of self-preservation, some from external mandates, and some due
to a sense of responsibility to the global community. Regardless of the
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reason, the commitment to climate action planning should be estab-
lished through a formal mechanism. Many communities have accom-
plished this by the mayor signing the U.S. Mayors Climate Protection
Agreement and joining ICLEI, by elected officials passing resolutions, 
or by community leaders issuing proclamations supporting the com -
mitment to addressing climate change. These are all positive steps for a
community, but it is important that they move beyond symbolic ges-
tures and rhetoric to specific action.

In addition to formally committing to address climate change, 
two steps are necessary to move forward with planning. First, the local
government must establish work program priorities and then commit
staffing, funding, and resources to climate action planning. Whether the
local government is leading the planning effort or not, its commitment
is necessary for creating a complete CAP. The second is to secure formal
commitments of funding, technical expertise, or political support from
relevant private and nonprofit organizations. The cooperation and coor-
dination of local government and community partners constitute a suc-
cessful formula that has been used by most communities engaged in
climate action planning.

Build Community Partnerships

Communities preparing a CAP should consider developing partner-
ships with entities such as government agencies, community associations
and nonprofits, colleges and universities, and neighboring communi-
ties (table 2.1). Partners can help with data collection, community edu-
cation and outreach, stakeholder mobilization, implementation, and
monitoring (box 2.1). They may also help reduce the cost of plan prep -
aration by donating volunteer hours, providing needed expertise on
specific issues, and enhancing the effectiveness of implementation. A
successful planning process built on partnerships can also increase the
visibility and credibility of a CAP. This helps with implementation in
the community.

When identifying potential partnerships, communities should 
look to existing planning or implementation partnerships as a starting 
point. For example, many cities already have formal partnerships among
public, private, and nonprofit transit, housing, and social service pro -
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viders. Also, some communities participate in county and regional co-
operative efforts on transportation planning and funding, emergency
management and hazard mitigation, air quality, and stormwater manage-
ment. These partnerships can be leveraged to assist in CAP preparation
and implementation. They also assure compatibility of the CAP with
other local and regional efforts. This consistency increases the likelihood
of successful CAP implementation.

Once potential partners are identified it is reasonable to consider
the pros and cons of the partnership and ask the following questions:

• What is their reputation?
• What experiences have other groups had working with them?
• How may they affect the legitimacy or respectability of the planning

process?
• What resources do they bring—knowledge, data, money, labor? 
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Table 2.1 Potential community partners for climate action planning

Community associations Colleges and Neighboring 
Government agencies and nonprofits universities communities

• Regional and • Chambers of • City planning • Cities
environmental, commerce depts. • Counties
transportation, and (representing • Architecture • Townships
planning agencies local employers) and landscape • Indian tribes

• Public health agencies • Builders architecture • Special
associations departments districts and

• Realtors • Public policy and authorities
• Environmental administration • Military bases

groups departments • Federal lands
• Homeowners • Geography • State lands

associations departments
• Green building • Business

groups departments
• Bike and pedestrian • Agricultural 

advocacy groups departments
• Private utilities • Engineering 

departments
• Science 

departments



Choosing the Type of Partnership

Partnerships in CAP development must define a plan “owner.” The
owner assumes primary responsibility for development and imple -
mentation of the CAP. This role can be filled by local government or a
nongovernment, community-based organization and may be shared or
divided between CAP development and CAP implementation. The ad-
vantages of a “government-owned” plan are that local governments
have regulatory and taxing authority and usually the legitimacy to suc-
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Box 2.1
Partnership Examples

The City of Aspen (Colorado) created a community partnership called the Aspen Global
Warming Alliance, which includes such organizations as the Aspen Institute, the Aspen Global
Change Institute, The Aspen Skiing Company, the Rocky Mountain Institute, Holy Cross
Energy, and the New Century Transportation Foundation, among others. The partnership
provided guidance and input on creation of the plan and has an ongoing responsibility to
assist the city with implementing the plan.

In the city of Chattanooga (Tennessee), the mayor established the Chattanooga Green
Committee composed of representatives from industry and construction associations, envi-
ronmental and green building groups, universities, and government agencies. The committee
conducted public education and outreach activities, prepared the CAP, and continues to assist
with implementation.

The Town of Brattleboro (Massachusetts) has partnered with the local nonprofit group
Brattleboro Climate Protection to implement the CAP by assisting residents, businesses, and
town government in energy conservation and conversion to renewable energy sources. 

The City of Benicia (California) worked with students and faculty from City and Re-
gional Planning Community Planning Studio at California Polytechnic State University (Cal
Poly), San Luis Obispo, to prepare their CAP. Students audited existing city programs and
activities, conducted public education and outreach, and proposed measures for reducing the
communities’ GHG emissions. The Cal Poly team delivered a draft plan to the city, which
was subsequently refined and adopted by the city council. The CAP won an academic merit
award from the American Planning Association California Chapter. 

In San Luis Obispo County (California) the San Luis Obispo Air Pollution Control
District (APCD), a regional air quality planning agency, convened the Climate Change Green-
house Gas Emission Reduction Stakeholder Group for local agency planners and staff. The
group meets bimonthly to identify opportunities and share resources to assist their agencies
with compliance with state GHG emission reduction guidelines and regulations. 



cessfully implement a plan. The disadvantage is that the CAP process
may become enmeshed in local government politics, may be superseded
by other local priorities, or may succumb to fiscal pressures. The advan-
tages of a “nongovernment-owned” plan are the potential to build
strong grassroots support and relieve the CAP of potential legal or po-
litical complications. The disadvantages are the lack of a clear imple-
menting authority and the potential for ownership conflicts between
disparate community organizations. Regardless of this choice, local gov-
ernments and community-based organizations should seek each other
out, settle the ownership issue, and commit to a partnership.

In many communities, umbrella groups form around the issue 
of climate action planning. These may be government-appointed task
forces or committees (mayor-appointed groups are common) or self-
organizing. They may be focused on technical expertise in areas such 
as climate science, city planning, alternative transportation, energy ef -
ficiency and renewable energy, public health, emergency manage-
ment, and finance.Or they may be focused on bringing together diverse
stakeholders within the community such as environmentalists, busi-
ness and industry representatives,energy and utility providers,developers
and build ers,  alternative transportation advocates, and homeowners 
associations.

The role of each partner should be established early in the process
to avoid confusion, duplication, and turf battles. There are numerous
roles to play that can be clarified by asking the following questions:

• Will partners have an advisory role? In this case their role is to assist in
developing the plan and review and comment on plan proposals. 

• Will partners have an oversight role? In this case their role is to critically
review proposals, make decisions, and provide a final endorsement of
the CAP.

• Will partners provide technical or implementation assistance? Partners
may have specialized knowledge in an area critical to preparation of the
CAP or they may have experience in implementing community pro-
grams.

• Will partners provide funding? Partners may have funding available for
CAP preparation or implementation.

• Will partners conduct education and outreach efforts? Partners can use
their networks, memberships, and community standing to provide edu-
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cation and outreach for the CAP, both during development and during
implementation.

Partnerships with Community and Nonprofit Organizations

Community and nonprofit organizations often partner with govern-
ment agencies to prepare and implement CAPs. Community organiza-
tions may include nonprofits, advocacy groups, foundations, and busi-
ness associations. These organizations often fill a critical role in CAP
 development because many of the GHG emissions reduction strategies
in a CAP rely, at least in part, on behavior change. Behavior change,
such as increased bicycle ridership, reflects overall community awareness
and acceptance of alternatives. Close alliance with or support from key
local organizations can be critical to building community support for
such changes in daily patterns. During plan formulation, carefully se-
lected local organizations are in an ideal position to provide feedback on
strategies most likely to be effective. They can assist with outreach and
communication to people who might not normally participate in com-
munity planning or who may not be aware of climate change issues. In
addition, many partners are well positioned to aid in the outreach pro-
grams that assure long-term implementation. 

Partnerships with Colleges and Universities

Since many colleges and universities have prepared CAPs, communities
should check in with them to see if the plans can be coordinated. Col-
leges and universities can serve as sources of information and provide
technical assistance in preparing GHG emissions inventories and CAPs.
The GHG inventory for the City and County of Denver (Colorado)
was prepared by a faculty and student team from the Department of
Civil Engineering at the University of Colorado, Denver. Similarly, the
City of Pittsburgh’s (Pennsylvania) GHG inventory was prepared by the
Heinz School Research Team at Carnegie Mellon with support from a
variety of public and private donors. In the city of San Luis Obispo
(California), students from the City and Regional Planning Department
at California Polytechnic State University (Cal Poly) prepared an initial
draft of the city’s CAP.



Partnerships with Neighboring Communities

Partnering with neighboring communities presents unique challenges
and opportunities. Communities can differ in politics, priorities, demo-
graphics, wealth, size, government structure and capacity, and a variety
of other factors. But collaborating offers an opportunity to share re-
sources, save money, and coordinate on difficult regional issues. In San
Luis Obispo County (California), the county and cities are partnering
to share technical information, work with the regional air pollution
control district, and develop CAPs that coordinate county-scale climate
actions. In south Florida, the counties of Miami-Dade, Monroe, Palm
Beach, and Broward have partnered to form The Southeast Florida Re-
gional Climate Change Compact with the purpose of preparing a re-
gional CAP.

Pros of Partnership with Other Communities
• Sharing of knowledge and resources
• Potential to save money through efficiencies in plan development and

implementation
• Coordination of actions that address intercity and regional issues such

as transportation

Cons of Partnership with Other Communities
• Dependence on other jurisdictions and loss of some control
• Inconsistency in vision and policy direction

A recent study of local hazard mitigation planning—where juris-
dictions had the option of preparing a multijurisdictional plan or going
on their own and preparing a single jurisdiction plan—showed that 79%
of jurisdictions chose the multijurisdictional option.2 Almost all of them
expressed satisfaction with this choice; of these 82% expressed their be-
lief in the effectiveness of a regional approach and 71% cited cost and
time savings (efficiency) as motivations. It is likely that these same bene -
fits can be captured in climate action planning.

Establish the Role of the Plan

A CAP is often a stand-alone document; however, some jurisdictions
have chosen not to develop a separate plan, but to integrate climate
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 action strategies into their comprehensive land use plan, sustainability
plan, or other planning documents. This can vary from integrating cli-
mate action strategies throughout existing chapters, to developing a cli-
mate change chapter, to creating an appendix or addendum. All of these
choices carry different benefits and challenges, meaning the status of the
CAP and its position relative to other local plans must be made based
on local context, including existing policy, political climate, and the time
and funding available for plan development.

As climate action planning becomes more common, communities
are considering whether to integrate the CAP with their comprehen-
sive land use plan (also called general plans, city master plans). An update
of a comprehensive plan can be a lengthy process when compared to
development of a stand-alone CAP. If a jurisdiction would like to ulti-
mately integrate climate policy into its comprehensive plan but does not
have the time or funding to do so in the short term, a CAP can be de-
veloped that specifically identifies areas of the comprehensive plan that
should be revised in the future. This does not imply that a community
must wait to implement emissions reduction or climate adaptation
strategies until the appropriate sections of a comprehensive plan are due
for revision. Many of the strategies common to a comprehensive plan
already serve to reduce GHG emissions and foster community re-
silience. A CAP can build on these strategies, particularly in the short
term. In communities where climate action policies have already been
integrated into the comprehensive plan, a CAP can serve as an imple-
mentation plan. In this case, the relationship between these two plans 
is similar to that between a comprehensive plan and a zoning code, for
example. The CAP would serve to guide detailed implementation of
broad principles contained in the comprehensive plan. 

In addition to the issues of whether to create a stand-alone plan is
the decision of whether to prepare a plan that addresses only local gov-
ernment (i.e., municipal) operations or whether to prepare a plan that 
is community wide. Local government operations CAPs (also called
municipal CAPs) only address those things that local governments 
have direct control over such as public buildings, government vehicle
fleets, public transit, and water and sewer infrastructure. Although local
government operations CAPs can be a great way to get started and can
serve as an example to the community, they only address a very small
percentage of a community’s total emissions (typically 3% to 8%). This
book assumes, and advocates for, the preparation of a community-wide
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CAP that addresses both local government operations and community-
wide emission sources such as residential and commercial energy use,
private vehicle use, and industrial and agricultural operations.

The role of CAPs can vary in two important ways. First, CAPs 
can range from being broad, visionary documents that set an overarch-
ing frame for climate action or they can be focused, implementation-
 oriented plans that contain detailed emissions reduction and climate
adaptation strategies. Second, CAPs can range from being innovative
plans that direct significant change to more modest plans that con -
solidate and unify a community’s existing policies and programs in
one place. 

In communities that have not directly addressed climate change
from a policy perspective or have few existing strategies that reduce
GHG emissions, a CAP can be viewed as a way for local jurisdictions 
to take an initial step. In this situation, a CAP serves a dual purpose: 
(1) set the local trajectory for future policy development and local plan-
ning updates and (2) identify short-term actions that fit within existing
policy. In communities that have a large number of preexisting climate-
friendly policies (e.g., green building ordinance, renewable energy pro-
gram, alternative transportation plans, etc.), the CAP can serve as a uni-
fying document for seemingly disparate policies and programs. Such a
unifying document provides a link between existing policies and assures
that future programs are complementary to those already in place and
further the overarching goals of emissions reduction and climate adap-
tation. The City of Chicago is an excellent example of a CAP that uni-
fies preexisting policy, identifies new strategies, and will serve to guide
future action. Prior to Chicago’s adoption of its CAP in 2009, the city
already had in place a green building agenda, an aggressive tree plant-
ing program, and a green roof program.3,4 The CAP serves as a unify-
ing document for these efforts and a framework for implementing new
complementary programs. Moreover, the success of these strategies can
be monitored and evaluated since the CAP links them to a specific
GHG emissions reduction target.

Based on the various considerations for the role of the CAP, a few
typical configurations have emerged:

• A CAP as a unifying document: A community’s lack of a CAP does not
necessarily indicate a lack of action. Many cities have taken aggressive
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action focused on emissions reduction and climate adaptation through
a suite of independently adopted policies. For example, a community
does not need a CAP to have a green building ordinance or renewable
energy program. In cases where cities have an array of existing climate-
related local policy, the CAP can be viewed as a unifying document. In
this case, a CAP can bring together existing policies under an overarch-
ing community goal and guide the development of future policy.

• A CAP as a new policy direction. In direct contrast to cities that fit in the
pre  ceding description, some cities may have no adopted plans or poli-
cies that directly address GHG emissions reductions and climate adap-
tation. In these cases, a CAP serves to identify a new policy direction 
by identifying overarching emissions reduction and climate adaptation
goals, policy focus areas requiring feasibility assessment, and extensive
education and outreach to the community to build support for fu-
ture policy development such as integration into comprehensive plan
 updates.

• A CAP as a subsection of a larger sustainability effort. A climate plan, when
viewed in the larger context of environmental policy, is narrow in
focus. Prior to the emergence of climate action planning, many cities
pursued sustainability goals. CAP development can be viewed as one
aspect of an overarching sustainability program. 

• A CAP as an additional section or component of a comprehensive plan. An im-
plementable CAP must be consistent with other local policy. Many
strategies in a CAP directly impact building codes, land use patterns,
and circulation. The integration of climate-related strategies with local
policy such as a comprehensive plan can occur in a variety of ways. Cli-
mate change can be identified as an additional component of a com-
prehensive plan, but perhaps more effective is to time development of a
CAP to match that of comprehensive plan updates to assure consis-
tency with overarching goals being incorporated into the comprehen-
sive plan and the implementation of these goals left to a CAP. 

Assemble a Climate Action Team (CAT)

Climate action planning is a data intensive planning process that relies
on a number of government agencies or departments and organiza-
tions, many of which are unaccustomed to being directly involved in
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the planning process. Regardless of who is identified to prepare the
GHG emissions inventory and CAP—either local government staff
members, consultants, or community organizations—one of the first
steps in the climate action planning process is establishment of a forum
for interactions between the CAP authors and other local government
staff members. The ease and accuracy of the GHG emissions inventory
and the CAP implementation will rely, in part, on the quality and con-
tinuity of the collaboration between plan authors and staff members.

This collaboration can be developed through establishment of a
CAT. The CAT plays two critical roles in the climate action planning
process. The first is provision of data needed to complete the GHG
emissions inventory. With completion of the emissions inventory, the
role of the CAT changes to advising GHG emission reduction strategy
development, assessing feasibility, and, in the long-term, implementing
the chosen strategies. Thus the CAT serves in both a technical capacity
and a policy capacity.

Through a CAT, tasks such as staff education, data collection, op-
erational documentation,and long-term plan implementation and moni-
toring are completed. Because establishment of a CAT is an integral
part of plan development and implementation, it is critical to assemble
the team strategically. This section details CAT formation and the initial
steps necessary to lay the groundwork for conducting a GHG emissions
inventory and subsequent CAP development and implementation.

Team Members

A CAT consists primarily of government staff from a variety of depart-
ments that oversee day-to-day operations and activities, including fleet
management, accounts payable and contracts, parks and recreation
maintenance, facility management, building permit approval, and long-
range planning. Individual members must be well integrated into their
respective departments to facilitate and monitor data collection and re-
view CAP materials. Members of a CAT should have some combina-
tion of the following characteristics or knowledge areas: (1) famili-
arity with department operations that will allow for easy identification
and collection of the data needed for the GHG emissions inventory, (2)
knowledge of department operations and budget procedures to evaluate
GHG emissions reduction strategies, and (3) the authority to implement
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strategies identified in the CAP. In a given department, this may require
several people.

Identifying departments for inclusion on the CAT begins with
identification of needed information and responsibilities. Table 2.2 is a
partial list of information to aid government agencies in identifying de-
partments and personnel for the CAT. Based on local context additional
staff and information may be required, such as jurisdictions that include
an airport. Staff may not be able to provide all information needed for
the emissions inventory. In some cases, a local agency may choose to in-
clude members from a partner organization identified as integral to plan
development.

The size of the CAT should be limited (e.g., fewer than twenty
members) to assure that the team can foster open dialogue and timely
review and response to requests. All staff members who will participate
in the CAP development and implementation need not be on the CAT.
The CAT should include staff members best able to transmit informa-
tion to colleagues, identify departmental information sources, and have
an overall understanding of department operation. 

In most departments, the best initial point of contact is the direc-
tor or manager. The director is able to oversee long-term implemen -
tation of strategies, and in the short term, is best positioned to identify
the staff who are able to provide the data needed for an emissions in-
ventory. Involvement of department directors or managers also helps
ensure the cooperation of all staff within a given department. As the
process evolves, staff below the director may play a more direct role in
generating data and disclosing operational procedures. 

While local government organization structures vary, the follow-
ing list includes some of the key departments that should be participants
in a CAT. These departments are critical not only to the development
of a GHG emissions inventory but to long-term implementation of
emissions reduction and climate adaptation strategies. This list can be
tailored based on government agency size and function, operational
control, and organizational structure.

Utilities
Most jurisdictions provide all or a portion of basic services such as 
water, power, and solid waste services through a utilities department,
making this department a critical member of the CAT. A utilities



Table 2.2. Needed expertise of a climate action team

Category Access to data for greenhouse Knowledge of local government
gas emissions inventory policies and operations

Facilities Energy use (electricity, natural gas) Operational procedures
Year built Planned and completed energy or 
Square footage water efficiency upgrades
Number of employees Facilities proposed for
Hours of operation closure or construction
Traffic signal energy use
Quantity, location, bulb type, and
energy use of streetlight, parking
lot lighting, security lighting

Government fleet Miles traveled Maintenance schedule
(including police,  Gallons of fuel used Fleet replacement/
fire, transit, Vehicles by make/model/year conversion schedule
general vehicle pool) Refrigerant use/maintenance

Employee travel  Daily commute distance Daily commute distance 
behavior Business travel type and mileage Employee commute reduction 

programs

Transportation Vehicle miles traveled on Transportation infrastructure
local streets design guidelines and 

Traffic signal and street lamp maintenance
energy use Long-term planning (all 

modes including bicycle and
pedestrian infrastructure)

Water and wastewater Treatment and conveyance Facilities proposed for closure
energy use or construction

Volume treated and conveyed Pump, blower, and lift 
station efficiency

Solid waste Volume and/or weight delivered Local diversion rate
to solid waste facility Existing waste diversion

Disposal associated emissions program effectiveness
(e.g., landfill methane production)

Transport distance

Parks and recreation Fuel type and amount for Open space and park area and use
maintenance equipment Maintenance schedule
(mowers, blowers, etc.) Irrigation infrastructure type

Size of area maintained (i.e.,  Urban forest management
park and open space acreage) Recreational program

Water use administration



 department is often the data source for energy use (electricity and natu-
ral gas) and operational procedures. This includes the building opera-
tions, the treatment and conveyance of drinking water and wastewater,
traffic signals and street lights, and solid waste generation. CAT mem-
bers from a utilities department should be aware of operational changes
such as the use of motion detectors or thermostat regulation that were
implemented as cost-saving measures. If there is a community-owned
utility for power, then the department should have access to data on
community-wide use of electricity. Other information useful to the
CAT is the success of existing programs such as recycling and edu -
cational programs.

Transportation and Engineering (Public Works)
In the United States, transportation-related emissions are the single
largest contributor to GHG emissions.5 The transportation department
is critical to assembling accurate data for the emissions inventory, par-
ticu larly estimates of vehicle miles traveled (VMT) on local streets. In
addition, transportation CAT members should be able to provide VMT,
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Administration/finance Invoices for vendors related to Cost feasibility evaluation
refrigerant replacement, waste Budget
haulers, and others as needed Capital improvement plan/

Lists of equipment and vehicles program
Mileage and destinations for 
employee travel

Long-range planning Buildout year or horizon year Planned future development
for the comprehensive plan Comprehensive plan build out

Baseline year of the assumptions 
comprehensive plan Existing policy consistency

Planning area and/or expansion 
area included in the 
comprehensive  plan

Development review Building and project permit 
approval process

Economic development Identification of economic 
constraints and opportunities

Source: Adapted from ICLEI, Cities for Climate Protection: Milestone Guide (Oakland, CA: Author, n.d.); California Air
Resources Board, Local Government Operations Protocol for the Quantification and Reporting of Greenhouse Gas Emissions
Inventories Version 1.0 (Sacramento, CA: Author, 2008).



fuel use, and cost information for local government fleet vehicles. In the
long-term, CAT members should have the authority to change vehicle
purchasing procedures to more fuel-efficient models. They will also be
key in developing and implementing strategies for the community’s
transportation infrastructure and management.

Community Development (Planning and Building)
The community development or planning and building departments
must be included on the CAT. Depending on who is developing the in-
ventory and plan,community development staff may be tasked with CAT
coordination, assuring that there are no gaps in data or implementation,
and overseeing information-gathering efforts that span multiple depart-
ments such as employee commute data. Community development staff
is also best positioned to aid in the development of the policy audit de-
scribed later in this chapter. In addition to a coordination role, this de-
partment oversees update and implementation of a community’s compre-
hensive land use plan and zoning codes, which should be linked with
the CAP. Also, the community development department often houses
development review and permitting functions. It is through this process
that strategies such as impact fee, energy efficiency, or green building
programs may be implemented; therefore, community development is a
critical adviser in development of these and similar strategies.

Parks and Recreation
Parks and recreation departments often maintain a vehicle fleet, opera-
tions and maintenance equipment, and parks and recreation facilities.
The parks and recreation staff are often charged with maintenance of
community green spaces such as parks, open spaces, and vegetated areas
in the streetscape. Parks and recreation staff help assess fuel, water, and
energy efficiency and conservation practices. They also identify oppor-
tunities for GHG emission reductions from parks and open spaces, pro-
vide sequestration through tree planting, enable local food access
through community gardens, and identify potential sites for local alter-
native energy generation.

Partner Organizations
Depending on jurisdiction size, services (e.g., water, waste, transit) may
be provided by outside suppliers. In this case, data and long-term imple-
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mentation will require the involvement of staff from regional providers
or agencies. In addition, partner organizations may have particular ex-
pertise that will strengthen plan elements. Where deemed appropriate, a
representative from these organizations can be invited to the CAT.

Role of the Team

The CAT’s primary role is to contribute to the GHG emissions in -
ventory, policy audit, and CAP development and implementation. Each
of these tasks is detailed in a subsequent chapter. However, prior to be-
ginning the climate planning tasks there is a series of educational steps
intended to prepare staff for the CAP development process. This edu -
cational process is ongoing and iterative. It begins as soon as CAT mem-
bers are identified and recruited. Potential members may be skeptical of
new policy relating to climate change or may feel uncomfortable with
increased demands on staff time. The formality required for this initial
outreach varies. A department that is hesitant to participate requires a
greater effort to clarify expectations and needs.

The CAT provides a forum for collaborative learning and a sup-
port network for staff as they face data acquisition and policy devel-
opment challenges. While departments will be providing data, they are
also expected to disclose operational information that allows the CAP
authors to accurately project emissions and quantify GHG reducing
 actions already being implemented. The process of disclosing current
GHG reducing actions allows departments to learn from each other and
bolsters participant confidence in the process. In many cases, these ac-
tions are adopted to improve efficiency or to lower costs rather than
 lowering GHG emissions. Identifying these actions clearly demon-
strates to participants that climate action planning is compatible with
local op erations. For example, the City of Benicia, California, estab-
lished an interdepartmental team dubbed the Green Team. This team
includes  representatives from all City departments. One of the activi-
ties orga nized by the team was a speaker series open to all City staff
covering climate change prevention-related topics. These presentations
served to raise staff awareness of the intention and utility of strate-
gies that reduce GHG emissions. This team was further tasked in 2009
with development of internal emissions-reducing strategies as part of the
City’s CAP.6
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While the education process is ongoing there are a few early steps
critical to assuring all participants have a shared understanding of the
process and the role of CAT. These key phases in the CAT educational
process are briefly described here.

Climate Change Science and Policy Overview
Awareness of climate science, emission reducing strategies, and cli-
mate adaptation strategies will vary among members of a CAT. A criti-
cal first step is assuring a common knowledge base, shared vocabulary,
and collective understanding of context. This broad overview can be
conducted solely for the CAT or as a series of workshops open to all
government staff. These workshops or meetings should cover basic cli-
mate science (see appendix A); federal, state, and local policy; and the
context in which the jurisdiction sees the plan in relation to other local
policy. This staff preparation also lays a foundation for future engage-
ment of the community, particularly the potential presence of climate
change skeptics or deniers.

Climate Planning Process
It is critical that all participants understand the overall climate action
planning process. Throughout presentation of the process, the role of
the CAT should be clearly articulated so that participants are aware of
the areas in which they will be contributing. The intention is to provide
an overview of the process from project inception to implementation
and monitoring. It should provide a clear understanding of the relation-
ship between a GHG emissions inventory, policy audit, and CAP. It
should also cover the time horizon expected for implementation and
periodic monitoring and reporting. It is here that the link between basic
climate science, policy, and emissions estimates can be made tangible for
CAT participants. A presentation of the preliminary plan development
timeline should also be included at this point to clearly communicate
the commitment duration expected of CAT members.

GHG Emissions Inventory
The details of GHG inventory development are covered in chapter 4.
During this introductory process, it is critical to communicate the intent
and role of the GHG emissions inventory. An overview of the expected
data needs can also be covered. Gathering the data for the emissions in-
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ventory can be labor-intensive, with data kept in disparate locations.
Obtaining information is easiest if the participating departments under-
stand the needed level of detail and the data’s intended use. This can be
accomplished through a presentation detailing the GHG emissions
 inventory process, with specific examples demonstrating the use of re-
quested data. Increased knowledge of the process also allows depart-
ments to evaluate if more appropriate or additional staff is necessary for
CAT membership.

Consider the Logistics of Plan Development

Communities deciding whether to develop a CAP will want to con-
sider factors of cost, time commitment, and needed expertise. GHG
emissions inventories require data collection and analysis, specialized
software, and personnel with knowledge of government operations and
community energy, transportation, and infrastructure data. Development
of emissions reduction and climate adaptation strategies may require
community education and participation. It will also require specialized
knowledge in transportation, energy, building and development, utilities,
hazard mitigation, and finance. 

Costs of Preparing a Climate Action Plan

Communities will vary in their choice of planning process and type of
CAP so costs will vary. Most of the costs associated with preparing a
CAP are tied to labor and time. A typical CAP will require 1,000 to
2,500 staff hours. If a consultant prepares the CAP, the cost can range
from $50,000 to $300,000. The following sections describe key factors
that will affect time and cost.

Level of Public Education and Outreach
Since climate change and climate action planning may be relatively new
concepts in some communities, a more extensive public education and
outreach effort can be required. In addition, the issue of climate change
is a politically charged one that may raise the level and intensity of par-
ticipation. Many communities have chosen to spend significant up-front
time in educating the community and elected officials on the science of
climate change and the climate action planning process. This can be one
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of the largest time commitments for a CAP and can thus drive costs to-
ward the high end of the range. Chapter 3 provides additional detail on
development of a public education and outreach process.

Participation of Advisory Groups
Many communities have chosen to establish formal advisory groups for
the CAP. Similar to public education and outreach, the role, member-
ship, number, and schedule of the advisory groups will determine the
level of staffing necessary. Some advisory bodies may consist of techni-
cal experts who are simply reviewing and commenting on drafts and
thus require relatively little staff time. Others may be more policy ori-
ented, may require detailed staff reports, and may hold open debates,
thereby demanding significant staff time. In some cases, advisory bodies
develop a life of their own and exceed initial estimates of staff time
commitments.

Status and Content of the GHG Emissions Inventory
Best practice requires that a CAP be based on a GHG emissions inven-
tory. The level of data collection, management, and analysis required
could consume as much as 25% of the time and budget for the typical
CAP. In some communities, a community-wide baseline GHG emis-
sions inventory has already been prepared but may need to be updated
or peer reviewed to ensure its accuracy and reliability as the foundation
for the quantification of strategies included in a CAP. This potential
time and cost should be considered as well.

The choices about content and level of detail of the inventory will
affect costs. Most CAPs address local government operations emissions
and community-wide emissions, thus inventories must be prepared for
both, but some only address one of these types. Communities will vary
in the quality and accessibility of their emissions data. The GHG emis-
sions forecast can also vary as to whether it is a singular forecast versus a
scenario forecast. Chapter 4 provides additional detail on development
of a GHG emissions inventory.

Specificity of GHG Emissions Reduction Strategies
GHG emissions reduction strategies in CAPs vary in their degree of
specificity. This is partly based on whether the community is preparing
a more visionary CAP or one more focused on implementation. Re-
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duction strategies may quantify GHG emissions reductions, compare
costs and benefits, and assess feasibility. Each of these would require ad-
ditional time in preparation. Chapter 5 provides additional detail on de-
velopment of GHG emissions reduction strategies.

Degree of Contribution by the Climate Action Team
A CAT provides two benefits that will affect the time and cost of 
the CAP. First, CAT members facilitate a positive and cooperative rela-
tionship with their departments. This is necessary because the GHG
emissions inventory will require data that may be difficult or time con-
suming to provide and which departments may not be used to provid-
ing. Second, they have the technical depth of knowledge to contribute
to development of the GHG emissions inventory and the development
of new policies and programs.

Level of Integration into Other Planning Documents
As already discussed, a CAP may be a stand-alone document or it can be
integrated with other plans such as a comprehensive or general plan,
sustainability plan, or energy plan. Integration will require additional
time to ensure consistency including amendment of existing plans that
may require additional informal and formal review.

Level of Review Required
In some states, the CAP may require review in addition to the standard
local government resolution. For example, CAPs prepared in California
are subject to environmental review under the California Environmen-
tal Quality Act. In Florida, a CAP that is integrated into a comprehen-
sive plan will require a general plan amendment that is subject to state
and regional level review. These additional levels of review will extend
the time frame for adopting the plan and will result in additional costs.

Level of Consultant Support
It is increasingly common for communities to hire consultants to assist
in preparation of the plan. Some communities hire consultants to pre-
pare the entire plan, while others will only hire for specific tasks. When
doing the task mostly in-house, common tasks to hire out include 
the GHG emissions inventory due to its technical complexity and the
public education and outreach program due to the need for specialized
 expertise.
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Time Needed for CAP Preparation

Based on the foregoing process steps and factors, the CAP will usually
take one to one and a half years to prepare and adopt. Table 2.3 shows
estimates for each of the process steps. Since some tasks can be com-
pleted concurrently, the phase I timeline is shorter than the sum of the
individual tasks (fig. 2.1).

Funding Options for CAP Preparation

A critical issue for development of the CAP is how it will be funded.
Although some communities have enlisted significant volunteer support
for the effort, particularly from colleges and universities, there will likely
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Table 2.3. Climate action plan preparation time frame

Phase/tasks Time to complete

Phase I: Preliminary Activities 3–6 months
1. Establish community commitment 1–2 months
2. Build community partnerships Ongoing
3. Establish the role of the plan 1–2 months
4. Assemble a climate action team (CAT) 2–3 months
5. Consider the logistics of plan development 1–2 months
6. Establish a public education and outreach program Ongoing
7. Audit community policies and programs 2–3 months

Phase II: Climate Action Plan Development 9–12 months
8. Conduct a baseline GHG emissions inventory 4-6 months

and interim forecast 
9. Formulate plan vision and goals 2–3 months
10. Identify a GHG emissions reduction target 1-2 months
11. Develop, evaluate, and specify GHG emissions 4–6 months

reduction strategies
12. Quantify GHG emissions reduction strategies 2–3 months

Phase III: Implementation and Monitoring Ongoing
13. Develop and administer an implementation program Ongoing
14. Monitor and evaluate implementation and reduction Every 1–2 years

target attainment
15. Modify and update the plan Every 2–5 years



be some costs incurred. But for most communities the costs discussed at
the top of this section will have a significant impact on the scope and
quality of the climate action planning effort. There are several possibili-
ties for funding, including local government general funds, fees, private
foundation donations and grants, and state and federal grant programs,
but these change often. Recently many communities across the nation
used federal Energy Efficiency and Conservation Block Grants
(EECBGs) funds for preparation of their CAPs. These funds were au-
thorized as part of the American Recovery and Reinvestment Act (Re-
covery Act) of 2009 and either went directly to communities or were
channeled through state programs. The EECBG funds assisted commu-
nities to address energy efficiency, GHG emissions reduction, and job
creation; this included the ability to fund preparation of a CAP. The
program was funded at $3.2 billion, and allocations were made to eligi-
ble governmental agencies, including cities and counties, through for-
mulas and through competitive grants. Its future availability is uncertain
and will be decided by the president and Congress. Communities are
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best advised to explore all opportunities and talk to other communities
about how they funded their CAPs. 

Audit Existing Community Policies and Programs

The policy audit assesses preexisting policies, programs, and procedures
for consistency with community goals for GHG emissions reduction
and adaptation to climate impacts. For example, many communities al-
ready have policies and programs aimed at promoting transit use, bicy-
cling, and walking—the type of goals that may be found in a CAP. By
going through the audit process, a community can establish the local
policy context in which the CAP must be devised, adopted, and imple-
mented. The policy audit is also a chance for a community to describe
the great things it is already doing to address GHG emissions reduction
and climate adaptation.

The audit provides useful information for several climate action
planning activities. First, many communities will have implemented ac-
tivities between the baseline emissions year identified in the inventory
and the current year. The policy audit provides the information neces-
sary to estimate emissions reductions achieved in that time and forecast
the long-term reductions likely to result from those activities. Second,
this information can help a community set a more realistic emissions re-
duction target that accounts for existing and proposed polices that re-
duce GHG emissions. Third, the policy audit lets the community clearly
identify the gaps in its current policy and program framework. Thus the
CAP can focus on filling these gaps.

Elements of a Policy Audit

The policy audit typically assesses the local government’s policy and op-
erational procedures that may or may not be formally documented. A
thorough policy audit requires close collaboration with the CAT whose
members aid in the identification of relevant policy documents and dis-
close operational procedures. In addition, though not yet common, a
community may wish to account for nongovernmental programs that
reduce GHG emissions such as CFL giveaway programs from electricity
providers or energy conservation education programs offered by non-
profits. The audit seeks to identify policy or programs that already serve
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to reduce GHG emissions and identify policy or programs incompatible
with the goals of addressing emissions reduction and climate adaptation.
It is best to organize the audit into sections that generally reflect those
in the emissions inventory (i.e., transportation, water, energy, etc.).This
division helps in confining assessment to policy that directly impacts
emission sources. The following sections explain the local government
policies and operations audit.

Adopted Policy
Adopted policy refers to plans, ordinances, and other local government
laws that directly influence GHG emissions. The content of these pol-
icy documents falls into two broad categories: supporting policies that
act to reduce GHG emissions and potentially conflicting policies that
either directly increase emissions or prevent emissions-reducing actions
(box 2.2). Supporting policy identifies elements that do not need to be
included in the CAP or areas to be enhanced. Potentially conflicting
policies identify those areas where plans or other city policy will require
amendment to become compatible with CAP goals. It is critical that the
evaluation be confined to actions that directly impact GHG emissions 
or sources of GHG emissions. It is quite easy, through a series of hypo -
thetical scenarios, to tie any local government policy to GHG emis-
sions. The inclusion of far-fetched causal links makes the audit convo-
luted and more difficult to use as a starting point for CAP development.
It is critical that each policy be tied to items in the GHG emissions
 inventory. Table 2.4 lists several of the documents most likely to be
 important components of an audit of adopted policy. 

Identifying current policy is the first step in conducting the audit.
Existing policy that supports GHG mitigation must be further divided
based on level of implementation. Policy that has been or is currently
being implemented should be separated from adopted policy that has
not been funded or implemented. Implementation can be assessed
through examination of funding allocation in the local government
budget, periodic reports on implementation of plans, and feedback from
the CAT. The CAT is a critical check in assuring that this division is
done accurately. 

Operational Procedures
Many of the actions taken by local agencies that reduce GHG emissions
are enacted not only for environmental reasons but also in the interest
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of efficiency and cost savings. This information can only be obtained
through close interaction with the CAT. Many of the procedures may
be standard protocol for individual departments. This will include the
maintenance schedule for municipal structures, which may entail ac-
tions such as replacement of heating, ventilating, and air conditioning
systems or the addition of motion sensors for lighting. It will also in-
clude the vehicle fleet turnover schedule and purchasing policy. In many
cases, saving money on energy to operate buildings and fuel to power
vehicles is motivating these choices, and staff may not initially recognize
the benefit in terms of GHG emissions. Another area to evaluate is em-
ployee programs such as transit incentives, office education programs,
and environmentally friendly purchasing programs. 

Many of the operational procedures will be revealed during devel-
opment of the emissions inventory, but some of these programs may
have been created in the time since the baseline year. In other cases, they
may not be actions that directly emit GHGs. For example, an emissions
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Box 2.2
Example of Supporting and Potentially Conflicting Policy

Policies, such as those that encourage energy efficiency and promote walking, biking, or public
transportation over automobile trips, will directly reduce greenhouse gas emissions. In a few
cases, a city’s policies and programs support actions that may generate additional emissions,
such as those that encourage vehicle travel.

Supporting: General Plan Policy X.X: No urban development beyond the urban growth boundary
shall be served by city water and/or sewer services.

This policy is one that assures dense development, curbing commute distance. Because this
action directly influences resident vehicle miles traveled, it should be included in the audit as
a supporting policy.

Potentially Conflicting: General Plan Policy X.X: Maintain at least Level of Service D on all city
roads, street segments, and intersections.

The most common way to improve roadway Level of Service is to increase capacity often
with increased number of lanes. While such actions may increase vehicle speeds in the short
term, which reduces emissions, in the long term it can increase vehicular traffic.



inventory will include energy consumed by municipal buildings. But
whether the energy use data are higher or lower than normal due to an
education campaign or installation of motion detectors for lighting is
irrelevant to the accuracy of the inventory. When a CAP is being devel-
oped, these data are critical for choosing strategies to reduce energy use.
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Table 2.4. Summary of some of the documents most commonly included in a policy
audit 

Plans

Comprehensive Land Use Plan (General Plan) Plans are necessarily broad; therefore,
Parks, Trails, and Open Space Master Plan focus should be placed on the lower levels
Urban Water Management Plan of policy hierarchy (policies and programs, 
Bicycle and Pedestrian Master Plan as opposed to goals or objectives). The goal
Transit Plan is to identify plan elements that directly
Area Plan influence emissions reduction or increase 
Downtown Mixed-Use Plan and community risk or resiliency from
Local Hazard Mitigation Plan climate change.

Standards, ordinances, programs, and policy

Zoning Code These are the regulations that implement
Green Building Ordinance the plans. In these documents one may
Water-Efficient Landscape Standards find the specifics lacking in the plans. 
Tree Ordinance The specificity of these regulations allows
Environmentally Friendly Purchasing Policy the assessment to be more nuanced.
Traffic Calming Program
Floodplain Ordinance

Memoranda, feasibility assessments, and other nonbinding statements

Community Garden Memorandum While these documents are not enforceable
Energy Efficiency Status Memorandum policy, they do provide a good indicator
Feasibility Assessments of city perspective and awareness. For 

example, a city that has conducted a 
feasibility study on local renewable energy 
generation may not have installed any 
renewable energy projects, but the study 
may signal a political willingness to do so.



From Policy Audit to CAP Development

The policy audit, containing a review of adopted policy, guidance docu -
ments, and department operations, should be submitted to the CAT 
as well as the departmental staff. This will be a final check on accuracy 
by those tasked with implementing the reviewed plans, guidance, and
protocols. This also serves to assure that members of the CAT share a
common basis for CAP development, review, and implementation. The
policy audit should set the stage for CAP development by identifying
areas in which short-term strategies can be most effectively pursued 
and also where there are gaps in or conflicts with current policies. The
policy audit data inform the prioritizing of strategies in the CAP.

Next Steps

Each community will need to tailor these preliminary activities to its
own needs and interests. It is good practice to talk to similar communi-
ties that have gone through the climate action planning process about
how they got started and what they would do differently in hindsight.
Communities that work through the issues raised in this chapter will
find that the rest of the planning process will go more smoothly and
that the final CAP will be a better product. The next several chapters
describe phase II of the planning process: CAP Development.

Chapter Resources

Climate Action Planning Guides

ICLEI–Local Governments for Sustainability, U.S. Mayors’ Climate Protec-
tion Agreement: Climate Action Handbook (Oakland, CA: Author, n.d.).
http://www.iclei.org/documents/USA/documents/CCP/Climate
_Action_Handbook-0906.pdf. This handbook provides a basic and ac-
cessible introduction to climate action planning and GHG emissions
reduction strategies.

American Planning Association, Policy Guide on Planning and Climate Change
(Washington, DC: Author, 2008). http://www.planning.org/policy
/guides/pdf/climatechange.pdf. This guide makes an argument for why
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city planners should be involved in the climate action planning process.
It also provides an extensive policy framework for developing GHG
emissions reduction and climate adaptation strategies.

Walter Simpson, Cool Campus! A How-To Guide for College and University Cli-
mate Action Planning (Lexington, KY: Association for the Advancement
of Sustainability in Higher Education, n.d.). http://www.aashe.org
/files/resources/cool-campus-climate-planning-guide.pdf. This guide is
specifically aimed at assisting colleges and universities that want to pre-
pare CAPs.

Pew Center on Global Climate Change, “Climate Change 101: Understand-
ing and Responding to Global Climate Change” (series). http://www
.pewclimate.org/global-warming-basics/climate_change_101.

Background on Sustainability and Urban Planning

Philip R. Berke and David R Godschalk, Urban Land Use Planning, 5th ed.
(Chicago: University of Illinois Press, 2006).

Urban Land Use Planning, often referred to as the planner’s bible, is a compre-
hensive source of the planning process, translating theory into methods
and actions. The fifth edition includes new land use planning issues for
the twenty-first century, including how to incorporate the “three Es”
of sustainable development (economy, environment, and equity) into
sustainable communities, methods for including livability objectives and
techniques, and the integration of transportation and land use.

Tommy Linstroth and Ryan Bell, Local Action: The New Paradigm in Climate
Change Policy (Burlington: University of Vermont Press, 2007). Local
 Action provides an overview of climate change science and policy at the
local and federal levels, presents various emissions reduction strategies
for municipalities, and offers case studies from the cities of Fort Collins,
Colorado, and Portland, Oregon. 

Peter Newman, Timothy Beatley, and Heather Boyer, Resilient Cities: Re-
sponding to Peak Oil and Climate Change (Washington, DC: Island Press,
2009). Resilient Cities presents climate change and peak oil as a double
whammy that will force cities to become more resilient or face the po-
tential for collapse. It creates a potent argument for the need for change
and then lays out a vision for that change including “10 strategic steps.”

Stephen Wheeler, Planning for Sustainability: Creating Livable, Equitable and
 Ecological Communities (New York: Routledge, 2004). Planning for Sus-
tainability defines and makes the argument for sustainability as a key
com ponent of city planning. It is primarily a resource book for ideas on
implementing sustainability in planning at several different levels of
governance.





Chapter 3

Public Participation

Climate action planning should include public participation. The
United States is a democracy in which the public has a right to par -
ticipate in the activities and decisions of the government. On a more
practical level, many aspects of CAP implementation require commu-
nity members to voluntarily change behavior in areas such as choice of
transportation mode and indoor energy usage, and local organizations
are needed to support these changes. As a result, successful implementa-
tion of GHG reduction strategies in a community will rely on direct
engagement with the public and other community entities throughout
the planning process. Public participation can result in a better plan,
 legitimize the plan in the eyes of the public, gain “buy-in” from the
public, and ultimately build social capital in the community. Public par-
ticipation has become standard practice in the preparation of CAPs. In
many communities, public task forces are the main drivers behind the
preparation and adoption of a CAP.

Because participation is regularly included in all types of plan
 de velopment, the field of planning has a well-developed theoretical
 understanding of the role, assumptions, and characteristics of varying
depths of participation. Best practice calls for establishing opportuni-
ties for the public to participate in the planning process. In some com -
mu nities, however, there may be a reluctance to include the public given
concerns that an uninformed public could slow down or derail the
plan ning process, or a perception that the public isn’t interested in
 participating.

As to the first concern, it is true that a quality public participation
program will often take more time; it is also true that it can improve im-
plementation and ultimate effectiveness of the plan.
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As to the second concern regarding the level of public interest,
there is good evidence that the public and other community entities
(e.g., small businesses) are interested in participating in deciding the fu-
ture of their communities.1 They are not apathetic or unconcerned;
they simply want assurance and ongoing reinforcement that their input
is meaningful. Most people have very busy lives, and taking a night off
to attend a meeting about climate action planning may not be a pri -
ority, especially if they don’t believe their concerns will be considered.

Talking about Climate Change with the Public

Communicating with the public about climate change can be more chal -
lenging than many other planning endeavors. Climate change gener-
ally has a lower level of public interest than other public policy issues.
 According to several recent polls, public opinion regarding climate
change is divided and fluid.2 A slight majority of Americans tend to
 believe that global warming is occurring, although uncertainty is very
high, especially when people are asked whether it is being caused by
human actions. Since 2007 there has been a clear trend toward greater
skepticism regarding the occurrence and importance of the global
warming phenomenon. One of the first tasks of the climate action
planning team is to know the views of their intended audience. If there
is not a good sense of the public’s opinion, then a community survey
may be useful. 

Research has identified the range of views community members
may have regarding climate change. A report from Yale and George
Mason Universities provides national averages for how a community
may be differentiated based on members’ beliefs. The report identifies
“Six Americas”: 

The Alarmed (18%) are fully convinced of the reality and seri -
ousness of climate change and are already taking individual, con-
sumer, and political action to address it. The Concerned (33%)—
the largest of the six Americas—are also convinced that global
warming is happening and a serious problem, but have not yet en-
gaged the issue personally. Three other Americas—the Cautious
(19%), the Disengaged (12%) and the Doubtful (11%)—represent
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different stages of understanding and acceptance of the problem,
and none are actively involved. The final America—the Dismis-
sive (7%)—are very sure it is not happening and are actively in-
volved as opponents of a national effort to reduce greenhouse gas
emissions.3

While the distribution of these views will vary by community, all com-
munities will likely contain some portion of the public and decision
makers in each group.

The planning team must be prepared to communicate to each 
of these groups. The Alarmed and Engaged will need little informa-
tion on the science of climate change and will instead mostly focus on
any information that lets them better understand options for reducing
green house gas (GHG) emissions. The Cautious and Disengaged, if
they can be reached, may need information focused on the impacts of
climate change to them and their communities. The Doubtful and Dis-
missive may need information on the basic science and evidence of cli-
mate change. A clear message for climate action planners that comes
from the surveys is that considerable uncertainty exists, and many
Americans feel they need more information to better understand and
judge the issue.

Or not. It is also argued that stagnation in the CAP development
process driven by differences over the scientific facts of climate change
is not the problem.4 Instead the problem is poor policy design. In other
words, many strategies that can reduce emissions or community vul -
nerability to climate impacts also have many other benefits. Perhaps, 
for community members that could be categorized as Doubtful or Dis -
missive the best strategy is to point out and focus on the range of co-
 benefits that result from CAP development rather than try to convince
them of the science. In some communities, a CAP is given a different
title that focuses on energy such as the Newton, Massachusetts, Energy
Action Plan. It may be possible that community members with divergent
views of climate change may reach consensus on the need for action in
some sectors if the co-benefits are made clear. It is the job of the par -
ticipation facilitator to aid community members in identifying such
common ground.

Americans tend to view the global warming problem as long term
rather than imminent; thus they tend to deprioritize the issue. There 
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is also a skepticism that anything can be done about it even if global
warming is a problem. About half of Americans support policy to re-
duce carbon emissions, although this support is tempered if it directly
costs them. There is some evidence that opinion on these issues varies
by political orientation and age but not level of education. The older
and more politically conservative tend to be more skeptical of climate
change. The surveys also indicate a public belief that there is consider-
able disagreement among scientists,but recent surveys of scientists work-
ing in climatology show a strong consensus that the planet is warming
and that human activity is a significant factor.5,6 Since most people gen-
erally trust scientists as a source of information about climate change,
getting scientists involved may be an important part of a public edu -
cation program.

To address these concerns, it is important to establish three content
goals for communicating climate change science and climate action
planning to the public: 

• Clarify consensus on, and uncertainties in, the science.
• Explain why the problem is important, especially to them personally.
• Explain that the problem is solvable.

Each of these content goals relies on the planning team’s ability to ef-
fectively communicate science to citizens. In preparing materials and
activities to present science in a manner understandable to participants,
it is important to be aware of the criteria that a public audience uses to
make judgments about science. These criteria include the following
questions:7

• Does scientific knowledge work? Do public predictions by scientists fail
or prove to be true?

• Do scientists pay attention to other available knowledge when making
claims?

• Are scientists open to criticism? Are they willing to admit errors and
oversights?

• What are the social and institutional affiliations of scientists? In other
words, do they have a historical track record of trustworthiness? Simi-
larly, do they have perceived conflicts of interest relative to their associ-
ations with industry, government, universities, or advocacy groups?
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• What other issues overlap or connect to a public’s immediate percep-
tion of the scientific issue?

• Specific to risks, have potential long-term and irreversible conse-
quences of science been seriously evaluated, and by whom? And do
regulatory authorities have sufficient powers to effectively regulate or-
ganizations and companies who wish to develop the science? Who will
be held responsible in cases of unforeseen harm?

Approaches to Public Participation

A review of recently completed CAPs across the United States reveals
three general approaches to public participation:

• Green Ribbon Task Force 
• Public Task Force (working groups) 
• Community Workshop 

In the Green Ribbon Task Force approach, a select group of commu-
nity leaders and specialists representing such areas as government, busi-
ness, industry, science, agriculture, schools and higher education, and
environmental and community groups are assembled to guide develop-
ment of the plan. Members of the Green Ribbon Task Force are usually
selected or appointed by elected officials. In a study by the authors, the
size of these task forces ranged from twelve to thirty-six people. Al-
though there may be other opportunities for the public to be involved
in the planning process, the task force provides the primary method of
participation for the diverse interests in the community. The planning
team serves as staff for the task force and makes major decisions affect-
ing the development of the CAP. The sectors represented by the task
force are viewed as critical collaborators for effective plan implementa-
tion. This approach was exemplified in communities such as Chatta -
nooga, Tennessee (box 3.1), Denver, Colorado, and Tacoma, Washing-
ton. One caveat here is that if a Green Ribbon Task Force is small and
not representative of the interests of most of the community it may not
achieve these goals. The Green Ribbon Task Force may need to create
opportunities for input from more diverse voices from the community.

The Public Task Force is more inclusive and usually much larger
than the Green Ribbon Task Force. The participants include the types
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of stakeholders already listed, as well as ordinary citizens. The Public
Task Force membership is often self-selected or voluntary rather than
appointed by elected officials, though elected officials may confirm or
authorize creation of the Public Task Force. The assembled task force
does much of the work of developing and vetting climate policies and
actions and may be broken into subcommittees by sector or strategy
area. The task force may also report to an organizing or steering com-
mittee (or even a Green Ribbon Task Force). The planning team pro-
vides support for the task forces and depends on the task forces to do
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Box 3.1
Example of the Green Ribbon Task Force Approach

The Chattanooga (Tennessee) Climate Action Plan

In 2007, Mayor Ron Littlefield appointed the Chattanooga Green Committee to advise him
on which climate actions the community should take. The Committee met for one year to
analyze greenhouse gas emissions and other community data, collaborate with the community,
meet with subject matter experts, and develop a set of recommendations. The Committee
included fourteen members representing private business, the public sector, and educational
institutions. They divided themselves into four task forces: Energy Efficiency, Healthy Com-
munities, Natural Resources, and Education and Policy. The Committee was composed of
representatives from the following groups: 

• City of Chattanooga, Division of Urban Forestry
• Advanced Transportation Technology Institute, Chattanooga Technology Council
• U.S. Green Building Council
• Hamilton County Government
• Volkswagen Group of America, Inc.
• Chattanooga Manufacturers Association
• Chattanooga-Hamilton County Air Pollution Control Bureau
• Chattanooga Tree Commission
• Chattanooga Home Builders Association
• Chattanooga City Council
• Associated General Contractors of East Tennessee
• University of Tennessee at Chattanooga, Department of Biological and Environmental

Sciences
• Electric Power Board



the heavy lifting on plan development. This approach was exemplified
in Cincinnati, Ohio. In 2007, the mayor of Cincinnati, Mark Mallory,
appointed the Climate Protection Steering Committee to assist in de-
veloping the plan. The Committee was composed of business, govern-
ment, environmental,  aca demic, and civic organization leaders. Although
this is similar to the Green Ribbon Task Force Approach, the Commit-
tee formed five Task Teams in the areas of Energy, Transportation, Land
Use, Waste Man agement, and Advocacy and empowered 150 subject
matter experts and concerned citizens to compile hundreds of potential
actions for the city. 

In the Community Workshop Approach, public participation is
pri marily accomplished through a series of community workshops or
forums where anyone may participate. Meeting information may be
sup plemented with online forums and surveys. The planning team 
has primary responsibility for plan development and uses the meetings
to share information and ideas, assess preferences from the community,
and receive feedback on proposed strategies. This approach was ex -
emplified in communities such as Hayward, California, and Madison,
Wisconsin. 

In some communities public participation is minimal and may
only be done to meet the legal requirements of the adopting organiza-
tion. If the plan is being prepared or adopted by a governmental agency,
there are likely state or local laws with specific, minimum requirements
for public participation. Most states have laws that require a government
agency to notify the public of pending actions (usually with a legal no-
tice in the newspaper at minimum) and to hold open public hearings
where the public may provide testimony. This is usually seen as an ab-
solute minimum for public participation in climate action planning.
Best practice is to exceed this minimum with more inclusive and mean-
ingful forms of participation.

These do not constitute all the possible approaches for public par-
ticipation. There are many ways to engage the public and many com-
munities choose to combine or modify elements of the three common
approaches. 

The following section examines five critical choices in designing
participation programs and explains their relevance to each of the three
recommended approaches.
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Critical Choices in Designing a Public 
Participation Program

A series of critical choices must be made in designing participation
 programs:8

1. Administration: whether or not to prepare a participation program and
how to staff involvement efforts

2. Objectives and purpose: what the participants are being asked to do and
whether to educate, seek their preferences, and/or grant them direct
 influence

3. Stage: when to start encouraging citizen participation in the planning
process

4. Targeting: which types of stakeholder groups to include in participation
efforts

5. Techniques: what types of participation approaches to employ and what
types of information and dissemination processes to incorporate into
participation activities

These choices should be made based on a review of practices in the
field and adherence to the “characteristics of highly effective public
participation programs” established by the Department of Energy:9

• Have a clearly defined expectation for what they hope to accomplish
with the public

• Are well integrated into the decision-making process
• Are targeted at those segments of the public most likely to see them-

selves as impacted by the decision (stakeholders)
• Involve interested stakeholders in every step of decision making, not

just the final stage
• Provide alternative levels of participation based upon the public’s level

of interest and reflecting the diversity of those participating
• Provide genuine opportunities to influence the decision
• Take into account the participation of internal stakeholders as well as

external stakeholders

These criteria can be used to design and evaluate a public participation
process. Appendix B provides a model approach for a public participa-
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tion program that can be tailored based on the public participation ap-
proach desired and addresses these program choices and criteria.

Administration

Assuming a community has chosen to have a public participation pro -
cess for developing the CAP, the first issues to address are staffing and
budget. Staff identification and budget needs are based on the desired
scope of the participation program and should be part of the initial
CAP timeline and overall budget. The staff and allocation of funds
should allow for flexibility in the participation process. Issues or stake-
holder groups not identified during the initial planning phase may
emerge. In this case, the staff and funds allocated for participation should
be able to accommodate the inclusion of additional information or
events (e.g., meetings, workshops, etc.).

Equally important as having adequate staff hours and funding 
is choosing the person or organization that will oversee, convene, facili-
tate, and record outcomes. The participation process can be led by the
planning entity that is overseeing CAP development (e.g., a city, county,
or consultant), or an outside entity can be brought in. This outside en-
tity can be a local nonprofit organization or a consultant specializing in
community participation. Use of a local entity can either build or
threaten community trust depending on the manner in which the or-
ganization is viewed, particularly by the stakeholder groups targeted by
the participation process. An outside consultant may benefit from being
seen as neutral, but a lack of familiarity may result in reluctant participa-
tion by stakeholders. 

Participation events bring together a collection of stakeholders
with potentially divergent views. The organizing entity must have the
facilitation skills to ensure that all participants feel involved and heard,
particularly for participation efforts that not only seek to inform but
also solicit feedback. The views expressed must be recorded so that par-
ticipants can evaluate whether or not they have been accurately heard,
and the feedback can be referenced in the future. In addition to facilita-
tion skills, the individual or group that leads participation events in sup-
port of CAP development should have a clear understanding of climate
science, the CAP development process, and the local role of the CAP.
This is important as community concerns and desires for the future 
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may not appear directly related to GHG emissions or climate impacts. 
A good facilitator can aid in public understanding by explaining these
connections. The oversight and facilitation of these events need not be
undertaken by a single individual. A team approach may best provide
the skills necessary to meet participation goals. 

Objectives and Purpose

The initial tasks of designing the participation program are to identify
the desired outcomes, define the depth of participation, and establish
the level of commitment being made to the public. The range of par -
ticipation options varies based on the manner in which a community
addresses these considerations (fig. 3.1).10 The depth of partici pation is
determined by (1) the extent of the opportunities offered to those who
chose to participate, and (2) the weight given to the views expressed 
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Figure 3.1 Range of public participation options.

Source: Modified from “Spectrum of Public Participation,” International Association for Public Partici -
pation, accessed August 23, 2010, http://www.iap2.org/displaycommon.cfm?an=5.



by participants.11,12 Another way to conceptualize depth of participa-
tion was established in Sherry Arnstein’s famous “Ladder of Citizen
Participation.” 

The ladder has eight rungs for each level of public participation
and these are grouped into three categories: citizen power, tokenism, and
nonparticipation. The level of public influence or control in the planning
process is highest towards the top of the ladder and decreases toward the
bottom:

Citizen power
Citizen control
Delegated power
Partnership
Tokenism
Placation
Consultation
Informing
Nonparticipation
Therapy
Manipulation

Arnstein proposes that for any planning process the following question
could be asked: Where does the power to control the planning process
reside? Or alternatively: At what level (or to what depth) is the public
participating in the planning process? Based on the ladder analogy, she
established that citizens who were being placated or manipulated
through participation schemes were at the bottom of the ladder, whereas
citizens who were given full partnership and power in planning and de-
cision making were at the top of the ladder. She suggested moving up
the ladder as much as possible when involving the public in community
issues. Each community has to decide its own desired level of participa-
tion, then clearly communicate to members of the public their role in
the process and the commitment being made regarding their role and
the use of their input. 

Depending on the goal of a participation process, a community 
can develop a program using one or more of the three approaches to
par ticipation (Green Ribbon Task Force, Public Task Force, or Com-
munity Workshop) and select complementary levels of opportunity and
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event types. For example, if the goal is to inform, then a basic infor -
mation distribution campaign through mailers or press releases may be
sufficient. If the goal is to consult or involve, then the Community
Workshop Approach may produce the best results. If the goal is to col-
laborate or empower, then either the Public or Green Ribbon Task
Force Approach may create the most effective partnership. Communi-
ties with multiple goals for their public participation programs may find
that blending one or more of the approaches would provide a robust
and comprehensive approach.

Stage

Deciding when to include the public in the climate action planning
process will be partially determined by the objectives discussed in the
previous section; the greater the depth of participation, the greater 
the need to include the public early and often. Early on there may be a
need for a kickoff meeting. Once the planning is under way there may
be a need for periodic meetings or events. Once the draft plan is com-
pleted there may be a need for final meetings leading up to adoption 
by the relevant organizations or local governments. Each of these three
stages—kickoff, planning, adoption—should be considered for public
participation.

During the kickoff phase, public participation will usually focus on
education and outreach. Since many in the public are unfamiliar with
climate action planning, the participation process should begin by edu-
cating stakeholders about climate change and climate action planning.
Moreover, participants should understand why climate action planning
is needed and why it is relevant to their lives, with a particular focus on
co-benefits. In addition to education and outreach, it may be necessary
to convene the public to actively engage in a visioning process (box 3.2).
Visioning is the collective exercise of describing the desired outcome or
a desired future that the CAP could help achieve. For example, a vision
statement might include the idea that the community pri oritizes trans-
portation systems for bicyclists and pedestrians. Finally, the kickoff
meeting can be used as an opportunity to recruit members of the public
to serve on public task forces as was done in Evanston,  Illinois.

The planning phase will usually focus on having the public partici -
pate in the development of ideas for GHG reduction and adaptation
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strategies that could be in the CAP. This phase can vary in length and is
often iterative. Brainstorming and other idea-generating efforts would
be facilitated during this phase, including ongoing education about
 issues and updates on the CAP development progress. The ideas gen -
erated though the brainstorming process can be developed into pre -
limi nary strategies. These strategies can be presented back to the com-
munity to assure that the ideas expressed in the brainstorming and other
events were accurately understood. This is also a good time to identify
any gaps that the community sees in the potential suite of strategies.

The adoption phase occurs when the CAP strategies are near-
ing completion. This stage usually garners the most attention from the
public and thus may be the point of most controversy. A greater depth
of participation in the earlier stages can serve to limit the level of con -
troversy in this stage. In the adoption stage a draft CAP is available, 
and the public reacts to the information that it contains. Participation
efforts will again focus on education and outreach. In addition, the en-
tity that is leading the participation efforts should be prepared to facili-
tate and mediate meetings and disputes about the contents and direction
of the CAP. 
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Box 3.2
City of Berkeley (California) Climate Action Plan 

Vision for Year 2050

• New and existing Berkeley buildings achieve zero net energy consumption through in-
creased energy efficiency and a shift to renewable energy sources such as solar and wind.

• Public transit, walking, cycling, and other sustainable mobility modes are the primary
means of transportation for Berkeley residents and visitors.

• Personal vehicles run on electricity produced from renewable sources or other low-carbon
fuels.

• Zero waste is sent to landfills.
• The majority of food consumed in Berkeley is produced locally—that is, within a few

hundred miles.
• Our community is resilient and prepared for the impacts of global warming.
• The social and economic benefits of the climate protection effort are shared across the

community.



Targeting

In the targeting stage, it is important to ask: Who is the public that is in-
volved? Are they representative of the elite, such as community leaders
in business and the nonprofit sector with access to considerable re-
sources, or, are they representative of the general public? 

In the Green Ribbon Task Force approach it is most challenging
to ensure that all community interests are represented. Establishing who
is on—and not on—the task force could become a contentious and
politicized issue. 

In the other two approaches, Public Task Force and Community
Workshop, where meetings are generally open to all comers, this issue
may be seen as less of a concern, but this would be a mistake. A well-
known phenomenon in local government is the lack of diversity at
open public meetings. Meetings can be dominated by well-organized
community groups and skew significantly on key demographics such as
age, income, and housing tenure (renter vs. owner) (table 3.1). Achieving
diverse community participation requires good outreach efforts and sur-
veying (formally or informally) of key demographics at meetings to
check on representativeness. If a community has members with first
languages other than English, then consider having translated materials
and simultaneous translation available at meetings. In addition, diversity
in meeting structure, location, and date and time  can engage a greater
portion of the community.

Techniques and Information

The question of which participation approaches to employ is challeng-
ing due to the wide variety of choices. This section presents a selection
of techniques split loosely into two categories (table 3.2): (1) basic tech-
niques that should be employed in all public participation programs, and
(2) advanced techniques that can be useful in some public participation
programs.

Basic Techniques That Should Be Employed in All Public Participation Programs
Early in the participation process, the community needs to be notified
that CAP development is being pursued. Only after community mem-
bers are aware of the problem being addressed and the local strategy
being employed will they feel compelled to participate in the process.
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The goal of the basic techniques is to communicate climate science, an-
ticipated local impacts, and the climate action planning process. The in-
tended outcome should be increased community understanding of the
issue, local needs, and the local planning process to address the needs.
This is also the best time to publicize the participation events and an -
ticipated role of the participants.

Information documentation includes the provision of hard copy and
web-based plans, reports, and the like. Hard copies of planning docu-
ments should be available at city hall and public libraries at a minimum.
The creation of a web page can support this process by serving as a
repository for all information relating to the CAP. The site should in-
clude presentations, materials, and press releases produced for the meet-
ings as well as versions of the CAP document for public review. The site
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Table 3.1 Issues affecting public participation rates

Demographic Issues

Age Retirees may be more likely to participate during the 
day or early evening. Working age adults and students 
may not be able to participate during the day.

Family status People with younger children may not participate due 
to time needs of the children.

Income People working two jobs or unable to afford child care 
may not participate. People may not have access to the 
Internet.

Race/ethnicity/culture People in the minority or who have been traditionally 
disenfranchised may be skeptical of participating. Some 
cultures are uncomfortable or unfamiliar with 
participation in community affairs.

Language People who have English as a second language may not 
know about meetings or may believe they cannot 
participate, especially if translation services are not 
available.

Housing tenure People who rent may miss notices mailed to property 
owners or utility payers. They may also feel they are 
outsiders.

Residency New members of the community may not yet be 
engaged with community planning efforts.



and all materials should have a consistent “look and feel” to them that
defines them as being materials representing the CAP project. A website
should be accompanied by distribution methods that effectively reach
community members who do not have easy Internet access. Materials
should be created in different languages for community members who
do not speak English.

Media and public relations campaigns engage the media and inform
the public through newspaper ads, TV ads, press releases, mailers, com-
munity calendars, op-eds or letters to the editor, and websites.

Educational meetings and workshops provide opportunities for mem-
bers of the public to learn in depth about climate change and CAP de-
velopment and engage in dialogue with experts and fellow citizens.
These can range from large, well-publicized meetings intended to at-
tract a cross-section of the community to smaller meetings for specific
groups or neighborhoods.

Exhibitions provide opportunities to display information in public
areas, including informational booths at farmers’ markets or other regu-
lar community events, explaining the plans, processes, and locally im-
portant issues. These displays can also be used to gauge public opinion
and gather feedback on potential strategies. These opinions can be gath-
ered by having a staff member on hand to answer questions and solicit
feedback or through use of a comment board or other self-service
means of expressing views.
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Table 3.2 Techniques for public participation

Basic techniques Advanced techniques

Information documentation Visioning
Media and public relations Focus groups
Educational meetings and workshops Questionnaires
Exhibitions and events Computer-based polling
Public hearings Social marketing/Web 2.0
Mail and e-mail notices Citizen academy

Competitions and challenges
Speakers bureau
Roving workshops



Public hearings at meetings of elected and appointed boards can also
be used as a forum to solicit formal feedback from the public in a man-
ner that becomes part of the official local government record.

Mail and e-mail notices can raise awareness and inform community
members on the CAP development process as it progresses. Regular 
e-mail notices are a simple and low-cost tool to engage community
members who are unable to regularly attend participation events such 
as workshops. E-mail addresses of interested stakeholders can be ga -
thered through other outreach tools such as websites, workshops, and
exhibitions.

Advanced Techniques That Can Be Useful in Some Public Participation Programs
Some participation programs seek not only to educate the community
and raise awareness but also to solicit more detailed feedback on various
aspects of CAP development. The feedback can occur at all stages of
CAP development from visioning for the community to individual
concerns or specific strategies. These techniques often work best when
accompanied by many of the basic techniques just described.

Visioning is a public meeting process that asks citizens to create a
vision for a desired future state of their community. Visioning exercises
require the public to think less about immediate problems and con-
straints and instead imagine how they would like their community to be
in 20 to 50 years. A vision then becomes a long-range goal or aspiration
that a community can move to through deliberate action. The out-
comes from a visioning meeting can help focus CAP strategy develop-
ment and identify key co- benefits.

Focus groups are a research method for gauging public interests and
opinions. A community using this approach could conduct a series of
stakeholder discussions with key target audiences (e.g., agricultural
community, local builders, etc.) with the goal of gathering detailed and
specific feedback on the CAP development. Focus groups can also be
used at general stakeholder meetings where community members can
divide according to interest, expertise, or areas of concern. Stakeholder
discussions can focus on proposed methods to reduce GHG emissions
from each of the primary CAP sectors. These discussions should be fa-
cilitated to encourage substantive discussions of policy implications and
benefits within each sector, with the goal of achieving consensus on
policy direction for each sector addressed by the CAP. 
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Questionnaires or surveys can be conducted through a website,
mailed in hard copy, or delivered in person. This tool can be used to as-
sess community habits and values, as well as gather feedback on the
CAP sector issues. The intended use of the survey results will determine
the need for a statistically valid survey or more qualitative, informational
survey.

Computer-based polling is a type of questionnaire or survey that can
be administered real time during a meeting to provide instant feedback
from an audience. Meeting participants can be given small, remote de-
vices (they look like small television remotes) that they use to respond
to questions. The computer collects the public responses and immedi-
ately calculates and displays summaries of the responses. Real-time
polling is also anonymous, which often neutralizes extreme positions
and provides equal participation to all participants.

Social marketing/Web 2.0 refers to the use of Internet-based social
networking and digital communication tools such as blogs, wikis, col-
laborative software, and social networking sites such as Facebook and
Twitter, and other similar tools. These digital media can be used to keep
the public informed, facilitate involvement, or solicit input, especially
from younger members of the community who may be less likely to
participate in other ways. For example, a Facebook page can be created
for a CAP. Developing and posting messages on these sites can encour-
age conversation on the issues as well as promote the public meetings.
Key community-based organizations with a vested interest in the issues
discussed in the CAP can be “friended,” “liked,” or “followed” so as to
promote the meetings and other participation events. 

Citizen academy is a training course provided for community
 members that allows for a greater level of detail and depth than can be
 provided through workshops. For climate action planning, a science
academy could address climate science, emissions reduction and climate
adaptation strategies, local government policy and planning, and “green”
living. Experts could be brought in to teach different parts of the
course; local colleges and universities are often an excellent resource.

Competitions and challenges can take many forms. Friendly competi-
tion or prizes can help encourage attendance at participation events.
Games can provide an engaging and fun context in which community
members can be introduced to new concepts or examine the pros/cons
of proposed strategies.
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Speakers bureaus, organized in advance of community workshops or
town hall events, can enable the planning team to connect with key
stakeholder groups on important issues and help to inform citizens
about the local issues related to climate change and land use planning. 
A speakers bureau may consist of staff, representatives of key stakeholder
groups, or a combination of staff and stakeholders. Key candidates for
the bureau are those community stakeholders who are willing to be the
plan’s ambassadors. The objective of the speakers bureau is to provide
peer-to-peer and informal outreach for the plan. Speakers would re-
ceive key talking points, a presentation template, and training on desired
presentation approaches as well as plan objectives.

Roving workshops are mini-workshops that are conducted in the
community at places where people tend to congregate—for example,
churches, schools, grocery stores, parks, and community events such as
parades or street fairs. The idea is to go to the public rather than trying
to make the public come to you. The activities are designed to be inter-
active and fun for the public and easy to transport and manage for the
planning team. They are intended to go beyond exhibitions (discussed
earlier), which provide no or limited public input, and instead engage
the public in a constructive dialogue with planners and each other.

Public Participation in CAP Implementation

Many if not most of the actions identified in the CAP will require indi-
viduals, families, and businesses to change their behavior. It is one thing
to provide additional bicycle lanes in a community; it is another to get
people to drive their cars less and ride their bicycles more. Changed be-
havior cannot be accomplished through a few public service announce-
ments or brochures available at the local library. Successfully changing
behavior requires a sustained and multipronged effort to continue en-
gaging the public in the issue of climate change. 

CAPs should contain a section that identifies how the public will
be included in plan implementation. Long-term participation in plan
implementation is an area that can often be best addressed through part-
nerships with local nongovernmental organizations. In some cases,
funding can be provided to support these activities. For example, a bi -
cycling advocacy organization is well positioned to carry out ongoing
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city planners should be involved in the climate action planning process.
It also provides an extensive policy framework for developing GHG
emissions reduction and climate adaptation strategies.

Walter Simpson, Cool Campus! A How-To Guide for College and University Cli-
mate Action Planning (Lexington, KY: Association for the Advancement
of Sustainability in Higher Education, n.d.). http://www.aashe.org
/files/resources/cool-campus-climate-planning-guide.pdf. This guide is
specifically aimed at assisting colleges and universities that want to pre-
pare CAPs.

Pew Center on Global Climate Change, “Climate Change 101: Understand-
ing and Responding to Global Climate Change” (series). http://www
.pewclimate.org/global-warming-basics/climate_change_101.

Background on Sustainability and Urban Planning

Philip R. Berke and David R Godschalk, Urban Land Use Planning, 5th ed.
(Chicago: University of Illinois Press, 2006).

Urban Land Use Planning, often referred to as the planner’s bible, is a compre-
hensive source of the planning process, translating theory into methods
and actions. The fifth edition includes new land use planning issues for
the twenty-first century, including how to incorporate the “three Es”
of sustainable development (economy, environment, and equity) into
sustainable communities, methods for including livability objectives and
techniques, and the integration of transportation and land use.

Tommy Linstroth and Ryan Bell, Local Action: The New Paradigm in Climate
Change Policy (Burlington: University of Vermont Press, 2007). Local
 Action provides an overview of climate change science and policy at the
local and federal levels, presents various emissions reduction strategies
for municipalities, and offers case studies from the cities of Fort Collins,
Colorado, and Portland, Oregon. 

Peter Newman, Timothy Beatley, and Heather Boyer, Resilient Cities: Re-
sponding to Peak Oil and Climate Change (Washington, DC: Island Press,
2009). Resilient Cities presents climate change and peak oil as a double
whammy that will force cities to become more resilient or face the po-
tential for collapse. It creates a potent argument for the need for change
and then lays out a vision for that change including “10 strategic steps.”

Stephen Wheeler, Planning for Sustainability: Creating Livable, Equitable and
 Ecological Communities (New York: Routledge, 2004). Planning for Sus-
tainability defines and makes the argument for sustainability as a key
com ponent of city planning. It is primarily a resource book for ideas on
implementing sustainability in planning at several different levels of
governance.



vides numerous tools for developing and implementing public partici-
pation as well as training and access to the latest research on public par-
ticipation.

Kathleen Les, “Engage Your Community in Bold Initiatives on Climate
Change,” Western City (May 2008). http://www.westerncity.com
/Western-City/May-2008/Engage-Your-Community-in-Bold-
Initiatives-on-Climate-Change/. Explains how to conduct an effective
community engagement effort for developing and implementing a cli-
mate action plan and includes numerous examples from communities.
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Chapter 4

Greenhouse Gas Emissions Inventory

The technical definition of a community greenhouse gas emissions
(GHG) inventory is an accounting of GHGs emitted by a community
to (and in some cases, removed from) the atmosphere over a period of
time, usually a calendar year. The inventory provides the baseline or ex-
isting condition from which to measure progress toward a GHG reduc-
tion target. This approach of quantifying a problem is not novel for
most communities. Transportation studies that quantify the amount of
traffic on roadways or housing studies that quantify the housing stock
and assess its affordability are just two examples of gathering quantita-
tive data in support of planning.

A GHG emissions inventory can be likened to an assessment you
might do to begin a weight loss plan. First, you may weigh yourself and
do an overall health assessment. What is your weight, cholesterol level,
and percentage of body fat? Then you determine the sources of your
calories: pancakes for breakfast, 700 calories; a burger, fries, and soft
drink for lunch, 900 calories; and pizza, salad, and a glass of wine for
dinner, 1,100 calories. You will use the information gathered in this in-
ventory to change the intake of food, fat, and cholesterol for a healthier
future. In the same way a community needs to understand its current
emissions level, how community choices affect that level, and how it 
can change.

Principles of GHG Emissions Inventories

At the community scale, inventories focus on identifying sources and
estimating quantities of GHG emissions. The primary sources are
motor vehicles that directly consume fossil fuel and industrial, commer-
cial, residential, and governmental buildings and operations that con-
sume fossil fuels and electricity (thus indirectly consuming fossil fuels if
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no alternative form of electricity production is available). There are a
number of other sources of GHG emissions at the community level but
transportation and energy sources emit the majority of GHG emissions
in most communities. GHGs are not measured directly; instead they are
calculated based on measures such as how much electricity and natural
gas is used in the community, how much people drive, what types of ve-
hicles and fuels are present, and how much waste is generated. Each of
these can be measured or estimated in a community and then converted
to GHG emissions using standardized tools and databases. Because
GHGs are calculated in this indirect fashion, they should be considered
estimates, not exact measures. Box 4.1 provides an example set of esti-
mates relating GHG emissions to community actions. By following ap-
propriate protocols, these estimates can be sufficiently accurate for
climate action planning.

A typical GHG emissions inventory will report the total annual
emis sions attributed to the community and a breakdown of their sources.
Table 4.1 is an example from the City of San Carlos that displays the
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Box 4.1
Conversion of Greenhouse Gas Emissions to Familiar Equivalents

1,000 metric tons (MT) of CO2 emissions is approximately equivalent to the
 following:

• CO2 emissions from 112,100 gallons of gasoline consumed
• CO2 emissions from 2,300 barrels of oil consumed
• CO2 emissions from the electricity use of 120 homes for one year
• CO2 emissions from burning 5.4 railcars’ worth of coal
• Annual CO2 emissions of 0.0002 coal-fired power plants
• CO2 emissions from 41,600 propane cylinders used for home barbecues
• Greenhouse gas emissions avoided by recycling 350 tons of waste instead of sending it to

the landfill
• Carbon sequestered by 25,600 tree seedlings grown for 10 years
• Carbon sequestered annually by 210 acres of pine or fir forests
• Carbon sequestered annually by 10 acres of forest preserved from deforestation

Source: U.S. EPA Greenhouse Gas Equivalencies Calculator. http://www.epa.gov/cleanenergy/energy
-resources/calculator.html.



Table 4.1 An example of conversion factors used by the City of San Carlos to calculate
 community-wide GHG emissions

Quantity Value Notes

Standard unit conversions
1 pound (lb) 0.0004536 metric tons (tonnes) Engineering standard
1 short ton (ton) 0.9072 metric tons (tonnes) Engineering standard
1 metric ton (tonne) 1.1023 short tons (tons) Engineering standard

2,204.62 pounds (lb)
1 kilowatt hour (kWh) 3,412 Btu (Btu) Engineering standard
1 therm 100,000 Btu (Btu) Engineering standard

City of San Carlos—General Greenhouse Gas Conversions for baseline 2005 calculations
1 kilowatt hour (kWh) 0.492859 lb CO2e PG&E 2005 emissions factor 

certified by the California 
Climate Action Registry.

1 MMBtu 53.05 kilograms (kg) CO2e PG&E CO2e emissions factor for 
delivered natural gas, certified by 
the California Climate Action 
Registry and CEC.

1 vehicle mile traveled 1.077 lb CO2e Average estimate calculated by
(VMT) dividing total CO2e derived from

EMFAC and CACP by total 
VMT. Individual calculations 
may vary from this average 
coefficient based on model year 
and vehicle class.

1 short ton landfilled 0.277 metric tons CO2e Average estimate calculated by
waste dividing total emissions from 

landfilled waste derived from 
EPA’s WARM model and 
CACP by total tons landfilled. 
Individual calculations may vary 
from this average coefficient 
based on type of waste landfilled 
and waste management practices.

Note: This list of common conversions is used throughout the San Carlos Climate Action Plan. The City of San
Carlos—General Greenhouse Gas Conversions are average estimates of the greenhouse gases (GHGs) produced
by a unit of natural gas, electricity, and VMT within the city of San Carlos in calendar year 2005. The purpose
of these conversion estimates is to provide an estimate for the reader to visualize the GHG equivalent of activities
within the city.

Abbreviations: MMBtu, million British thermal units; PG&E, Pacific Gas & Electric; CEC, California Energy
Commission; EMFAC, motor vehicle emissions model; CACP, Clean Air and Climate Protection; VMT, vehicle
miles traveled.

Source: City of San Carlos, Climate Action Plan (2009). 
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conversion factors used to calculate GHG emissions. These are a com-
bination of standard unit conversions and conversion factors derived
from local data specific to San Carlos. These factors are used to quantify
the GHG emissions produced by a community. Table 4.2 is an example
of a standard summary of total emissions attributable to a community.
The table shows emissions in metric tons of carbon dioxide equivalents
(CO2e); as discussed in appendix A, not all GHGs are equivalent to
CO2 in their global warming potential so they are usually converted to
the same units. The table also shows the breakdown by the four most
common sectors: residential energy, commercial/industrial energy, trans-
portation, and waste. In some inventories these sectors are further sub-
divided (e.g., separating commercial and industrial) and some commu-
nities also break down total emissions by fuel type (e.g., gasoline, natural
gas, coal, etc.). 

Local governments most commonly use two types of inventories:
a community-wide inventory and a local government operations inven-
tory. It is considered best practice to conduct community-wide invento-
ries that include inventorying local government operations as a distinct
subset of the total emissions.1 Local government operations typically
comprise between 3% and 8% of community-wide emissions. Some
communities do not break out local government operations. Moreover,
some communities choose to inventory only local government opera-
tions emissions. Usually this is because they are preparing a climate ac-
tion plan (CAP) that includes only reduction targets and emissions
reduction strategies for local government operations; these are often
called municipal CAPs.

Table 4.2. Example of community-wide greenhouse gas emissions inventory
summary

Sector Metric tons CO2e/year Percent of total

Residential energy 49,178 18.4
Commercial/industrial energy 54,619 20.4
Transportation 150,663 56.4
Waste 12,777 4.8
Total community-wide emissions 267,237 100



Current best practice suggests that communities should prepare a
baseline GHG emissions inventory prior to the development of a CAP.
Communities that are members of ICLEI or signatories to the U.S.
Mayors Climate Protection Agreement commit to preparation of the
baseline inventory. A community that is faced with the choice between
doing a CAP without a GHG inventory and not doing a CAP at all
should proceed with doing a CAP without an inventory. After all, a
community does not need to know its specific GHG emissions to know
that taking actions to improve energy efficiency and conservation and
reduce fuel consumption are prudent cost savings measures that also
provide community quality of life benefits. The GHG emissions inven-
tory is a detailed, technical exercise that will take time and expertise be-
yond the capacity of some communities, but there are good reasons to
undertake this task.

The most effective CAPs contain GHG emissions reduction
strategies tied specifically to sources of GHG emissions identified and
quantified in an inventory. This should make logical sense; if most of 
a community’s emissions are generated from transportation sources then
most of the emissions reduction strategies should be aimed at transpor -
tation policies and programs. The most effective CAPs will also quantify
the expected GHG reduction benefits and contribution of the strate-
gies toward the overall reduction target. According to the U.S. Environ-
mental Protection Agency, communities use GHG inventories to do the
following:2

• Identify sources of emissions and their current magnitude within an area
• Identify and assess emissions trends
• Establish a foundation for projecting future emissions
• Provide a basis for future reduction targets
• Set a benchmark for tracking progress toward a reduction target
• Quantify the benefits of proposed emissions reduction strategies
• Provide a basis for developing a CAP

Inventories form the basis for decision making; they should thus
be transparent and easily reproducible and should follow established
protocol. This will also ensure consistency and comparability with fu-
ture updates and other inventories. There are five accounting and re-
porting principles to ensure that “GHG data represent a faithful, true,
and fair account” of a local government’s GHG emissions.3
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1. Relevance: The GHG inventory should appropriately reflect the GHG
emissions of the community and should be organized to serve the
 decision-making needs of users.

2. Completeness: All GHG emission sources and emissions-causing activities
within the chosen inventory boundary should be accounted for. Any
specific exclusion should be justified and disclosed.

3. Consistency: Consistent methodologies should be used in the identifi -
cation of boundaries, analysis of data, and quantification of emissions to
enable meaningful trend analysis over time, demonstration of reduc-
tions, and comparisons of emissions. Any changes to the data, inventory
boundary, methods, or any relevant factors in subsequent inventories
should be disclosed.

4. Transparency: All relevant issues should be addressed and documented in
a factual and coherent manner to provide a trail for future review and
replication. All relevant data sources and assumptions should be dis-
closed, along with specific descriptions of methodologies and data
sources used.

5. Accuracy: The quantification of GHG emissions should not be syste -
matically over or under the actual emissions. Accuracy should be suffi-
cient to enable users to make decisions with reasonable assurance as to
the integrity of the reported information.

Despite the adherence to these principles it is important to keep in
mind that while GHG emissions inventories based on current best prac-
tices are quite robust, they are still estimates with a degree of error. Pre-
parers should not spend energy trying to account for the last 1% of
emissions or estimating to significant digits not warranted by the many
assumptions and estimates that make up the inventory calculations.

The Basic Inventory Process

The process of preparing a GHG emissions inventory entails a num-
ber of decisions and procedural steps that have been codified through 
a variety of GHG emissions inventory protocols and related software
developed by national and international organizations. The basic steps
for conducting a GHG emissions inventory in most protocols are as
 follows:
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1. Data collection
2. Emissions calculations and reporting
3. Emissions forecasting
4. Emissions reduction target setting

This book does not provide a step-by-step explanation of how to
conduct a GHG emissions inventory as this requires too much detail
(e.g., the Local Government Operations Protocol manual is over 230
pages). Communities should refer to the chosen protocol manual for
guidance. Instead, the book answers the following questions: 

1. Who will prepare the inventory?
2. What is the appropriate methodology or protocol?
3. How should a baseline year be established?
4. What is the scope of the inventory?
5. What is a GHG emissions forecast?
6. How are emissions reduction targets selected?

Preparing the Inventory

Communities have several choices as to who will prepare the GHG
emissions inventory: local government staff members, community vol-
unteers,college faculty members and students, and consultants have been
the most common choices. These vary by cost, experience and  aptitude,
and accountability. Preparing an inventory is detailed, time-consuming
work that requires strong math and logic skills, solid organizational ca-
pabilities, and willingness to deal with uncertainties and assumptions. 
If the CAP will have a regulatory role, the inventory will need to be as
 accurate as possible, thoroughly documented, and legally defensible. 
A community will have to consider all these factors and make the best
choice for its own circumstances.

Inventory Methodology or Protocol

Protocols establish what will be measured in an inventory and how
it will be measured. There are a variety of GHG assessment protocols
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for businesses, governments, individuals, and other organizations, and
some adventurous communities have created their own strategies by
mixing and modifying a variety of existing protocols. Although this 
may work for some communities, most communities should use the
widely adopted, standard protocols. The most common protocols for
com munities are the Local Government Operations Protocol and the
 Community-Scale Greenhouse Gas Emissions Accounting and Report-
ing Protocol.4 These pertain to the two types of emissions inventories
mentioned previously, local government operations inventories and
community-wide inventories, respectively.

Local Government Operations Protocol

The Local Government Operations Protocol (LGO Protocol)5 was de-
veloped in 2008 through the collaboration of the California Air Re-
sources Board,ICLEI, the California Climate Action Registry,6 and  The
Climate Registry.7 The LGO Protocol is a tool for accounting and re -
porting GHG emissions across all of a local government’s operations
and is intended for use by local governments throughout the United
States, with future application anticipated in Canada and Mexico. The
LGO Protocol is based on the Greenhouse Gas Protocol: A Corporate
 Accounting and Reporting Standard developed by the World Resources In-
stitute and the World Business Council for Sustainable Development
(WRI/WBCSD). The Protocol is meant to be a “program neutral”
guidance document available for use by any local government engaging
in a GHG inventory exercise. It brings together GHG inventory guid-
ance from a number of existing programs, namely the guidance pro-
vided by ICLEI to its Cities for Climate Protection campaign members
over the last 15 years, the guidance provided by the California Climate
Action Registry and The Climate Registry through their General Re-
porting Protocols, and the guidance from the State of California’s man-
datory GHG reporting regulation.

Community-Scale Greenhouse Gas Emissions Accounting 
and Reporting Protocol

The Community-Scale Greenhouse Gas Emissions Accounting and
Reporting Protocol (Community-Scale Protocol) is set for release by
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ICLEI in early 2012. The Community-Scale Protocol is a tool for ac-
counting and reporting community-wide GHG emissions. This new
protocol is tailored for use in U.S. communities and clarifies many issues
with the previous protocol (the International Emissions Analysis Pro -
tocol). Moreover, the new Community-Scale Protocol is designed to
complement the LGO Protocol.

Greenhouse Gas Inventory Software

There are two basic options for using the protocols to conduct the in-
ventory and deal with the necessary calculations. The first is to use the
detailed information in the protocols on data needs, assumptions, trans-
formations, and calculations to manually construct an inventory spread-
sheet in one of the commonly available spreadsheet programs such as
MS Excel or Apple Numbers. Anyone who chooses this route should be
very comfortable with the software and with math. The protocols pro-
vide sufficient detail and direction to do this successfully. This approach
gives more flexibility with adjusting the data and assumptions for the
local context and the accessibility of using commonly available spread-
sheet software.

The second option is to use a custom GHG emissions inventory
software package. ICLEI’s Clean Air and Climate Protection (CACP)
software has become the industry standard for GHG inventories. How-
ever, access to the software requires ICLEI membership. The CACP
software was developed by ICLEI’s State and Territorial Air Pollution
Program Administrators and the Association of Local Air Pollution
Control Officials (SAPPA/ALAPCO), and Torrie Smith Associates. It is
based on the LGO Protocol and the International Emissions Analysis
Protocol (soon to be the Community-Scale Protocol). The software en-
ables communities to track and quantify emissions outputs and develop
emissions scenarios to inform the planning process. The software calcu-
lates emissions resulting from energy consumption, vehicle miles trav-
eled, and waste generation. The CACP software calculates emissions
using specific factors (or coefficients) according to the type of fuel used.
CACP aggregates and reports the three main GHG emissions (CO2,
CH4, and N2O) and converts them to equivalent carbon dioxide units,
or CO2e. The advantages of using the CACP software include ease of
startup and access to ICLEI technical support and training.
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There are a variety of third options for protocols and software, but
these are not recommended. Some local governments, nonprofit orga -
nizations, and private sector businesses have prepared GHG inventories
using their own methodology. For example, the nonprofit organization
Clean Air–Cool Planet has a Small Town Carbon Calculator that can 
be used by small local governments to calculate local government op -
erations emissions only.

Choosing Protocols and Software

In 2009, the authors reviewed a national sample of local CAPs and their
associated GHG emissions inventories from a variety of U.S. cities. The
available ICLEI protocols were used in 87% of the plans, thus making
them the most popular choice. Of the plans that did not use the ICLEI
protocols, some chose methods that closely followed the protocols and
some chose to develop their own protocol that allowed the emissions
inventory to more closely mirror the jurisdiction’s view of global
warming and their contribution to it. Aspen, Colorado, in particular,
embodied the latter approach.8

Selection of the protocol, methodology, and software will depend
on the purpose of the inventory and the resources available to the juris-
diction. The decision will depend on city staff support, budget alloca-
tions, time available, and availability of other resources or services such
as consultants, volunteers, nonprofit organizations, or college faculty and
students. Consultants or other organizations may develop tools and/or
software tailored to the jurisdictions’ needs. In addition, local govern-
ments must consider any regulatory mandates or guidance from state or
regional agencies when applicable.

Establishing a Baseline Year

The GHG emissions inventory requires the choice of an inventory year,
usually referred to as the baseline year. Communities should select the
most recent calendar year for which consistent, comprehensive, and re-
liable data can be collected. The LGO Protocol recommends that local
agencies select a baseline year that is “typical” and not a year in which
emissions were influenced by unusual conditions such as extremely high
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or low economic growth, abnormal weather, or other outliers. Other is-
sues may include whether the community wants to be consistent with
state or neighboring jurisdictions’ baseline years and consideration of
the reduction target base year, which should be consistent. In addition,
if a community has initiated several emissions reduction strategies, they
may want to choose a year sufficiently in the past that recent GHG
emissions reduction strategies could be counted toward reaching their
emissions reduction target.

Inventory Scope

The typical sectors of a GHG inventory are residential and commercial
energy, waste, and transportation. Other sectors, depending on the com-
munity, may include agriculture or industrial sources. The six green-
house gases that should be quantified from these sectors and included in
a GHG emissions inventory are carbon dioxide (CO2), methane (CH4),
nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons
(PFCs), and sulfur hexafluoride (SF6). Other GHGs may be inventoried;
however, methodologies for other GHGs may not be in the most com-
monly used protocols. According to the common protocols, emissions
of CO2, CH4, and N2O from fossil fuel combustion, electricity gen -
eration (the indirect emissions associated with electricity used in the
community), waste disposal, and wastewater will be the most significant
sources of GHG emissions in community-wide and local government
operations inventories. Table 4.3 shows an example from the City of
Richmond, California, of a detailed breakout of community-wide
emissions and the data sources.

Inventories must be clear about the sources of emissions included
and excluded, as these sources will form the basis of reduction measures
in CAPs. The inventory is conducted by compiling activity data de-
scribing energy and fuel use and waste generation (see table 4.4 for typi -
cal activity data sources) and multiplying the activity data by emission
factors for each type of energy used and each waste disposal site and
technology. Protocol methodologies direct the application and selection
of emission factors. Emissions are reported in terms of activity data,
metric tons of each GHG, and metric tons of carbon dioxide equiva-
lent (CO2e). Converting emissions of non-CO2 gases to units of CO2e
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Table 4.3 City of Richmond, California, 2005 greenhouse gas emissions inventory

Sector Emissions Equiv CO2 Equiv CO2 Energy Data 
source (metric tons) (%) (MMBtu) source

Residential  Electricity 39,447 0.7 575,356 PG&E
Natural gas 86,671 1.5 1,620,510 PG&E

Subtotal residential 126,118 2.2 2,195,866 

Commercial/industrial 
“District” direct access Electricity 28 0.0 294 PG&E
Commercial/industrial   Electricity 79,392 1.4 1,157,964 PG&E
PG&E

Natural gas 1,517,105 25.9 28,365,648 PG&E
Other direct access  Electricity  13,154 0.2 139,472 CEC

(estimated)
Natural gas 8,907 0.2 166,536 From 

industry
BAAQMD monitored 3,522,986 60.2 BAAQMD
point source emissions 
Subtotal commercial 5,141,572 87.8 29,829,914 

Transportation 
Local roads AVMT Gasoline 178,743 3.1 2,479,952 CalTrans

Diesel 23,465 0.4 282,911 CalTrans
State highways AVMT Gasoline 262,399 4.5 3,640,630 MTC

Diesel 34,447 0.6 415,320 MTC
Rail Diesel 7,788 0.1 92,723 BNSF/

Richmond
Subtotal transportation 506,842 8.7 6,911,536 

Waste Pacific
ADC Plant debris 804 0.0 CCC / 

CIWMB
Total waste disposed Paper products 25,313 1.1 CCC / 
(w/o ADC) CIWMB

Food waste 9,961 0.4 CCC / 
CIWMB

Plant debris 2,664 0.1 CCC / 
CIWMB

Wood/textiles 7,437 0.3 CCC / 
CIWMB

West Contra Costa Waste-in-place 32,309 0.6 CCC / 
Sanitary Landfill Republic  

Services/
BAAQMD

Subtotal waste 78,488 1.3 

Grand total 5,853,020 100.0 38,937,316

Abbreviations: ADC, alternative daily cover; AVMT, annual vehicle miles traveled; BAAQMD, Bay Area Air Quality
Management District; BNSF, Burlington Northern Santa Fe; CalTrans, California Department of Transportation;
CCC, Contra Costa County; CEC, California Energy Commission; CIWMB, California Integrated Waste Manage-
ment Board; MMBtu, million British thermal units; MTC, Metropolitan Transportation Commission; PG&E, Pacific
Gas & Electric.

Source: City of Richmond, 2005 Greenhouse Gas Emissions Inventory (2009). 



Table 4.4 Example of greenhouse gas emissions sectors, units of measurement, scope,
and data source

Sector Information Unit of Emissions Activity data 
measurement scope source

Residential Electricity kWh Scope 2 Local utility
consumption provider

Natural gas Therms Scope 1 Local utility 
consumption provider

Commercial Electricity kWh Scope 2 Local utility 
and industrial consumption provider

Natural gas Therms Scope 1 Local utility 
consumption provider

Transportation Local road VMT Annual  Scope 1 State database  
average VMT or local travel

travel model

Highway and Annual Scope 1 State database
interstate VMT average VMT or local travel 
for SLO County model

Solid waste Solid waste tonnage Short tons Scope 3 Local landfill
sent to landfill from operator(s) or 
activities in county state reports

Off-road Emissions from off- Tons/year of Scope 3 State model or
equipment road equipment and N2O, CO2, local estimates

vehicles and CH4

Agriculture Emissions from Head of cattle Scope 3 County crop
cattle and sheep report

Emissions from Pounds of Scope 3 County crop
fertilizer use nitrogen report

Aircraft Emissions in the Grams of N2O, Scope 3 Local airport 
landing and take- CO2, and CH4 operator/
off operations (LTOs) aircraft
zone operations 

study

Abbreviations: CH4, methane; CO2, carbon dioxide; kWh, kilowatt-hours; N2O, nitrous oxide; VMT, vehicle miles
traveled. 



provides comparison of GHGs on a common basis (i.e., on the ability
of each GHG to trap heat in the atmosphere). Non-CO2 gases are con-
verted to CO2e using internationally recognized global warming po-
tential (see appendix A).

Emissions are quantified and tracked separately, and the results are
presented in inventory reports by sector, source, and scope. Differentiat-
ing between emission scopes (Scopes) helps to avoid the possibility of
double counting and misrepresenting emissions when reporting but al-
lows all policy relevant information to be captured. In addition, tracking
emissions sources separately allows decision makers to tailor reduction
strategies. Three classifications, Scopes 1, 2, and 3, are used to categorize
emissions sources, differing slightly when applied in the context of gov-
ernment operations and community-scale inventories (see table 4.3 for
examples). Scopes are defined by the LGO Protocol as follows:

• Scope 1 emissions are all direct GHG emissions (with the exception of
direct CO2 emissions from biogenic sources). These are primarily emis-
sions from motor vehicles and stationary sources such as power plants
or factories located within the community.

• Scope 2 emissions are indirect GHG emissions associated with the con-
sumption of purchased or acquired electricity, steam, heating, or cool-
ing from power plants located outside of the community.

• Scope 3 emissions are all other indirect emissions not covered in Scope
2,such as emissions resulting from the extraction and production of pur-
chased materials and fuels, transport-related activities in vehicles not
owned or controlled by the reporting entity (e.g., employee commuting
and business travel), outsourced activities, waste disposal, and so forth.

In standard protocols only Scope 1 and 2 emissions are used. This
is partly a data issue. Data for Scope 3 emissions are difficult to obtain
and their accuracy is questionable. Also, Scope 3 emissions are more
economically and culturally complicated and less amenable to emissions
reduction strategies (because they include things like household pur-
chasing decisions and global manufacturing chains). There is increasing
attention to overcoming these limitations for Scope 3 emissions, but the
current practice is to focus on Scopes 1 and 2.

The designation of Scopes also has a relationship to the spatial
boundaries of the inventory. Before collecting data, inventory preparers
must identify spatial boundaries for the inventory and include all im-
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portant sources of GHG emissions occurring within these boundaries.
Community-wide inventories are typically based on the local govern-
ment’s political boundary. A jurisdiction may elect to inventory emis-
sions outside of its political boundary. The most common reason is to
be consistent with a comprehensive plan that may establish planning
area boundaries for future land use beyond the community’s current po-
litical boundaries. If this is done, it should be explained in the inventory.

The standard use of political boundaries for community-wide
emissions can be confusing when one is considering Scope 2 emissions.
In some communities electricity is produced within the political boun-
daries of the jurisdiction, which would be a Scope 1 emission source, 
but in most it is produced outside of the community and is thus a Scope
2 emission. Either way, the activities that create the demand for the
 electricity—powering homes and businesses—do occur within the po-
litical boundaries of the jurisdiction and should be inventoried. This
distinction of Scope 1 and 2 emissions and political boundaries is cer-
tainly a debatable area of GHG emissions inventory practice, so what-
ever choice a community makes about this should be documented and
justified.

Local government operations emissions include emissions arising
from the use and operations of all facilities, buildings, equipment, and
activities that are owned, operated, or managed by the local govern-
ment. These are usually within the political boundaries of the jurisdic-
tion, but some may exist outside the jurisdiction. For example, a local
government may own a landfill or a water supply and transmission pipes
outside its political boundaries. Since all emissions that are a conse-
quence of the local government’s operations must be included, these
types of facilities and operations would be included. The LGO Protocol
provides clear guidance on criteria for operational or financial control as
stated in the LGO Protocol:9

A local government has operational control over an operation if
the local government has the full authority to introduce and im-
plement its operating policies at the operation. One or more of
the following conditions establishes operational control:
• Wholly owning an operation, facility, or source; or 
• Having the full authority to introduce and implement op -

erational and health, safety and environmental policies (in-
cluding both GHG- and non-GHG- related policies).
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A local government has financial control over an operation for GHG
accounting purposes if the operation is fully consolidated in financial
accounts. The LGO Protocol strongly recommends the use of the oper-
ational control approach to defining a jurisdiction’s boundary for the
local government operations inventory.

Greenhouse Gas Emissions Forecast10

It is common practice to prepare a GHG emissions forecast once the in-
ventory has been completed. GHG forecasts are projections of possible
future GHG emissions from all sectors of the inventory. Local forecasts
for population, jobs, and housing are used to develop a forecast of fu-
ture emissions; this is referred to as the business-as-usual (BAU) forecast
(fig. 4.1). The BAU forecast can be thought of as what the emissions
would be in the future if the community did nothing new to try to re-
duce them. The development of the BAU forecast is accompanied by
the setting of a GHG emissions reduction target for the forecast year.
The difference between the likely increase in emissions estimated in the
BAU forecast and the emissions reduction target establishes the amount
of emissions reduction that must be accomplished through strategies in
the CAP. This is sometimes called the reduction wedge due to its ap-
pearance when graphed (see fig. 4.1).

Selection of Forecast Year(s)

During the selection of a baseline year, it is common practice for a mu-
nicipality to select one or more forecast years. Forecast years are usually
at least five years from the baseline year, with ten to twenty years being
common. The first principle is that the forecast years should be consis-
tent with the emissions reduction target years (described later in this
chapter). Other considerations include the availability of a jurisdiction’s
forecasts for population, jobs, and housing, and the relationship of the
inventory to other long-range planning documents or regulations. For
example, most municipalities in California use 2020 as a forecast year to
be consistent with goals of California’s Global Warming Solutions Act
and its subsequent implementation documents. The choice of a forecast
year for the inventory also essentially establishes the planning horizon of
the CAP.
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Adjusting the Forecast

Some GHG emissions forecasts show an adjusted BAU forecast. Since
the forecasts for population, jobs, and housing used to develop the stan-
dard BAU forecast are typically simple extrapolation models based on
historic data, they do not capture more complex factors that may affect
these community measures. These factors are usually referred to as ex-
ternal (or exogenous) factors since they are not accounted for within
the simple extrapolation model.

There are several types of external changes that will affect fu-
ture levels of GHG emissions in a community: technological, social/
 behavioral, legislative and regulatory, demographic, and economic. Issues
for technological innovation and change include automotive technol-
ogy and fuels, electricity generation and fuels, and building technology.
Social/behavioral changes may include commuting habits, household
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Figure 4.1 Example of community-wide greenhouse gas (GHG) emissions forecast
and reduction target. The upper line, business-as-usual (BAU), indicates the projected
emissions if no additional actions to reduce emissions are taken. The second line, ad-
justed BAU, represents the local consequences of state and federal policy such as fuel
efficiency regulations, renewable portfolio requirements, and energy efficient building
standards. The bottom line represents a community’s adopted GHG emissions reduc-
tion target. The wedge that is the difference between BAU and the reduction target
represents the amount of emissions that must be reduced in a given community
through a combination of local, state, and federal actions. The difference between the
adjusted BAU and reduction target identifies the reductions to be achieved on a local
level through implementation of a local climate action plan.



energy use, or purchasing habits. Potential legislative and regulatory
change may include cap-and-trade legislation, renewable energy port -
folio standards, and fuel efficiency standards (e.g., the Corporate Aver-
age Fuel Economy [CAFE] federal standard). Demographic changes
that may influence GHG emissions include population growth, poverty
level, and housing tenure and occupancy. Long-term GHG emissions
may also be influenced by economic changes in gross domestic product,
industrial and manufacturing mix, and balance of trade. This sampling
of issues shows that considerable uncertainty exists in forecasting future
levels of GHG emissions, particularly at the community level. 

Two common solutions when dealing with uncertainty in fore-
casting are either to ignore it and use the original BAU forecast, or to
develop multiple forecast ranges or scenarios. The problem with the
former is that change seems almost certain at this point. For example,
public transit ridership is at its highest level in fifty-two years,11 bicycle
commuting has jumped 43% since 2000,12 and solar and wind power
has consistently increased since 1999.13 Emissions forecasts that assume
long-term trends will persist and do not take into account the potential
for dramatic changes over the short term may have important policy
consequences.

The policy implications of ongoing external change that reduces
GHG emissions could include the setting of overly conservative reduc-
tion targets, “sticker shock” reactions to how much effort would be re-
quired to meet aggressive reduction targets, or despondency created
from a sense that the future growth of emissions is inevitable. Addition-
ally, assuming no external changes puts communities in the position of
misjudging the level of local GHG emission reductions needed. Too lit-
tle reduction and the community misses its reduction target. Too much
emissions reduction and the community may incur high costs (an eco-
nomically inefficient outcome) or bear an unfair share of state and na-
tional reduction targets. Yet this is the most common assumption made.
Most GHG emissions forecasts assume no external change due to the
difficulty of forecasting this information.

Three recent studies show that external changes in technology and
legislation have considerable effects on a community’s choice about
which emissions reduction policies to choose and how aggressive they
need to be. The first study shows that in the Puget Sound region an
“aggressive” set of assumptions about future changes in fuel efficiency
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(a 287% increase in fuel economy fleetwide) would still require local ac-
tions to reduce vehicle miles traveled (VMT) by 20%.14 The second
study estimates that half of San Diego’s GHG emissions reduction tar-
get would have to be achieved through local measures and half through
state requirements on utility renewable energy portfolio standards and
low-carbon fuel standards.15 The third study states that carbon neutrality
for a university campus is a “fantasy unless there are supportive energy,
transportation, and carbon sequestration initiatives at the state, national,
and international level.”16

The problem with addressing uncertainty by developing multiple
forecast ranges or scenarios is that making assumptions about future
changes in the areas listed would likely exceed the capability of most
local governments. Moreover, no standardized approach for addressing
this has been developed for community-level emissions inventories. 

The issue of external change is one of the most difficult techni-
cal issues in GHG emissions forecasting. Guidance is poor and often
conflicting; moreover, the rapid rate of technical, legislative/regulatory,
and social change makes it challenging to adjust BAU forecasts to ac-
count for change. Yet these changes will have a significant impact on the
 ability of communities to develop mitigation actions to adequately ac-
count for their share of needed GHG emissions reductions. In fact,
some communities are counting on this external change to help them
achieve their targets. The best current advice is for communities to
identify future emissions reductions resulting from statewide policies
such as requirements for vehicle fuel mileage or targets for electricity
production from low-carbon fuel sources. If the state has a CAP (see fig.
1.6) these types of policies may be specified, and they may be linked to
forecasted GHG emission reductions. Since federal policy appears un-
certain at this time, and the rate of technology change is very difficult to
predict, it is not recommended to adjust the BAU based on these fac-
tors. In the future, better assistance from federal and state agencies on
this issue is needed.

Selection of Emissions Reduction Targets

The emissions reduction target is the quantity of GHG emissions the
jurisdiction wants to reduce by the forecast year. The reduction target is
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typically expressed as the percentage by which emissions will be re-
duced relative to a baseline year (e.g., 15% reduction from the 2005
baseline level by 2020). A jurisdiction may select more than one reduc-
tion target. Reduction targets may be short term, midterm, or long
term or all three. The period will influence the range of actions and
policy options used to achieve them. A local government may set a
long-term goal but also have short-term targets that serve as incremen-
tal steps toward that goal. Target setting may include consideration of
targets adopted by other levels of government, peer communities, feasi-
bility of achievement or implementation, scientific studies and reports,
and the urgency of the issue. Separate baseline years, target years, and re-
duction percentages may be established for local government operations
and community-wide emissions. 

Adopted Reduction Targets

Many communities choose to adopt reduction targets that have been
established by other organizations or government agencies. The benefit
is that these targets have usually been vetted scientifically, they relieve
the community of having to develop their own analysis and standard
setting, and they create consistency among communities. The downside
is that they may not adequately capture local conditions and contexts
and may not reflect local values.

International Standards
At this time the most notable international attempt to establish GHG
emissions reduction targets has been the Kyoto Protocol. It is a protocol
of the United Nations Framework Convention on Climate Change
(UNFCCC) that was established in December 1997 in Kyoto, Japan.
The Kyoto Protocol has been ratified by 187 countries but not the
United States. The Kyoto Protocol establishes a total reduction of 5.2%
below 1990 levels by 2012 for industrialized nations, but the exact stan-
dard differs by country. The United States was designated for a reduc-
tion of 7%. Despite the fact that the United States has not adopted the
Kyoto Protocol, many U.S. communities have adopted the reduction
target of 7% below 1990 levels by 2012. Of course, 2012 is upon us so
the Kyoto Protocol reduction target is no longer useful. There have
been a series of international meetings to update the Kyoto Protocol
but they are yet to produce a new standard.
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In 2007, the European Union agreed to a reduction target of 20%
below 1990 levels by 2020. This agreement included additional targets
of “20% of EU energy consumption to come from renewable re-
sources” and “a 20% reduction in primary energy use compared with
projected levels, to be achieved by improving energy efficiency.” Col-
lectively these targets are known as the 20-20-20 targets.17 Although this
is not an international standard, it does represent the policy of a large
portion of developed nations.

Carbon-Based and Warming-Based Standards
Several organizations have proposed standards based on maximum levels
of CO2 in the atmosphere, which is linked to maximum average global
warming, before serious consequences of climate change are evident.
The problem with these standards is that they do not provide clear
guidance or meaning at the local level. The 2010 Copenhagen Accord
states the following:18

To achieve the ultimate objective of the Convention to stabilize
greenhouse gas concentration in the atmosphere at a level that
would prevent dangerous anthropogenic interference with the
climate system, we shall, recognizing the scientific view that the
increase in global temperature should be below 2 degrees Celsius,
on the basis of equity and in the context of sustainable develop-
ment, enhance our long-term cooperative action to combat cli-
mate change.

In 2009, a group of climate scientists asserted that atmospheric
CO2 should not exceed 350 parts per million (ppm) (~ 450 CO2e) if
the 2°C threshold was not to be crossed.19 As of July 2010 atmospheric
CO2 was 390 ppm.20 Although it is difficult to translate these standards
to a reduction target, research suggests that this would necessitate a 50 to
95% reduction from 1990 levels by 2050.21,22

National and State Standards
There are no official U.S. GHG emissions reduction targets, and states
vary as to whether they have adopted standards (box 4.2).23 As of 2010,
a series of congressional bills has been proposed to establish U.S. targets
within the context of a cap-and-trade program. The most recent and
well known of these bills—neither of which has become law—are the



Box 4.2
National, Regional, and State Greenhouse Gas Reduction Targets

National-Level Targets

U.S. (provisional): 17% below 2005 by 2020a

Canada: 17% below 2005 by 2020b

Regional-Level Targets

Regional Greenhouse Gas Initiative (RGGI) (Members: Connecticut, Delaware, Maine,
Maryland, Massachusetts, New Hampshire, New Jersey, New York, Rhode Island, and
Vermont): Stable from 2009 to 2014 and 10% reduction from 2015 to 2018c

Western Climate Initiative (WCI) (Partners: Arizona, British Columbia, California, Manitoba,
Montana, New Mexico, Ontario, Oregon, Quebec, Utah, Washington. Observers: Alaska,
Colorado, Idaho, Kansas, New Brunswick, Nevada, Nova Scotia, Saskatchewan, Wyoming,
Yukon, and in Mexico: Baja California, Chihuahua, Coahuila, Nuevo Leon, Tamaulipas,
Sonora): 15% below 2005 by 2020d

U.S. State-Level Targetse

Arizona: 2000 levels by 2020, and 50% below 2000 by 2040
California: 2000 levels by 2010, 1990 levels by 2020, and 80% below 1990 by 2050
Colorado: 20% below 2005 by 2020 and 80% below 2005 by 2050
Connecticut: 10% below 1990 by 2020 and 80% below 2001 by 2050
Florida: 2000 levels by 2017, 1990 levels by 2025, and 80% below 1990 by 2050
Hawaii: 1990 levels by 2020.
Illinois: 1990 levels by 2020 and 60% below 1990 by 2050
Maine: 1990 levels by 2010, 10% below 1990 by 2020, and 75–80% below 2003 in the long

term
Maryland: 25% below 2006 by 2020
Massachusetts: 80% below 1990 by 2050
Michigan: 20% below 2005 by 2025 and 80% below 2005 by 2050
Minnesota: 15% below 2005 by 2015, 30% below 2005 by 2025, and 80% below 2005 by

2050
Montana: 1990 levels by 2020
New Hampshire: 1990 levels by 2010, 10% below 1990 by 2020, and 75–80% below 2003 in

the long term
New Jersey: 1990 levels by 2020 and 80% below 2006 by 2050
New Mexico: 2000 levels by 2012, 10% below 2000 by 2020, and 75% below 2000 by 2050
New York: 5% below 1990 by 2010, 10% below 1990 by 2020, and 80% below 1990 by 2050
Oregon: Stop the growth of GHG emissions by 2010, 10% below 1990 by 2020, and 75%

below 1990 by 2050
Rhode Island: 1990 levels by 2010, 10% below 1990 by 2020, and 75–85% below 2001 in

the long term



American Clean Energy and Security Act of 2009 (also known as the
Waxman-Markey Bill) and the American Power Act of 2010 (also
known as the Kerry-Lieberman Bill). Both would have established U.S.
reduction targets of 17% reduction from 2005 levels by 2020 and 80%
reduction by 2050. This 2020 target is also consistent with President
Obama’s pledge to the 2010 Copenhagen Accord, which is a follow-up
to the Kyoto Protocol. Communities may want to consider adopting
these targets since they are as close as we have currently come to a na-
tional standard. 

Considerations for Adopting Local Reduction Targets

In a study completed in 2009 by the authors, the Kyoto Protocol target
of 7% below 1990 levels by 2012 was set or exceeded by 50% of the
studied communities. Of the communities that met the Kyoto Protocol
target, not surprisingly, most cited the Kyoto Protocol as justification for
their target. Of the communities that exceeded the target, most were
not clear on why but some cited a desire to meet levels set by their peer
communities. For example, the City of San Francisco cited their inspi-
ration as the sixteen international cities that had formally declared their
intention to exceed the Kyoto Protocol (through the Toronto Declara-
tion communiqué to the Conference of Parties meeting in Morocco,
November 2001).24

For the communities whose target was short of the Kyoto Proto-
col, some provided no clear justification for the target, whereas others
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Utah: 2005 levels by 2020
Vermont: 1990 levels by 2010, 10% below 1990 by 2020, and 75–85% below 2001 in the

long term
Virginia: 30% below business as usual by 2025
Washington: 1990 levels by 2020, 25% below 1990 by 2035, and 50% below 1990 by 2050

Note: Check with your nation, state, or region for updates.
a http://www.whitehouse.gov/the-press-office/president-attend-copenhagen-climate-talks
b http://www.climatechange.gc.ca/default.asp?lang=en&n=72f16a84-1
c http://www.rggi.org/home
d http://www.westernclimateinitiative.org/index.php
e http://www.pewclimate.org/what_s_being_done/in_the_states/emissionstargets_map.cfm



cited feasibility of implementation of emissions-reduction strategies, an
average of a variety of sources including similar communities, and state-
adopted standards. In addition, Denver, Colorado, adopted a short-term
per capita reduction target that allows for a significant increase in total
GHG emissions over baseline.25 The Denver plan (the only plan that
 allowed an increase) justified this increase by explaining that due to sig-
nificant population growth this goal is “attainable.” The Denver case
highlights the challenge faced by fast-growing communities that will in-
crease their emissions simply because they are adding people versus
slow-growth communities that will see little increase over baseline even
if they do nothing.

There are several additional examples that show the variety of
choices and reasons for setting reduction targets. The City of Chat-
tanooga, Tennessee, used a mix of external standards to set short-,
medium-, and long-term emissions reduction targets. For 2012, they
chose 7% below 1990 by 2012 to be consistent with the U.S. Confer-
ence of Mayors and Kyoto Protocol standard. For 2010, they chose 20%
below 1990 by 2020 consistent with the European Union Council stan-
dard. And, for 2050 they chose 80% below 1990 as identified by the In-
tergovernmental Panel on Climate Change. The City of Cincinnati,
Ohio, chose a very different route. Although they also established targets
for different time periods (8% below 2006 by 2012, 40% below 2006 by
2028, and 84% below 2006 by 2050) they justified using analysis from
their climate action planning process. Their justification for their targets
included reductions to stabilize Earth‘s climate, goals established by
other cities and counties, and practical, affordable reduction measures
consistent with local objectives. Finally, the City of San Carlos, Califor-
nia, set goals (15% below 2005 by 2020 and 35% below 2005 by 2030)
consistent with statewide GHG reduction targets established in the
Cali fornia Global Warming Solutions Act (Assembly Bill 32).

Including Science in a Climate Action Plan

The scientific and technical issues in doing GHG inventories raise the
issue of whether and how to address the basic science of climate change
within a CAP. Most CAPs have a chapter or section that explains the
basics of climate change and GHG emissions. Although this is not re-
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quired in a CAP, especially given that numerous references on the topic
are available, it is common practice to include this information. The
Chicago CAP has a graphically interesting two-page spread that pro-
vides a very brief primer on climate change. The CAP for San Fran-
cisco has twenty pages of climate change science, though mostly on the
effects of climate change on the city.

A chapter or section on the science of climate change, if included,
should answer the following questions for the reader:

1. How do we know the planet is warming?
2. What causes global warming?
3. What are the consequences of global warming?
4. What are the primary sources of anthropogenic greenhouse gases?

The answers to the last two questions should specifically address the
local community to the degree possible. For example, it is not expected
that global warming will affect all places equally on the globe with re-
spect to heat waves, drought, rainfall, and the like. Nor do all communi-
ties produce the same amounts or types of GHGs.

The third question, on the consequences of warming, is difficult to
answer for any specific locality given that the science to predict regional
changes with confidence is only now emerging. A very useful starting
point for understanding the potential local impacts of global warming 
is the 2009 report Global Climate Change Impacts in the United States pro-
duced by the U.S. Global Change Research Program.26 The report
docu ments the current and forecasted impacts of climate change in nine
U.S. regions in the sectors of water resources, energy supply and use,
transportation, agriculture, ecosystems, human health, and society. In
 addition to this report, many states have also prepared reports on the an -
tici pated impacts of climate change. For example, the State of California
produces a biennial Climate Change Impact Assessment report that identi-
fies the impact of climate change on key sectors based on a variety of
climate change scenarios. The fourth question, on the source of GHG
emissions, can be answered locally through the preparation of a local
GHG emissions inventory. 

The purpose of the science included in a CAP will vary by com-
munity. In some communities the science simply serves to define the is-
sues in the CAP. In other communities the science may be needed to
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inform a skeptical public of the need for climate action planning or to
explain why the city has been motivated to act. Whatever the case, the
CAP and associated education and outreach should explain to the com-
munity the purpose of knowing the science. Thinking this through will
help the plan preparers focus on what content and what level of detail
are actually needed.

Next Steps

Best practice standards for GHG emissions inventories are changing and
improving on a regular basis. The choices and assumptions made in
GHG emissions inventories, forecasts, and reduction targets influence
selection and implementation of CAP policies and actions. Following
the process outlined in this chapter is recommended to ensure effective-
ness of the next steps in the climate action planning process.

Once the GHG emission forecast is complete and the reduction
target is established, mitigation actions to reduce the community’s GHG
emissions are then developed and adopted. Adopted GHG reduction
strategies must cumulatively reach the GHG emissions reduction target
identified in the inventory.

Chapter Resources

General GHG Inventory Information for Local Governments

Environmental Protection Agency (EPA) State and Local Climate and En-
ergy Program: Developing a Greenhouse Gas Inventory. The EPA provides
general GHG inventory resources and examples to local governments at the
following websites:

• http://www.epa.gov/statelocalclimate/local/activities/ghg
-inventory.html

• http://www.epa.gov/statelocalclimate/local/local-examples/ghg
-inventory.html

GHG Inventory Accounting Protocols 

International Emissions Accounting Protocol (IEA Protocol). The Inter -
national Emissions Accounting Protocol is available for free download from
the ICLEI USA website. 
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• ht tp://www.ic le iusa .org/prog rams/cl imate/ghg-protocol
/international-emissions-analysis-protocol

Local Government Operations Protocol for the Quantification and Report-
ing of Greenhouse Gas Emissions Inventories, Version 1.1 (May 2010). The
California Climate Action Registry (CCAR), the California Air Resources
Board (CARB), ICLEI–Local Governments for Sustainability (ICLEI), and
The Climate Registry (The Registry) collaborated and developed the LGO
Protocol in 2008. The LGO Protocol is available at no charge at the follow-
ing websites:

• http://www.arb.ca.gov/cc/protocols/localgov/localgov.htm
• http://www.icleiusa.org/programs/climate/ghg-protocol/local

-government-operations-protocol
• http://www.climateregistry.org/tools/protocols/industry-specific

-protocols/local-government-operations.html
• http://www.theclimateregistry.org/resources/protocols/local

-government-operations-protocol/

GHG Inventory Tools and Software

Campus Carbon Calculator. The Campus Carbon Calculator was created by
Clean Air–Cool Planet and is intended for use by colleges and universities.

• http://www.cleanair-coolplanet.org/toolkit/inv-calculator.php. Clean
Air Climate Protection (CACP) Software. ICLEI–Local Governments
for Sustainability provides the Clean Air Climate Protection Soft-
ware to members only. The software is based on the Local Govern-
ment  Operations Protocol and the International Emissions Accounting
Protocol.

• http://www.icleiusa.org/action-center/tools/cacp-software

The Small Town Carbon Calculator (STOCC). The STOCC tool was cre-
ated through the collaboration of Clean Air–Cool Planet, Carbon So-
lutions New England, and the University of New Hampshire. STOCC
is intended for small towns with relatively few municipal buildings/
facilities and vehicles.

• http://www.cleanair-coolplanet.org/for_communities/stocc.php
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Chapter 5

Emissions Reduction Strategies

Strategies to reduce greenhouse gas (GHG) emissions form the core of
a climate action plan (CAP). The emissions reduction strategies (also
frequently called mitigation strategies) are the actions, programs, and
policies that a community undertakes to reach its GHG emissions re-
duction targets. Common examples include constructing new bicycle
paths, providing incentives for installation of solar panels, and requiring
that new development meet strict energy efficiency or “green” building
standards. The development of these strategies is an iterative process that
should balance the GHG reduction potential, upfront and ongoing
costs, and social and political feasibility. Most reduction strategies have
benefits beyond emissions reduction; these are called co-benefits. For
example, reducing GHG emissions can also lower ground-level ozone
concentrations in a community, which will yield public health benefits,
especially for those who suffer from asthma or other respiratory con -
ditions. The development of reduction strategies should be seen as an
opportunity not only to reduce GHG emissions and the progression of
climate change but as a chance to position a community to become
more economically, environmentally, and socially sustainable.

Because GHG emissions result from a range of urban processes,
operations, and behaviors, successful reduction of GHG emissions relies
not only on governmental action but also on the commitment of com-
munity members and collaboration with business, industry, and commu-
nity organizations. Many members of a community, including business
and industry, have embraced green or sustainability principles and seek
to be involved in efforts that show their commitment to a better envi-
ronment. They bring resources, audiences, and ideas that local govern-
ments may not.

GHG emissions reduction is an increasingly common area of
 policy development. As a result, there are many resources that provide

Q
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examples of successful reduction strategies. The challenge for local
 jurisdictions is identifying those strategies that best meet local needs.
This chapter provides guidance for developing such reduction strategies.
It does not provide a comprehensive list of emissions reduction best
practices; these continually evolve and are available in other resources
(see the resources listed at the end of this chapter). Instead, it identifies
the key issues and decisions that must be addressed during reduction
strategy development. Reduction strategy development builds on data
collected through the emissions inventory, policy audit, and public par-
ticipation process (fig. 5.1).

Developing the Emissions Reduction Strategies

One of the first tasks in developing reduction strategies is to organize
the community partners and the public to establish a participation
process as discussed in chapters 2 and 3 (part of Phase I in fig. 5.1). Re-
gardless of how this is done, those teams that will brainstorm, develop,
and finalize the reduction strategies must work through the following
considerations (discussed in more detail in the text):

1. What are the key sectors of the community to target for the most ef-
fective and efficient reduction of GHG emissions?

2. What types and mixes of strategies will be the most appropriate?
3. What level of analysis will be conducted to estimate the GHG emis-

sions reductions of the proposed strategies, if any?
4. How will the reduction strategies be evaluated?
5. What should a reduction strategy include?

Targeting Key Areas

One of the first steps in reduction strategy development is careful evalu -
ation of the GHG emissions inventory (see chap. 4), policy audit (see
chap. 3), and community characteristics. These provide data necessary to
identify areas of focus for development of reduction strategies that will
best meet the needs and capabilities of the community.

The sectors shown in the GHG emissions inventory that con-
tribute most to local emissions must be targeted in the reduction strate-
gies. For example, in a community where a large percentage of GHG
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emissions come from a coal plant that produces electricity used in local
buildings, a strategy should be to reduce electricity use and perhaps ex-
plore renewable energy sources. 

The local policy audit, introduced in chapter 2, should be con-
ducted around the time of the emissions inventory. The audit identifies
community policies already in place that may support or be in conflict
with reduction goals. For example, many communities already have pro-
grams to improve energy or water efficiency that also reduce local GHG
emissions. Measures such as standards for historic building restoration or
planned low-density development have the potential to conflict with
emissions reduction goals. Current and pending national, state, and re-
gional policy should also be included in the policy audit to evaluate
changes outside of local control that may influence local emissions.
These policies can include federal fuel efficiency standards for passenger
automobiles or requirements for the percent of renewable energy sup-
plied by energy providers (i.e., renewable energy portfolio standards). In
2009, the U.S. Environmental Protection Agency (EPA) announced that
carbon dioxide is a threat to public health and welfare.1 This finding
may result in stronger and more direct action being taken at federal,
state, and regional levels. This EPA finding may influence vehicular and
industrial emissions regulation.
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Figure 5.1 The iterative steps of greenhouse gas reduction strategy development
within the overall climate action planning process. The various phases and steps reflect
those introduced in chapter 2.



Finally, a set of basic community characteristics is important to
complement these resources, including data such as the distribution of
housing stock (age of structures and structure type); typical commute
length; demographic and economic data such as age, income distribu-
tion, and housing affordability; and environmental data such as topogra-
phy, temperature profile, wind patterns, and solar exposure. These data
provide a strong basis for local strategy development and prioritization.
The assumptions used for the business-as-usual forecast in the emissions
inventory such as population, housing, and transportation growth rates
serve a similar role in the formulation of reduction strategies. For ex -
ample, slow-growth communities (e.g., < 1% per year) or communities
where the building stock consists primarily of older structures will need
to focus more specifically on retrofitting existing buildings to achieve
energy efficiency improvements than a rapidly growing region that can
more easily achieve efficiency improvements from standards on new
construction. Community data can provide additional understanding of
the inventory data. For example, a community that has a large incoming
daily commute due to housing affordability can address two sources of
emissions by focusing on local affordable housing. This reduces trans-
portation emissions by reducing commute length and reduces residen-
tial energy use through construction of energy efficient housing.

In summary, a community should answer questions such as the
 following when beginning development of reduction strategies. These
questions can be adjusted and/or supplemented depending on local
conditions.

• What are the largest sources of emissions in the community? (GHG
Emissions Inventory)

• What is the community already doing that reduces GHG emissions?
(Policy Audit)

• What are the expected population, housing, and transportation growth/
decline rates of the community? (GHG Emissions Inventory)

• Are there community characteristics that influence emissions-generating
behaviors? (Community Characteristics)

• What is the age of the housing stock? (Community Characteristics)
• What is the typical commute length (and is it more in-commuters or

out-commuters)? (GHG Emissions Inventory and Community Char-
acteristics)
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• What is the topography, temperature profile, wind pattern, and solar ex-
posure of the community? (Community Characteristics)

Types of Reduction Strategies

Strategies that serve to reduce GHG emissions take three forms: man-
dates, incentives or disincentives, and voluntary actions. The choice of
strategy type must be made with careful consideration of local context.
The policy audit can be helpful here since much can be learned from
existing community strategies that have proven successful. This helps
clarify the full range of policy options, which is important for the
process of balancing necessary reduction areas against other community
needs. Mandates may have higher costs or face greater political resis -
tance, but more confidence can often be placed in the emissions reduc-
tions being realized. For example, a strategy that requires an energy
efficiency building retrofit at the point of sale or major renovation is
likely to be far more effective in reducing emissions than an incentive
program that offers a small rebate to community members willing to
voluntarily update household appliances to improve energy efficiency.
But requiring such an upgrade will require more work, including as-
sumptions to be made about the number of units sold or remodeled per
year, and may meet some resistance. Mandates should also be evaluated
with consideration being given to which members of a community are
most likely impacted (e.g., bearing the bulk of the cost or excluded due
to increased costs). Strategy types should also be combined, particularly
for strategies that are politically challenging. Successful phasing of new
mandates in the face of political opposition can begin with outreach
and education to build community support for the strategy, followed by
an incentive program to encourage voluntary compliance, and only
then require the proposed changes. Many emissions-reducing strategies
rely, in part, on voluntary behavior change. As a result, combining incen-
tives and education with strategies such as the provision of new infra-
structure bolsters long-term effectiveness.

Quantifying Greenhouse Gas Emissions Reductions

The quantification of anticipated GHG emissions reduction with each
strategy facilitates the assessment of whether identified reduction targets
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are being met. Quantification is therefore one of the most important
components of climate action planning and is regarded as the key cri -
terion for evaluating reduction strategies. Unfortunately there are no
standardized GHG emissions reduction estimates that can be assigned 
to reduction strategies. GHG reductions are estimated based on a va -
riety of measures and assumptions that differ by community or region
(boxes 5.1 and 5.2). For example, electricity in the Midwest is largely
produced from coal, whereas in the West it is from natural gas and
 hydropower, resulting in very different GHG emissions reductions of
energy efficiency strategies. 

The most important step in quantifying reduction strategies is that
the measures and assumptions are explicit and documented. This allows
for monitoring, evaluation of implementation success, and identification
of whether or not the initial assumptions continue to be accurate. An
example of this transparency can be found in the City of Worcester,
Massachusetts, CAP, which includes all constants and assumptions used
to calculate emissions reduction in the appendix.2 The emissions inven-
tory is the source for key constants such as average fuel efficiency of ve-
hicles or the average GHG emissions per kWh of electricity used. If
implementation fails to produce the desired result, the City will be able
to examine which assumptions were faulty.

Emissions reduction calculations can be detailed quantifications or
rough estimates. A CAP will likely include both depending on the
measure type, level of importance, and certainty with which assump-
tions can be made. In some cases, there will be high levels of uncertainty
in estimating strategy effectiveness. This is particularly true for strategies
that rely on voluntary community action. Due to high levels of uncer-
tainty, conservative estimates or an estimate range may be enough. Also,
strategies that comprise a very small portion of total GHG emissions re-
duction may not require precise estimates of GHG reductions. For ex-
ample, an incentive program encouraging drought-tolerant landscaping
will reduce GHG emission associated with the treatment and delivery
of water. However, water often represents a very small portion of com-
munity emissions, and it is difficult to estimate the level of community
participation in this program and the amount of water that will be
saved. In this case, a simple set of assumptions that are locally appropri-
ate such as percent participation and percent water use reduction per
participating household is likely to be enough. If this strategy was a
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Box 5.1
Examples of Greenhouse Gas Emissions Reduction Estimation

The City of Albany, California, adopted a reduction strategy to convert all street lights to
LED bulbs or LED-solar systems. The following description from the plan explains the data
and assumptions necessary to calculate the annual emissions reductions that would result from
implementation of the strategy:a

This measure is based on the energy efficiency of LED bulbs or LED solar systems
with respect to the existing street light system. The GHG emission reduction potential
of this measure was calculated conservatively assuming that all street lights would be
converted to LED bulbs and not LED-solar systems. The energy savings associated
with this measure were calculated assuming LED bulbs are 70% more energy efficient
than the existing street lights. The City was able to provide total kilowatt-hours used
for the existing streetlight system, to which the 70% reduction was applied. The GHG
emission reduction associated with this measure was calculated using the same PG&E-
specific electricity consumption emission factor used to calculate the City’s GHG
emissions associated with electricity consumption. In reality, this measure may have a
greater GHG emission reduction potential due to the installation of solar systems in
addition to the LED bulbs. Measure performance = 170 MT/year.

The description shows that the source metric is based on the assumption about the
relative efficiency of LED bulbs (a universally valid assumption) and the electricity consump-
tion data from the City. The emissions factor from the utility provider is based on the amount
of CO2e produced per kWh based on the utilities’ fuel type. This is then combined with the
global warming potential constant to calculate the GHG emissions reduction.

The City of Worcester, Massachusetts, adopted a policy to offer City employees the
opportunity to telecommute one day per week.b The City assumed that one-eighth of em-
ployees would participate. They made a “drive-alone” assumption based on U.S. Census
mode share statistics for the City and applied this to the number of City employees to estimate
a potential number of drive-alone employees who would telecommute. This, combined with
average commute length statistics from the GHG emissions inventory, allowed the City to
calculate the source metric, which was the vehicle miles traveled (VMT) reduction resulting
from the program. Combining this with the emissions factor from the emissions inventory
(GHG/mi.), the City calculated the GHG emissions reduction.

a City of Albany, California, Climate Action Plan (April 2010), B-5.
b City of Worcester, Massachusetts, Climate Action Plan (December 2006).



Box 5.2
Comparing the Difference in Assumptions in Greenhouse 

Gas Emissions Reduction Estimation

Both the cities of Denver, Colorado, and Cincinnati, Ohio, included a car-share program in
their climate action plans. In both cases the programs were seen as short-term strategies with
emissions reductions calculated by 2012. The relative importance placed on the strategy
within the plan and the data and assumptions based on local characteristics affected the esti-
mation of the emissions reductions. In Cincinnati the estimated reduction was 5,000 tons
CO2e, and in Denver it was part of a suite of actions that resulted in reduction of 27,000
tons CO2e.

Cincinnati, Ohioa

• The program was assumed to be implemented by an operator independent from, but sup-
ported by, the City.

• Locations focused on areas near the University of Cincinnati and the central business dis-
trict (CBD). Anticipated membership from these locations was 1,000–3,000 for the uni-
versity and 200–500 in the CBD.

• The anticipated membership was assumed to reduce regular use of 2,000–5,000 private
vehicles.

• Taking the low end of this estimate (to be more conservative), 2,000 vehicles were as-
sumed to reduce their mileage by half. Average annual miles driven was assumed to be
10,000. 

• The estimated emission rate of 1 lb of CO2e per mile yielded an annual reduction of ap-
proximately 5,000 tons of CO2e. 

• Initial investment to start the program was estimated to be $1,000,000, with a program
maturity period of two to four years.

Denver, Coloradob

• The car-share program was included as one of a suite of programs labeled Alternative
Transportation Strategies that included hybrid taxis, bicycling, walking, van/car pools,
mass transit, and business support for bicycle commuting.

• The emissions reductions of all strategies were lumped together, but a suite of assumptions
were made about the car-share program specifically.

• By 2012 it was assumed that 70 car-share vehicles would be in use.
• The program was assumed to be equivalent to taking 500 cars off the road.
• All alternative transportation strategies were estimated to yield a total reduction in emis-

sions of 27,000 CO2e, with the car-share program contributing a portion.
• Initial investment was identified as purchase of the 70 vehicles.

a City of Cincinnati, Climate Protection Action Plan: The Green Cincinnati Plan (2008), http://
www.cincinnati-oh.gov/cmgr/downloads/cmgr_pdf18280.pdf.
b City of Denver, Climate Action Plan (2007), www.greenprintdenver.org/docs/DenverClimate
ActionPlan.pdf.



major portion of overall GHG reductions, it may be appropriate for fac-
tors such as evapotranspiration rates, wind, and average yard size to be
considered in the reduction estimate.

One of the most complete references for quantifying reduction
strategies is the August 2010 California Air Pollution Control Officers
Association (CAPCOA) guide for local governments, Quantifying
Greenhouse Gas Emissions Measures. The goal of the report is “to provide
accurate and reliable quantification methods that can be used through-
out California and adapted for use outside of the state as well.”3 The re-
port contains a series of fact sheets on particular types of reduction
strategies and accompanying guides on how to use the fact sheets. The
quantification methods are based on using readily available data gath-
ered by the planning team. The CAPCOA report describes the basic
logic of emissions quantification:4

The general equation for emissions quantification is shown here for
each GHG:

GHG Emissions = [source metric] × [emission factor] × [GWP]

where source metric and emission factor are defined as follows:

Source metric: The “source metric” is the unit of measure of the
source of the emissions. For example, for transportation sources,
the metric is vehicle miles traveled; for building energy use, it is
“energy intensity,” that is, the energy demand per square foot of
building space. Mitigation measures [reduction strategies] that in-
volve source reduction are measures that reduce the source met-
ric. This can include, for example, reducing the miles traveled by a
vehicle because the reduction in miles traveled will reduce the
emissions generated from vehicle travel. Similarly, a reduction in
dwelling unit electricity use by installing energy efficient appli-
ances and lighting will reduce the emissions associated with total
electricity assigned to dwelling units.

Emission factor: The “emission factor” is the rate at which
emissions are generated per unit of source metric (see above). Re-
ductions in the emission factor happen when fewer emissions are
generated per unit of source metric, for example, a decrease in the
amount of emissions that are released per kilowatt-hour, per gal-
lon of water, etc. Such a decrease may apply if a carbon-neutral
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electricity source (e.g., from photovoltaics) is used in place of grid
electricity, which has higher associated emissions; or if electricity
is used instead of combustion fuel, such as with electric cars. Re-
ductions can also occur if a fuel with lower GHG emissions is
used in the place of one with higher GHG emissions. From a
quantification standpoint, for this type of measure, it is the “emis-
sion factor” in the equation that changes.

Evaluating Reduction Strategies

A community may identify many reduction strategies, but only some of
them will be appropriate for inclusion in the CAP. Therefore, there
should be a process to evaluate and prioritize each reduction strategy to
ensure that it meets a community’s needs and constraints (see box 5.2).
Identification of local needs and constraints and establishment of the
process necessary for this assessment begins with the formation of the
Climate Action Team (chap. 2) and public outreach (chap. 3). Many
CAPs now disclose the analysis of elements that contribute to prioriti-
zation of strategies. This information allows for greater transparency in
the plan formulation process and more clearly sets a path for implemen-
tation. The questions listed here should be addressed through the work
of the Climate Action Team and through a public participation process
for each reduction strategy considered. Others can be added based on
local need. These questions are interrelated. For example, the need for
funding may delay strategy implementation, which will subsequently
adjust the emissions reduction estimates.

• What is the potential emissions reduction that will result from strategy
implementation?

• How long will it take to begin implementation of a strategy?
• How long will it take for a strategy to be fully implemented?
• How much does the strategy cost to implement (initial and ongoing

costs)?
• What is the political and social feasibility of the strategy?
• Are there co-benefits to implementation? 

What is the potential emissions reduction that will result from 
strategy implementation?
The amount of GHG emissions reduction possible from each strategy
should be compared to assess the relative value of each. Calculations
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should be made at the lowest level of strategy development without
overlap or double-counting. There are strategies that cannot be sepa-
rated from each other. For example, bicycle infrastructure including
paths, lighting, and storage may all serve to increase the community rid-
ership; however, this increase cannot be divided between implementa-
tion of these items. The increase in ridership occurs from the collective
impact of all of these items.

How Long Will It Take to Begin Implementation of a Strategy?
In some cases, a measure can be universally hailed by staff, the commu-
nity, and advisory bodies but still require a series of actions to be com-
pleted prior to the start of implementation. This can be as simple as the
time it takes to update or amend the comprehensive plan or drafting a
new ordinance. In other cases, this may involve securing funding
through grants or a local fee system to initiate a program. Each measure
should be evaluated for how soon it can realistically be implemented.

How Long Will It Take for a Strategy to Be Fully Implemented?
In the context of emissions reduction estimates, full implementation
refers to the time it will take to achieve the estimated emissions reduc-
tion. For example, a new ordinance can be adopted in the short term.
This implements the measure; however, experience of the subsequent
emissions reductions will be distributed through time. In some cases, a
measure will identify a change that will take many years to fully achieve.
For example, a green building ordinance aimed at new residences in a
slow-growing community will likely produce benefits at a much slower
rate than a strategy aimed at retrofitting existing residences.

How Much Does the Strategy Cost to Implement 
(Initial and Ongoing Costs)?
The high upfront cost is one of the biggest limitations of climate-
friendly strategies such as building retrofits for energy efficiency, renew-
able energy, or vehicle upgrades. This is a critical factor for evaluat-
ing and planning for measure implementation. If a funding mechanism
is not identified for a strategy, time to raise necessary funds must be
planned into the phasing of strategies. The initial costs of a measure can
be a critical consideration when prioritizing strategies for immediate
implementation. Given the limited budgets of local governments, funds
must be carefully allocated.
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In addition to initial costs, many projects carry ongoing costs of
implementation, including materials, maintenance, and administration.
Accurate estimation of these costs and a way to raise these funds are
both vital to reduction measure formulation. Often these costs can be
covered through adjustment in fee structures such as more aggressive
tiered pricing for water or establishment of a fund to hold impact fees
from new development. However, adjustments in fees must also be ac-
companied by an evaluation of which populations or community mem-
bers will be most impacted. This addresses the issue of who bears the
costs and who receives the benefits. This can be difficult politically and
raises issues of fairness and social justice. Communities should ensure
that the costs of strategy implementation are not unfairly borne by a
narrow sector of the community, especially those least well-off. In West
Hollywood, California, for each emissions reduction strategy the CAP
contains magnitude estimates of cost to the City and private costs and
savings that accrue to individuals or businesses.5

Cost-effectiveness refers to a comparison of the costs and benefits
(and possibly co-benefits). In climate action planning it is common to
see emissions-reduction strategies evaluated on their dollar cost per ton
of GHG emissions reduced. For example, Denver estimated that their
Residential Climate Challenge would cost $10–$26 per metric ton of
CO2e emissions reduced. Comparing strategies on cost-effectiveness
can allow communities to identify how to get the biggest bang for the
buck.

What Is the Political and Social Feasibility of the Strategy?
Awareness of potential political challenges is important during measure
formulation. These difficulties can be addressed in a variety of ways,
such as direct engagement with concerned stakeholders to devise a
more palatable approach, including outreach and education as part of
measure implementation, and careful choice of wording to avoid pit-
falls. Strategies to identify community priorities and concerns are dis-
cussed in chapter 3.

There should also be consideration of how responsive the “tar-
get” will be to the strategy. For example, an ad campaign to get people
to drive less may be fairly simple to create, but it may be a difficult way
to successfully realize the emissions reduction since it requires people to
change ingrained behaviors. On the other hand, having a city council

126 Local Climate Action Planning



raise parking meter rates will assuredly result in a change in parking
usage and revenues, although this may meet political opposition. Some
communities refer to this issue as “ease of implementation.” 

Communities are unique. Some climate strategies will fit right in
with the current ethos of a community; others might be seen as radical.
For example, new bicycle initiatives or public spending on bicycle infra-
structure is likely to be easily welcomed in Boulder, Colorado, a city
that takes pride in its bike culture. A strategy aimed at creating green
jobs is likely to be similarly welcomed in communities with high unem-
ployment rates.

Are There Co-benefits to Implementation? 
Climate action planning is just one aspect of community planning and
can be viewed as an opportunity to meet a variety of local goals. Strate-
gies that carry benefits beyond mitigating climate change are most easily
promoted to the public as well as decision makers. Categories of co-
benefits include the following:

• Cost savings
• Energy conservation
• Health benefits
• Local business support
• Municipal revenue enhancement
• Water conservation
• Education and awareness
• Mobility improvement
• Climate adaptation
• Smart growth
• Water and air quality improvement
• Green space and recreation improvement
• Quality of life improvement
• Job creation 
• Community development and redevelopment

Of these, cost savings and energy conservation are the most common
desired co-benefits. In fact some communities organize their CAPs
around these as their primary benefits and treat GHG emissions reduc-
tion as the co- benefits.
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Prioritizing the Strategies
Once the evaluation is complete there are several methods for using the
results to rank the strategies. The most straightforward is to pick a single
criterion, then choose the strategies that perform best on that criterion.
For example, some communities prioritize cost-effectiveness; they are
looking for the greatest emissions reduction for the least cost, whereas
others have identified co-benefits as the most important strategy. The
challenge arises when multiple criteria are used to rank strategies. In this
case each strategy can be scored on each criterion, then the scores can
be added up and strategies ranked based on the best overall scores. The
scores can be weighted by adding bonus points or multipliers to the
most important criteria. 

Contents of a Reduction Strategy

An emissions reduction strategy should contain enough detail that it can
be implemented; it should be written as more than a goal. For example,
a CAP may state: “increase transit ridership by 5%.” This is a good goal,
but it is not a strategy because it does not contain enough information
or describe how the goal will be met. Instead, the CAP should contain
a specific set of actions that if taken would result in increasing ridership
by 5%, such as a marketing campaign, fare reductions, or routing
changes.

In addition to specifying actions, each reduction strategy must in-
clude five pieces of information:an estimate of GHG reductions, a fund-
ing source, a phasing plan (how soon can it be implemented and how
long will that take), an entity or department responsible for implemen-
tation, and identification of an indicator that will allow for effectiveness
to be monitored. These are discussed in more detail in chapter 7.

Emissions-Reduction Strategy Sectors

Reduction strategies are usually organized in sectors similar to the emis-
sions inventory. This chapter uses the sector approach with the addition
of several that are generally not addressed in the inventory because they
do not emit GHGs, such as sequestration or renewable energy. The sec-
tors covered are transportation and land use, energy efficiency, renew-
able energy, carbon sequestration, agriculture, industry, waste, green
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living, and offsets. Embedded in each of these sectors are strategies that
can be specifically targeted at local government operations. If a commu-
nity sets a separate target for local government operations, it may be ap-
propriate to move all strategies that specifically address government
strategies to a separate chapter.

Local Government Operations

Communities often choose to lead by example. This can take the form
of adopting more aggressive targets for local government operations or
more aggressive implementation plans for reduction strategies that
specifically target local government operations and employees. Many
communities choose to do this because these are the aspects of the
community over which local policy has the most control. A commu-
nity government can simply move to more fuel efficient fleet vehicles 
as part of standard turnover much more easily than it can devise policy
that would result in a community-wide move to improved fuel effi-
ciency. Despite the differences in ease of implementation the emissions
sectors in which strategies can be devised are consistent with those for
 community-wide reduction strategies. For this reason, the discussion of
sectors does not distinctly break out local government operations.

Transportation and Land Use

In the United States, transportation accounts for about 27% of all GHG
emissions. These emissions are from the combustion of fossil fuel,
 including gasoline in personal vehicles, diesel fuel in heavy-duty vehi-
cles, and jet fuel in aircraft. The Moving Cooler report, prepared by the
Urban Land Institute, identifies four basic approaches to the reduction
of GHG emissions from the transportation sector: vehicle technology,
fuel technology, vehicle and system operations, and travel activity.6 The
first of these two areas largely fall outside of the influence of commu -
nities since they are tied to state and federal policy and funding and the
evolution of technology, so the focus is on the latter two. The neces-
sary reductions in transportation emissions will require a variety of ap-
proaches. Moving Cooler states the following:

The United States cannot reduce carbon dioxide (CO2) emissions
by 60 to 80 percent below 1990 levels—a commonly accepted
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target for climate stabilization—unless the transportation sector
contributes, and the transportation sector cannot do its fair share
through vehicle and fuel technology alone. . . . The increase in ve-
hicular travel across the nation’s sprawling urban areas needs to be
dramatically reduced, reversing trends that go back decades.7

To address the issue of vehicular travel—usually measured as
the total or average number of vehicle miles traveled (VMT) in a
 community—the Moving Cooler report recommends development of
reduction strategies in nine areas:8

• Pricing and taxes: Raise the costs associated with the use of the trans-
portation system, including the cost of vehicle miles of travel and fuel
consumption. 

• Land use and smart growth: Create more transportation-efficient  land use
patterns, and by doing so reduce the number and length of motor vehi-
cle trips.

• Nonmotorized transport: Encourage greater levels of walking and bicy-
cling as alternatives to driving.

• Public transportation improvements: Expand public transportation by subsi-
dizing fares, increasing service on existing routes, or building new infra-
structure.

• Ride-sharing, car-sharing, and other commuting strategies: Expand services
and provide incentives to travelers to choose transportation options
other than driving alone.

• Regulatory strategies: Implement regulations that moderate vehicle travel
or reduce speeds to achieve higher fuel efficiency.

• Operational and intelligent transportation system (ITS) strategies: Improve the
operation of the transportation system to make better use of the exist-
ing capacity; encourage more efficient driving.

• Capacity expansion and bottleneck relief: Expand highway capacity to re-
duce congestion and to improve the efficiency of travel.

• Multimodal freight sector strategies: Promote more efficient freight move-
ment within and across modes.

These strategies to reduce transportation emissions are aimed at
 affecting three variables: transportation mode (e.g., the type of vehicle
or conveyance), travel distance, and efficiency (see box 5.3 for exam-
ples). Changing transportation mode is usually described as “alternative
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Box 5.3
Examples of Transportation Strategies that Reduce 

Greenouse Gas Emissions

London’s Congestion Charge Zone

The City of London, England, designated a portion of the central and western part of 
the city as a Congestion Charge Zone (CCZ). Motorists who want to drive into the CCZ
during business hours must pay a fee or risk a fine. The intent of the fee is to reduce con-
gestion and generate funds for improvements to the transportation system, especially alterna-
tive transportation modes. This is an example of using a pricing strategy to change motorists’
 behavior.a

Portland’s Twenty-Minute Complete Neighborhoods

The City of Portland, Oregon, is implementing a land use planning principle that says people
should live in neighborhoods that allow them to walk no more than twenty minutes to access
basic daily destinations and services such as grocery stores, restaurants and pubs, laundromats,
drug stores, parks, and the like. Using this principle to design neighborhoods would require
people to drive less and encourage more walking and biking. This has co-benefits of increas-
ing the safety and friendliness of the community as well as the health of the residents.

Pittsburgh’s Martin Luther King, Jr. East Busway

The City of Pittsburgh, Pennsylvania, developed a nine-mile bus rapid transit system to link
eastern and downtown areas of the city. The roadway is dedicated to buses only (both local
and express) thus decreasing travel times during peak commute hours by offering an alter-
native to crowded roadways. The City is encouraging infill development and redevelopment
along the busway to achieve smart growth principles.

San Luis Obispo’s South Street Road Diet

The City of San Luis Obispo, California, worked with the state transportation agency to
 implement a “complete streets” policy on a significant cross-town roadway. South Street 
was reduced from four lanes to two lanes, bicycle lanes were widened to five feet, transit 
stops were upgraded, and pedestrian crossings and refuges were added. All of this resulted 
in no additional vehicle congestion, with improved safety, aesthetics, and community
 connectedness.

a “Case Study: London Congestion Charging,” Department of Transport, accessed February 20, 2011,

http://www.dft.gov.uk/itstoolkit/CaseStudies/london-congestion-charging.htm.
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transportation,” and usually involves strategies encouraging community
members to change their mode of travel by shifting to walking, bi -
cycling, or transit instead of the private vehicle. Changing travel distance
often falls under the concept of smart growth, which recognizes that the
distribution of land uses influences travel behavior. Long-term land use
planning can aim to shorten the distance between residential areas and
common destinations, for example. This reduces the number of miles
traveled by vehicle and makes alternative transportation more feasible.
Changing efficiency includes a move to more fuel-efficient vehicles
(e.g., hybrid or scooters), a change to alternative fuels such as biodiesel,
or an increase in the average number of passengers in a vehicle (car-
pooling). The various ways to address transportation emissions can be
taken together to guide urban design principles for accessible services
and streets that accommodate all forms of transportation and all mem-
bers of society, referred to as “complete streets.”9

Many strategies that reduce transportation-related emissions also
provide co-benefits of improvements to air quality and human health
and safety. Many lower the costs of transportation since transit, bi -
cycling, and walking are less expensive than driving. In addition, strate-
gies that improve safety of pedestrian travel such as vegetated medians
also promote carbon sequestration, improve stormwater management,
and enhance overall aesthetics. Land use strategies that place residents
and services (schools, employment, grocery, etc.) in close proximity have
the potential to promote community cohesion and quality of life.

Shifting to Alternative Transportation Modes
Because the choice to replace a vehicular trip with walking, biking, or
public transit is voluntary, education, outreach, and other programs to
encourage behavior change are often critical to emissions reduction. In
parallel with improved availability of travel options, many cities conduct
extensive outreach and incentive programs. These strategies can include
bicycle safety education programs, the provision of bicycle and transit
maps, and discount transit passes. Another way to influence travel mode
is by working with employers to develop incentives for employees who
choose to commute using an alternative to a private vehicle.

Encouraging a shift to alternative travel modes requires that walk-
ing, bicycling, public transit, or other travel options are convenient and
accessible to all community members. Evaluating the opportunity for



and constraints to alternative travel modes as well as the factors that
 influence community willingness will contribute to development of
 effective policies. 

Alternative transportation strategies yield emissions reductions
only when they replace a trip that would have yielded higher emissions.
Therefore, the types of trips that can be replaced dictate which types 
of alternative transportation options to emphasize. Walking and biking
strategies are most effective for reducing VMT from the portion of
 vehicular trips that begin and end within the community. Walking and
bicycling reduction strategies may include an expansion or improve-
ment of infrastructure (bike routes and sidewalks) to assure that walking 
and biking can be safely enjoyed by all community members. The emis-
sions associated with trips that originate or end outside the community
are best addressed through public transit or ride sharing programs in the
short term and by land use that reduces the need for longer trips in the
long term. The choice of where to focus efforts can be made through
careful evaluation of existing alternative transportation networks and by
soliciting community input regarding needed improvements and identi-
fication of barriers (e.g., perceptions of danger, convenience, and
weather patterns). Bus or train travel can be encouraged through ex-
panded routes, hours of operation, or stops.

In some cases, it may be necessary to combine strategies because
emissions reductions cannot be separated. For example, if a community
increases the number of bike paths, improves lighting, and adds bicycle
storage, it is difficult to assign particular reductions to any one of these
strategies individually. In this case, an overall increase in bicycle mode
share could be assumed. However, assumptions about eventual shifts in
the mode share of bicycling must be supported through demonstration
that the community may be able to achieve this level of ridership. A
more detailed manner of quantifying transportation shifts can be made
by assuming that a portion of the community will increase their re-
liance on alternative travel options (this can be done separately for walk-
ing, biking, and public transit). The next question is to decide what
portion of the population will change their travel behavior and what
portion of their vehicle trips will be replaced. For example, improved
bicycle infrastructure with accompanying education and incentive pro-
grams may result in 5% more community members riding their bike.
Of these 5%, it could be assumed that they reduce their average daily
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VMT by 50%. In addition, an average fuel efficiency must be identified
that provides a GHG per VMT constant. A GHG reduction would then
be calculated via the following equation: 

Estimated GHG reduction = [Community population × 5%] × 
[average daily VMT per capita × 50%] × GHG/VMT

Growing Smarter to Reduce Travel Distance
Reduced distance between residential areas, employment centers, and
services such as grocery stores not only shortens the distance traveled by
car but also makes alternative travel modes more convenient. Specific
populations and those with the longest commutes should be targeted.
Low-income residents may be forced to commute longer distances due
to the availability of less expensive housing in outlying areas. An inclu-
sive housing policy in areas closer to jobs and amenities may help to re-
duce daily miles traveled (often refered to as jobs–housing balance).
Reduced travel distances can be encouraged by altering land use policy
to encourage smart growth and by providing incentives to developers
for infill development or mixed use (box 5.4).

The emissions consequences from mixed use and infill devel -
opment are difficult to quantify. These changes in land use pattern will
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Box 5.4
Smart Growth Principles

• Create range of housing opportunities and choices
• Create walkable neighborhoods
• Encourage community and stakeholder collaboration
• Foster distinctive, attractive communities with a strong sense of place
• Make development decisions predictable, fair, and cost-effective
• Mix land uses
• Preserve open space, farmland, natural beauty, and critical environmental areas
• Provide a variety of transportation choices
• Strengthen and direct development toward existing communities
• Take advantage of compact building design

Source: http://www.smartgrowth.org/about/default.asp.
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alter VMT and will also improve the feasibility of alternative transporta-
tion options. Quantifying these changes can be completed as a rough
estimate through a reduction in per capita VMT from the business-
as-usual forecast in the emissions inventory, but there have been more
detailed strategies proposed.10

Increasing Travel Efficiency
Encouraging community members to carpool or utilize higher-
efficiency vehicles such as hybrids, alternative-fuel vehicles, or high-
mileage vehicles (e.g., scooters) can be achieved by making these op-
tions more convenient than the alternative. Designated lanes or parking
for carpool, hybrid, and high-mileage vehicles provide incentives for
use, and increased parking or driving fees (such as congestion pricing)
are disincentives for driving.

To justify estimating emissions reduction it can be helpful to assess
the effectiveness of reduction programs in other communities. The re-
sults from other communities should be adjusted based on local charac-
teristics, but carpooling, parking availability and fees, and congestion
management are all strategies that predate climate planning.

Energy Efficiency

GHG emissions are produced in the generation of electricity and
through the use of other fuels such as natural gas or propane. These en-
ergy sources are used primarily in buildings for electricity, heating, and
cooling. Measures that improve energy efficiency reduce GHG emis-
sions. Greater efficiency can be achieved in a variety of ways from
 energy efficient appliances and fixtures, building materials such as in -
sulation or windows, to solar orientation and use of trees for shade (box
5.5). There is a well-established knowledge base for improved energy
efficiency in buildings broadly referred to as green building. Energy ef-
ficiency, which includes reduced heating, cooling, and water demand,
can be achieved through a variety of complementary strategies. There
are many resources from which to draw strategies, including the U.S.
EPA,11 U.S. Green Building Council,12 and Build It Green.13

In addition to building design, energy use in buildings is associated
with the behaviors of inhabitants. The choice of indoor temperature
and the act of turning off lights and other energy-using appliances,
 including computers when they are not in use, are examples of how



 inhabitant behavior influences energy demand. Community members
may not be aware of the energy demand resulting from various choices.
The first step in changing energy use choices is increasing awareness
through extensive outreach and education. Altering the pricing struc-
ture of energy can also yield changes in behavior, but effectiveness of
this measure will likely be higher when paired with outreach.

Programs that target behavior change are often implemented in
combination with other strategies such as incentive programs or pricing
adjustments. If a program that seeks to alter user behavior is used to
support another strategy, there should not be a separate estimate of
emissions reduction. Instead the outreach should be viewed as part of
the implementation plan for the strategy it supports.

The other area in which energy efficiency can be improved is in
governmental services and infrastructure, such as the treatment and con-
veyance of water and the regulation of streets. The energy required to
treat and deliver water throughout a community can be reduced in two
ways: improve the energy efficiency of pumps and treatment plant op-
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Box 5.5
Example of Innovative Energy Efficiency Strategy to Reduce Emissions

City of Burlington’s (Vermont) Minimum Rental Housing Time of Sale Energy
Efficiency Standards Ordinance

According to the city:

The purpose of the ordinance is to promote the wise and efficient use of energy
through cost-effective minimum energy efficiency standards for rental dwellings where
physically possible. The ordinance is applied upon transfer of a rental property at the
time of sale. The seller and the buyer negotiate who is responsible for compliance.
Through the program administrator, technical assistance and coordination with all
available energy programs are available to help property owners meet the requirements.
In addition, some buildings offer substantial energy savings if work is done beyond
the minimum ordinance requirements. Optional technical assistance, project manage-
ment incentives and financing packages are available to help property owners take ad-
vantage of these additional savings.

Source: “Energy Efficiency Codes and Ordinances,” Burlington Electric Company, accessed Septem-

ber 10, 2010, https://www.burlingtonelectric.com/page.php?pid=37&name=ee_codes.



erations, and reduce demand for water, which lowers the volume of
water requiring treatment and delivery. Streetlights and traffic signals re-
quire a considerable amount of energy in dense urban settings. Technol-
ogy is currently available to reduce the energy required to power these
lights by over 40%.14

Energy efficiency strategies have many co-benefits. Retrofit of ex-
isting buildings and construction of new energy efficient buildings con-
tribute to a community’s resilience in the face of climate impacts. For
example, green roofs have the potential to sequester carbon, reduce en-
ergy use, and provide protection to inhabitants facing heat-related cli-
mate impacts. In addition, a local requirement for energy efficient
construction creates a demand for specific construction expertise that
has the potential to promote an area of economic growth. Finally, re-
duced energy demand lowers the monthly costs for residents, making
housing more affordable.15

Three areas in which to target energy efficiency strategies, existing
buildings, new structures, and water treatment and delivery, are discussed
in the following sections.

Existing Buildings 
Community-wide improvement in energy efficiency must address the
structures already in place. In many cases, considerable energy savings
can be achieved through retrofitting existing buildings, particularly
those that predate modern building codes. The efficiency of these struc-
tures can be upgraded in a variety of ways. Buyers of existing buildings
or homes can be required to upgrade fixtures such as light bulbs or ap-
pliances at the point of sale. Rebate or micro-loan programs are also
commonly used to offset the upfront cost for more expensive building
retrofits such as insulation or windows.

Many of these strategies not only reduce energy needs but also re-
move GHGs from the atmosphere. For example, installation of a green
roof can improve insulation and natural shading as well as introduce
plants that can sequester carbon. Similarly, planting street trees along the
sides of buildings with the highest solar exposure reduces energy de-
mand by regulating indoor air temperature, improves the quality of the
streetscape, and sequesters carbon.

If a strategy supports or requires retrofitting a particular aspect of
building operation, the required information for quantifying the strat-
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egy is best obtained from the manufacturer of the item (e.g. appliances,
windows, etc.) or from the agency that regulates appliance efficiency
(e.g., the Energy Star Program16 or the Department of Energy Home
Energy Saver17). The other needed information is an estimate of exist-
ing energy use (from the emissions inventory) and participation rates.

New Structures
New building requirements are more easily implemented because the
energy-saving strategies can be included in the design and budgeting of
a project and can be a requirement for permitting. The manner in
which new development is regulated varies, meaning the opportunities
for promoting or mandating green building will be similarly varied.
Specific green building policy can take actions, such as requiring energy
efficiency as a condition of permit approval, which is often referred to
as a green building ordinance. Such requirements can also be part of a
larger green building program where minimum building standards are
set and incentives such as expedited processing are provided for more
advanced green building techniques.

Water Treatment and Delivery
Reducing the energy required to treat and convey water and wastewater
can be achieved through upgrading the pumps and other equipment re-
quired for treatment and delivery or reducing community water de-
mand. Decreasing water demand can be achieved by upgrading water
fixtures (such as toilets, sinks, and showers). It can also be achieved
through increased participation of households in rainwater capture or
graywater systems or citywide water recycling. These strategies can be
implemented to serve nonpotable uses such as irrigation of yards and
landscaped areas.

Water use can also be limited through landscaping and yard vege-
tation choices. Outdoor water use is one of the largest consumers of
potable water in the United States. Vegetation choices that require less
water can result in substantial reductions in water use for residential
yards and irrigated park areas. Communities can promote these changes
through educational materials such as planting guides, incentives such as
cash-for-grass programs that compensate the removal of residential
lawns,18 or mandates such as vegetation and irrigation requirements on
building permits. Quantification of these measures draws heavily on
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data in the emissions inventory, including a conversion factor of CO2e
per gallon of treated water and the average water use per household.
Using these constants, the estimated gallons of water saved can be con-
verted to CO2e based on the anticipated effectiveness and participation
in a program. Energy use by existing pumps can be directly measured,
and new pumps are rated, so assessing the efficiency of water con-
veyance pumps and lifts is relatively straightforward.

Renewable Energy

Renewable energy, such as solar, wind, or biomass, provides elec-
tricity and heat without the same level of GHG emissions associated
with  traditional energy sources. The addition of local renewable energy
generation lowers GHG intensity (GHG per unit energy). The larg-
est deterrent for renewable energy is the initial cost of installation. The 
most appropriate type of renewable energy will vary regionally based
on  factors such as solar exposure, available surface or land area, wind
speed, biomass sources, coastal conditions, geothermal resources, and so-
cial acceptance of the proposed technology. Once a renewable energy
technology or suite of technologies has been selected, implementa-
tion requires a series of actions, including a funding mechanism, the
choice between distributed and centralized generation, and the phas-
ing of implementation. Funding renewable energy has been an area of
considerable innovation and creativity (box 5.6). Traditional funding
mechanisms include allocation of local funds, external investment by
the  private sector, or grant dollars procured from an outside entity. In
addition to these funding sources there are increasingly creative means
of funding renewable energy, including providing investment opportu-
nities for local residents, developing a micro grant or loan program, and
funding renewable energy through impact fees for environmentally
damaging actions.

Quantifying reductions in GHG emissions from renewable energy
requires that assumptions be made about the efficiency of energy tech-
nology (e.g., wind and solar energy capture rates), the local availability
of these sources, and the potential locations for installation. National
maps of solar and wind potential are now available and, in many re-
gions, maps have been generated that have higher resolution. Including
renewable energy in a CAP has the potential to complicate the quantifi-



cation of energy efficiency measures. Because renewable energy changes
the energy intensity (GHG/kWh), it also influences the reductions ex-
perienced as part of improved efficiency. As the percentage of the elec-
tricity supplied from renewable sources increases, the GHG reduction
from efficiency measures decreases. This is a concern for communities
with aggressive renewable energy goals. It can also influence phasing of
energy strategies where efficiency makes most sense as a short-term
goal.

One of the important co-benefits of renewable energy programs is
that they foster local economic growth by employment of the work-
force needed to install the systems and, if materials are manufactured lo-
cally, the employees of the manufacturer. In addition, renewable energy
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Box 5.6
Examples of Innovative Renewable Energy Strategy 

to Reduce Emissions

Salt Lake City’s (Utah) Solar Power Purchase Agreement

Salt Lake City is covering the entire 600,000-square-foot Salt Palace Convention Center
building with a $10 million solar panel installation.a It will produce about 2.6 megawatts of
electricity, which is a quarter of the building’s annual electricity demand. The project is an
example of a power purchase agreement (PPA). In a PPA a private company builds and op-
erates the solar array and charges the City through utility billing. The City bears no up-front
costs and pays for electricity it would use anyway. The Salt Palace project is also partially
funded by federal grants and tax credits, and the City will have an option to eventually pur-
chase the solar array at a steep discount.

Marin County’s (California) Marin Clean Energy Program

In Marin County, communities had worked together to establish Marin Clean Energy
(MCE), an example of community choice aggregation (CCA). CCA is the aggregation of
electricity demand among various community users (residents, businesses, etc.) to facilitate
the purchase of electrical energy, especially from renewable energy sources. The MCE pro-
gram automatically subscribes electricity customers in the participating communities to the
program. MCE then purchases renewable energy in cooperation with the franchised com-
mercial energy provider. In 2010, MCE was supplying power that was 25 percent from re-
newables (double the commercial energy provider) and expects to be at 50 percent by 2015.

a John Daley, “Salt Palace to House Largest Solar-Power Installation in Country,” KSL.com, Septem-

ber 1, 2010. http://www.ksl.com/?nid=148&sid=12246453.



increases human and ecosystem health due to removal of air pollution
associated with energy generation from fossil fuels.

Carbon Sequestration

In addition to trying to reduce emissions, climate strategies may take 
the approach of capturing some of the carbon and sequestering it in
terrestrial vegetation (e.g., trees) and soil. Terrestrial vegetation, such as
forests, sequesters carbon through increased volume of woody mass.
Trees can be used as a shade crop in agricultural practices, as street trees
in cities, and for larger-scale reforestation projects. Particularly in urban
areas, trees provide shade for structures that improve energy efficiency
and the pedestrian environment, making alternative transportation more
appealing. The type of vegetation should be considered carefully to as-
sure consistency with the local climate and soil conditions, as well as the
intended role of the vegetation in addition to carbon capture.

Soil carbon sequestration refers to the organic content of soils
such as leaf litter and other biomass. Strategies to increase soil carbon
content directly address widespread soil degradation.19 To sequester car-
bon, the soil carbon must be stored long term and not released back
into the atmosphere.20 Successful implementation of soil sequestration
strategies also improves soil and agricultural productivity. A variety of
methods can be used to increase soil carbon levels that should be chosen
based on local conditions, including no-till or conservation tillage farm-
ing practices, use of cover crops, managing the nutrient input to soils,
agroforestry, woodland regeneration, crop rotation, and improved graz-
ing practices.21

Quantification of GHG reductions due to sequestration relies on
improvements in vegetative uptake or change in conditions from the
baseline established in the emissions inventory. Newly planted vege -
tation such as street trees or wind breaks and newly introduced soil
management practices are quantified, whereas contributions from ex -
isting green spaces that predate the climate planning effort are not be-
cause they are assumed to be included in the baseline. The estimated
sequestration possible for vegetation such as street trees varies by cli-
mate region, tree species, and age. Many state forestry departments 
and universities provide lists that estimate sequestration potential that is
regionally accurate. Similarly, soil carbon content varies by climate, soil
type, and land activity.
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Agriculture Management 

Agriculture, which accounts for 7% of U.S. GHG emissions, has been
identified as an area with significant emissions reduction potential
through carbon sequestration and alternative management practices.22

Thus far, climate planning has been largely focused on cities, but the
more recent emergence of regional efforts and county plans has re-
quired agriculture to be addressed directly.

Including rural areas in climate planning will require the measure-
ment of annual variability in emissions associated with agriculture. The
fluctuations in agricultural emissions results from variation in climate,
soil type, and agricultural practice. In addition, the longevity and perma-
nence of sequestration efforts can vary. Carbon sequestration in agricul-
tural lands is effective for a specific duration of time (e.g., 15–30 years).
Shifts in management practices can reverse the benefits resulting from a
reduction strategy. Many argue that this results in agriculture being best
pursued in the near term providing time for more expensive or time-
intensive strategies such as large-scale renewable energy or land use
change to be implemented.

Agricultural practice is vulnerable to potential shifts in tempera-
ture and precipitation that are projected to result from climate change. It
is possible to devise reduction strategies that have the co-benefit of bol-
stering adaptive capacity, but not all strategies meet both reduction and
adaptation goals. For example, increased food production intended to
bolster local food security can be achieved through converting addi-
tional land to agriculture and/or increasing the application of fertilizers.
Both of these actions have the potential to increase emissions. Con-
versely, some reduction strategies have the potential to reduce produc-
tion, placing it in conflict with adaptation needs. As a result, agricultural
reduction strategies must be carefully identified and constructed to as-
sure the best balance between reduction, adaptation, and local needs
such as food supply, ecosystem protection, and local employment. Re-
duction strategy development must be conducted in close collaboration
with local agricultural communities to assure feasibility and regionally
appropriate strategies.

A wide variety of strategies can reduce agricultural GHG emis-
sions (box 5.7). The choice of action will depend on the factors such as
the local environmental condition, type of agriculture, current manage-
ment practices, soil properties, local climate, economics, and local work
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force. Reduction strategies can be broken down into a set of broad
cate gories: carbon sequestration (discussed in the prior section), live-
stock management, and rice paddy and wetland strategies (not addressed
in this book).

Livestock Reduction Strategies 
Livestock has climate and other environmental impacts associated with
soil degradation, methane output, biodiversity loss, water use, and  land
use change. The strategies discussed earlier as part of the sequestration
section also apply to grazing lands. This section focuses on two sources
of emissions associated directly with animals: ruminant digestion and
manure management. Ruminants (cows, goats, sheep, llamas, etc.) release
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Box 5.7
Carbon Sequestration and Agriculture Strategy Summary

Urban land: tree planting, waste management, wood product management
Cropland: reduced tillage, rotations and cover crops, nutrient management, erosion control

and irrigation management, organic farming
Agroforestry: better management of trees on croplands and conversion from unproductive

cropland and grasslands
Grazing land: improved grazing and rotation practices, woody plant, and fire management
Forestland: forest regeneration, fertilization, choice of species, reduced forest degradation
Restoring degraded land: change to crop, grass, or forestland
Rice paddies: irrigation, fertilizer management, and plant residue management
Grassland: conversion of cropland to grassland
Livestock: more easily digested feed, more monogastric animals, herd health programs, or anaer-

obic manure digesters producing biogas

Source: Adapted from Intergovernmental Panel on Climate Change, Land Use, Land Use Change and

Forestry, Summary for Policymakers (IPCC, 2000); Food and Agriculture Organization of the United

Nations, Soil Carbon Sequestration for Improved Land Management (Rome: Author, 2001); N. V.

Nguyen, Global Climate Changes and Rice Food Security (Rome: International Rice Commission, Food

and Agriculture Organization of the United Nations, 2004); P. Smith, D. Martino, Z. Cai, D. Gwary, 

H. Janzen, P. Kumar, B. McCarl, et al. “Policy and Technological Constraints to Implementation of

Greenhouse Gas Mitigation Options in Agriculture,” Agriculture, Ecosystems and Environment, 118 (2007):

6–28; H. Steinfeld, P. Gerber, T. Wassenaar, V. Castel, M. Rosales, and C. de Haan, Livestock’s Long Shadow

Environmental Issues and Options (Rome: Food and Agriculture Organization of the United Nations,

2006).



methane, which has twenty-one times the global warming potential 
of CO2, as part of the digestive process. Methane emissions are higher
when an animal’s diet is poor.23 One manner in which to curb these
emissions is through improved nutrition. There are feedstuffs that have
increased digestibility that can take the form of feed additives. Another
strategy is a move to more efficient animals that are monogastric, such as
poultry.24 The expense of changing animal feed is partially offset by
findings that animals grow larger and milk production increases with
the more easily digested feed. Other strategies that reduce methane pro-
duction are herd health programs.

The other source of GHGs associated with livestock animals is
 derived from manure, which also results in methane production. Simi-
lar to the direct emissions, a shift in livestock feed can limit some of 
the methane production. A low carbon-to-nitrogen ratio results in in-
creased emissions from manure.If the collected manure can be stored at a
warmer temperature, or outdoors in temperate climates, emissions will
be lower. The manure can also be handled in a digester, a closed vessel
with controlled conditions. Technology already exists not only to re-
duce the emissions but to generate energy from the biogas produced in
the digester.25

Quantification of agricultural measures should be tied directly to
assumptions in the emissions inventory. If the inventory includes agri-
culture, an emissions rate per head of livestock for manure disposal will
have been established. Reductions based on changes in feed, land man-
agement, or manure handling should be calculated based on improve-
ments from baseline. In the case where manure is used to generate
methane, the production of energy can be gathered from the informa-
tion provided by the manufacturer or supplier of the digester. 

Industrial Facilities and Operations

Industrial sector emissions present a special challenge for communities.
Since most aspects of industrial operations are regulated at the regional,
state, and federal level, local governments have little ability to mandate
industrial changes. The approach with the industrial sector should focus
on outreach and partnership. Not only should awareness of climate
change and reduction strategy development process be promoted, but
the concerns and goals of the industrial sector should be solicited and
considered in strategy development. Reduction strategies that focus
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specifically on this sector should be developed in a manner that seeks 
to assure that long-term emissions reduction goals are compatible with
long-term local economic viability. Many communities institute pro-
grams to rate and publicize local green business. Programs such as these
seek to provide visibility for climate-friendly businesses. Energy effi-
ciency improvement can also be mandated by placing requirements on
business licenses. These can include measures from those described in
the early sections for energy efficiency in buildings to measures to in-
centivize climate-friendly employee commuting behavior.

Many GHG reductions in the industrial sector can be achieved
through energy efficiency strategies included in the building and 
renewable energy sections. Industrial structures can be upgraded for
 efficiency, and the large roof surfaces of many industrial structures are 
ideal for installation of photovoltaic panels or a green roof. Emis-
sions reductions can also be achieved through changes in operational
procedures and in the relationship between industries in the same com-
munity. Operations can refer to a variety of factors from the efficiency
of machinery to the vehicles used on site. Strategies regarding the re -
lationship between industrial entities are captured in the principles 
that govern eco-industrial parks. An eco-industrial park is an industrial
complex that seeks to collectively manage resource use, energy, and ma-
terial flows for enhanced efficiency and improved environmental per-
formance. For example, this would include pairing companies where
the waste product from one industrial process can serve as the input for
another.

Quantification of industrial measures draws on those methods de-
scribed for energy efficiency in buildings and renewable energy. In the
case of eco-industrial parks, the reductions can be determined by calcu-
lating the reduced miles traveled by trucks hauling waste off site and
input materials on site. The local values for GHG per heavy-duty-truck
mile can be obtained from the emissions inventory. Additional reduc-
tions can be calculated on a case-by-case basis using the baseline as-
sumptions defined in the inventory.

Waste

Waste deals with the treatment or disposal of postconsumer solid waste
and waste resulting from the treatment of wastewater that generates
methane during decomposition. Reducing emissions from waste treat-
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ment can be achieved in two ways: reduce the amount of waste pro-
duced and reduce the emissions associated with waste disposal. This
twofold approach is necessary because waste disposed in a landfill will
emit methane for decades following the initial disposal of the waste. As
a result, reduction of waste will not lower landfill emissions in the near
term, although some methods for assessing the emissions reduction from
landfill diversion account for this by annualizing emissions. What will
decrease immediately with reduced waste production are GHG emis-
sions associated with collection, delivery, and handling of waste.

Co-benefits of waste strategies include environmental benefits
from reduced consumption of land for disposal to improved air quality
that will result from reduced collection and delivery vehicle emissions.
Consumption and disposal behaviors also contribute to overall commu-
nity sustainability.

Waste production
Reduced waste production can occur through both government action
and community behavior change; long-term success will rely on both.
Recycling programs are some of the most well-established means of
solid waste reduction. A city can increase the local diversion rate (per-
centage of waste stream recycled) by increasing the number of products
that can be recycled, increasing the convenience of recycling through
provision of bins and pickup services, making recycling mandatory or
providing incentives, and conducting outreach to increase the participa-
tion rate of the community. An emerging area of emphasis in recycling
is disposal of e-waste such as computers. Programs can be developed to
safely disassemble e-waste to recover resources. Waste reduction can also
be achieved through strategies to reduce packaging and other materials
that accompany products.

Organic waste from food or outdoor vegetation is another oppor-
tunity for waste diversion that directly addresses the organic matter that
generates methane. Strategies for addressing organic matter include
composting and converting vegetative material to mulch. These strate-
gies can be implemented on a city scale or on an individual scale de-
pending on housing type. A city-scale program will require a facility
designed to accept the waste, a means for waste to reach the facility, and
a program to encourage participation. The challenge of individual com-
posting or yard waste programs is participation at a level that impacts
GHG emissions. Both the City of Seattle26 and the City of San Fran-
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cisco27 have instituted residential curbside composting programs. In both
cases the resulting compost is used in local parks and agricultural areas.

Waste Disposal
Landfills and wastewater sludge both generate methane that can be cap-
tured and converted to electricity. This requires that waste be covered
and the landfill or collection point be retrofit for technology to allow
methane capture. This is an immediate reduction in methane generation
associated with waste disposed of in the past. Other disposal methods
pose their own sets of challenges. Incineration or waste-to-energy
plants primarily emit carbon dioxide instead of methane. While car-
bon dioxide is a less powerful GHG than methane, waste-to-energy
plants also emit a variety of other air pollutants that contribute to acid
rain and may pose a threat to human health. The benefit of these plants
is that they do not consume the land area of a landfill.

Green Living

Green living refers to reduction strategies aimed at daily behaviors in the
home and workplace that may not be covered by other sectors. These
may include strategies to motivate people to eat more locally and sus-
tainably, grow their own food, or change their purchasing to more envi-
ronmentally friendly products (Box 5.8). These reduction strategies are
difficult to quantify and are usually favored more for their co-benefits
than for their potential GHG emissions reductions. They are more
likely to be found in sustainability or green plans.

Carbon Offsets

Offset or carbon offset programs are designed to deal with difficult-to-
reduce GHG emissions occurring in one sector or community by taking
action to lower emissions elsewhere. For example, if a city cannot con-
trol GHG emissions from its electric utility provider it may choose to
off set those emissions by planting trees in a forest in the region (to act as
a carbon sink). Offsets can be managed through compensatory or re -
ciprocal strategies or they can be structured financially through pur-
chase arrangements. The purchase of offsets is accomplished by setting
up a fi nan cial system where individuals, businesses, or communities that
create GHG emissions offset those emissions by purchasing credits or
paying into a fund. The credits or fund are then used to finance other
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Box 5.8
Example of a Green Living Program from Davis, California

Try the Cool Davis Low Impact Challenge—Take One Simple Step to Reduce
Your Carbon Footprint Each Day over a Week

All Davis households are encouraged to participate in the Cool Davis Low Impact Challenge.
The Challenge is aimed at getting the citizens of Davis to reduce their carbon impact by
taking one or two different simple, concrete, positive steps each day for five days to reduce
their carbon emissions and ease into a more sustainable, greener way of life.

Day 1—Cut the Trash!

On this first day of the challenge, we invite you to generate less throw-away trash by trying
one or more of these steps:
1. Use cloth bags (not plastic or paper) to bring home groceries or other purchases.
2. Give up bottled water; tap water has a lower carbon footprint, and will save you money.
3. Carry your own cup or thermos to use throughout the day; avoid disposable cups.
4. Recycle any and all plastic, paper, and metal you use today.
5. Sign up for a city class on composting.

Day 2—Bon Appetit!

Today we invite you to think about the food you eat and its relationship to your health. Try
one or more of these steps:
1. Try a meatless day and be kind to your heart.
2. Buy groceries from the Davis Farmers Market, Davis Food Coop, or grocery stores that

offer locally grown food and lower your carbon “food-print.”
3. Eat organically grown foods and keep both you and our planet healthier.

Day 3—Get Moving!

On this 3rd day of the Challenge, we ask that you use your travel time to get healthier, save
money, and enjoy the scenery, too. Try one or more of the following:
1. Got errands in town? Use a bike. Dress in layers to keep warm in winter and cooler in

summer.
2. Plan your day so that you have time to take a walk.
3. Just for fun, explore Davis by following the green bike loop around town or venture fur-

ther using county roads for great views.
4. If you must travel to work or school, use Unitrans, Yolobus, or the Capital Corridor Train.
5. If a car is your only choice, check the air pressure on your automobile tires. Your pock-

etbook swells as your mpg increases.

Day 4—Save $$$ Energetically!

Today’s Challenge is to Save Energy. Try one or more of the following ways to use less  energy.
1. If it is cold outside, put on layers to keep you warm when you lower the thermostat. Shed

clothes and turn on fans to keep cooler in summer.



emissions-reduction strategies. Offset programs are very popular at the
international level, and many industrialized nations are participating 
in programs that offset some of their emissions by investing in energy
efficiency and renewable energy programs in developing countries; thus
the programs provide economic development and social justice benefits
as well.

Several important issues must be addressed when considering off-
set programs. First, if the offset program works through purchases then a
mechanism must be in place to manage and track financial transactions.
This could be done by the local government, a local nonprofit, or one
of the established international programs such as TerraPass.28 Second,
the location of the offset projects is important. Most communities have
developed policies that require offset funds to be spent in their commu-
nity. This promotes local investment and benefits but may limit the
number or quality of opportunities. The last issue is a set of related
questions about who pays, how much, for what strategies, and whether
it is voluntary or not. 

Local examples of offset programs are few. The City of San Fran-
cisco, California, set up the San Francisco Carbon Fund to invest in
local sustainability projects. Funds come from a 13% surcharge on all
city employee air travel and carbon offset kiosks in San Francisco Inter-
national Airport (Climate Passport Program). The City of Denver, Col-
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2. Wash your clothes in cold water. With modern soaps, they get just as clean.
3. Hang your clothes up to dry and avoid the energy-guzzling dryer.
4. Turn off any electrical devices not in immediate use.
5. If you haven’t done so already, install energy efficient compact fluorescent (CFL) bulbs.

Day 5—Water Ways and Days

On this last day of our Challenge, we invite you to use less water. With water becoming more
precious and rates rising, everybody wins by conserving. Try one or more of these steps:
1. Limit your shower to 4–5 minutes, and daydream while you dry yourself off.
2. Run the dishwasher only when full and use the no-heat wash, rinse and dry cycles. It is

simple, easy and costs nothing to implement this plan.
3. Wear your outer clothing more than once before putting it in the laundry. Less washing

saves both water and energy, plus the clothes last longer.

Source: Cool Davis Foundation, accessed March 1, 2011, http://cooldavis.org/Cool%20Davis%
20Low%20Impact%20Challenge.htm.



orado, had a similar program, but it was suspended because the city was
unable to find a vendor to operate the service. Evanston, Illinois
(Evanston Climate Action Fund), and Chicago, Illinois (Chicago Offset
Fund), are also in the early phases of development of offset programs.
Depending the program, GHG reduction as a result of carbon offset can
be quantified on a dollar basis (GHG/$) or directly if funds are used for
projects such as reforestation where GHG reduction can be estimated
based on setting, number, type, and age of trees planted.

Chapter Resources

Quantification of Reduction Measures

California Air Pollution Control Officers Association (CAPCOA), Quantify-
ing Greenhouse Gas Emissions Measures: A Resource for Local Government to
Assess Emission Reductions from Greenhouse Gas Mitigation Measures (Sacra-
mento, CA: Author, August 2010). http://www.capcoa.org/. The guide
provides detailed quantification methods that can be used throughout
California and adapted for use outside of the state. It contains a series of
fact sheets on particular types of reduction strategies and accompanying
guides on how to use the fact sheets.

Climate and Air Pollution Planning Assistant (CAPPA) Software. This is an
Excel-based decision support tool designed to help U.S. local govern-
ments explore, identify, and analyze potential climate and air pollution
emissions reduction opportunities. Developed and maintained by ICLEI.
http://www.icleiusa.org/action-center/tools/cappa-decision-support-
tool/

Reduction Strategies

Cambridge Systematics, Moving Cooler: An Analysis of Transportation Strategies
for Reducing Greenhouse Gas Emissions (Washington, DC: Urban Land
Institute, 2009). http://www.movingcooler.info/. The main document
provides good explanation and insight, and the appendices, which are
free to download, provide detailed reasoning for GHG emissions reduc-
tion calculations. The constants and assumptions presented in the ap-
pendices can be adjusted to reflect local conditions.

Reid Ewing, Keith Bartholomew, Steve Winkelman, Jerry Walters, and Don
Chen, Growing Cooler: The Evidence on Urban Development and Climate
Change (Washington, DC: Urban Land Institute, 2008). http://www
.smartgrowthamerica.org/gcindex.html. The report explains the rela-
tionship among land use, transportation, and climate change. It explains
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smart growth strategies, including infill development, mixed use, and
sprawl-reducing strategies, and includes examples.

National Complete Streets Coalition.http://www.completestreets.org/. The
Coalition’s website has numerous resources to help communities plan
complete streets, including guidance documents, model policies, ex -
amples, and education materials. They state the following: “Complete
streets are designed and operated to enable safe access for all users.
Pedestrians, bicyclists, motorists and transit riders of all ages and abilities
must be able to safely move along and across a complete street.”

U.S. Department of Energy, Solar Powering Your Community: A Guide for Local
Governments (Washington, DC, 2011). http://solaramericacommuni
ties.energy.gov/resources/guide_for_local_governments/. “The U.S.
Department of Energy developed this comprehensive resource to assist
local governments and stakeholders in building sustainable local solar
markets. . . . This updated edition also contains the most recent lessons
and successes from the original 25 Solar America Cities and other
 communities promoting solar energy. The guide introduces a range of
policy and program options that have been successfully field tested in
cities and counties around the country.”

U.S. Department of Energy, Office of Energy Efficiency and Renewable En-
ergy (EERE). http://www.eere.energy.gov/. The EERE website pro-
vides information on energy efficiency for homes, buildings, vehicles,
industry, and government. It also addresses renewable energy such as
solar, wind, water, biomass, geothermal, and hydrogen and fuel cells.

U.S. Environmental Protection Agency, Sustainable Design and Green Building
Toolkit for Local Governments, EPA 904B10001 (Washington, DC, June
2010). http://www.epa.gov/region4/recycle/green-building-toolkit
.pdf. “The U.S. Environmental Protection Agency (EPA) developed the
Sustainable Design and Green Building Toolkit for Local Governments
(Toolkit) in order to assist local governments in identifying and remov-
ing barriers to sustainable design and green building within their per-
mitting process. This Toolkit addresses the codes/ordinances that would
affect the design, construction, renovation, and operation and mainte-
nance of a building and its immediate site.”

John Randolph and Gilbert Masters, Energy for Sustainability: Technology, Plan-
ning, Policy (Washington, DC: Island Press, 2008). This text provides an
easy-to-understand introduction to energy efficiency, renewable energy
technology, and associated policy, from national energy markets to local
planning strategies.  This is a great resource for planners new to the
topic, presenting both the history of energy and a look toward the fu-
ture and emerging technologies.  The length can be daunting (816
pages), but the book can serve as an informational reference where you
can skip immediately to the sections particularly relevant to a topic of
interest.
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Chapter 6

Climate Change Adaptation Strategies

Adaptation strategies prepare a community to be resilient in the face of
unavoidable climate change impacts. Climate impacts such as sea level
rise, temperature changes including extreme heat events, and change in
precipitation patterns can have a variety of secondary impacts on com-
munity conditions from human health and safety, to economics, to
ecosystem integrity. The challenge of developing effective community
adaptation policy is the need to apply the evolving science that de-
scribes a global phenomenon at a regional and local level. The inherent
difficulty in projecting global climate change impacts is amplified at
these levels; currently, regional and local forecasts of the impacts of
 climate change are considered to be very uncertain.1 Handling this un -
certainty in a policy context requires a combination of flexibility, a will-
ingness to adapt, and careful evaluation of potential climate impacts in
the local context.

The evaluation of the threat posed by climate change includes the
nature of the projected impact (e.g., rate and magnitude of change), 
the exposure and sensitivity of the local community and setting to these
changes, and the local capacity to adapt.2 Adaptation strategies seek to
reduce vulnerability to projected changes and improve the ability to
 adjust to unexpected consequences. Strategies can be formulated and
prioritized based on locally developed criteria that allow for clear iden-
tification of those areas most in need of action. Increasingly, climate
adaptation is explicitly included as part of a climate action plan (CAP).
Some communities have even chosen to develop a free-standing climate
adaptation plan to complement a CAP that focuses solely on green-
house gas (GHG) reduction. In addition, adaptation strategies can be in-
tegrated with existing local plans such as a comprehensive plan or local
hazard mitigation plan.

Q
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Climate adaptation strategies cover many of the same issues as
those that are addressed in natural hazards mitigation, but there are two
key differences. First, climate adaptation addresses some climate impacts
that are not traditionally defined as hazards such as ecosystem changes.
Another difference between climate adaptation and natural hazards mit-
igation is that history alone is no longer an accurate predictor of fu-
ture risk and therefore is an inadequate basis for policy development.
For example, the projected severity and frequency of natural hazards
such as floods can no longer be defined by past occurrence alone (as 
it has been traditionally defined in hazards planning). Many climate
 impacts are still episodic events (e.g., flood, fire, drought), but the fre-
quency and severity of the episodes are changing through time. Most
com munities have strategies in place through the safety element of a
comprehensive plan or local hazard mitigation plan that address these
episodic events or hazards. In the short term, some climate impacts may
be addressed by bolstering existing measures intended to address natural
hazards. However, in the long term, these existing strategies may not be
adequate to address impacts as they deviate further from historical pat-
terns. In some cases, climate change impacts have the long-term poten-
tial to be catastrophic for community health, safety, and economic
stability if a community is unprepared. Adaptation strategy development
should be seen as an opportunity for communities to position them-
selves for long-term resilience.

This chapter examines the primary steps (fig. 6.1) in developing
strategies for adapting to climate change impacts and begins with iden-
tification of the issues that a community should examine as part of the
strategy development process. 

Issues in Climate Adaptation Planning

Before starting a climate adaptation process, there are several issues that
should be considered since they will affect strategy development. These
include addressing how the emissions reduction and adaptation compo-
nents of the plan will relate to each other, how adaptation planning will
be coordinated with local hazard mitigation planning, how to deal with
uncertainty, and the meaning of the resilience concept for local adapta-
tion. In addition, the White House Council on Environmental Quality,
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in its report Progress Report of the Interagency Climate Change Adaptation
Task Force: Recommended Actions in Support of a National Climate Change
Adaptation Strategy, provides a set of principles to guide adaptation plan-
ning (box 6.1).

Relationship to Emissions Reduction

Emissions reduction and adaptation goals are complementary in many
ways (fig. 6.2), but do have the potential to conflict. It is also important
to recognize that the considerations which contribute to strategy de -
velopment differ, even if some of the measures are ultimately similar. 
A particular adaptation need, such as protection against extreme heat,
can be addressed in a variety of ways. GHG reduction should be consid-
ered a potential co-benefit for adaptation measures, but this is secondary
to the requirement that measures adequately address the scale and se -
verity of the climate impact. For example, tree planting both sequesters
carbon and helps alleviate the impacts of extreme heat, while strategies
such as cooling centers that offer protection from heat may rely on air
con ditioning, which can be associated with the release of GHGs due to
 energy use. The trees address both emissions reduction and adaptation,
but they may not offer protection from heat for the most vulnerable
populations in a community, making the cooling centers a short-term
necessity. There is disagreement among climate policy experts regarding
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Figure 6.1 Climate change adaptation strategy development process.



the relative importance of these goals. Some believe that reduction goals
should always be prioritized over adaptation goals,3 but adaptation has
been the focus of increasing attention in many recent guidelines.4 We
firmly believe that the two overarching goals of emissions reduction and
adaptation should be treated as equal with the relative priority of emis-
sions reduction versus adaptation made on a strategy-by-strategy basis,
with consideration being given to local pressures and needs.
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Box 6.1
Guiding Principles for Adaptation

Adopt integrated approaches: Adaptation should be incorporated into core policies, planning,
practices, and programs whenever possible.

Prioritize the most vulnerable: Adaptation plans should prioritize helping people, places and in-
frastructure that are most vulnerable to climate impacts and be designed and implemented
with meaningful involvement from all parts of society.

Use best available science: Adaptation should be grounded in the best available scientific under-
standing of climate change risks, impacts, and vulnerabilities. 

Build strong partnerships: Adaptation requires coordination across multiple sectors and scales
and should build on the existing efforts and knowledge of a wide range of public and
private stakeholders.

Apply risk management methods and tools: Adaptation planning should incorporate risk
 management methods and tools to help identify, assess, and prioritize options to reduce
vulnerability to potential environmental, social, and economic implications of climate
change.

Apply ecosystem based approaches: Adaptation should, where relevant, take into account strategies
to increase ecosystem resilience and protect critical ecosystem services on which humans
depend to reduce vulnerability of human and natural systems to climate change.

Maximize mutual benefits: Adaptation should, where possible, use strategies that complement
or directly support other related climate or environmental initiatives, such as efforts to
improve disaster preparedness, promote sustainable resource management, and reduce
greenhouse gas emissions, including the development of cost effective technologies.

Continuously evaluate performance: Adaptation plans should include measureable goals and
 performance metrics to continuously assess whether adaptive actions are achieving desired
outcomes.

Source: From The White House Council on Environmental Quality, Progress Report of the Interagency Climate
Change Adaptation Task Force: Recommended Actions in Support of a National Climate Change Adaptation Strat-
egy (Washington, DC: Author, October 5, 2010), 10.
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Relationship to Local Hazard Mitigation Planning

Natural hazards have a much longer history of being addressed through
planning than climate change and can provide lessons for climate adap-
tation. To adequately address climate change, the natural hazards plan-
ning process must recognize that historic patterns of natural hazard
occurrence alone are no longer appropriate predictors for future occur-
rences. This change does not invalidate natural hazard planning tools,
but it does mean that these tools require adjustment and updating to ac-
commodate the evolving nature of the hazards being addressed.

Communities may engage in some form of local hazard mitigation
planning. This could be through safety or hazard mitigation elements of
a comprehensive plan, or it may be through preparation of a plan under
the federal Disaster Mitigation Act of 2000 (DMA 2000). The DMA
2000 Local Hazard Mitigation Plan (LHMP) program provides com-
munities with a financial incentive, through grant eligibility, to prepare
an LHMP. Hazard mitigation is defined as “sustained action taken to re-
duce or eliminate long-term risk to people and their property from

Mitigation

Figure 6.2 An illustration of the overlap between greenhouse gas emissions reduc-
tion and climate adaptation measures.



hazards.”5 This should not be confused with “climate mitigation,”
which refers to the reduction of GHG emissions. Nor should hazard
mitigation be confused with other aspects of emergency management
such as pre-event preparation or emergency response. Hazard mitigation
includes actions such as floodplain regulation, seismic building code en-
forcement, and vegetation management for wildfire.

The process of hazard mitigation planning is well established and is
instructive for informing adaptation planning; the steps and logic are
similar. It is based around the core idea of risk assessment, which in-
cludes identifying hazards, profiling hazard events, inventorying com-
munity assets, and estimating the potential losses from disasters. This risk
assessment then informs the development of hazard mitigation strategies
for the community.

Since climate change has the potential to alter the type, frequency,
and severity of natural hazards, it will affect a community’s risk assess-
ment. Any work on adaptation planning should be coordinated through
a revised risk assessment that accounts for the impact of climate change
on natural hazards in the community. This revised risk assessment would
then inform adaptation planning, local hazard mitigation planning, and
community land use planning. The strategies in these various planning
documents can then be coordinated or integrated to comprehensively
address risks that currently exist and future risks that will be influenced
by climate change.

Dealing with Uncertainty

Planning for adaptation relies more directly on climate science than
planning for emissions reduction. The climate impacts being projected
by scientists often have direct, concrete costs to a community. Adapta-
tion strategies respond to these impacts, many of which have the poten-
tial to require large capital investment, in contrast to emissions reduction
strategies, which seek to lower global concentrations. This tangible risk
demands explicit accounting of uncertainty in strategy development. It
can be difficult for local communities to choose to make such invest-
ments to prevent or reduce vulnerability to potential climate change
impacts that have high levels of uncertainty or a low probability of oc-
curring. Part of the strategy development process requires communities
to evaluate potential impacts in terms of level of risk (to property, safety,
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economy, health, etc.). There are impacts that despite having a low
probability and high levels of uncertainty will require action due to the
scale, severity, and irreversibility of the losses that would result.

The Concept of Resilience

Climate adaptation refers broadly to measures that increase the ability of
a community to withstand climate impacts. This is often referred to as
adaptive capacity or resilience. The term resilience can be used in an en-
gineering sense to describe structural performance or as a system prop-
erty. In the case of local planning, the system is the community, defined
by the interacting elements of the biophysical setting, built environ-
ment, and sociopolitical conditions. The resilience concept can be most
clearly understood by considering two broad forms:6

1. The direct strength of structures or institutions when placed under
pressure

2. The ability of systems to absorb the impact of disruptive events with-
out fundamental changes in function or structure.

Adaptation planning strives for resilience (box 6.2). The engineer-
ing or structural resilience can be seen as a component of system re-
silience. Resilience allows for strategies to be viewed in a larger context
and can be freeing for the process of policy development. For example,
the strengthening of levees in flood-prone areas such as New Orleans
improves structural resilience in the face of sea level rise and increased
hurricane intensity. But this measure alone does not address citywide or
systematic resilience. Addressing adaptation on a local scale may result in
policy that does not act directly on a projected impact. Strategies aimed
at system resilience may include those that improve the flexibility of the
economic sector so that it may adjust more quickly to changes brought
about by climate change, or policy measures may aim to improve condi-
tions for populations that are disproportionately vulnerable to impacts.

The Adaptation Strategy Development Process 

The adaptation strategy development process consists of five steps as
shown in figure 6.1:



1. Identify local climate change impacts
2. Assess community vulnerability
3. Assess local adaptive capacity (local resources)
4. Choose and prioritize adaptive strategies
5. Program and fund implementation

Each of these steps is discussed in the sections that follow.

Identify Local Climate Change Impacts

The first step in adaptation planning is identifying the climate change
impacts that may occur locally and developing a projected impact pro-
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Box 6.2
Attributes of Resilient Communities

• Diversification of livelihood activities, assets, and financial resources particularly into ac-
tivities that have low levels of sensitivity to climatic variability or extreme events

• Mobility and communication, particularly the ability of goods, people, information, and
services to flow between regions in ways that enable local populations to access markets,
assets, the media, and other resources beyond the likely impacts of specific climatic events

• Ecosystem maintenance, particularly maintenance of the basic ecosystems services (such
as drinking water) without which local populations cannot survive

• Organization, particularly the social networks, organization, and institutional systems that
enable people to organize responses as constraints or opportunities emerge

• Adapted infrastructure, particularly the design of physical structures (for water, transport,
communication, etc.) in ways that can maintain their basic structure and function regardless
of changes in climatic systems

• Skills and knowledge, in particular the ability to learn and the basic educational skills re-
quired to shift livelihood strategies as required

• Asset convertibility, the development of assets or markets that enable populations to trans-
form the nature of assets and their uses as conditions evolve

• Hazard-specific risk reduction, the development of early warning, spatial planning, im-
plementation of building codes, establishment of community DRR [disaster risk reduc-
tion] organization, and other systems to reduce exposure and vulnerability to know
climate-related hazards

Source: From Marcus Moench, “Adapting to Climate Change and the Risks Associated with Other
 Natural Hazards: Methods for Moving from Concepts to Action,” in Adaptation to Climate Change, ed. 
E. Lisa F. Schipper and Ian Burton (London: Earthscan, 2009), 273.



file that answers questions as to how soon significant or irreversible
change may begin, the degree of change from current conditions, and
the speed with which the change may occur. The increase in average
global temperature has altered global climate patterns. The changes in
climate can potentially cause a set of projected outcomes, including
changes in precipitation pattern, local temperatures (including extreme
heat), and sea level rise. These changes directly impact the severity, fre-
quency, and likelihood of other natural hazards or outcomes such as fire,
flooding, drought, and species migration. Climate change will not im-
pact all communities in the same manner or to the same degree. The
first step for a community is to identify the consequences of climate
change most likely to occur locally (box 6.3). Unfortunately, this can be
easier said than done.

Characteristics of projected impacts are critical for developing and
prioritizing adaptation strategies. Forecast changes that result in large
differences from current conditions are more likely to be those climate
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Box 6.3
Informational Needs for Primary Climate Impacts

For each impact, critical information should be determined: how soon significant or irre-
versible change may begin, the degree of change from current conditions, and the speed with
which the change may occur.

Temperature:

• Duration and frequency of high-heat days and/or heat waves
• Duration and frequency of cold events
• Timing and duration of seasons

Precipitation

• Duration and frequency of drought 
• Alteration in annual precipitation total and form (e.g., snow vs. rain)
• Intense precipitation events (e.g., days with total rainfall over a threshold)

Sea Level and Extreme Weather: 

• Flood level and frequency
• Level and frequency of extreme high tide 
• Frequency and magnitude of extreme weather events



impacts for which a community is least prepared. For example, in Cali-
fornia, climate change is anticipated to increase the probability of large
wildfires in some parts of the state.7 A small increase in wildfire in
southern California does present a risk to the region; however, this area
already faces frequent wildfire danger and has, in place, emergency re-
sponse, building standards, and public outreach.8 While fire occurs infre-
quently in regions of northern California, the increase in wildfire due
to climate change that is projected marks a considerable change from
the current condition.9 Unlike southern regions of California that can
adjust or bolster existing policies, the northern regions will need to
make large changes to their planning approach, including emergency
response, land use planning, and building requirements.

Projected climate change impacts are most often reported at
global, national, state, or regional scales and not at local scales. The chal-
lenge for local jurisdictions is to identify the climate impacts and mag-
nitude of the changes to expect. International and national entities may
have projections specific to the region in which a community is located,
but it is often best to first seek climate science reports supplied by state
and regional entities such as emergency management and natural re-
sources agencies. For example, the State of California has developed an
interactive website to explore state-generated climate change projec-
tions to support local jurisdictions seeking to develop adaptation strate-
gies.10 As of early 2011, twelve states had adaptation plans completed or
in progress, and eight others were considering preparing them (fig. 6.3).
In the absence of or to complement these reports, national and inter -
national data sources can be examined (see the resources section at the
end of the chapter). From these reports, a community should seek to
gain an understanding of the impacts that will be experienced locally.
These data are uncertain, particularly at smaller spatial scales. To account
for this uncertainty, a community should identify a range of possible
outcomes defined for various future dates such as 2020, 2050, and 2100.
In each case, the data and identified thresholds must be tailored for local
contexts.

Together, the primary climate change impacts (temperature, pre-
cipitation, and sea level rise) can result in a suite of other landscape-scale
biophysical outcomes, including wildfire, species migration, and inland
flooding. Accurate estimates of these factors can be supported through
collaboration with scientific organizations. One of the challenges of
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planning for climate impacts is the fact that the climate change science
is continually evolving (see appendix A). As a result, adaptation policy
must be similarly dynamic and able to be updated as new findings be-
come available. The need to adapt to updated science first requires that
communities have identified critical data sources against which to check
the projected local changes on which their policies have been based.

Assess Community Vulnerability 

The impacts of climate change can set off a cascade of consequences in
a community, including alteration of biophysical conditions, safety,
human health, and social, economic, and cultural stability. A vulnera -
bility assessment is a systematic way to identify these consequences and
evaluate the level of risk presented to a community. For each potential
impact such as flooding, fire, or changes in water supply, the potential
risks to the community must be assessed. Natural hazards planning pro-
vides one potential framework for identifying community resources that
may be endangered.11,12 These impacts can generally be broken down
into three broad sectors: built environment, including infrastructure, physi -
cal damage to private structures (homes and businesses), schools, and
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Figure 6.3 Map showing states with climate adaptation plans completed, in progress,
or planned (as of February 2011). States with completed plans or plans in progress are
shown in gray. Those with the specified intention to create plans are shown in hatch.

Source: List of states from http://www.pewclimate.org/what_s_being_done/in_the_states/state
_action_maps.cfm.



critical facilities; economic and social, including lost jobs, business inter -
ruptions, reconstruction costs, shelter requirements, and populations
 exposed to impacts; and ecological such as loss of biodiversity, insect out-
breaks, species migration including agricultural losses, fisheries viability,
and water quality (box 6.4). These sectors are not independent and
often interact. For example, sea level rise may endanger critical trans-
portation infrastructure in coastal areas, which has the potential to
 disrupt evacuation routes, posing a threat to public safety.

The following list of sectors and box 6.4 represent a common
suite of considerations. The chance of impact occurring in any one sec-
tor will vary by community. As a result, the first step of vulnerability as-
sessment for a community is identifying the particular sectors likely to
be impacted by climate change.

Built Environment: Infrastructure
Transportation infrastructure serves a community by providing connec-
tions between homes, work places, and basic services; allowing delivery
of goods and services; and facilitating evacuation from hazards. Disrup-
tion of transportation networks, which includes roadways, marine ports,
airports, and train lines, must be carefully evaluated. Damage or loss of
these networks can drastically impact the local economy, isolate popula-
tions, and endanger community members. A community should evalu-
ate threats to critical links and nodes in its transportation infrastructure.
Some of these threats may fall into the category of adaptation strategies
that require action despite uncertainty and low probability simply be-
cause the risk is too high. A means of assessing such impacts is described
in the section on developing strategies.

Transportation networks can be directly impacted by climate-
related hazard events such as flooding, as well as be affected by changing
conditions such as seasonal climate alteration. Temperature extremes or
repeated freeze–thaw cycles can cause roadways to wear more quickly
and in some cases result in roadways and railroad tracks buckling. These
impacts not only reduce safety but also require heightened diligence re-
garding maintenance. For a community assessing local vulnerability,
identification of climate impacts on municipal tasks such as road main-
tenance is a critical piece of information for devising adaptation strate-
gies. The combination of dry periods and high temperatures also
increases the frequency of wildfires. Fire can disrupt transportation net-
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works, and this disruption will have direct consequences on community
safety as it may impact evacuation routes. The viability of transportation
networks for evacuation must also be evaluated with respect to the
characteristics of the populations using them to evacuate. Similar to the
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Box 6.4
Sectors to Be Evaluated for Vulnerability

Built Environment

Infrastructure
• Transportation (roadways, airports, marine ports, trains)
• Water and wastewater
• Energy
• Communication

Buildings and Planned Development
• Businesses
• Residences
• Community services (hospitals, schools, fire, police)

Economic and Social Setting

• Public health
• Public safety
• Vulnerable populations
• Economy
• Import/export of goods
• Employment level and security
• Economic flexibility 
• Food security

Ecosystem Health

• Forests
• Wetlands
• Marine ecosystems and coastal environments
• Agriculture
• Groundwater
• Surface water (rivers and lakes)



combination of heat and drought producing fire, intense rainfall can
cause floods and landslides that also can disrupt transportation.

Components of a community’s infrastructure located in coastal
areas, including transportation, water infrastructure, and coastal energy
plants, are potentially vulnerable to the impacts associated with sea 
level rise. Because it is more efficient for wastewater to be conveyed via
 gravity flow, many water reclamation facilities are located in low-lying
coastal areas. Sea level rise may necessitate protective measures to be im-
plemented or, in some cases, relocation of the facility. Either of these
measures requires substantial investment of municipal funds. Identifica-
tion of critical infrastructure with careful assessment of climate science
and local conditions allows communities to take early steps to prepare
for these impacts. Such preparation can lighten the eventual financial
burden and lower community risk. Similar to water reclamation facili-
ties, energy plants are frequently located in coastal areas because they
commonly use seawater for cooling. The widespread impact of opera-
tions disruption at an energy plant may be a high enough risk to de-
mand action regardless of probability and/or uncertainty. In addition to
the possible threats to the structural integrity of energy plants, climate
change can impact the efficiency of energy transmission and energy de-
mand. Hot weather or prolonged periods of extreme heat not only re-
sult in increased energy demand due to air conditioning use, but also
lower transmission efficiency.13 Increased demand and reduced effi-
ciency may have a range of other outcomes such as brownouts that will
impact nearly all aspects of a community. The trickle down conse-
quences of climate impacts on energy supply and demand must be care-
fully evaluated with particular attention paid to those populations,
services, and business that may be most affected.

Built Environment: Buildings and Planned Development
In addition to infrastructure, homes, businesses, and structures that hold
critical community services can also be vulnerable to climate impacts.
Rapid snowmelt from occurrences such as rain on snow or intense rain-
storms can cause the water levels in rivers and streams to rise quickly
and increase the probability of flooding. In this case, a community must
evaluate the presence of vulnerable structures in potentially flooded
areas, the human safety risks associated with flooding, and the vulner -
ability of structures such as dams or levees. Heavy rain can flood road-
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ways, private property, and buildings, particularly basements. The struc-
tures that may be subject to physical damage due to flood waters or in-
undation should be identified and mapped. The structures that may be
at risk can hold important economic (including employment), cultural,
or safety (e.g., hospitals) roles in the community, which results in loss
well beyond that of a structure (as discussed in the next section). 

A vulnerability assessment must not only assess existing buildings,
but future planned development. Comprehensive plans and zoning
codes designate undeveloped areas for future growth. If future develop-
ment is planned in areas that may be vulnerable to fire, flood, landslide,
or other climate impacts, these are local vulnerabilities until the plans
are adjusted. Clearly defining the risks posed to planned future devel -
opment allows communities the opportunity to preemptively develop
measures to address climate change through adjusted building standards
or by changing the planned location of future growth.  

Economic and Social Setting
Economic and social setting refers to the manner in which climate impacts
affect public health, safety,  and economic stability. Vulnerability in this
sector can be produced directly or as a consequence of impacts in other
sectors such as infrastructure. When assessing the vulnerability of the
built environment, particular interest should be paid to structures that
serve critical community functions such as hospitals, schools, cultural
centers, emergency services, and critical business hubs.

For many impacts, it is not just the location of structures that may
place populations at risk, but the quality of the structures. Coastal coun-
ties only constitute 17% of U.S. land, yet over half of the population lives
in these areas.14 As a result, sea level rise and the associated impacts have
the potential to threaten the safety of large numbers of people. The vul -
nerability of these residents should be assessed based on proximity to
projected flood impacts and their ability to evacuate. Buildings can also
serve as shelter from climate impacts such as fire and heat. However,
some portions of a community’s housing stock may increase occupant
exposure to climate impacts. Housing units can be poorly ventilated or
have high sun exposure without having access to cooling such as air con -
ditioning.These living quarters have the potential to amplify the health
consequences of heat exposure. Similarly, some structures are more vul-
nerable to fire than others. If a community is projected to experience
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increased fire frequency, an evaluation of roofing materials, landscaping,
and other fire-resistant building practices should be conducted. An
evalu ation of a community’s building stock should be conducted to
identify structures that place inhabitants’ safety or health at risk.

Due to work, housing, and other factors some members of a com-
munity will be more vulnerable than others. These populations should
be identified. Vulnerable transportation infrastructure may limit evacu -
ation options for particular subpopulations in the face of coastal flood-
ing, storms, or fire. The human safety risk of infrastructure vulnerability
should be clearly defined. Such an assessment must account for the typi -
cal mode of transportation used by vulnerable populations. For ex -
ample, open roadways facilitate evacuation if the majority of households
own a car.

Public health can also be vulnerable to climate change. A change
in climate can alter water quality, cause septic system overflows, and fos-
ter increased pest populations. In each case, it is an additional source for
the transmission of infection, illness, or disease. The potential physical
locations and causes of these vectors should be identified. In addition,
the populations most likely to be vulnerable to these threats should be
identified and their potential exposure evaluated. 

Extended periods of high temperatures such as heat waves can re-
sult in a variety of health impacts, including severe sunburn, physical
weakness and decreased energy, heat stroke, and even death. Heat is par-
ticularly dangerous for vulnerable populations such as the young, old, or
immunocompromised. Globally, heat waves have resulted in a large
number of deaths in the last several years, such as those in Moscow,15

Paris,16 and Los Angeles.17 These instances highlight the need to identify
vulnerable populations when evaluating the risk presented by heat. In
addition to those populations that may have compromised health, those
community members who do not have a means to moderate tem -
perature at home through air conditioning or those who work outside,
such as construction or agriculture workers, are also disproportionately
vulnerable to heat. High temperature also increases the rate at which
ground-level ozone is formed, a priority air pollutant that requires
 nitrogen, volatile organic compounds, and sunlight to be produced.
Ozone has been associated with a wide range of respiratory ailments18

and should be of particular concern for urban areas due to the combi-
nation of increased ozone precursors, the urban heat island effect, and
increased heat due to climate change.
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The variety of impacts associated with climate change from struc-
tural impacts to roads and homes to direct threats on physical safety have
the potential to be detrimental to community cohesion. Community
cohesion is a critical component to effective response to hazards. The
danger of societal fracturing is particularly true when an impact is expe-
rienced by only a small portion of a community. In this case, it can cre-
ate isolation or resentment. It is important for a jurisdiction to identify
the potential for these divisions. This can start with evaluation of the ac-
cess that community populations have to emergency notifications and
direction. The evaluation should account for language, access to various
media types (e.g., radio, Internet, television), and identify cultural meet-
ing places for all populations within a community.

Effects on local economic stability can result from disruption of
transportation networks, changes in resource availability, and changes in
employment base. A community should first evaluate the local business
sector to evaluate the impact of climate change on the viability of these
businesses from the perspective of both local employment and the pro-
vision of local goods and services. A business community dominated by
a particular sector such as agriculture or trade may be particularly vul-
nerable. Any number of climate change impacts can have detrimental
impacts on a local economy such as disruption of transportation net-
works that allow for the flow of goods necessary for business. Climate
impacts can also impact the financial viability of business through
changes such as reduced availability of water, increased temperatures
that alter crop productivity, or coastal erosion that reduces the recre-
ational value of a tourist beach.

Ecosystem Health
Projected climate impacts have the potential to drastically change the
functioning of ecosystems. With altered precipitation patterns and in-
creased temperature, the annual hydrograph and water quality of rivers
and streams will be impacted by climate change. Alteration in flow levels
can alter both in-stream habitats and riparian areas. Lower flows and
longer low-flow periods can influence fish passage and the viability of
water-dependent flora and fauna. Changes in water temperature can
also influence habitat conditions. Increased temperature may result in
cold-water fish losing habitat and warm-water species expanding their
range. Temperature can impact disease vectors and provide improved
habitat for insects. Upstream flooding and higher tides may result in
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more frequent or permanent inundation of coastal habitats. This can
alter coastal estuaries and wetlands, dune habitat, and nearshore stream
and riparian habitats. Species such as migratory birds, shellfish, anadro-
mous fish, and native plants can all be impacted by shifts in habitat.
These changes can also impact commercial fishing and shellfish opera-
tions. Another economic role of coastal ecosystems is tourism. The ero-
sion and/or loss of coastal habitats can damage beach recreation and
tourism. As sea level slowly rises the first impact may be increased main-
tenance costs of these areas, particularly those that serve tourism or
coastal industries and harbors.

Agricultural growers must match their management practices, in-
cluding crop choice, tillage practices, planting, harvest, and grazing den-
sity, to local climatic conditions. Changes in these conditions such as
amount and timing of precipitation, temperature, and the timing of sea-
sons can have detrimental effects on crops and livestock operations.
Changes can cause crop damage or failure, new weeds, expanded ranges
for existing weeds, new diseases and pests, and damage from extreme
rain events or flooding of agricultural areas. These impacts all have the
potential to result in reduced yield, which has consequences for the
grower, agricultural employees such as field-workers, related industries,
and the community at large. Climate change will also impact livestock
operations from the stress on animals that results from extended periods
of high temperatures or limited water supply. These stressors can result
in increased vulnerability to disease and can limit the productivity of
livestock operations. 

In addition to affecting overall forest health, climate change can
leave forests more vulnerable to threats such as insects and fire. The over-
all impact of climate change on forest productivity varies by location. In
some fortunate places, forest productivity may increase. In many others,
forest productivity will decline. A decline in forest health can be tied to
changes in precipitation patterns and temperature that may alter the
timing of rain events, the duration of drought events, and the timing of
spring snowmelt. These changes can result in increased tree mor tality,
species migration, invasive species, pest outbreaks, and changes in inter-
actions between competitive species. Forests stressed by high tempera-
ture and limited water are more vulnerable to fire. Large wildfires are
projected to increase, and areas with a historically low probability of ex-
periencing fire may be more vulnerable in the future. Damage to forest
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ecosystems can have economic as well as human health and safety risks.
Communities must pay particular attention to the wildland–urban
 interface. 

Assess Local Adaptive Capacity

The complement to the inventory of local risk from climate change
impacts is an inventory of the resources and barriers for reducing vul-
nerability and adapting to the projected changes. These resources in-
clude existing policy, local expertise, the capacity for technological
innovation, flexibility in the economic base, and high levels of commu-
nity cohesion. It is important for communities to begin their adaptation
strategy development with the resources available locally because actions
that draw directly on these resources are most likely to be implemented
quickly and supported in the long term because they are less likely to
rely on outside help.

The vast majority of communities have existing plans or strategies
in place to address some of the potential impacts of climate change. The
methods used to develop these existing plans are likely appropriate for
some of the impacts that have not yet been addressed, which will build
on local expertise. As a result, the first step in evaluating local capability
for dealing with local impact is existing plans. Local hazard mitigation
plans and comprehensive plan safety elements are the best starting
points. In some cases, communities may also have policies that address
hazards such as forest management plans or building codes for homes at
the wildland–urban interface. Existing plans should be evaluated for the
extent to which they address the impacts identified as part of the assess-
ment described earlier. This evaluation acts as a gap analysis that iden -
tifies areas of need in existing adaptation strategies. The other benefit 
of building on existing policy is that strategies that have proven locally
effective can be identified. The final piece of assessment in the evalu -
ation of existing policy is whether simply strengthening policy is enough
in the face of the projected climate impacts. In some cases, climate
 impacts will be enough of a deviation from current conditions as to
 require new strategies.

Addressing climate change impacts requires updating existing
 policy and developing new strategies and programs. Devising and im-
plementing these strategies requires knowledge, funding, collective
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community action, and, in many cases, innovation. It is important for
communities to clearly understand the local resources for addressing the
needs identified through impact assessment and existing policy evalua-
tion. In order to prioritize strategies, the ease or difficulty of taking
adaptive action should be clearly understood. Elements contributing to
local capability can include scientific expertise that can aid in the local
interpretation of climate science over time and community organiza-
tions that can aid in outreach. Infrastructure concerns can benefit from
the capability of local utility providers to make facility adjustments
given changing climatic conditions.  Box 6.5 describes an effort in Ven-
tura, California, to work with local landowners to relocate a coastal bike
path that allows for preservation of the beach ecosystem and the surfing
break that serves as a local recreational attraction.

Choose and Prioritize Adaptation Strategies

An inventory of the potential local climate change impacts, the local re-
sources available to address the impacts, and the current deficiencies
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Box 6.5
Managed Coastal Retreat at Surfer’s Point, Ventura, California

For coastal communities, the beaches play a critical role defining community identity and
serving as a recreational and tourist destination. Coastal erosion threatens to undermine this
resource. The City of Ventura, California, has taken a proactive, “managed retreat” strategy
that is being hailed as a model for other sites at risk due to climate change.

At this site, a coastal bike path ran along the ocean side of a fairgrounds parking lot
near the surf break for which the area is named. Winter storms had scoured enough sand
from the site that chunks of asphalt had been washed away. The initial solution suggested for
the site was a buried sea wall. Environmentalists and the surfing community argued that this
would alter the point break and would sacrifice a beach to protect a parking lot. The debate
was settled by the fairgrounds agreeing to give up some of its property to allow for the bike
path to be moved 65 feet inland. This solution allowed for the seasonal shift in sand and
maintains the natural dynamics of the ecosystem. The City estimates that it will give the site
at least 50 years before it faces erosion challenges again.

Source: T. Barboza, “In Ventura, a Retreat in the Face of a Rising Sea,” Los Angeles Times, Janu-
ary 16, 2011, http://www.latimes.com/news/local/la-me-surfers-point-20110116,0,5658115,full.story.



provides the context necessary to devise adaptation strategies. This
process can be difficult given the intersection of uncertainty, multiple
needs (emissions reduction, adaptation, and other community goals),
and potentially high costs. Decision frameworks can serve a critical role
in balancing needs, handling uncertainty, developing strategies, and pri-
oritizing action. It is useful first to understand the characteristics of
adaptation strategies, then to evaluate how the impact, vulnerability, and
capacity inventories described earlier can be used to identify those issues
that warrant immediate action. 

Characteristics of Adaptation Strategies
Policy that anticipates climate change impacts with the intention of re-
ducing future risk is inherently uncertain. In addition, adaptation strate-
gies will vary widely because, in contrast to reduction strategies, which
are more likely to provide equal benefits to stakeholders, the benefits of
adaptation tend to be more spatially explicit. For example, coastal resi-
dents will disproportionately benefit from policy focused on adapting to
sea level rise. The following list covers some key characteristics of effec-
tive adaptive policy:19

• Flexible: Because climate science is evolving and uncertain, adaptive
 policy should be robust—that is,applicable under a wide range of condi -
tions. This also implies policy enacted with the assumption that imple -
men tation and/or direction will be adjusted over time. Taken to an ex-
treme, the idea of flexibility can be seen as the reversibility of a policy
if conditions change or implementation produces unexpected outcomes.

• Cost-effective: The benefits of adaptive strategies may not be realized for
many years, if not decades. In an economic modeling sense, the further
out the benefit, the lower the current value. One way of avoiding this
potential conflict between current cost and future benefit is to seek
adaptive strategies that have both long-term and short-term benefits or
serve as both reduction and adaptation strategies.

• Specific: Uncertainty is most easily evaluated in the context of a narrow
issue in need of resolution. Climate impacts that require adaptive policy
have a projected speed of onset, rate of change, and scale. Policy will be
more effective if tailored to address these impact characteristics.

• Integrative: Climate impacts have the potential to initiate outcomes in a
community across many sectors. Strategy development will be most ef-
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fective if the interrelated nature of climate impacts is recognized. Cli-
mate change acts directly on things like temperature and precipitation,
but adaptive policy may focus on secondary impacts such as the change
in temperature and precipitation on crop yield. This policy may be a
change in agricultural regulation that will facilitate adaptive change.

Identifying Policy Needs
Once data have been collected (on impacts and local capacity), they
need to be organized in a manner that allows for evaluation of priority.
One of the first steps is to create a table that begins with data from the
impacts assessment. This entails listing the changes that will result from
climate change such as alteration of temperature regime, listing the
likely local climate consequences, followed by the community resources
that may be at risk (table 6.1). These tables can be simple or exhaustive,
with consequences broken out by sector or subsector (e.g., fields for im-
pact to transportation infrastructure, public health, etc.). 

Compiling all available data provides a clearer picture of the chal-
lenges presented by climate change on a local scale. It does not provide
a systematic means of identifying areas most in need of attention. The
range of impacts and other factors to consider, such as social impact,
funding, and co-benefits associated with climate change, necessitates use
of a decision framework that will facilitate systematic assessment. The
use of a framework also improves the transparency of the process. It can
be difficult to communicate the considerations in adaptation policy de-
velopment. Explicitly defining the decision process and articulating the
criteria provides insight and improves community understanding. The
first step in this decision process is identifying those impacts that war-
rant immediate action versus those that can wait. A risk matrix that bal-
ances the probability of an impact occurring against the magnitude of
the impact is a good way to differentiate between the potential impacts
(fig. 6.4). The likelihood of an event should be derived from the cur-
rent, best available climate science. The assessment of magnitude of im-
pact must reflect local conditions. This is where a committee of local
stakeholders should develop criteria that allow for comprehensive evalu -
ation of vulnerability. The City of Keene, New Hampshire, defined cri-
teria in three areas: impacts, influence, and investment (box 6.6). 

In many cases, an impact will be addressed through a suite of com-
plementary strategies. Once an impact has been determined to be a
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Table 6.1 Example of a local assessment of climate impacts, vulnerability, 
and capacity

Local climate impacts Local vulnerability Existing local resources

• Increase in number of • Decrease in air quality • Air quality testing and 
days >90°F due to ground-level notification system

• Increase in frequency ozone levels • Public education program 
of heat waves • Increase in heat-related on heat danger

• Warmer/shorter winter health issues and mortality • Insect management 
• Amplification of urban program (including spraying)

heat island • Water and energy
• Crop damage efficiency incentive
• Increased water demand programs
• Increased energy demand
• Increased wear on roads 

and rail networks
• Increased pest populations 

(e.g., mosquitoes)

• Increased probability • Decreased crop productivity • Rain and hydrological 
of drought • Increased water use monitoring system

• Increased frequency of • Flood damage to • Water quality monitoring 
high rainfall events roadways, structures, • Fire safety education

• Decreased total rainfall and agriculture programs
• Combined-sewer overflow • Fire safety, building 
• Septic system overflow standards
• Flooding of streets and • Drought-tolerant planting

basements requirements
• Decreased water quality
• Increased wildfire
• Damage to wetland and 

river ecosystems
• Decreased game fish 

population

• Increased extreme • Seawater intrusion into • Groundwater monitoring
high tide level groundwater resources and mapping

• Increased flood frequency • Coastal inundation • Natural shoreline
2-, 10-, and 100-year • Erosion of coastlines protection policy
floods • Loss of coastal ecosystems • Development restrictions
(e.g., estuaries) in coastal zone

• Damage to recreational settings
• Flooding or structural damage 

to coastal buildings and 
infrastructure

• Danger to coastal utilities 
(electricity, wastewater)
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high priority, the host of potential strategies identified to address the
impact should be evaluated and prioritized in the manner similar to that
suggested in chapter 5 for emissions-reductions strategies. Some stra -
tegies may be delayed due to factors such as reliance on technological
advancement. A decision matrix can be used to aid in balancing im ple-
mentation considerations (see fig. 6.4). Similar to the assessment of risk,
it is up to a community to define costs and benefits and evaluate the
timing given local resources. Costs may be financial, but they can also be
in social, ecosystem, or other sectors. Benefits could refer to strategies
that meet community goals in addition to adaptation.

Implementing Adaptation Strategies

Similar to reduction strategies, part of developing adaptation strategies 
is identifying a responsible entity, phasing program, funding source, 
and monitoring program (discussed in detail in chap. 7). In climate
adap tation two additional factors are critical components of long-term
policy implementation. A climate adaptation strategy must be responsive 
to changes in climate science and be easily adjusted based on the nature 
of experienced climate impacts or hazards and strategy implementation
effectiveness.
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Figure 6.4 Scenario A illustrates a risk matrix that can be used to decide which
 climate impacts warrant development of strategies. The second use of the matrix,
 scenario B, demonstrates how availability of funding and timeliness can be balanced to
define near-, mid-, and long-term strategies. Similar matrices can be used to balance a
wide range of climate impacts, community needs, and feasibility constraints.



Box 6.6
Adaptation Planning in Keene, New Hampshire

The City of Keene divided its climate planning into two free-standing plans, one for reduc-
tion strategies and one for adaptation strategies. The plan, Adapting to Climate Change: Planning
a Climate Resilient Communitya, organizes the development of adaptation strategies into six
sections: why plan to adapt to climate change; climate change impacts; assessing community
climate vulnerability; climate adaptation priority goals and targets; moving forward; and les-
sons learned. The chapters focus on three community systems: the built, natural, and social
networks.

The plan was developed by a committee consisting of city officials (mayor and city
council members), local and regional planning staff, city department heads, representatives
from the college community, and local stakeholders from the public health field. Represen-
tatives from national and regional science and policy entities also supported the process. Vul-
nerability to impacts was organized into sectors, evaluated for a range of consequences, and
each outcome was then rated. The rating system had three levels: no impact, opportunity, or
contribution to the community; minor impact, opportunity, or contribution to the community;
and great impact, opportunity, or contribution to the community.

Vulnerable Sectors and Subsectors

Built Environment
• Buildings and development
• Transportation infrastructure
• Stormwater infrastructure
• Energy systems

Natural Environment
• Wetlands
• Groundwater
• Agriculture

Social Environment
• Economy
• Public Health
• Emergency Services

Rating Criteria

Impacts:
• Local business
• Environment
• Community
Influence:
• Visibility
• Supporting existing initiatives



178 Local Climate Action Planning

The following are some of the factors critical to long-term, effec-
tive implementation:20

• Political leadership: Adaptation strategies are addressing changes that 
are often going to occur in the future, meaning there are unlikely to be
immediately observable benefits of implementation. Strong leadership
assures adaptation strategies have an appropriate level of support. Im -
plementation of individual strategies will be conducted by a variety 
of departments and entities, from fire departments to utility direc-
tors. A single agency or interagency group should be charged with co -
ordinating implementation through time and across spatial scales. This
leadership is seen as a critical step in facilitating integration of policy
with the intent of mainstreaming climate adaptation into everyday
 decisions.

• Funding: Adaptation strategies are not identified as frequently as reduc-
tion strategies and are rarely funded independently. Increased emphasis

Investment:
• Available funding
• Easy to implement
• Time sensitive
• Cost-effectiveness

Highlights of Plan Development

The assessment of potential climate impacts conducted for the Keene plan relied on regional
and state-level findings reported by the Union of Concerned Scientists. The impacts were
categorized by season with information on timing and length, temperature (extreme heat,
ice melt), and precipitation (snowfall, drought, flooding). Local vulnerability to these climate
changes was identified based on the sectors and subsectors listed above. The analysis explicitly
recognized the overlap between the various sectors and embraced the interaction. For ex -
ample, climate threats to communication infrastructure were considered as part of the built
environment, but their role in emergency services was recognized as part of the analysis. Each
of the vulnerabilities or risks identified was then evaluated based on criteria, and adaptation
strategies were defined. To assure implementation, targets were defined for each strategy.

a City of Keene, New Hampshire, Adapting to Climate Change: Planning a Climate Resilient Community
(2007).



on anticipatory adaptation will require funding levels similar to emis-
sions reduction. The funding need not be entirely separated from re-
duction strategies, but some level of distinction should be made to
assure that adaptation strategies are developed and implemented. One
possible mechanism is an incremental increase in existing reduction
funds and application of these funds to adaptation based on the premise
that effective adaptation reduces vulnerability.

• Development and diffusion of science and technology: Adaptation relies on
predicted climate impacts. The uncertainty associated with these im-
pacts increases at smaller scales. As a result, there must be a tight feed-
back loop between science and technology and policy development.
Not only does there need to be consistent communication, the diffu-
sion of information will require mechanisms put in place to assure con-
sistency throughout the community, including public education. There
is also an opportunity for communities to forge relationships with local
science entities. This may allow for collaboration to generate science
that specifically fills a local need.

• Feedback loops and adaptive policy: This can be seen as another aspect of
climate science development and diffusion. Climate adaptation policy
must have indicators that allow for evaluation of policy success. These
data in combination with advances in climate science and development
of new technology must inform revision of adaptation policy. Periodic
review and a mechanism for policy revision should be established as
part of the strategy development process.

Chapter Resources

Climate Change Impact Assessments

Thomas R. Karl, Jerry M. Melillo, and Thomas C. Peterson, eds., Global Cli-
mate Change Impacts in the United States (New York: Cambridge Univer-
sity Press, 2009). http://www.globalchange.gov/publications/reports
/scientific-assessments/us-impacts. “The report summarizes the science
and the impacts of climate change on the United States, now and in the
future. It focuses on climate change impacts in different regions of the
U.S. and on various aspects of society and the economy such as energy,
water, agriculture, and health. It’s also a report written in plain lan-
guage, with the goal of better informing public and private decision
making at all levels.”
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Pew Center on Global Climate Change, Climate Change 101: Understanding
and Responding to Global Climate Change (Arlington, VA: Author, Janu-
ary 2011), 94 pp. http://www.pewclimate.org/climate-change-101.
This report series includes summaries of climate science, summaries of
the current state of practice in the United States, and basic guidance on
climate adaptation policy development.

Guidance Documents

A. K. Anover, L. Whitely Binder, J. Lopez, E. Willmott, J. Key, D. Howell, 
J. Simmonds, Preparing for Climate Change: A Guidebook for Local, Re-
gional, and State Governments (Oakland, CA: ICLEI–Local Governments
for Sustainability, 2007), 186 pp. www.icleiusa.org/action-center
/planning/adaptation-guidebook. This guidebook offers a step-by-step
process for developing adaptation strategies. Its strength is in the acces-
sible language and thorough treatment of the issue from interpreting
climate science to strategy implementation and monitoring.

Federal Emergency ManagementAgency Hazard Mitigation Planning “How-
To” Guides. http://www.fema.gov/plan/mitplanning/resources.shtm.
FEMA has prepared nine “How-To” guides that provide step-by-step
instructions on how to prepare hazard mitigation plans. They cover get-
ting started, identifying risks and estimating losses, using cost–benefit
analysis, implementing plans, and a variety of other topics. Highly rec-
ommended for communities who want to assess their risks to hazards
and disasters.

Federal Emergency Management Agency, “Local Multi-hazard Mitiga-
tion Planning Guidance” (Washington, DC: FEMA, 2008). http://
www.fema.gov/library/viewRecord.do?id=3336. “To help local gov-
ernments better understand the Local Mitigation Plans requirements
under 44 CFR Part 201, FEMA has prepared this document with two
major objectives. First, the Guidance is intended to help local jurisdic-
tions develop new mitigation plans or modify existing ones in accor-
dance with the requirements of the regulation. Second, the Guidance is
designed to help Federal and State reviewers evaluate mitigation plans
from local jurisdictions in a fair and consistent manner.”

National Research Council, Adapting to the Impacts of Climate Change (Wash-
ington, DC: National Academies Press, 2010). http://americasclimate
choices.org/paneladaptation.shtml. This is a congressionally requested
study from the National Research Council that provides an introduc-
tion to the challenge of climate change adaptation. It also provides an
argument for why a coordinated response is needed at all levels of gov-
ernment to address the risks presented by climate change.
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United Nations Development Programme. “Adaptation Policy Frameworks
for Climate Change.” http://www.undp.org/climatechange/adapt/apf
.html. This United Nations website contains guidance on developing 
a climate change adaptation plan. It addresses scoping, vulnerability as-
sessment, future climate risks assessment, strategy formulation, and
monitoring and evaluation. 

Examples

City of Keene, New Hampshire, Adapting to Climate Change: Planning a
 Climate Resilient Community (2007). http://www.ci.keene.nh.us/sites
/default/files/Keene%20Report_ICLEI_FINAL_v2.pdf. The City of
Keene prepared a stand-alone climate adaptation plan following
ICLEI’s Climate Resilient Communities process. The plan documents
regional climate impacts, assesses local vulnerability, and establishes
adaption goals and strategies. It also includes a “Lesson Learned” sec-
tion, which should be helpful to other communities.

New York City Panel on Climate Change, Climate Risk Information (Febru-
ary 17, 2009). http://www.nyc.gov/html/om/pdf/2009/NPCC_CRI
.pdf. The City of New York has produced this report, which is one of
the first steps in acting on the adaptation strategies in the “Climate
Change” section of their sustainability plan, PlaNYC. It includes cli-
mate change scenarios for the city, observed changes and future projec-
tions, infrastructure impacts, and indicators and monitoring. It will be
followed by two additional reports.
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Chapter 7

Implementation

A plan is only as good as its implementation. Too often communities in-
vest considerable effort in preparing a quality planning document only
to see little happen because of failure to implement. Climate action
plans (CAPs) present an implementation challenge since they are un -
familiar to many, often cut across organizational boundaries, and often
lack dedicated sources of revenue. These are all challenges that can be
addressed during plan development. This chapter addresses phase III:
Implementation and Monitoring of the climate action planning process
presented in chapter 2. CAPs should include a section that addresses
how the plan will be implemented. The section should answer the fol-
lowing questions:

• Who will be responsible for oversight and management of the CAP
implementation?

• Who will actually implement each strategy in the CAP?
• What will be the timeline or phasing (programming) for implementa-

tion of the strategies?
• How will implementation of strategies be funded?
• How will implementation be monitored and evaluated? 

The chapter concludes with a discussion of whether CAPs should be
integrated with local comprehensive land use plans to facilitate imple-
mentation.

Implementation Oversight and Management

There are two basic options for organizing the implementation pro-
gram of a CAP. The first is to create new entities with responsibility to
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coordinate implementation of the CAP. As interest in climate change
and sustainability has grown, many local governments are establish-
ing specific offices or departments to address these issues and creating 
a sustainability or climate program coordinator position to direct im -
plementation. Some have created “green teams” of cross-agency staff
members to coordinate plan implementation. The community should
decide where to house these new climate offices. Most communities
have chosen to house climate programs in environmental, planning, or
public works departments to take advantage of the specialized expertise
and similarity of mandates. Some communities have chosen to house
them in the mayor’s or city manager’s office to take advantage of the
au thority and visibility of those offices.

The second approach to program organization is to rely on the ex-
isting organization to implement the CAP. The benefits of this approach
are that it requires little or no new staffing, does not disrupt the existing
institutional culture, and empowers those closest to actual implementa-
tion to take action. The potential problems are that existing mandates
and programs may overshadow the new climate strategies, implementa-
tion may be uneven across parts of the organization, and accountability
may be diffuse.

Implementation Committees or Green Teams

Implementation committees or green teams can be a very effective ap-
proach for ensuring implementation of the CAP. If a community de-
cides not to have an implementation committee then the plan should
clearly designate a responsible entity for ensuring implementation of
each greenhouse gas (GHG) reduction and climate adaptation strategy.

Decisions about how to structure an implementation team should
be based on how the plan itself is constructed and the nature of the
emissions reduction and adaptation strategies in the plan (box 7.1). Com -
munities with plans prepared by citizen committees or task forces may
want to continue or modify those groups to be directly involved in im-
plementation or to serve in an oversight or watchdog capacity over
those who will implement the plan. Communities that adopt emissions
reduction and adaptation strategies dependent primarily on government
action may want to transition their Climate Action Team (CAT) into an
implementation team. 
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Key Questions for Implementation Committees

• Who will serve on the team and how will they be chosen?
• What will be the role of the team? Will it be mostly oversight, or will

the team take direct responsibility for implementation?
• What authority will the team have to ensure implementation? Will the

team control funding associated with implementation?
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Box 7.1
Examples of Implementation Committees

Cincinnati, Ohio’s Climate Protection Steering Committee

There are two important aspects of the Green Cincinnati Plan (formerly called the Climate
Protection Action Plan) that affect implementation. First, preparation of the plan was led by 
the mayor-appointed Climate Protection Steering Committee (CPSC) and assisted by five
community-based teams. Due to its success, the CPSC was reestablished and expanded to
lead the effort on implementation. Second, mitigation strategies were adopted that required
action from businesses and nonprofits in addition to the municipal government. The plan di-
rects the CPSC to designate an entity to spearhead the implementation for each strategy in
the plan; this lead entity could be “an individual, a City department, a business, or an orga -
nization, depending on the nature of the action being implemented.” In Cincinnati the plan
is best described as belonging to the community as a whole; thus implementation is thought
of as the responsibility of the community rather than just the municipal government, although
the municipal government is an important responsible party. The CPSC, made up of twenty-
eight community leaders, plays a critical role in ensuring the community responds to its re-
sponsibility for implementation. It must also prepare an annual report and regularly update
the city council on progress.

Hayward, California’s Climate Action Management Team

In contrast to Cincinnati’s approach, the City of Hayward’s Climate Action Plan contains
mostly emissions-reduction strategies to be implemented by city departments and agencies.
Hayward’s plan establishes a Climate Action Management Team (CAMT) made up of rep-
resentatives from the city’s Finance, Public Works, Development Services, Maintenance Ser -
vices, and Library and Neighborhood Services Departments as well as the city manager’s
office. The plan directs the City to consider representatives from key city committees and
commissions. The CAMT membership reflects the nature of the emissions-reduction strate-
gies. Because the members are city employees, and perhaps a few appointed committee mem-
bers, they answer directly to the city manager and city council. They will also have direct
influence over funding and staffing decisions that affect plan implementation.



• How will the team be held accountable?
• Will the team have responsibility for outreach and communication?
• Will the team have responsibility for monitoring, evaluation, and pro -

gress reporting?
• Are team members subject to state or local sunshine or open govern-

ment laws for conflict of interest, financial disclosure, ex parte commu-
nication, and the like?

Sustainability or Climate Program Coordinators

Some communities hire climate program coordinators or managers, usu -
ally as a local government position but sometimes through nonprofit or-
ganizations. These climate program coordinators are sometimes brought
in to prepare the plans themselves but more often are recommended in
plans as a necessary component of a successful implementation strategy.
The increasing sophistication and comprehensiveness of CAPs is gen -
erating a need for this new professional class. These may be full- or half-
time positions and may or may not come with additional support staff-
ing. When hired by the local government they tend to work directly for
the top administrative office of the local government—the city admin-
istrator/manager or mayor. Examples of these different approaches in-
clude the City of Santa Cruz, California, which has a half-time climate
change action coordinator housed in the Planning and Community
Development Department, and the City of Pittsburgh, which has a full-
time sustainability coordinator housed in the mayor’s office.

Entities Responsible for Implementing Strategies

The implementation committee or climate program coordinator must
identify a specific individual, agency, department, or organization re-
sponsible for implementing each strategy. For example, a strategy to re-
place lightbulbs in traffic lights with high-efficiency LEDs would likely
be assigned to a municipal transportation or public works department.
Assigning this responsibility may be met with some resistance. Local
government agencies and departments may feel this is another burden
on their already busy staff. Community partners may not feel they have
the knowledge or capacity to implement strategies. This is why chapter
2 suggests that local government and community partners be involved
in preparation of the plan from the beginning. They need to buy in to
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the process and contribute to the development of strategies knowing
they may be assigned some responsibility for implementation.

One consideration in implementation is how to hold these entities
accountable. This is where having an implementation committee with
the right people can be critical to success. If it is staffed by the people
who have decision-making authority in their respective agencies and
organizations, then it is much easier to ensure implementation. This is
usually easier to accomplish with strategies that are to be implemented
by local government agencies and departments since they usually have
clear lines of authority. This may be more difficult with strategies that
are to be implemented by community organizations such as nonprofits,
which may have unclear hierarchies or little organizational capacity. In
this case, the implementation committee may have to take a stronger
role in ensuring accountability.

Programming of Strategies for Implementation

Previous chapters on emissions reduction and climate adaptation strate-
gies discussed strategy evaluation and prioritization. This information
should be used by the implementation committee or climate program
coordinator to program the priority and timing of strategy implemen-
tation (see box 7.2). Typically priority and timing are driven by access to
funding or capacity/capability of the implementing organization. For
funding, budget cycles, grant funding cycles, and fundraising programs
may drive when a strategy can be implemented or how fast it can be
fully implemented. For capacity and capability, issues of staffing levels,
staff expertise, workload, consistency with current mission, and timing
will be important. Other projects may need to be completed first, staff
may need additional training to support the program, or some level of
reorganization may be needed; each of these can delay action.

Priority and timing may also be driven by external events or cir-
cumstances, strategy synergy, and outreach considerations. Sometimes a
higher-priority strategy may partially depend on, or be synergistic with,
a lower-priority strategy or other community action. In this case it may
make sense to deviate from a strict prioritization scheme. In addition,
communities should consider which strategies can be piggybacked on
existing actions, for example, taking advantage of a road repaving to add
bicycle lanes. They should also consider strategies that have high public
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Box 7.2
Example of Evaluation Criteria from the City of Oakland, California, 

Energy and Climate Action Plan

Evaluative criteria Issues to consider

GHG reduction potential • Magnitude of GHG reductions
• Measurability of reductions

Implementation cost and access to funding • Cost to City budget
• Cost to other stakeholders
• Access to funding  

Financial rate of return • Return on investment to City and/or 
stakeholders implementing the action

• Protection from future costs

GHG reduction cost-effectiveness • Relative cost/benefit assessment in terms of 
estimated GHG reductions

Economic development potential • Job creation potential
• Business development and retention potential
• Workforce development potential
• Cost savings to community
• Education benefits for community

Creation of significant social equity benefit • Benefits to disadvantaged residents in the form of 
jobs, cost savings, and other opportunities

• Reduction of pollution in heavily impacted 
neighborhoods

• Equity in protection from impacts of climate 
change

Feasibility and speed of implementation • Degree of City control to implement the action
• Level of staff effort required
• Resources required
• Degree of stakeholder support
• Amount of time needed to complete
implementation

• Time period during which implementation 
can begin

Leveraging partnerships • Leverage partnerships with community 
stakeholders

• Leverage partnerships on a regional, state, or 
national level

• Facilitate replication in other communities

Longevity of benefits • Persistence of benefits over time
• Opportunity to support future additional benefit



visibility that can serve to educate or motivate the public. Regardless of
the rationale, all strategies should be assigned a priority and timing for
implementation.

Financing

Finding money for implementing the CAP strategies can be the most
challenging aspect of implementation. CAPs must compete against 
all the other needs in a community, which in difficult economic times
can be a problem. This section presents a variety of funding types and
examples.

Emissions reduction and climate adaptation strategies should have
estimated costs for implementation attached to them. These costs can
then be assembled into a budget based on the prioritization and time-
line that have been established. In addition to the costs for each strategy,
there should be a budget for overall program administration that in-
cludes staffing, education and outreach, plan monitoring and updating,
and so forth.

Sources of Funding

The following are potential sources of funding for the CAP (box 7.3):

• General funds
• Bonds
• Taxes and fees (impact fees)
• Government grants
• Carbon offset programs
• Self-funding and revolving fund programs
• Volunteer and pro bono resources
• Private grants
• Private investment

General Funds
A community may choose to allocate a portion of the local govern-
ment’s general funds to implementation of the CAP. The general fund
is the local government’s primary operating account with revenues that
are usually generated from property taxes, local sales taxes, and other
local taxes and fees. Assigning general funds can be challenging because
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it usually means shifting them from another community program. Most
local governments have tight operating budgets that make assigning
them to CAP implementation a difficult proposition. 

Bonds
Local governments may issue bonds, essentially borrowing money from
the bond holder to finance the CAP. Bonds are usually used for capital
projects (e.g., public buildings, roads, sewer and water infrastructure, etc.)
or for projects that generate revenue to pay off the bond (pay-parking
gar ages are a typical example). If an emissions reduction strategy in the
CAP fits one of these project types then issuing a bond may be a viable
approach.
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Box 7.3
Example of Funding Source Identification: Homer, Alaska 

The City of Homer included the following in the Implementation section of their
Climate Action Plan:a

The City of Homer will establish and promote a “Sustainability Fund” which will be
used to help cover the costs of implementing the Climate Action Plan.

Possible sources of revenue for the Sustainability Fund include: 
• Grant funding from state and federal programs and private foundations.
• A Climate Action Plan tax modeled after Boulder, Colorado’s innovative

program. The CAP tax in Boulder, approved by voters, involves an agree-
ment with the local investor-owned electric utility to assess a tax for resi-
dential, commercial, and industrial customers based on electricity usage. The
tax is collected as part of the utility’s normal billing process.

• A per-gallon tax on all fuel transferred within the City of Homer.
• Voluntary “offsets” contributed by individuals and businesses who wish to

reduce their carbon footprint by supporting projects aimed at reducing
greenhouse gas emissions in the community at large.

• Funds contributed by the City of Homer to offset employee travel (calcu-
lated as $X per ton of travel-related CO2).

• Savings resulting from increased energy efficiency/conservation as CAP
measures impacting City operations are implemented.

• Homer Spit parking fees.

a City of Homer, Alaska, Climate Action Plan (December 2007), 40.



Taxes and Fees
Local governments can initiate new taxes or fees to fund climate pro-
grams. Taxes and fees could be broadly applied, such as a sales tax, or
they could be tailored to link certain behaviors. For example, in the city
of Boulder, Colorado, voters approved Initiative 202 in November
2006, which established the Climate Action Plan Tax (also known as the
Carbon Tax). The local utility provider, Xcel Energy, collects a tax on
electricity for the city, and the City uses it to fund implementation of
the CAP. Not only does the tax raise funds but it also increases the cost
of electricity, which should lower its use, thus providing a direct emis-
sions reduction benefit.

Government Grants
Federal and state governments offer a variety of grants to assist local 
gov ernments in implementing emissions reduction and climate adap -
tation strategies. The types of grants will need to be monitored year to
year since they change frequently. Some grants require matching funds,
some are competitive, and some require certain conditions to be met.
Communities should investigate these and prepare to satisfy these types
of conditions in advance so that they can quickly take advantage of new
rounds of funding. 

Private Grants
There are numerous for profit and nonprofit organizations that offer
grants to support programs that fit into CAPs. Communities should
look to their nonprofit partners who likely have expertise and experi-
ence in finding and securing grants.

Private Investment
Some climate strategies may attract private investment. Two common
examples are car- and bike-sharing services and solar power purchase
agreements (SPPAs).

Carbon Offset Programs
Certain activities can be linked to the required or voluntary payment of
an additional fee in relation to the amount of GHGs the activity would
create. Activities could be driving, flying, disposing of waste, using water,
and the like. The idea is to offset the GHGs the activity creates by fund-
ing strategies that compensate with an equivalent reduction. This is usu-
ally done where the emissions reduction for the original activity itself is
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very difficult, or perhaps impossible at the local level. For example, the
City of San Francisco created the San Francisco Carbon Fund, which
puts a 13% surcharge on all city employee air travel, and set up carbon
offset kiosks in San Francisco International Airport (Climate Passport
Program) for voluntary payments by the general public. The Fund is in
its pilot phase but has already generated funds for a biodiesel project and
an urban orchard project. Offset programs are generally seen as a last re-
sort option for emissions reduction but can be a good source of funding
for programs.

Self-Funding and Revolving Fund Programs
These are programs established to generate their own revenue and are
similar to municipal enterprise funds (box 7.3). Usually the revenue
generated is directly from the recipient of the benefits of the program;
thus they are usually seen as fair and equitable programs. The City of
Berkeley, California, created the Berkeley FIRST program to finance
the cost of solar installations through an annual special tax on a home-
owner’s property tax bill that is repaid over twenty years. The key inno-
vation is that, since installation of solar is an improvement to the
property, the loan stays with the house. If the house is sold, the new
owner would take over the payments for the improvement since they
would reap the benefits of the lower utility costs. The Berkeley FIRST
program requires little up-front cost to the property owner and thus
creates a strong incentive to install solar. The City of Phoenix, Arizona,
created the Phoenix Energy Conservation Savings Reinvestment Fund
to provide capital for energy-efficiency projects. As the City invests in
energy-efficiency measures, such as installing high-efficiency lighting, it
reinvests half of all documented annual energy savings, up to a limit of
$750,000, into a revolving fund.

Volunteer and Pro Bono Resources
In many communities, nonprofit and service organizations, businesses,
and individuals are willing to donate money and services to important
causes. The City of San Luis Obispo, California, has bicycle valet park-
ing year-round at its Thursday night farmer’s market. The bike valet is
provided at no charge to the community by a local nonprofit and is
staffed by volunteers.
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Monitoring and Evaluating the CAP

CAP strategies should contain a program for monitoring progress on
implementation and achieving GHG emissions reduction targets, a pro-
gram for reporting and publicizing these achievements, and a process for
evaluating and updating the plan.

CAPs should contain a program for monitoring three aspects of
implementation:

1. Basic monitoring: This includes determining whether the strategy was in
fact implemented, met its budget, and was implemented on schedule.

2. Success of desired direct action: If the strategy was implemented did it pro-
duce the desired effect or outcome? For example, did the number of
people expected to install solar panels through a solar incentive pro-
gram do so, or did the expected increase in transit ridership from an
employee rider discount program in fact occur?

3. Level of GHG emissions reductions: How much do GHG emissions change
and how well does the change meet the adopted GHG emissions re-
duction target? This third aspect can be considered the bottom line.

Each of these levels of monitoring can be linked to performance
indicators that show how well the community is doing in achieving ex-
pected levels of performance for each strategy (table 7.1). For example,
if a community had identified that it needed to do energy efficiency
retrofits on 10% of the houses and businesses in the community to
achieve the desired GHG emissions reduction in that sector, then the
performance indicator would track and report the percentage of retro-
fits. These performance indicators can be tracked on a regular basis and
reported as a scorecard for implementation of the CAP. This allows the
progress of the CAP to be easily communicated so that decision makers
can make adjustments to program implementation.

Communities should consider annual or biannual reporting of pro -
gress on CAP implementation and GHG emissions reductions. An an-
nual report can be used to inform those who participated in creating and
adopting the plan of the progress of their work. In addition, the annual
re port can serve as an important component of educating and motivat-
ing the public about what needs to be done to address the climate change
problem. An annual report also helps to ensure that the CAP isn’t ig-
nored and holds accountable those responsible for implementation.
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Table 7.1 Examples of progress indicators

Climate action strategy Progress indicator

Develop an energy efficiency financing Percentage of households
program (through PACE, Energy  and businesses participating
Upgrade, or other mechanisms) allowing  Average electricity savings
property owners to invest in energy Average natural gas savings
efficiency upgrades and renewable   
energy installations for their buildings. 

Revise policies and regulations as Megawatts of renewable energy
needed to eliminate barriers to or systems installed
unreasonable restrictions on the use 
of renewable energy.

Implement a curbside compost pickup Tons of food waste diverted and 
in combination with existing green tons of green waste diverted
waste pickup.

Amend applicable ordinances and Percentage of residents within 
policies to direct most new residential half a mile of a transit stop
development away from rural areas and 
to concentrate new residential 
development in higher-density residential 
areas located near major transportation 
corridors and transit routes, where 
resources and services are available.

Incorporate Complete Streets policies Miles of bike lane and sidewalks
into the Circulation Element and installed
implement Complete Streets policies 
on all future roadway projects.

Implement tiered water rate structures Gallons of water saved
to incentivize water conservation. Per capita water use reduction

Develop and disseminate appropriate Crop fertilization rates per acre
best management practices for the 
application of pesticides and fertilizers, 
tillage practices, cover crops, and other 
techniques to reduce nitrous oxide emissions, 
maximize carbon sequestration, reduce water 
use and runoff, and reduce fuel use.



It would not be reasonable to expect a GHG emissions inventory
and CAP update every one to two years; instead communities should
consider a five-year update schedule or perhaps tying the update to in-
terim reduction target years. In between the major updates, the com-
munity can use the annual report as an opportunity to modify strategies
and include interim updates as needed. Press releases can accompany the
release of annual reports and updates, which can be made available on
websites and public places such as libraries.

Positioning the Climate Action Plan within 
the Comprehensive Plan

More communities are considering integrating their CAP policies and
strategies into their comprehensive land use plan. There are several rea-
sons for this: the comprehensive plan is an existing, recognized legal in-
strument for implementing and enforcing policies and strategies; com-
prehensive plan implementation is usually linked to specific departments
thus providing ownership and accountability; and there will often be
overlap in issue areas between the two plans where synergies can be cap -
tured and potential conflicts resolved. In the long term, complete inte-
gration of climate action strategies in community planning documents
may become standard. At present, integration of the CAP into the com-
prehensive plan is not required, though it is an increasing trend, often to
ensure long-term implementation. Integration with the comprehensive
plans requires consideration of the ways in which a CAP differs to as-
sure that the two policy documents are consistent and complementary.

Plan Content and Structure

The content and structure of comprehensive plans will vary based on
state law or local preferences. An accepted hierarchy has evolved to in-
clude a vision, planning principles, goals, objectives, policies, actions or
implementation measures, and indicators or performance measures.
Comprehensive plans include multiple components or elements to ad-
dress key issues, such as land use, transportation/mobility, public utili-
ties and infrastructure, safety/hazards, noise, housing, agriculture, open
space, energy, air quality, water resources, biological resources, historic
pres ervation, cultural resources, public health, parks and recreation, and
 economic development. Comprehensive plans often balance land use,
social, environmental, and economic objectives. 

Implementation 195



Plan Integration

Communities should identify their key goals related to climate action
and then develop, update, or amend their comprehensive plans to reflect
those goals accordingly. Integration of climate action into a local com-
prehensive plan will be most straightforward when the plan is being up-
dated or developed concurrently with or following the development of
a stand-alone CAP. Incorporation of climate action goals, policies, and
actions into a local community plan should occur across the various ele -
ments of a comprehensive plan rather than into a single element.

• Land use element: With regard to land use, the most important actions to
reduce GHG emissions discourage auto-dependent, low-density devel-
opment, and promote complete communities that provide mixed land
uses, higher densities in core areas and transit nodes, affordable housing,
compact form, smart growth, and bicycle- and pedestrian-friendly in-
frastructure.

• Transportation, circulation, or mobility element: Transportation-related 
policies should discourage vehicle miles traveled, specifically travel by
 single-occupant motor vehicles, and encourage the use of mass transit,
bi cycling, walking, and telecommuting. Local governments should ac -
commodate all modes of transportation and make them attractive and
convenient. Local streets should accommodate users of all transpor -
tation modes throughout the community; this is often referred to as
complete streets. Communities should incentivize the use of and fund
transit with needed infrastructure, plan for complete networks of bike-
ways,en sure that streets have safe and inviting sidewalks and street cross-
ings, provide park-and-ride facilities, and plan shared parking where
 appropriate.

• Housing element: The key connection between the housing element and
GHG emissions is the community’s jobs/housing balance. The housing
elements should include policies and actions to ensure a balance be-
tween job and housing availability as a means to reduce vehicle miles
traveled. In addition, housing elements can include policies on energy
conservation or green building and renovation.

• Conservation, environmental, or natural resources element: Policies in this ele -
ment should promote energy, water, and other resource efficiency and
conservation.

• Open space and agriculture element: Policies in this element should address
the protection of agriculture, forests and woodlands, and the expansion
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of urban parks and street tree programs as these resources serve as car-
bon sinks or sequestration opportunities.

• Natural hazards or safety element: Climate change may increase the fre-
quency and severity of natural disasters such as wildfires, flooding,
droughts, and heat emergencies. The natural hazards or safety element
can direct adaptation to these changes, for example, by incorporating
policies that restrict development in the wildland–urban interface, along
shorelines, and on floodplains.

In the long term, it is possible that the goals of reduced GHG
emissions and resilience in the face of unavoidable climate impacts will
become ubiquitous and a standard component of comprehensive plans.
This integration may shift the role and framing of a CAP.  A local juris-
diction considering a CAP must evaluate where it lies in this contin-
uum and where it envisions itself in the long term.

Chapter Resources

Books

Eugene Bardach, A Practical Guide for Policy Analysis: The Eightfold Path to More
Effective Problem Solving (Washington, DC: CQ Press, 2004). The book
provides a basic, straightforward approach to evaluating proposed public
policies. It can be used to inform developing and applying evaluation
criteria to emissions reduction and climate adaptation policies.

Examples

City of Seattle, Washington, Seattle Climate Protection Initiative Progress Report.
http://www.cityofseattle.net/climate/. The City of Seattle prepares an
annual progress report that includes the status of specific strategies and
a progress report on GHG emissions reductions. The report is full color
and designed to be accessible to the general public.

City of Portland, Oregon, Local Government Publications on Climate Change.
http://www.portlandonline.com/bps/index.cfm?c=41917. The City
of Portland has not only completed three climate plans but also interim
progress reports that summarize strategy effectiveness based on moni-
toring. This site provides PDF links not only to the plans but also to
each of the monitoring reports.
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Chapter 8

Communities Leading the Way

This chapter presents six cases of communities that have prepared cli -
mate action plans (CAPs) and are now in the process of implementing
those plans. The cases are chosen for their diversity of experiences and
lessons learned. They illustrate many of the principles outlined in this
book and demonstrate that climate action planning is possible in all
types of communities. The City of Portland and Multnomah County,
Oregon, have been in the business of developing and implementing
CAPs since the early 1990s and show how to construct a successful pro-
gram over the long term. The City of Evanston, Illinois, shows the
bene fits of building “social capital” in the community that creates a
grass roots capability for doing community-based climate action plan-
ning. The City of Pittsburgh, Pennsylvania, demonstrates the power of
local partnerships among public, private, and nonprofit entities to de-
velop and implement plans. The City of San Carlos, California, shows
how a city-led planning process integrated into an update of the city
general plan can ensure that a CAP will have the authority and backing
to be successfully implemented. Miami-Dade County shows that coun-
ties can do climate action planning and that it can be integrated with a
larger effort of achieving sustainability. And finally, the City of Homer,
Alaska, demonstrates that big ideas can come from small places and that
implementation is where the real work takes place. Communities be-
ginning to work on their own climate action plan can look to these
communities for insights on how to best prepare a CAP.

City of Portland and Multnomah County, Oregon: 
Two Decades of Leadership1

The City of Portland, Oregon, has been a leader in climate change
 policy development for almost two decades. The City adopted the first
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carbon-reduction plan in the United States in 1993. Since that time,
Port land has forged a collaborative relationship with Multnomah County
and has twice revised this original plan (2001 and 2009). These revised
plans had the benefit of learning from the successes and challenges of
earlier efforts. The sustained and gradual effort by Portland to reduce
greenhouse gas (GHG) emissions provides critical lessons for cities that
are much earlier in the climate planning and implementation process. 

Portland and Multnomah County’s plans were developed through
collaboration between multiple departments, local organizations, and
the public. The success of Portland and Multnomah County’s efforts
can be tied to the development of strong community partnerships, a
commitment that CAPs should be meeting a variety of community
goals in addition to GHG reductions, and long-term monitoring that
allows strategy effectiveness to be assessed (box 8.1). 

The first plan adopted by the City of Portland in 1993 was mo -
tivated by the City’s participation in the World Conference on the
Changing Atmosphere held in Toronto, Canada, in 1988 and the United
Nations development of the Kyoto Protocol in 1992. The plan was ti-
tled Carbon Dioxide Reduction Strategy. The target established in this plan
went beyond that established by the Kyoto Protocol; the City aimed to
reduce emissions to 20% below 1988 levels by 2010. The reductions re-
quired to reach this target were divided among five local action areas:
transportation, energy efficiency, renewable resources and cogeneration,
recycling, and tree planting. The breadth, level of detail, and ease of im-
plementation of the strategies included in this 1993 plan set the stage
for the success of future plans and actions.

Monitoring and evaluation of strategy effectiveness allowed the
City to identify areas of success, as well as confounding factors for over-
all emissions reduction. The 2000 status report, Carbon Dioxide Reduction
Strategy: Success and Setbacks, individually evaluated the action items in
the 1993 plan. Overall, this report showed a reduction in per capita
emissions, but increases in the communitywide total, indicating that the
City was falling well short of the 2010 target. Evaluation of individual
strategies revealed several useful lessons, particularly the role of greater
than expected population growth and the economy on total emissions.
In the early 1990s, per capita energy use declined due to federal, state,
and local conservation programs. However, this decline reversed be-
tween 1995 and 2000 with moderate residential increases and a sharp

200 Local Climate Action Planning



increase in commercial and industrial emissions. This rise was attributed
to a strong economy. Transportation strategies resulted in considerable
improvement in transit and bicycle ridership, but community-wide
transportation emissions continued to rise. Per capita VMT rose very lit-
tle in the City of Portland, but increased more than 20% in the larger
metropolitan region. This information was critical to future policy de-
velopment as it indicated areas of needed policy intervention. 

The 2001 plan, Local Action Plan on Global Warming, made some
minor adjustments such as changing the baseline from 1988 to 1990 and
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Box 8.1
City of Portland and Multnomah County, Oregon, Summary 

Plan Titles and Adoption Year: Carbon Dioxide Reduction Strategy (1993), 
Local Action Plan on Global Warming (2001), and Climate Action Plan (2009)a

Plan Author: Portland Bureau of Planning and Sustainability (1993, 2001, and 2009), Mul t -
nomah County Sustainability Program (2001 and 2009)

Population: 566,141 (City of Portland), 726,855 (Multnomah County)b

GHG Emissions Inventory Year: 2008 (most recent inventory)
GHG Emissions Total: 8,495,319 MTCO2e
GHG Emissions Profile:

— Residential Energy Use 21.0%
— Commercial Energy Use 25.0%
— Industrial Energy Use 15.4%
— Transportation Fuel 38.5%
— Waste Disposal 0.2%

GHG Reduction Target: 40% below 1990 levels by 2030 and 80% below 1990 levels by 2050
Plan Highlights:

— Transit ridership has increased by 75%.
— Bicycling has quintupled with mode share over 10% in many parts of the city.
— City saves $4.2 million annually due to reductions in energy use (~20% of total energy

costs and $38 million since 1990)
— 35,000 housing units improved in partnership with utilities and the Energy Trust of

Oregon

Source: City of Portland, Oregon. http://www.portlandonline.com/bps/index.cfm?c=49989&.
a “Portland Climate Action Now,” City of Portland Bureau of Planning and Sustainability, accessed
March 4, 2011, http://www.portlandonline.com/bps/index.cfm?c=41896.
b “U.S. Census Bureau, 2009 Population Estimates,” American FactFinder, U.S. Census Bureau, accessed
October 20, 2010, http://factfinder.census.gov.



revising the goal to a 10% reduction by 2010, closer to the 7% target for
the United States under the Kyoto Protocol. Overall, the plan organiza-
tion and target areas remained the same. The biggest change was the ad-
dition of a close partnership with Multnomah County for development
and implementation of the plan. Inclusion of the county allowed for
explicit recognition of the regional context and formulation of direct
action to address regional issues.

The 2001 plan includes a review of implementation success in
each sector addressed in the prior plan (1993). The strategies included
in the plan are detailed and designed to yield GHG reductions quickly.
Each action has a specific, measurable outcome, which makes imple-
mentation and tracking progress possible. The 2001 plan also contains
one new section focused on education and outreach that includes stra -
tegies intended to assure that community members, as well as decision
makers, have a clear understanding of climate science, the challenges
posed by climate change, and the options for addressing these chal-
lenges. During the period following the 2001 plan, Portland and Mul t -
nomah County exhibited not only continued per capita GHG reduc-
tions but also reductions in overall GHG emissions. By 2005, emissions
in the county had been reduced to 1990 levels and were several percent
below 1990 levels by 2008. As a result, the City and County are nearly
on track to reach the targets set in 2001, though still unlikely to meet
the original 1993 goal. 

The implementation highlights for the City and County plan dur-
ing the period between the 2001 and 2009 include the following: 

• Transit ridership has increased by 75%. 
• Bicycling has quintupled with mode share over 10% in many parts of

the city.
• Recycling rates reached 64%. 
• The City saves $4.2 million annually due to reductions in energy use

(~20% of total energy costs and $38 million since 1990). 
• 35,000 housing units have been improved in partnership with utilities

and the Energy Trust of Oregon.
• $2.6 billion in annual savings have resulted from reduction in vehicle

miles traveled.2

The most recent update, the CAP, adopted in 2009, maintains the
sectors of focus of the earlier versions with energy efficiency and re-
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newable energy combined into one. Two additional focus areas were
added to the 2009 plan: preparing for climate change (e.g., climate
change adaptation) and food and agriculture.

The major difference is that the new plan established emissions re-
duction targets for the combined City and County of 40% below 1990
levels by 2030 and 80% by 2050. The 2050 target will require dramatic
emissions reduction. Rather than simply listing this as a lofty but distant
goal, the plan spends considerable time detailing a vision for the future
and actions to be taken now to achieve this vision. The plan includes
both short-term actions that will yield immediate reductions in GHGs
and those that will lay the foundation for the vision for 2050. This 2050
vision included a green economy and long-term improvement of the
quality of life for all community members. One example of this is the
goal of 20-minute neighborhoods “meaning that they (residents) can
comfortably fulfill their daily needs within a 20-minute walk from
home.”3 Strategies such as this were developed through public outreach
events, which were critical given the extent of changes required to meet
the 2050 target. The goal of reducing emissions by 80% requires dra-
matic changes in energy efficiency, energy sources, and travel behavior,
such as a reduction from 18.5 to 6.8 passenger miles per day. 

Another critical step toward full policy integration is currently oc-
curring in Portland with inclusion of climate principles in the compre-
hensive plan update.

Lessons Learned
The Portland city and region have engaged in a long, sustained effort in
developing and implementing planning policy to address climate change.
Over the last two decades, the city and region have achieved some re-
markable GHG reductions. Some of the factors identified by the City as
keys to this success include a focus on co-benefits, development of part-
nerships to aid in implementation, and integration of climate goals into
all aspects of community policy.

Co-benefits can include improved air quality, human health, eco-
nomic savings, and greater convenience. These co-benefits not only aid
in fulfilling a range of other community goals but also yield unexpected
collaborations and garner supporters of the plan. A good example of
co-benefits is a strategy to conduct energy-efficiency retrofits in Port-
land. During the recent economic downturn, few new buildings or

Communities Leading the Way 203



homes were being built. The energy retrofit program offers employ-
ment opportunities in one of the hardest hit industries, construction.
Due to the co-benefit of providing job opportunities, labor unions have
begun to actively support the program.

Forging partnerships with community organizations is viewed by
City staff as a critical component of successful implementation. Port-
land has collaborated more closely than many cities on such relation-
ships. They have not only relied on them to aid in facilitating public
engagement, but have even given responsibility of implementing some
strategies to local organizations. These partnerships provide resources
necessary for implementation in the form of funding, material re-
sources, and labor. This allows the City and County to implement more
of the identified strategies in a timely manner because it expands the re-
sources available to do so.

The strategies included in a CAP touch on all aspects of commu-
nity policy. Over time, these principles should be incorporated into the
various policy documents that govern a community. It is inefficient and
ineffective if the CAP has different strategies than those held in other
City policies such as engineering standards, fleet management, land use,
transportation, and more. The principles in the various CAPs developed
in the region have been incorporated into existing plans as part of stan-
dard periodic updates and found their way into the operating proce-
dures of city departments.

When asked what advice they would give a community just be-
ginning a climate planning process, Portland staff identified two basic
principles. The first is to start with the easy things. Choose lots of ac-
tions that can have immediate impact. Demonstrating effectiveness
quickly can build the momentum and gather the support necessary to
take on larger, more expensive, and longer-term efforts. The second
piece of advice is to learn from others. In the development of the 2009
plan, Portland staff read through the climate action strategies developed
by other cities. A city just beginning the CAP process should examine
these plans, learn from them, and identify strategies that can be modified
or adjusted to maximize local effectiveness.

City of Evanston, Illinois: Empowerment from the Grassroots4

To the citizens of the City of Evanston, Illinois, the decision to prepare
a CAP was the obvious and right thing to do (box 8.2). The commu-
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nity has a long history of an active and engaged citizenry who see the
issue of sustainability as a key to a better future. Leaders in city hall rec-
ognized that waiting for the federal government to solve the problem
was neither sufficient nor likely and that local action could be meaning-
ful and effective. In November 2008, the community completed the
Evanston CAP; built on a cooperative effort among community orga -
nizations, businesses, religious institutions, and government, it showcases
what communities can do when they come together to take responsi-
bility for their actions and plan for a better future.

Over the period of a decade, citizens moved from being loosely
organized around the idea of creating a sustainable city to creating a
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Box 8.2
City of Evanston, Illinois, Summary

Plan Title: Evanston Climate Action Plan

Publication or Adoption: November 2008
Plan Author: Community-based task forces organized by the Network for Evanston’s Future
City Population: 73,181a

GHG Emissions Inventory Year: 2005
GHG Emissions Total: 1.02 MMT CO2e
GHG Emissions Profile:

— Commercial 58%
— Residential 26%
— Transportation 14%
— Other 2%

GHG Emissions Reduction Target: 7% below 1990 by 2012
Plan Highlights:

— Encourage mixed-use, green, high-performing, transit-oriented development. 
— Investigate the feasibility of offshore wind power generation in Lake Michigan.
— Promote local food production, farmer’s markets, and food co-ops.
— Establish Evanston’s Climate Action Fund, a local carbon offset program.
— Work with the twenty largest local businesses, industrial and institutional energy con-

sumers to establish and meet energy-efficiency and greenhouse gas emissions reduction
targets.

— Support efforts to make biodiesel commercially available to residents and businesses.

Source: City of Evanston, Illinois. http://www.cityofevanston.org/pdf/ECAP.pdf.
a “2006–2008 American Community Survey 3-Year Estimates,” American FactFinder, U.S. Census
 Bureau, http://factfinder.census.gov.



 visionary and ambitious CAP. Creation of the plan involved organizing
these motivated citizens into teams to assist in inventorying the city’s
GHG emissions, develop potential strategies to reduce these emissions,
and compile them into a guiding document that could be successfully
implemented. The mayor of Evanston, Elizabeth Tisdahl,5 described
this as a “wonderful process.” The “wonder” of Evanston is the com-
munity’s ability to build coalitions of organizations and volunteers
through a truly grassroots effort that was not controlled by city hall. 

In the late 1990s, a group of citizens interested in sustainability and
the role of the faith community formed the Interreligious Sustainability
Project. They held numerous public forums to present and discuss sus-
tainability ideas, and they sought to build a network of interested citi-
zens. This is often referred to as building social capital. The citizens of
Evanston weren’t organizing to specifically address climate change or
any particular environmental issue at all. Instead they were laying the
groundwork for future action by educating, inspiring, and networking.
This social capital paid dividends several years later with the forma-
tion of the Network for Evanston’s Future. Although this level of social
capi tal may not be necessary for a successful planning effort, it was per-
ceived by community leaders as inspiring the process and making it
more efficient and effective.

With the community coalescing under the Network for Evans-
ton’s Future, the city government began the initial steps for climate ac-
tion planning. In 2006, the Evanston City Council voted unanimously
to sign the U.S. Mayors Climate Protection Agreement, and State Rep-
resentative Julie Hamos committed some of her discretionary funds to
support an Office of Sustainability in the mayor’s office. With the City
on board and the Network for Evanston’s Future organizing the volun-
teer labor, Evanston was positioned to engage in climate action plan-
ning. The plan describes the process:

Rather than hire a consultant or have City staff author a plan for
the community, the City embarked on a unique, collaborative
partnership with the Network for Evanston’s Future, a local sus-
tainability coalition. Nine task forces were established; each with
one City [government] and two citizen co-chairs, and the plan-
ning process was launched at a community meeting in November
2007 that was attended by more than 130 community members.
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Participants were invited to join one of the nine task forces and
help develop the recommendations of the Evanston Climate Ac-
tion Plan (ECAP). In a remarkable display of citizen action, the
task forces worked through the winter to research recommenda-
tions. A draft ECAP was presented to the community in May
2008 at an Earth Month event attended by more than 300 com-
munity members.6

The nine task forces covered the following areas:

• Transportation and land use
• Energy efficiency and buildings
• Renewable energy resources
• Waste reduction and recycling
• Food production and transportation
• Forestry, prairie, and carbon offsets 
• Policy and research
• Education and engagement 
• Communications and public relations

Task force membership was open to anyone in the community
who volunteered, which in the case of the Energy Efficiency and
Building Task Force, meant about thirty people at first. Although the
number dwindled over time, a common problem with volunteer labor,
there remained a sufficient core of committed citizens. The task forces
were given a blank slate and met monthly for about one year. Often cit-
izens are expected to respond to recommendations generated by gov-
ernment experts. But in Evanston the task forces started with their own
brainstorming and defined their own rules for valid ideas. This open,
grassroots approach was good for getting numerous creative ideas but
also presented a challenge for managing the meetings and information.
Ultimately the co-chairs—a local government staff member and a citi-
zen volunteer—played a strong role in managing the process so that it
was effective, and the City staff, although primarily there just to repre-
sent city interests, helped consolidate ideas into a coherent plan.

The resulting Evanston CAP first explains the consequences of
climate change for the region and then explains Evanston’s contribu-
tion to this problem through an inventory of its GHG emissions. The
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forecasted consequences of climate change for the Midwest include the
following:7

• Temperatures in the northern portion of the Midwest are projected to
increase by 5 to 10°F by the end of the century.

• Precipitation is projected to increase another 10 to 30% over the region,
with much of it coming from heavy and extreme precipitation events.

• Higher temperatures will lead to increased evaporation and lower water
levels in the Great Lakes.

• Increased evaporation will also cause soil moisture deficits and more
drought-like conditions in much of the region.

Although Evanston on its own cannot counteract climate change and
stop or slow these trends, the community knew it had a responsibility to
do its part. According to the baseline inventory, the Evanston com -
munity emitted 1.02 MMT CO2e in 2005, mostly due to energy con-
sump tion for residential, commercial, and industrial uses.

The plan contains over 200 emissions reduction strategies; “when
added together, the strategies have the potential to reduce Evanston’s
emissions by 245,380 MTCO2E, representing nearly twice the reduc-
tion goal of 140,104 MTCO2E.”8 To implement these strategies the
community divided responsibility between the city government, as led
by the Sustainability Coordinator in the mayor’s office, and the com -
munity, led by Citizens for a Greener Evanston (CGE), which evolved
from the Network for Evanston’s Future. As of 2010 the community
had made progress on several of the 200+ strategies; for example, they
had expanded car-sharing opportunities, added downtown bike racks,
launched a local carbon offset program, adopted a citywide green build-
ing ordinance, built a green fire station, and improved the energy effi-
ciency of numerous homes, businesses, and public buildings.

Despite its successes, Evanston faces a number of challenges in im-
plementing its plan. A visionary and complex idea to place wind tur-
bines in Lake Michigan has met with skepticism. Infill development
using the transit-oriented development principle has met with concerns
over the negative impacts of density. Enhancing transit to address re-
gional commuting runs up against the reality of the Chicago region’s
politics. And of course money is limited. Though, as Mayor Tisdahl re-
minds those considering climate action planning: “local government is
where the action is—it is where things happen.”
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Lessons Learned
Evanston citizens felt like they could not wait for the state or federal
government to take steps to alleviate the climate change problem. Be-
fore doing formal planning they built social capital and collaborations,
called on organizations already doing good climate action work, and
began to build the political will in the community. They then organized
and educated themselves and showed that motivated citizens, with sup-
port from city hall, can successfully prepare a CAP.

Evanston’s impressive success in getting a few hundred citizens 
to participate in the planning progress was tempered by the reality of
having to manage the input and expectations of that many people. They
suggest spending time up front developing the mechanism for managing
a successful public participation program such as addressing meeting
management including rules of participation, communication methods
among all the organizations and individuals, and methods for making
final decisions. 

The Evanston CAP has many strategies that will be implemented
by entities within the community such as businesses, nonprofit organi-
zations, and community groups. It is not clear at this point where the re-
sources will come from to implement these strategies or how these
entities can be held accountable. When depending on community-based
entities, rather than government agencies, to implement strategies there
should be significant discussion of these implementation issues.

Evanston found preparing a GHG inventory to be a significant
burden that distracted from the planning efforts. They felt that seeking
expert assistance on this particular task would free up volunteers to
focus on policy and action.

City of Pittsburgh, Pennsylvania: The Power of Partnerships9

Like the Evanston plan, the Pittsburgh CAP is the result of a grassroots
community effort, rather than a product exclusively of the municipal
government (box 8.3). The Pittsburgh climate action planning process
was community initiated and catalyzed by several organizations. In
2006, the Green Building Alliance, with then mayor Bob O’Connor,
convened the Green Government Task Force of Pittsburgh to begin
discussions of addressing sustainability and climate change. At the same
time, Green Building Alliance partnered with Carnegie Mellon Uni -
versity students and faculty to develop the City’s first GHG emissions
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inventory. In addition the Surdna Foundation, a private grant-making
foundation, helped bring in and fund the nonprofit Clean Air–Cool
Planet to provide technical expertise and write the plan. The city gov-
ernment was a partner in the process but did not take the lead or over-
sight role. In Pittsburgh, climate action planning was a stakeholder-based
process to produce a plan with investment from all sectors.

The Pittsburgh Greenhouse Gas Emissions Inventory was completed
in 2006 by a student and faculty research team from the Heinz School
at Carnegie Mellon University. The baseline year for analysis was 2003
because this was the earliest year that complete data were available. The
team used ICLEI’s Cities for Climate Protection software to organize
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Box 8.3
City of Pittsburgh, Pennsylvania, Summary

Plan Title: Pittsburgh Climate Action Plan, Version 1.0

Publication or Adoption: June 2008
Plan Author: Pittsburgh Green Government Task Force
City Population: 295,988a

GHG Emissions Inventory Year: 2003
GHG Emissions Total: 6.6 MMT CO2e
GHG Emissions Profile:

— Commercial 56%
— Residential 18%
— Industrial 6%
— Transportation 20%

GHG Emissions Reduction Target: 20% below 2003 by 2023
Plan Highlights:

— Plant over 20,000 trees throughout the city in the next five years.
— Convert traffic signals to LED lights saving nearly $70,000 annually for a 15%

 conversion.
— Create a full-time city sustainability coordinator.
— Require LEED (green building) certification for all municipal buildings.

Source: City of Pittsburgh, Pennsylvania. http://www.pittsburghclimate.org/index.htm.
a “2006–2008 American Community Survey 3-Year Estimates,” American FactFinder, U.S. Census Bu-
reau, http://factfinder.census.gov.



and analyze GHG emissions data. The City emitted about 6.6 million
tons of CO2e GHGs in 2003. Of these emis sions, 56% were attributable
to the commercial sector, 18% to the residential sector, 6% to the indus-
trial sector, and 20% to the transportation sector. Another way to look at
the emissions is by fuel type; in this case 72% of the city’s emissions
were from burning fossil fuels for electricity. Because the city’s popula-
tion is not growing—and perhaps is shrinking—the business-as-usual
(BAU) forecast shows about a 2% reduction by 2015. The plan estab-
lished a GHG emissions reduction target of 20% below 2003 by 2023
that was based on a review of peer communities and feasibility discus-
sions of the task force. 

The plan contains recommendations for government, business and
industry, the community at large, and higher-education institutions.
These recommended measures describe the action to be taken, the cost
and savings, the time frame, and the resulting GHG reductions. The fol-
lowing is a list of some of the more innovative measures:

• Plant over 20,000 trees throughout the city in the next five years.
• Create a full-time city sustainability coordinator.
• Require Leadership in Energy and Environmental Design certification

(green building)  for all municipal buildings.

To fund implementation of the plan, Pittsburgh is using a combination
of funding sources, including state and federal grants. In 2008, Mayor
Ravenstahl created a Green Trust Fund of $100,000. This seed money
came from the savings that resulted from beginning to purchase elec-
tricity through a reverse auction. As the City implements energy-saving
projects, it can roll the savings back into the trust fund to fund contin-
ued energy improvements.

By summer 2007 the planning process was well under way. The
Green Government Task Force, a group of twenty-nine community
leaders representing a wide array of interests, established five working
groups in the areas of business, community, higher education, munici-
pal, and communications. Visioning meetings were held in numerous lo-
cations around the city and citizens were asked for their ideas. These
ideas were collected and disseminated to the working groups. Clean
Air–Cool Planet and Green Building Alliance worked with the working
groups to develop sections of the plan. The Green Government Task
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Force reviewed the draft plan over several meetings. In August 2008, the
plan was adopted as a guiding document by the city council and Mayor
Luke Ravenstahl. According to the plan, the community undertook this
effort “to reduce the impacts of local and global climate change, im-
prove the local environment and the local economy, and enhance Pitts-
burgh’s reputation as an environmentally progressive city.”10 In this state-
ment, Pittsburgh is identifying numerous benefits of developing a CAP.

To implement the plan,the Pittsburgh Climate Initiative was formed
as an umbrella for the following organizations (with roles shown):11

• Management: Green Building Alliance—Pittsburgh Climate Initiative fa-
cilitator and convener, manages measurement and verification of Pitts-
burgh’s reduction goal, which is to reduce GHG emissions 20% below
2003 levels by 2023.

• Government: City of Pittsburgh and Allegheny County governments—
working to reduce GHG emissions from City and County operations
facilities.
– Pennsylvania Environmental Council—working directly with Al-

le gheny County on GHG inventories and action plan for county
 authorities. 

• Community: Citizens for Pennsylvania’s Future—community outreach
leader of The Black and Gold City Goes Green initiative, which tracks
individual actions to reduce GHG emissions.

• Business: Sustainable Pittsburgh—Business Climate Coalition convener.
• Higher education: the Higher Education Climate Consortium (HECC)

actively engages all Pittsburgh region colleges and universities to col -
laborate, share information, and set goals so that HECC organizations
can align with Pittsburgh’s overall GHG reduction goal. At their re-
quest, HECC is convened by Green Building Alliance.

Pittsburgh has chosen a decentralized approach for implementing its
CAP. The Pittsburgh Climate Initiative partners meet once per month
to coordinate on implementation of the plan.

At the City of Pittsburgh, responsible for the municipal section of
the plan, the mayor created a sustainability coordinator position (later
ratified by the city council) and a Sustainability Commission to oversee
implementation of the plan. In fall 2010, the City completed its second
GHG inventory, using baseline 2008 data.As of late 2010 the City had
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completed or was fully in progress on eighteen of the twenty-three mu-
nicipal emissions reduction measures.

Pittsburgh has begun the process of updating the plan with a focus
on developing more specific emissions reduction strategies and measur-
able targets. For example, the City will be considering a specific renew-
able energy target for supply of city energy needs. In addition, the
update will tackle some of the more challenging areas for emissions re-
ductions that were not addressed in the first plan.

Lessons Learned
In Pittsburgh, strong leadership from the mayor and the formation of a
green ribbon–style task force of prominent community leaders was an
important first step in creating a CAP. These community leaders repre-
sented a diverse set of important sectors in the Pittsburgh economy.
Forming this type of coalition of local partners built broad support for
the plan and ultimately improved the quality of the plan.

With the large number of participants and partners involved in the
Pittsburgh planning process, establishing a clear organization with as-
signed roles and responsibilities early in the process proved to be critical
to an efficient planning process. Perhaps most importantly, the role of
city government was clarified in the process since it was acting as one of
the partners and not as the lead planning entity.

Finally, Pittsburgh took a unique approach to implementation by
assigning it out to different groups rather than housing it under one
nonprofit agency or City department as is usually the case. For this, get-
ting the right people in the room—those with working knowledge in
their sectors—was important for developing and implementing emis-
sions reduction strategies. 

City of San Carlos,California: Integrating CAPs 
and General Plans12

To understand some of San Carlos’s choices, it is important to recognize
that the California context for climate action planning is different from
other states. Through a series of governor’s executive orders, legislative
acts, and court rulings the state has created compelling incentives for
preparing a local CAP. State law directs that GHG emissions must be
considered in most planning and development decisions, and reduction
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strategies should be implemented as feasible. Most local governments
are finding that the clearest way to meet these requirements is to create
a CAP rather than deal with them incrementally or through other
 policy instruments. Most planners, attorneys, and their professional asso-
ciations are recommending the same, thus making local climate action
planning in California as close to a mandate as exists in the United
States.

In 2008, the San Carlos City Council adopted the “City of San
Carlos Climate Protection Letter” (box 8.4). The letter committed the
City to act to protect the climate but it also called on the federal and
state governments to do their part. Prior to this the City had already
shown a commitment to addressing climate change by being a charter
member of a regional effort called the Silicon Valley Climate Protection
Initiative and by developing the Community Solar Discount Program
in partnership with Solar City and San Carlos Green. The City of San
Carlos is an example of a community that had already made significant
commitments to GHG reductions, energy efficiency, and overall sustain-
ability before starting the climate action planning process; it was not just
responding to the state’s new push for climate action planning.

The City followed these actions by adopting the San Carlos 2030
General Plan and City of San Carlos Climate Action Plan (CAP) in Octo-
ber 2009. The planning process was led by the City’s Community De-
velopment Department with support from a three-member Climate
Action Plan Subcommittee of the General Plan Advisory Committee
and a consulting firm specializing in climate action and sustainability.
The process took about two years and included numerous public work-
shops as well as participation by several community and regional public
(and quasi-public) agencies involved in transit, housing, environment,
public health, air quality, law, and economic development. The City
community development director described the process: “Our commu-
nity put forth a tremendous and thoughtful two-year effort on these
important plans for our future. It was a collaborative effort involving San
Carlos youth, residents and businesses. The process also involved many
partnerships and resources throughout the region.”13

The most innovative aspect of the CAP was that it was developed
in parallel with the General Plan and integrated into the City’s General
Plan. This was done by linking land use and transportation policies and
programs in the General Plan to measures to reduce GHG emissions in
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the CAP. In addition, all of the strategies identified in the General Plan
and CAP are integrated into a single implementation plan that addresses
phasing, method of implementation, the entity responsible for imple-
mentation, and cost. This integration was facilitated by forming the Cli-
mate Plan Committee as a subcommittee of the General Plan Advisory
Committee. This integration of climate action planning and general or
comprehensive planning has little precedent but will likely become a
more common practice.
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Box 8.4
City of San Carlos, California, Summary

Plan Title: City of San Carlos Climate Action Plan

Publication or Adoption: October 2009
Plan Author: City of San Carlos Planning Department and the General Plan Advisory Com-

mittee (GPAC) Climate Action Plan Subcommittee, with consulting services from PMC,
Inc.

City Population: 28,652a

GHG Emissions Inventory Year: 2005
GHG Emissions Total: 267,237 MT CO2e
GHG Emissions Profile:

— Commercial and Industrial 20%
— Residential 18%
— Transportation 56%
— Waste 5%

GHG Emissions Reduction Target: 15% below 2005 levels by 2020, and 35% below 2005
levels by 2030

Plan Highlights:
— Integrated land use and transportation policies and programs in the Environmental

Management Element of the General Plan with measures to reduce GHG emissions
in the CAP.

— Increase overall solid waste diversion to recycling by at least 1% per year.
— Provide for increased albedo (reflectivity) of urban surfaces including roads, driveways,

sidewalks, and roofs in order to minimize the urban heat island effect.

Source: City of San Carlos, California. http://www.cityofsancarlos.org/generalplanupdate/whats_new
_/climate_action_plan___adopted.asp.
a “2006–2008 American Community Survey 3-Year Estimates,” American FactFinder, U.S.
Census Bureau, http://factfinder.census.gov.



In addition to the general plan integration, the City of San Carlos
CAP is innovative in the way it addresses establishing and achieving the
GHG reduction target. The CAP’s goals for GHG reductions, 15%
below 2005 by 2020 and 35% below 2005 by 2030, were established
consistent with the state’s California Global Warming Solutions Act (AB
32). The CAP established twenty-three strategies for reducing GHG
emissions and achieving the target. Prior to setting the City’s reduction
strategies, the City forecast emissions to account for state initiatives that
require utilities to increase the amount of renewable energy in their
portfolios and changes aimed at reducing GHG emissions from auto-
mobiles. The City of San Carlos has taken the prudent measure of ac-
counting for external change in order to set a more realistic level of
local responsibility for GHG reductions. The CAP also addresses cli-
mate adaptation and identifies potential adaptation strategies.

In recognition of the plan being “practical and highly imple-
mentable,” the CAP won awards in 2009 and 2010 from the Northern
California Chapter of the American Planning Association.14 The San
Carlos mayor, Randy Royce, had this to say:15

The San Carlos General Plan 2030 represents a significant upgrade
to the City’s planning process. The integration of the 2030 Gen-
eral Plan and the Climate Action Plan is a progressive step in linking
land use with citywide environmental sustainability. These links
have drawn attention to the City’s approach to the General Plan
and Climate Action Plan from cities and agencies across the region.
This award further acknowledges that San Carlos is moving in the
right direction by focusing on Smart Growth goals such as walk-
ability, improving connectivity within the community and strik-
ing a balance between housing, jobs and the El Camino Real
transit corridor.

Lessons Learned
From the beginning San Carlos planned to integrate the CAP with the
community’s General Plan. This was a much better strategy than
preparing the CAP and then trying to make it fit into the General Plan.
This integrated approach ensures full coordination from the goal level
down to the specific program or action level. This integration was so -
lidified through a unified Implementation Program for both plans. San
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Carlos’s actions may be an indicator of a trend toward greater integra-
tion of climate issues across the variety of community plans.

Leadership from the community took some of the burden off of
the City and created a broad base of support for the plan. Residents
formed a nonprofit task force called San Carlos Green and worked with
City staff to facilitate community outreach and involvement. The
Chamber of Commerce created a green business task force which pro-
moted green business practices through a column in its newsletter,
 developed a green business tradeshow, and helped support the county-
wide green business certification program. 

San Carlos made the decision to supplement City staff who were
leading the plan development with a hired consultant specializing in
 climate and sustainability services (PMC, Inc.). The consultant provided
assistance in all phases of the plan process but was most helpful in two
areas. The first was developing the technically demanding GHG emis-
sions inventory and forecasts. Since California communities are now bas-
ing some land use decisions on information from GHG inventories these
inventories must be technically robust and legally defensible. The sec-
ond was to assist with public participation in the planning process. San
Carlos wanted an extensive public outreach and participation program
beyond what staff would be able to manage and deliver on their own. 

Miami-Dade County, Florida: Striving for Sustainability16

Miami-Dade County, Florida, is one of the twelve original members of
the ICLEI Cities for Climate Protection Campaign founded in 1990
(box 8.5). In 1993 the County became one of the first communities 
in the world to create a CAP. Called A Long Term CO2 Reduction Plan
for Metropolitan Miami-Dade County, Florida, it set a GHG emissions re-
duction target of 20% below 1988 levels by 2005 and identified thirteen
areas for emissions reduction. Also, it notably called on the state and fed-
eral government to adopt measures to improve vehicle gas mileage and
energy conservation.

In 2006 the County updated the plan and reported that as a direct
result of the implementation of the plan, the County’s CO2 emissions
reductions averaged 2.5 million tons per year.17 However, Miami-Dade
County’s 27% population growth over the thirteen years of the planning
time frame resulted in an overall increase in emissions. Although the
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plan kept the emissions lower than they might have been otherwise, the
County realized the challenge of reducing emissions in a fast-growing
community. The County also cited the failure of the state and federal
governments to take more aggressive action as part of the problem.

Also in 2006, the County created the Miami-Dade County Cli-
mate ChangeAdvisory Task Force (CCATF),made up mostly of techni-
cal experts in the climate change field, to advise the mayor (the County
is a municipal county) and the Board of County Commissioners. The
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Box 8.5
Miami-Dade County, Florida, Summary

Plan Title: GreenPrint: Our Design for a Sustainable Future

Publication or Adoption: December 2010
Plan Author: Miami-Dade County
County Population: 2,457,044a

GHG Emissions Inventory Year: 2005
GHG Emissions Total: 30.7 MMT CO2e
GHG Emissions Profile:

— Transportation 43%
— Commercial 25%
— Residential 25%
— Waste 4%
— Industrial 3%

GHG Emissions Reduction Target: 20% below 2008 by 2020
Plan Highlights:

— Be green government role models and leaders in energy, fuel, and water efficiency.
— Expand alternative fuel (biodiesel/waste-based biodiesel) and renewable energy

 industries.
— Protect environmental and other lands important for ecosystem and community

 resilience.
— Increase transit ridership including linking the Metrorail to Miami International

 Airport (MIA).
— Make fresh, local, organic food available through grocers, farmer’s markets, and com-

munity gardens.

Source: Miami-Dade County, Florida. http://www.miamidade.gov/greenprint/.
a “2005–2009 American Community Survey 5-Year Estimates,” American FactFinder, U.S. Census Bu-
reau, http://factfinder.census.gov.



task force produced annual reports and investigated new strategies for re -
ducing emissions.Most importantly, the task force kept the County mov-
ing forward with climate action planning that would lead to the next
evo lution of progressive action on energy and environmental issues.

In 2009, ICLEI chose Miami-Dade County as one of only three
communities for pilot testing its new Sustainability Planning Toolkit.
The County saw this as an opportunity to revisit the CO2 reduction
plan, broaden its scope, and use it to coordinate a variety of ongoing
and new activities across departments and the community. The result 
of this process was the GreenPrint: Our Design for a Sustainable Future
(GreenPrint) sustainability plan released in December 2010. Within
GreenPrint is a chapter called the “Climate Change Action Plan,” which
has a GHG emissions inventory, reduction targets and strategies, and its
own distinct identity from the larger sustainability plan.

To develop GreenPrint, the mayor created the Sustainability Advi-
sory Board made up of community leaders from the business, higher
education, and nonprofit sectors. The mayor also established a sustain-
ability director position to oversee the planning and implementation
process. The strategy of Sustainability Director Susanne M. Torriente
was to elicit input and participation from everyone in the community
and treat them as partners in the sustainability effort. Ms. Torriente re-
ported that the process was a positive one and that the sustainability
theme, rather than climate change, helped when dealing with skeptics.
Many saw the proposals in the plan as “common sense” actions that
would improve the “quality of life” in the community, save the com-
munity money due to energy efficiency, or provide other benefits. In a
sense, emissions reduction and climate adaptation became co-benefits
rather than the usual primary benefits. 

Implementation, which is just beginning, is anticipated to be
daunting due to the sheer number of initiatives. Answering questions
from department heads about how to get started, where to find funding,
and how to track progress has been first on the list of things to do. In
addition, the County is reaching out to community partners to support
implementation efforts, particularly for in-kind services. One of the an-
ticipated keys to success is the County’s decision to tie the plan to the
budget process by developing a sustainability scorecard that is consistent
with the County management scorecard for measuring progress (key
component of allocating resources). In addition, sustainability is being
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integrated into regular County operations so that funding is not seen as
competing, and moreover, showing departments how to save money.
For example, a “cool roof” installation at one of the County libraries
has saved $1,000 per month on electricity costs.

Miami-Dade County has a Comprehensive Development Master
Plan (CDMP) that “expresses the County’s general objectives and poli-
cies addressing where and how it intends development or conservation
of land and natural resources will occur during the next ten to twenty
years.”18 The County’s Planning and Zoning Department was involved
throughout the whole planning process to ensure that GreenPrint and
the CDMP were consistent with each other. The goal is that GreenPrint
can serve as a focusing and implementing tool for the long-range goals
in the CDMP. In addition, the graphics-heavy, user-friendly GreenPrint
is a great public relations tool for the more technical, regulatory
CDMP; it says many of the things the CDMP says in a much more ac-
cessible way for the public and county officials.

Miami-Dade County is not finished planning. The County is now
building on the success of the ICLEI Sustainability Planning Toolkit by
participating as a pilot community for ICLEI’s Climate Resilient Com-
munities (CRC) Program to develop a climate adaptation plan. In addi-
tion, Miami-Dade County has joined with Broward, Palm Beach, and
Monroe Counties to form the Southeast Florida Regional Climate
Change Compact with the purpose of preparing a regional CAP.

Lesson Learned
According to Miami-Dade County, one of the most important lessons
learned was that an issue could be studied for years, but that this should
not delay getting started. To get started, the County secured strong and
vocal support from the mayor and board, created a sustainability director
position, and staffed it with someone good at planning, organization,
and task management. This was critical for the success of climate action
planning in a complex urban county with so many regional assets.

Building peer relationships and community partnerships proved 
to be key for Miami-Dade County. The County reached out to numer-
ous communities that had completed sustainability plans and CAPs to
learn about their experiences and get advice. In particular the County
received great help from the City of New York, which has recently
completed its PlaNYC sustainability and climate action plan. In addition
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the County received significant technical support from the National
Oceanic and Atmospheric Administration Coastal Services Center and
had the strong backing of the local tourism board, which represents a
major part of the south Florida economy.

Many communities struggle with how to get people interested in
and supportive of climate action planning. Although the impacts of cli-
mate change seem like they would constitute an important motivator,
the County found that this tended to scare or put people off. Instead,
the County focused on energy efficiency and quality of life benefits and
found the public and officials much more receptive. Figuring out what
is important to the community when starting the process is a key to
success.

Finally, the County found the process to be very iterative. In other
words, as staff moved through the process and tried things or learned
new information they sometimes had to back up and do things over.
For example, some of the ICLEI tools proved to be too complicated to
work with so participants in the process had to revise the tools and start
again. The County advised participants not to be afraid to jump in and
get to work.

City of Homer, Alaska: Big Plans in Small Places19

The City of Homer, home to just under 6,000 residents, is located on
Kachemak Bay in south-central Alaska. The Homer CAP20 represents a
proactive approach to climate action planning taken by a small commu-
nity, demonstrating that climate action planning can and should occur
in all city types, locations, and sizes (box 8.6). The plan was developed
by the local Global Warming Task Force in collaboration with ICLEI–
Local Governments for Sustainability (ICLEI). The task force coordi-
nated community outreach efforts, data collection, and strategy devel-
opment. A critical lesson learned from Homer is that a CAP is only as
effective as the implementation that occurs following plan adoption.
Homer has not only begun implementing individual policies in the plan
but has laid a foundation that will support long-term effectiveness.
These measures include integration of CAP strategies into the compre-
hensive plan and economic development plan, establishment of funding
mechanisms to support strategy implementation, and organization of a
process for monitoring data to track implementation.
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In September 2006, Mayor James C. Hornaday attended a confer-
ence on climate change. This event sparked a series of actions that cul-
minated in the adoption of a CAP a year later. Local action to initiate
the process began with establishment of the Global Warming Task
Force followed by joining ICLEI. The task force was formed by solicit-
ing applications from interested community members who were subse-
quently approved by the city council. Staff support was provided by the
city manager’s special projects coordinator, who provided informational
and organizational resources. The climate planning process began with
an evaluation of CAP development and strategies employed by other
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Box 8.6
City of Homer, Alaska, Summary

City of Homer Climate Action Plan

Publication or Adoption: December 2007
Plan Author: Community-Based Global Warming Task Force and City staff
City Population: 5,667a

GHG Emissions Inventory Year: 2006
GHG Emissions Total: 135,621 Tons CO2e, backcast to year 2000: 98,123 tons CO2e
GHG Emissions Profile:

— Commercial 36%
— Residential 24%
— Transportation 21%
— Marine 17%
— Waste 2%

GHG Emissions Reduction Target: 12% below 2000 by 2012 and 20% below 2000 by 2020
Plan Highlights:

— Clear articulation of reasons for Homer to engage in climate planning
— Goals to pursue feasibility assessment of renewable energy generation
— Establishment of ongoing, detailed data collection to track implementation
— A diversity of funding mechanisms identified to support implementation
— Identification of adaptation measures that recognize the need for close ties to science

entities and a systemwide approach
— Integration of climate action planning principles in other city policy, including the

comprehensive plan and economic development plan

Source: City of Homer, Alaska. http://www.cityofhomer-ak.gov/citycouncil/climate-action-plan.
a “2005–2009 American Community Survey 5-Year Estimates,” American FactFinder, U.S. Census Bu-
reau, http://factfinder.census.gov.



U.S. cities and local public outreach and education. After this evaluation,
CAP development followed the standard sequence of conducting an
emissions inventory and then developing GHG reduction strategies and
adaptation measures.

Adoption of the completed CAP was the next hurdle. In the end,
it was approved by a 3–3 vote, with the mayor breaking the tie. CAP ad-
vocates credit the outpouring of community support along with the
political savvy of the task force chair, who was a former city council
member, in achieving passage of the plan.

The CAP itself spends considerable time explaining the reasons
for Homer to engage in local climate policy development, including the
particular threats posed by climate change to northern-latitude locations
like Homer, the local public policy opportunities, the chance to serve as
a leader in the State of Alaska, and the ethical basis for taking action.
Following a summary of climate science and the local GHG emissions
inventory, the CAP establishes reduction measures in the following sec-
tors: energy management, transportation, purchasing and waste reduc-
tion, and outreach and advocacy. Reduction strategies of note include
specific direction for updating the City’s comprehensive plan, renewable
energy pilot programs, aggressive energy-efficiency contract conditions
for city facilities, establishment of a bike-library, nonmotorized trans-
portation and trails plan implementation, and detailed regional advocacy
goals. The reduction measures chapter is followed by chapters detailing
adaptation measures and implementation.

The adaptation chapter demonstrates a clear understanding of the
dynamic context in which climate adaptation must occur. It begins 
by addressing the challenges presented by the ongoing evolution of cli-
mate science by tightening the feedback loop between science entities
and city policies though a relationship with the University of Alaska–
Fairbanks Center for Climate Assessment and Policy. In addition, the
listed policies demonstrate recognition that the adaptation strategy must
address not only structural threats and emergency preparedness but also
the many other sectors of city function that may be impacted. There are
strategies that identify the need to assure a resilient economic sector,
improve communication networks, and support a well-informed popu-
lation through education.

Following identification of reduction and adaptation measures is a
chapter detailing a wide variety of funding mechanisms. While not bind -
ing, the range of potential funding sources identified in the plan allows
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for flexibility to assemble varying combinations of revenue to support
the strategies identified. These implementation tools include parking
fees, carbon tax, state and federal grants, offset programs, and the savings
from energy efficiency upgrades.  These funds are to be held in a newly
established Sustainability Fund. The plan continues by providing a list of
specific projects and programs that the fund would be used to support.

Lessons Learned
Over the three short years since Homer’s CAP was adopted a tremen-
dous amount has been accomplished. The biggest lesson to be learned
from the experience of climate planning in Homer is the importance 
of implementation. Achievements include establishment of ongoing
moni toring and a protocol for reporting, funding mechanisms, edu -
cational programs, and integration of climate planning principles into
many existing City plans. These accomplishments can be attributed to
the practical nature of the plan, continued involvement and advocacy by
community members, and the political will of the City leadership.

Many of the indicators defined as part of a city’s CAP are already
collected as part of standard operations. The challenge for many cities is
often that these data are housed in a variety of different offices, and
there is no person or department that collects all relevant data and evalu -
ates implementation success. The City of Homer Climate Action Plan Im-
plementation Project Final Report21 provides detailed energy information
to serve as the foundation for implementation of strategies in all city-
owned facilities regardless of department or function. This report also
established a protocol and central location for continued monitoring of
implementation progress. The development of this resource will allow
for progress reports and plan updates to be more easily assembled and
informed decisions to be made. A Revolving Energy Fund was estab-
lished to provide revenue for energy efficiency projects in city facilities.
Already this fund has been used to support detailed energy audits and
efficiency upgrades at sixteen facilities.22

A resource that has received attention from many other jurisdic-
tions, most of them outside the state of Alaska, is a guidebook devel-
oped for City employees titled “Money, Energy, and Sustainability.”23

This guidebook was the first of its kind in the United States and pro-
vides guidelines for reducing energy use and waste production for all
City operations. A strategy such as the guidebook is a critical comple-
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ment to the facilities upgrades and monitoring described earlier. By en-
gaging and educating the staff that operate and work in these facilities,
the guidebook increases the likelihood of reaching and exceeding the
emissions reduction targets for government operations.

Similar to achievements in government operations, progress has
been made in implementation of community-wide strategies. One of
the most impressive steps taken in implementation was the revision of
the comprehensive plan adopted in 2010 to include climate planning
principles, primarily housed in a new chapter titled “Energy.”24 Inte-
grating the CAP goals into the comprehensive plan allows for consis-
tency in City policy as well as improves the likelihood that emissions
reduction and climate adaptation are integrated throughout City gover-
nance. For example, the 2011–2016 Capital Improvement Plan25 includes
projects focused on facility upgrade and renewable energy. Renewable
energy goals have also been implemented through approval of a new
ordinance allowing wind turbines on private property. Transportation
and land use strategies have been pursued through integration of smart
growth principles and enhanced walkability.

Climate adaptation has been integrated into existing plans as well.
In February 2011, an economic development plan26 was adopted that is
consistent with the revised comprehensive plan and addresses many of
the challenges that climate change may present to the city. The plan in-
cludes goals such as food security, renewable energy generation, respon-
sible fisheries management, and local smart growth principles, including
affordable housing. The adaptation chapter of the Homer CAP focused
on development of a resilient economic sector, including housing, en-
ergy, and local knowledge. The economic plan further articulates these
goals and demonstrates one more way in which Homer has taken the
critical step of integrating emissions reduction and adaptation through-
out city policy.

One of the phrases heard during public testimony in support of the Cli-
mate Action Plan is that implementation of the plan is not only the right
thing to do, it is also the smart thing to do. Most of the measures rec -
ommended in this plan would be prudent even if climate change did not
exist.

Mayor James C. Hornaday, City of Homer,  Alaska
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Chapter 9

Time to Take Action

As we continue to tackle our environmental challenges, it’s clear that change won’t
come from Washington alone. It will come from Americans across the country who take
steps in their own homes and their own communities to make that change happen.

U.S. President Barack Obama in a speech on 
“A New Foundation for Energy and the Environment”

http://www.whitehouse.gov/issues/
energy-and-environment/new-foundation

Strategic local plans focusing on the reduction of greenhouse gas
(GHG) emissions and increasing a community’s resilience in the face of
unavoidable climate impacts are being pursued nationwide. The devel-
opment of these climate action planning strategies, which are either in-
cluded in a stand-alone plan or incorporated into comprehensive land
use plans or sustainability plans, is likely to continue into the foreseeable
future. Development of these plans represents a unique opportunity for
communities not only to contribute to solving a global problem but to
position themselves to thrive well into the future. Climate action plan-
ning should be seen as a chance for communities to control their own
destiny in the face of shifting conditions, and to act as leaders in the for-
mation of effective, innovative climate policy. 

The Case for Immediate Action

We humans have been contributing GHG emissions into the at mo -
sphere for generations. Communities may ask: Why take action now?
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Why not wait until we know more? We offer three reasons for commu-
nities to take immediate action to reduce their GHG emissions and pre-
pare for the local impacts of climate change. 

The Longer We Wait the Harder It Will Get

The impacts of the accumulation of GHGs in the atmosphere have
only been recognized as tied to climate change in the last few decades
partly because the concentrations have reached levels where the out-
comes are more directly observable. Just as it has taken many decades to
create the problem, the solution will require prolonged effort. Climate
action planning seeks to reduce emissions that are contributing to the
problem and reduce vulnerability to those impacts that are unavoidable. 

The benefits from emissions reductions will not be felt for many
decades. This alone should be motivation to take action sooner rather
than later; however, it can also be viewed as an excuse to delay action. 
In this case, communities should be concerned about GHG reduction
expectations based on international treaty or federal or state mandate.
Many of these, such as the Kyoto Protocol or the California Global
Warming Solutions Act, have established emissions reduction targets.
The longer a community waits to take action the more aggressive, and
often expensive, these actions will need to be to meet stated goals. In 
the future these goals may become mandates that require local action.
Cities that take action now are best positioned to satisfy future policy
requirements.

In the case of adaptation, the motivation to take immediate action
is much more urgent. Many communities face projected climate change
impacts that could have far-reaching consequences for a city’s infra-
structure, economic base, and public safety. What should prompt imme-
diate action is the fact that addressing some of these changes will take
considerable time and investment. If climate change impacts potentially
place infrastructure such as airports, marine ports, wastewater treatment
plants, or major roadways at risk, the resulting damage can be costly in
terms of both loss of life and financial loss. For example, if a city’s
wastewater treatment facility is located near a shoreline, sea level rise or
flooding may place the physical structure at risk. If the facility is viewed
as so vulnerable that it should be moved, a community would have to
identify a new site, obtain funding, build the new facility, and reroute
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sewer infrastructure to reach the new facility. These steps will all take
time and money. A city facing projected climate change impacts cannot
afford to delay planning.

Communities Can Achieve Long-Term Success

Acting now to develop GHG emissions reduction and climate adapta-
tion strategies allows communities to control their own destiny. Climate
action plans have the power not only to reduce vulnerability to the haz-
ards associated with climate change but to position a city to thrive eco-
nomically, environmentally, and socially well into the future. The needs
to reduce GHG emissions and adapt to unavoidable consequences are
likely to be considerations in policy development for many decades.
These goals are compatible with the many other goals of local govern-
ments such as housing, environmental protection, and economic devel-
opment. The development of a comprehensive, integrated climate
action plan presents an opportunity for communities to take measures
that can meet a range of local needs now and well into the future.

The emission of GHGs is a result of how our energy is produced
and the efficiency with which it is used; the manner in which people
move around a community; the products purchased and the manner in
which they were made; and the methods of solid waste disposal. These
choices are influenced by local urban form, climate, culture, economic
conditions, values, employment base, and a host of other local character-
istics. While the overarching goals of climate policy may be shared, the
most effective and lasting climate planning strategies will acknowledge
and build on local context. Accounting for the local environmental,
economic, political, and social setting in the development of a climate
action plan provides a great opportunity to incorporate strategies that
not only meet the global needs of climate change but situate a commu-
nity for long-term livability. For example, a shift in transportation mode
share from single-occupant vehicles to bus, bike, and pedestrian travel to
reduce GHG emissions is also likely to improve public health due to in-
creased physical activity and improved air quality. Improved energy effi-
ciency in homes reduces the utility bills of residents. Strategies that seek
to foster a green business community are likely not only to reduce the
emissions associated with the commercial and industrial sector but also
to create an economic stimulus and foster job creation. 
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Sustained collaboration on climate action planning strategies can
foster community support and security. Community members experi-
ence the outcomes of these actions, from safer streets to great economic
stability. Over time, these actions yield a slow shift in local culture and
understanding. The implementation of climate planning strategies can
yield an improved global condition as well as a community that is vital,
livable for all residents, and economically resilient. Climate action plan-
ning becomes, simply, good community planning.

Communities Are Positioned to Innovate and Lead

The federal government has struggled to formulate and pass climate
change legislation. Even when countries or international organizations
succeed, the policies represent compromise. This is to be expected given
the diversity of interests and issues at large spatial scales; actions taken at
these scales are often broad in scope and less able to be experimental or
innovative. Local communities are the entities best positioned to inno-
vate in the realm of climate action planning.

A community that makes a long-term commitment to climate
planning goals should treat strategy development as an adaptive process.
Some strategies may not work, but others will prove effective. Each
community represents a unique local setting from the biophysical to the
sociopolitical. Strategy development built from a laundry list of actions
used elsewhere will only be successful if adapted to the specific chal-
lenges and opportunities presented by any given community. Local gov-
ernments have the opportunity to be incubators for new climate action
planning strategies that can be tailored or adjusted to meet the needs of
others. 

Climate action planning is a new enough area of policy develop-
ment that innovative ideas and approaches are critical to assure wide-
spread success. The long-term nature of climate planning efforts gives
communities room to experiment. However, experimentation requires
a firm commitment to monitoring. The feedback loop provided by
monitoring of GHG emissions and implementation of reduction mea -
sures allows for adjustments to be made and areas of success or failure to
be identified. 

Many areas of climate action planning rely on voluntary behavior
such as the choice to drive or walk or the choice of housing type. Cli-
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mate action plan strategies can render some behaviors inconvenient or
expensive and others easier or cost-effective, but these behaviors cannot
be directly addressed through policy. Community culture and values
change with time. Engaging in a climate action planning process repre-
sents a long-term commitment. As local culture changes, there are
strategies that may have been ineffective in the past that prove effective
in the present. The implementation of strategies and community ac-
ceptance or support of climate policy evolve together. Demonstrated or
observed policy effectiveness can lead to shifts in community views. The
case study of Portland and Multnomah County in Oregon illustrates a
slow evolution in transportation choices that occurred as the govern-
ment focused on providing greater opportunity and convenience with
an expansion of transit, bike infrastructure, and pedestrian safety. As res-
idents began to use these services and opportunities, the societal view of
them began to shift.

Over time, sustained implementation and monitoring of cli-
mate action planning strategies will likely begin to inform the policies
that govern many areas of community operation. In the long term,
 climate planning goals should be integrated into all areas of gov ern -
ment. This normalization of policy would result in the goals of mini-
mizing GHG emissions and exposure to hazards associated with cli-
mate change becoming standard considerations in all decision-making
processes.

Who and for Whom?

Anyone who asks the question, who should do climate action planning
for our community? should consider themselves a candidate for the an-
swer. As shown in the case studies in chapter 8, climate action planning
can be done in city hall, it can be done by nonprofits in the community,
and it can be done by a dedicated and informed citizenry that comes
together for this specific purpose. Those motivated to do climate ac-
tion planning in their community should immediately begin to make
connections and develop partnerships as described in chapter 2. Any
community can do climate action planning, and should. Moreover,
communities can even begin reducing emissions immediately while the
climate action planning process gets started (box 9.1).

Time to Take Action 231



We dedicated this book to our young nephews and nieces. Right
now they know very little of the world around them. They don’t know
that climate change could compromise the social, cultural, and eco-
nomic integrity of the communities in which they live. Right now they
are happy, playful, inquisitive, fulfilled, and loving. Through the actions
described in this book to deal with climate change now rather than
later, we hope to keep them that way.
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Box 9.1
Ten Things Your Community Should Do Right Now 

(Even Before Starting the Climate Action Plan)

1. Switch to energy efficient lighting such as CFLs and LEDs.
2. Upgrade insulation in older residences, businesses, and government buildings.
3. Install solar panels where feasible.
4. Purchase high-fuel-efficiency and clean fuel vehicles.
5. Start or enhance your recycling program.
6. Provide and promote opportunities for transit, bicycling, and walking.
7. Use local, sustainably produced products, especially food.
8. Purchase renewable energy (if available).
9. Conserve water through retrofit of fixtures, low-water landscaping, and rainwater

catchment.
10. Plant trees.



Appendix A: 
Climate Science

The effort to organize and interpret the hundreds of scientific stud-
ies about various aspects of climate change is being led internation-
ally by the Intergovernmental Panel on Climate Change (IPCC) and 
in the United States by the U.S. Global Change Research Program 
(USGCRP). Communities can use the data and summary reports from
these entities to establish the scientific basis for taking local action. The
IPCC was “established by the United Nations Environment Pro-
gramme (UNEP) and the World Meteorological Organization (WMO)
to provide the world with a clear scientific view on the current state of
climate change and its potential environmental and socio-economic
consequences.”1 The IPCC is made up of thousands of scientists from
around the world who review and assess the latest science and publish a
report every several years, most recently in 2007. The USGCRP was es-
tablished by the Global Change Research Act of 1990 (P.L. 101-606),
which called for “a comprehensive and integrated United States re-
search program which will assist the Nation and the world to under-
stand, assess, predict, and respond to human-induced and natural
processes of global change.”2 It is composed of thirteen federal agencies
and departments3 and publishes an annual report titled Our Changing
Climate as well as numerous other reports, including Global Climate
Change Impacts in the U.S. (2009). The scientific reports on climate
change prepared by these organizations are the best, defendable science
available to inform local climate action planning.

Based largely on these reports, this section summarizes the science
of greenhouse gas emissions and climate change. This summary pro-
vides local government staff with strategies for communicating climate
change, which will be needed to engage the various participants in the
climate action planning process.

Planning typically begins with identifying and defining a prob-
lem that needs to be solved. For climate action planning the problem 
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is global warming, which drives climate change (explained in the next
section). Communities choose to address climate change for a variety 
of reasons, as explained in chapter 1, but once they commit to tak-
ing action, they must all be clear about how they define the problem.
Good problem definition helps the public and decision makers under-
stand the challenges presented by climate change and the role of a local
 response.

A Primer on Greenhouse Gas Emissions 
and Climate Change 

The presence of gases in Earth’s atmosphere, such as carbon dioxide
(CO2) and water vapor, create a natural greenhouse effect that traps heat
generated by the sun. The greenhouse effect maintains a warm enough
temperature for life to survive. Scientists have observed that Earth’s cli-
mate has been warming since the late 1800s, most rapidly in the last few
decades. The observations include an “increase in global average air and
oceans temperatures, widespread melting of snow and ice, and rising
global average sea level.”4 This warming is primarily attributed to an in-
crease in greenhouse gases in the atmosphere caused by the burning of
fossil fuels.5 The rate of this warming is unprecedented and threatens 
to warm the planet by as much as three to seven degrees Fahrenheit 
by 2100. The potential impacts of this level of warming are numer-
ous but most notably include the rise of sea level threatening low-lying
coastal communities; an increase in the occurrence of extreme weather-
related events such as heat waves, storms, floods, droughts, and wild-
fires; and the loss of native plants and wildlife. These impacts potentially
threaten the social, economic, and cultural stability of many of the
planet’s  communities.

How Do We Know the Earth Is Warming?

Extensive datasets gathered by multiple scientific organizations track a
range of climate indicators such as temperature. Together, these data
provide compelling evidence of global warming. The National Oceanic
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and Atmospheric Administration (NOAA) report State of the Climate in
2009 identifies ten indicators of global warming based on these data -
sets.6 All of the following indicators show increasing trends consistent
with global warming:

• Land surface air temperature (based on four datasets)
• Tropospheric temperatures (based on seven datasets)
• Sea-surface temperature (based on six datasets)
• Marine air temperature (based on five datasets)
• Ocean heat content (based on seven datasets)
• Sea level (based on six datasets)
• Specific humidity (based on three datasets)

Decreasing trends in the following indicators are also consistent
with global warming:

• Northern hemisphere snow cover (based on two datasets)
• Glacier mass balance (based on four datasets)
• September arctic sea-ice extent (based on three datasets)

The NOAA researchers conclude the following: “The observed changes
in a broad range of indicators provide a self-consistent story of a warm-
ing world.”7

Each of the measures represents a global average. In any specific
area of the globe at any specific time these trends may be different. 
For example, in 2009 Europe experienced warmer than usual average
temperatures, whereas the American Midwest experienced cooler than
 average temperatures. In addition, year to year the average global sur-
face temperature varies up and down, but the long-term trend is up-
ward. These year-to-year changes are due to annual variability in a vari-
ety of climate-related systems, particularly ocean currents, that affects
global temperatures. This raises the issue of “weather” versus “climate.”
Weather typically refers to changes over a shorter period of time, and
 climate refers to changes over a longer period of time. A particularly 
cold week, month, or year is not evidence against global warming nor 
is a particularly hot week, month, or year evidence supporting global
warming. The longer-term indicators established by NOAA (listed ear-
lier) constitute the best evidence to date of global warming.
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What Causes Global Warming?

The greenhouse effect is a natural phenomenon that has caused the
 temperature of the planet to be warmer than it otherwise would if it
had no atmosphere. If the natural greenhouse effect did not occur, the
average temperature of the planet would be about 60°F colder than it is
currently. The natural greenhouse effect is a process wherein solar en-
ergy heats the planet, and some of this heat is radiated back toward
space only to be absorbed by atmospheric gases and re-radiated back to-
ward the planet’s surface. In other words, the planet is essentially heated
by two phenomena: the direct heating of the surface and atmosphere
from the sun, and the “captured” heat that would have radiated back
out to space by the atmosphere. Although the term greenhouse effect is
used, the phenomenon is not exactly like a greenhouse, but the analogy
works well enough. Earth can be thought of as a giant greenhouse, with
an atmosphere that contains certain gases that act as the glass.

The naturally occurring greenhouse gases are carbon dioxide
(CO2), water vapor (H20), methane (CH4), nitrous oxide (N2O), and
ozone (O3). There are also several human-made chemicals that are re-
leased into the atmosphere and that act as greenhouse gases. These are
generically called halocarbons (box A.1). The addition of these human-
made chemicals and the addition of the naturally occurring greenhouse
gases beyond their natural levels have contributed to anthropogenic
(human-caused) global warming. In other words, humans have en-
hanced the natural greenhouse effect that made the planet a livable tem-
perature. We have created thicker layers of glass in our greenhouse. As
noted earlier, this additional warming could have a serious impact on
the planet. 

Each of these greenhouse gases does not have the same effect on
the energy balance (or heat transfer) of the atmosphere (called radiative
forcing). Some of these greenhouse gases have more global warming
potential (GWP) and are thus of more concern than others. This is be-
cause of both their physical properties, their quantities in the atmos-
phere, and their longevity in the atmosphere. Carbon dioxide (CO2) in
the atmosphere has the highest relative radiative forcing and is consid-
ered a long-lived greenhouse gas, meaning that the carbon dioxide
being put into the atmosphere will remain there for a long time. There
are also several factors working to reduce anthropogenic global warm-
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Box A.1
Greenhouse Gases

Carbon Dioxide (CO2)
A naturally occurring gas that is also a by-product of burning fossil fuels and bio-
mass, as well as land-use changes and other industrial processes. It is the principal
anthropogenic (human-made) greenhouse gas that affects Earth’s radiative balance
between incoming and outgoing heat. It is the reference gas against which other
greenhouse gases are measured and therefore has a global warming potential of 1. 

Fluorocarbons

Carbon-fluorine compounds that often contain other elements such as hydrogen,
chlorine, or bromine. Common fluorocarbons include chlorofluorocarbons (CFCs),
hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons (HFCs), and perfluorocar-
bons (PFCs). These compounds can be found in a variety of materials and processes
such as air-conditioning, building materials, and industrial operations.

Halocarbons

Compounds containing either chlorine, bromine or fluorine, and carbon. Such com-
pounds can act as powerful greenhouse gases in the atmosphere. The chlorine- and
bromine-containing halocarbons are also involved in the depletion of the ozone
layer. While there are natural sources of halocarbons, the addition of anthropogenic
sources have led to warming. Halocarbons have many uses such as solvents, pesti-
cides, refrigerants, adhesives, and specialized industrial uses.

Methane (CH4)

A hydrocarbon with a global warming potential most recently estimated at 23 (al-
though a previous estimate of 21 is still in common usage) times that of carbon
dioxide (CO2). Methane is produced through anaerobic (without oxygen) decom-
position of waste in landfills, animal digestion, decomposition of animal wastes, pro-
duction and distribution of natural gas and petroleum, coal production, and
incomplete fossil fuel combustion.

Nitrous Oxide (N2O)

A powerful greenhouse gas with a global warming potential nearly 300 times that
of carbon dioxide (CO2). Major sources of nitrous oxide include soil cultivation
practices, especially the use of commercial and organic fertilizers, fossil fuel com-
bustion, nitric acid production, and biomass burning.



ing. These include surface albedo (the ability of Earth’s surface to reflect
sunlight back into space before it causes warming) and aerosols, espe-
cially clouds (that also can reflect sunlight). Human activities have in-
creased Earth’s surface albedo, especially where forests (darker areas)
have been converted to other uses (usually lighter) and have caused an
increase in cloud development.

What Is the Difference between Global Warming 
and Climate Change?

According Robert Henson, author of The Rough Guide to Climate
Change, the terms global warming and climate change have essentially be-
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Ozone (O3)

Ozone (O3) is a gaseous atmospheric constituent. Its contribution to global warming
varies depending on the atmospheric layer in which it is located. In the troposphere,
it is created both naturally and by photochemical reactions (pollutants + sunlight)
involving gases resulting from human activities (smog). Tropospheric ozone acts as
a greenhouse gas with higher concentrations resulting in warming. In the strato-
sphere, ozone is created by the interaction between solar ultraviolet radiation and
molecular oxygen (O2). Stratospheric ozone plays a decisive role in the stratospheric
radiative balance. Depletion of stratospheric ozone allows increased solar radiation
to reach Earth. In other words, ozone in the stratosphere reduces warming, and
ozone in the troposphere increases it.

Water Vapor (H2O)

The most abundant greenhouse gas, it is the water present in the atmosphere in
gaseous form. Water vapor is an important part of the natural greenhouse effect.
While humans are not significantly increasing its concentration, it contributes to
the enhanced greenhouse effect because the warming influence of greenhouse gases
leads to increased levels of water vapor. In addition to its role as a natural greenhouse
gas, water vapor plays an important role in regulating the temperature of the planet
because clouds form when excess water vapor in the atmosphere condenses to form
ice and water droplets and precipitation.

Source: Compiled from the U.S. EPA glossary, http://www.epa.gov/climatechange/glossary.html.



come interchangeable in contemporary usage.8 In general, climate change
has become the preferred term partly to avoid the confusion that occurs
with people who assume global warming means that every place will be
warmer all the time. Climate change could be considered more accurate
since the phenomenon will result in greater temperature variability and
volatility, not just uniform warming in all parts of the globe. This book
uses both terms but will most often prefer climate change.

What Are the Levels and Sources of Greenhouse Gases?

To develop a common metric for all greenhouse gases, scientists often
refer to emissions in CO2 equivalent units (abbreviated CO2e, CO2eq,
eCO2, or CDE) based on their GWP. Only 85% of the greenhouse gas
emissions reported for the United States in 2008 were specifically CO2,
whereas the remainder were primarily methane and nitrous oxide.9 Re-
searchers convert the non-CO2 gases into CO2 equivalents (CO2e) for
the convenience of reporting and understanding the overall effect of
greenhouse gas emissions. It is important to note that the GWP re-
ported for various greenhouse gases varies depending on the source.
GWP cannot be known precisely, which explains the variation seen in
the climate science literature. While there is variation, the relative scale
tends to be consistent. For example, methane is always reported as hav-
ing a GWP between 20 and 25, and nitrous oxides are always in the
vicinity of 300. 

Atmospheric measures of CO2 and CO2e are usually made in
parts per million volume (ppmv or ppm). As of 2010 atmospheric CO2
was 390 ppm as measured by NOAA at the Mauna Loa Observatory,
Hawaii (this roughly translates to 450 ppm CO2e). This is up from 317
ppm in 1960 as measured at the same station. In addition, the IPCC
states the following: “Current concentrations of atmospheric CO2 and
CH4 far exceed pre-industrial values found in polar ice core records of
atmospheric composition dating back 650,000 years.”10 A recent report
contains estimates of the increase in atmospheric concentrations of
greenhouse gases’ effect on average global warming level: 340 ppm
CO2e roughly equates to a 1°C global average warming; 430 ppm
CO2e to 2°C; 540 ppm CO2e to 3°C; 670 ppm CO2e to 4°C; and, 840
ppm CO2e to 5°C.11

Appendix A 239



The primary source, but not the only source, of anthropogenic
greenhouse gases is the burning of fossil fuels for energy and transporta-
tion. U.S. greenhouse gas emissions in 2008 were 6,957 Tg (teragrams)
CO2e (an increase of 14% since 1990), most of which came from the
combustion of coal for electricity production (see fig. 1.1 in chap. 1).12

The burning of petroleum for transportation is a close second in total
emissions. As a result, these two sectors are usually the focus of climate
action planning; they represent the largest part of the global warming
prob lem. Table A.1 represents this information a little differently by
using the “key categories” used by the U.S. Environmental Protection
Agency (EPA) in the national inventory. In plain English, these key cate -
gories translate to the activities occurring every day in communities
across the United States. People drive their cars and trucks, fly in air-
planes, turn on electrical and gas appliances in their homes, especially
for heating and cooling, eat food grown on farms, and throw away their
garbage.Businesses, industries, farms,and government agencies do  simi lar
things and provide people with the goods and services they demand. All
of these activities result in the production of greenhouse gases.

In addition to the direct emission of greenhouse gases, human
 activities can contribute to global warming by adversely impacting car-
bon sinks. A sink is anything that absorbs more carbon than it releases.
Oceans, soils, and forests all store carbon and can act as sinks. The degree
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Table A.1 Top 10 “key categories” of greenhouse gas emissions

Key category % of total (2008 CO2e)

CO2 emissions from stationary combustion—coal 30.7
Mobile combustion: road and other 23.5
CO2 emissions from stationary combustion—gas 17.6
CO2 emissions from stationary combustion—oil 7.7
Direct N2O emissions from agricultural soil management 2.5
Mobile combustion: aviation 2.3
CH4 emissions from enteric fermentation 2.1
CO2 emissions from non-energy use of fuels 2.0
CH4 emissions from landfills 1.9
Emissions from substitutes for ozone depleting substances 1.7
Total of all other key categories 8.0



to which they serve as a sink varies seasonally within the global carbon
cycle. Changes in climate and human development practices can in -
fluence the degree to which carbon can be stored. For example, increas-
ing water temperature in oceans reduces the carbon storage capacity. 
A reduction in carbon uptake rate of the ocean is equivalent to di-
rect emissions of CO2 into the atmosphere. Similarly, deforestation and
soil degradation both reduce the CO2 uptake and storage capacity of
ecosystems and result in increased atmospheric greenhouse gas concen-
trations. For the GWP of common greenhouse gases see table A.2. 

What Are the Projected Climate Impacts?

Climate change directly alters temperature, sea level, and precipitation
patterns. These changes result in a much wider range of consequences,
including drought, wildfire, flooding, and species migration disruption.
Each of these events has the potential to disrupt or damage local re-
sources and systems, including the built environment (infrastructure and
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Table A.2 Common greenhouse gases atmospheric lifetimes and global warming
potential

Greenhouse gas Average lifetime Global warming potential of one 
in the atmosphere molecule of the gas over 100 years 

(relative to carbon dioxide = 1)

Carbon dioxide 50–200 years* 1
Methane 12 years 21
Nitrous oxide 120 years 310
CFC-12 100 years 10,600
CFC-11 45 years 4,600
HFC-134a 14.6 years 1,300
Sulfur hexafluoride 3,200 years 23,900

* Carbon dioxide’s lifetime is poorly defined because the gas is not destroyed over time, but instead
moves between different parts of the ocean–atmosphere–land system. Some of the excess carbon dioxide
will be absorbed quickly (e.g., by the ocean surface), but some will remain in the atmosphere for thou-
sands of years.

Source: U.S. Environmental Protection Agency, Climate Change Indicators in the United States, EPA 
430-R-10-007 (Washington, DC: Author, 2010), 18.



buildings), economic and social resources, and ecosystems. Climate
change impacts can be expressed on large spatial scales as alteration in
the probability and magnitude of event occurrence (e.g., 100-year flood
or extended heat wave). The impacts experienced by communities will
vary widely. This is a challenge for local jurisdictions, which must com-
municate the likely local consequences of climate change and formulate
policy to reduce local vulnerability. Brief summaries of the climate
change impacts projected for the United States and some of the conse-
quences of these changes follow.13

Sea Level Rise

Two processes drive sea level rise: the melting of glaciers and thermal
expansion of marine waters. Sea level has risen 8 inches in the last 100
years and is projected to continue at nearly double the historic rate.
Melting of Antarctic or Greenland ice sheets may result in much more
extensive impacts, but the likelihood and timing of these events are un-
certain. Sea level rise poses a series of consequences such as coastal
flooding (gradual coastal inundation and coastal stream flooding), ex-
treme high tide, increased erosion, ecosystem loss (estuaries), and salt -
water intrusion into groundwater.

These changes can have a range of impacts on community re-
sources along the coast. Many critical components of a coastal commu-
nity’s infrastructure can be located near the coast. Transportation infra-
structure such as roads, marine ports, airports, and train lines located in
low-lying coastal areas are potentially vulnerable to sea level rise im-
pacts. In addition to transportation networks, population often concen-
trates near coastal areas. This concentration of structures results in sea
level rise threatening not only buildings but also the safety of inhabi-
tants. Sea level rise can also pose a threat to local water supplies through
intrusion into groundwater resources and damage to local ecosystems.
These two impacts may have economic consequences from the viability
of drinking water sources to losses due to recreation.

Temperature Variation

Changes in the temperature can mean different outcomes depending on
location. In some locations this may mean a higher frequency of high-
temperature days (> 90° or 100°F) and prolonged periods of extreme
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heat (heat waves). In others it may not result in extreme heat but will
alter the timing and duration of seasons such as shorter winters with
fewer cold days. These changes have the potential to result in a wide
range of community outcomes. Heat has direct consequences for
human health from lethargy to heat stroke to even death. Heat can re-
sult in increased formation of ground-level ozone, which is associated
with many respiratory ailments. There are also interactions between
heat outcomes. Heat may result in increased water and energy use. It
may also increase fire frequency and severity. Fire can pose a direct
threat to human safety and structures as well as reduce air quality and
threaten ecosystems.

Changes in annual temperature patterns can result in changes in
natural systems and processes. Chemical reactions such as those in water
change with temperature, meaning water quality could shift. In ad -
dition, changing seasons will alter growing seasons, which has con -
sequences for overall ecosystem function and agricultural production.
Altered season length and average temperature can also result in in-
creased pest and/or invasive species presence.

Precipitation Variation

Similar to the other climate impacts, change in annual amount and tim-
ing of precipitation varies based on location. The total amount of pre-
cipitation may change, as well as the timing, intensity, and form (e.g.,
snow, rain, etc.). These changes can result in reductions in rainfall or ex-
tended periods without rain (e.g., drought). Conversely, climate change
can result in intensive storms that can cause flooding and erosion. The
change in precipitation type can result in a reduction in snow and an in-
crease in rain totals. 

These changes, particularly when paired with alteration in temper-
ature, can result in water scarcity for drinking and agricultural uses. The
intensive rain can damage flood-prone areas, threatening structures, in-
habitants, and infrastructure in low-lying areas. Alteration in precipita-
tion can also impact ecosystem function from changing the availability
of water to support plant life in stream ecosystems. Changing amount
and timing of rivers will impact not only high flows but also low flows.
Reduced flow conditions can make habitat unsuitable for aquatic spe -
cies such as anadromous fish.
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Glossary of Terms14

The following list includes some of the key terms often found in cli-
mate science articles and reports. Planners faced with communicating
with the public and decision makers about the challenge presented by
climate change should be familiar with these terms. 

Albedo The fraction of incoming solar radiation reflected by a
surface or object, often expressed as a percentage. Snow-covered sur-
faces have a high albedo, indicating a high level of reflectivity; the
albedo of soils ranges from high to low; vegetation-covered surfaces and
oceans have a low albedo. Earth’s albedo is influenced by varying levels
of cloudiness, snow, ice, leaf area, and land cover changes.

Anthropogenic Made by people or resulting from human activi-
ties. Usually used in the context of emissions that are produced as a re-
sult of human activities.

Atmosphere The gaseous envelope surrounding Earth. The dry
atmosphere consists almost entirely of nitrogen (78.1% volume mixing
ratio) and oxygen (20.9% volume mixing ratio), together with a number
of trace gases, such as argon (0.93% volume mixing ratio), helium, and
radiatively active greenhouse gases. Radiatively active gases such as car-
bon dioxide (0.035% volume mixing ratio), and ozone influence how
much energy leaves the atmosphere. In addition the atmosphere con-
tains water vapor, the amount of which is highly variable but is typically
1% volume mixing ratio.

Carbon dioxide equivalent (CO2e, CO2eq, eCO2, and CDE)
A measure used to compare the emissions from various greenhouse
gases based upon their global warming potential (GWP). Carbon diox-
ide equivalents are commonly expressed as million metric tons of car-
bon dioxide equivalents (MMTCDE) or million short tons of carbon
dioxide equivalents (MSTCDE). The carbon dioxide equivalent for a
gas is derived by multiplying the tons of the gas by the associated GWP.
MMTCDE = (million metric tons of a gas) × (GWP of the gas). For
example, the GWP for methane is 21. This means that emissions of 1
million metric tons of methane is equivalent to emissions of 21 million
metric tons of carbon dioxide.

Climate Climate, in a narrow sense, is usually defined as the “av-
erage weather.” A more rigorous statistical description is the mean and
variability of quantities such as temperature, precipitation, and wind
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over a period of time ranging from months to thousands of years. The
most commonly used period is three decades.

Climate change Climate change refers to any significant change
in measures of climate (such as temperature, precipitation, or wind) last-
ing for an extended period (decades or longer). Climate change may re-
sult from natural factors (e.g., changes in the sun’s intensity or slow
changes in Earth’s orbit around the sun), natural processes within the
climate system (e.g., changes in ocean circulation), and human activities
that change the atmosphere’s composition (e.g., through burning fossil
fuels) and the land surface (e.g., deforestation, reforestation, urbaniza-
tion, desertification, etc.).

Global warming Global warming is an average increase in the
temperature of the atmosphere near Earth’s surface and in the tropo-
sphere, which can contribute to changes in global climate patterns.
Global warming can occur from a variety of causes, both natural and
human induced. In common usage, global warming often refers to the
warming that can occur as a result of increased emissions of greenhouse
gases from human activities.

Global warming potential (GWP) The cumulative radiative
forcing effects from the emission of a unit mass of gas relative to a refer-
ence gas. The GWP-weighted emissions of direct greenhouse gases in
the U.S. Inventory are presented in terms of equivalent emissions of
carbon dioxide (CO2).

Greenhouse effect The greenhouse effect is the trapping and
buildup of heat in the atmosphere (troposphere) near Earth’s surface.
Some of the heat flowing back toward space from Earth’s surface is ab-
sorbed by water vapor, carbon dioxide, ozone, and several other gases in
the atmosphere and then radiated back toward Earth’s surface. If the at-
mospheric concentrations of these greenhouse gases rise, the average
temperature of the lower atmosphere will gradually increase. Green-
house gases include, but are not limited to, water vapor, carbon dioxide
(CO2), methane (CH4), nitrous oxide (N2O), chlorofluorocarbons
(CFCs), hydrochlorofluorocarbons (HCFCs), ozone (O3), hydrofluoro-
carbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6).

Enhanced greenhouse effect The anthropogenic emissions of
greenhouse gases have served to enhance or amplify the natural green-
house effect. Increased concentrations of carbon dioxide, methane, and
nitrous oxide, chlorofluorocarbons (CFCs), hydrochlorofluorocarbons
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(HCFCs), perfluorocarbons (PFCs), sulfur hexafluoride (SF6), nitrogen
trifluoride (NF3), and other heat-trapping gases caused by human ac -
tivities such as fossil fuel consumption, trap more infrared radiation,
thereby exerting a warming influence on the climate.

Radiative forcing Radiative forcing refers to actions that impact
the energy balance of the planet. In equilibrium, the same amount of
energy that enters the system (sunlight) would leave (emitted as heat). If
there is any imbalance in the energy entering and leaving the atmo -
sphere, the earth would be heating or cooling. The presence or absence
of this balance is most meaningfully measured at the boundary between
the troposphere (the lowest level of the atmosphere) and the strato-
sphere (the thin upper layer). Radiative forcing is a way to measure the
impact of human activities on global temperature. It is influenced by the
level of greenhouse gases present, as well as changes in albedo (surface
reflectivity), clouds, and solar input. Additional detail on radiative forc-
ing and its measurement can be found in chapter 6 of the 2001 IPCC
Third Assessment Report Working Group I: The Scientific Basis.15

Troposphere The lowest part of the atmosphere from Earth’s sur-
face to about 10 km in altitude in midlatitudes (ranging from 9 km in
high latitudes to 16 km in the tropics, on average) where clouds and
weather phenomena occur. In the troposphere temperatures generally
decrease with height.

Weather Atmospheric condition at any given time or place. It is
measured in terms of such things as wind, temperature, humidity, atmo -
spheric pressure, cloudiness, and precipitation. In most places, weather
can change from hour to hour, day to day, and season to season. Climate
can be defined as the “average weather.” A simple way of remembering
the difference is that climate is what you expect (e.g., cold winters) and
weather is what you get (e.g., a blizzard).

Resources

Books

Robert Henson, The Rough Guide to Climate Change, 2nd ed. (New York,
NY: Rough Guides, 2008). This book provides an introduction to the
science of climate change that is appropriate for citizens and public of-
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ficials. In addition to the science, it includes a section on what indi -
viduals can do to reduce their carbon footprint.

Organizations

Intergovernmental Panel on Climate Change (IPCC). http://www.ipcc.ch/.
The IPCC website provides the organization’s various assessment re-
ports covering physical science; impacts, adaptation, and vulnerability;
and mitigation. The most recent reports are the 2007 Fourth Assessment
Report (AR4) series. The most accessible of these is the Synthesis Report
Summary for Policymakers. http://www.ipcc.ch/publications_and_data
/ar4/syr/en/spm.html.

U.S. Global Change Research Program (USGCRP). http://www
.globalchange.gov/. The USGCRP website contains numerous reports
on the science of climate change including an annual report titled Our
Changing Climate and the 2009 Global Climate Change Impacts in the
U.S., the latter being a key report for understanding the expected im-
pacts of climate change. In addition the website describes the roles of
thirteen federal agencies and departments in addressing climate change.

U.S. Environmental Protection Agency (EPA). http://www.epa.gov
/climatechange/. The EPA website contains information on climate
change indicators, science, greenhouse gas emissions, health and envi-
ronment, economics, regulatory initiatives, and public policy. 

Examples of Science Presentation in Climate Action Plans

City of Homer, Climate Action Plan (2007). http://www.ci.homer.ak.us
/CLPL.pdf. This plan is an example of how to present climate change
science in a way that is relevant to the local community. It also estab-
lishes the influence of the science in motivating the mayor and city
council to act.

City of Chicago, Climate Action Plan (n.d.). http://www.chicagoclimate
action.org/. This plan is an example of a concise, graphics-driven ap-
proach to presenting key ideas on climate change science without over-
whelming the reader with too much detail.

City of Cambridge, Climate Protection Plan (n.d.). http://www
.cambridgema.gov/cdd/et/climate/. This plan is an example of how to
explain the science and impacts of climate change in a way that argues
for action. The plan contains sections on “Why Waiting Is Not an Op-
tion” and “Reasons to Take Action.”
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Appendix B: 
The Public Participation Program

This section provides an outline for a model public participation
 program that can be tailored based on the public participation approach
desired and the answers to the key questions presented in chapter 3.
Similar to the climate action planning process, a public participation
program can be seen as including three phases with a number of actions
in each phase:

1. Preliminary phase
a. Establish goals for the program.
b. Develop a target audience list and identify stakeholders.
c. Create key messages and an “identity.” 
d. Publicize the climate action planning process (media, website, so-

cial media, e-mail, events).
2. Planning phase

a. Kickoff event
b. Communications
c. Workshops/task forces meetings/focus groups

3. Adoption and implementation phase
a. Adoption meetings
b. Celebration
c. Implementation activities

Preliminary Phase

The preliminary phase includes the tasks that should be completed be-
fore engaging the public in the planning process.

Goals for the Program

The goals of the public participation program for the climate action
plan (CAP) include the following:



• Communicate to the community about the purpose of the CAP and
the impacts of CAP implementation on the three primary sectors (en-
ergy, transportation, waste) and provide opportunities for the commu-
nity to provide input as to how emissions reduction goals should be
reached.

• Promote the CAP according to the message or issue of importance to
the community, rather than the project. 

• Position the planning organization as the best resource for information
about the CAP.

• Generate interest and identify early supporters.
• Ensure community empowerment, buy-in, and long-term success.

Target Audience

While the whole community is ultimately the outreach target, sub -
populations of the whole are concerned about different issues and will
require different techniques of engagement. The following are some of
the key populations:

• Local business owners
• Environmental advocacy groups
• Homeowners
• Retirees
• Residents who rent their home
• Utilities
• Partner agencies
• Community-based organizations
• Ethnic and cultural groups
• Development stakeholders

Key Messages and an “Identity”

Key messages are the main points to convey to stakeholders, from resi-
dents to policymakers. These messages are crafted to move the commu-
nity to action, in this case to attend public meetings and provide input
on transportation, energy, waste, land use, and water policies. How these
issues relate to the community’s response to the potential impacts of cli-
mate change is of paramount importance. Key messages should remain
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simple and straightforward. To achieve this they can also be divided into
primary and secondary messages if necessary.

Important to the completion of the CAP will be communicating
these messages to the local and regional community. One effective way
to do this is by creating an identity or “look-and-feel” through design
choices, slogans, and iconic images, and a corresponding outreach pro-
gram that promotes the CAP. There is an important distinction to 
be made between the development of an identity and key messages. 
An identity typically includes a graphic representation that conveys
something permanent about the CAP. Unlike key messages, which are
 nimble and vary depending on the issue and the target audience, an
identity would be set in place to convey one message to every target au-
dience for a lifetime of at least five years.

Publicity

The CAP process should be publicized in a diverse manner in order 
to reach the maximum number of community members. This process
should begin with identification of local social and cultural hubs, local
events, and familiar communication networks. Press releases, announce-
ments, and supporting materials should be developed to reflect non-
English-speaking populations in the community. Announcements
should be made using the radio, the Internet, posters at community
gathering points, and displays at local events.

A website or webpage should be developed after identification of
the CAP’s identity and messaging. The decision to create a stand-alone
project site or a webpage integrated in the agency’s existing website is
based on the agency’s existing online tools and resources. If the agency
has a known presence online, such as the provision of green or sus -
tainability resource webpages, then the CAP should be integrated into
existing resources. If the agency is using the CAP to launch a larger sus-
tainability effort, then a stand-alone website would be beneficial.

Planning Phase

In the planning phase the public is engaged through several measures to
educate them on climate change and solicit their input on the CAP.
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Kickoff Event (Workshop One)

The CAP should be launched at a high profile and interactive event.
Depending on the community, the launch or kickoff event could in-
clude a town hall style meeting or workshop, a mobile workshop or
booth at an established event (i.e., weekly farmer’s market or other
regu lar community event), or as an open house. The event should be
heavily promoted; media outreach as well as public outreach will be
necessary to reach a broad spectrum of stakeholders. The goal of the
kickoff event is to inform community stakeholders about the CAP and
planning process. Objectives should be to provide a meeting approach
that balances education, engagement, and input. Tools may include a
mix of traditional large group presentations, nontraditional polling, 
and small-group exercises. The kickoff event should occur early in the
project, often in the first two months. The event should provide an
overview of the CAP—the planning process and project objectives—
as well as any relevant local background information, such as the results
of the community-wide greenhouse gas (GHG) inventory or potential
impacts/risks of climate change. The event should include opportuni-
ties to present information (e.g., educate or inform) and to receive in-
put. Information should be presented with visual aids, including Power-
Point presentations, boards with graphics, or videos. Opportunities for
partici pants to provide input or engage include real-time polling, ques-
tion and answer sessions, small-group facilitated tables, or information
stations. A computer-based polling system (e.g., Turning Point) may be
used to gather anonymous and immediate feedback on existing con -
ditions and future policy direction. 

Communications

Organize a speakers bureau following the kickoff event and in advance
of the additional workshops that will enable plan managers to connect
with key stakeholder groups on important issues. The speakers bureau
will include development of a PowerPoint presentation on the CAP
sectors and process. Speakers should be selected carefully as they will be
the ambassadors of the project. The plan proponent should provide
training to all speakers and opportunities for feedback and support.
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Develop a stakeholder database and send a minimum of two blast
e-mails (e-blasts) in advance of the kickoff event and all workshops to
promote community attendance. Developing the list to include a cross-
section of stakeholders in the community will be important. The stake-
holder list will also require regular updating as people sign up via the
website, Facebook, or at public meetings. Also, send e-blasts to announce
website updates, release of drafts, and public hearings. Stakeholder and
media outreach begins four to six weeks in advance of the kickoff event
(and all workshops).

Develop an online or telephone survey to accompany the initial
planning process. The survey will alert participants and stakeholders to
the CAP planning process and also provide an opportunity for stake-
holders to offer their level of education about the CAP, climate change,
and the contribution of their individual behaviors to GHGs. The sur-
vey can also assess willingness to change and priorities for GHG re -
duction strategies. The online survey should use a standardized online
survey software program. Online surveys are not usually statistically
valid; however, they do offer information useful to the planning process.
Telephone surveys provide statistically valid results and could be more
applicable for high profile or sensitive topics. The survey should activate
concurrent with the public outreach for Workshop One. The survey
should end prior to development of draft GHG reductions strategies, at
least one month prior to Workshop Two.

Workshops/Task Force Meetings/Focus Groups

Workshop Two, Focus on GHG Reduction Measures, will be a more
traditional public workshop in which participants engage in a variety 
of activities where they can provide input and feedback on the GHG
reduction measures. Opportunities for facilitated small group discus-
sions will be provided for examination of specific issues. For the second
workshop, provide up to six large-format posters for use during small
group discussions and handouts that summarize the reduction measures
by sector.

In addition to the main workshops, stakeholder roundtables or
mini-workshops provide an opportunity for key stakeholders to pro-
vide input on specific sectors in a facilitated setting. The meetings are
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suitable for up to twenty participants and most productive when stake-
holders are separated by the sectors of the GHG inventory and CAP—
energy, land use, transportation, agriculture, business. For each meeting,
participants should receive an information packet including background
information and preliminary GHG reduction strategies (or best prac-
tices), questions for discussion, and ground rules for participation. The
meeting format should include a presentation and facilitated brain-
storming and discussion. The objectives and next steps should be clear
to all participants.

Dispute resolution is needed in cases of disagreement or conflict
over an issue. Bring in professional mediators to help the parties resolve
their dispute.

For facilitated brainstorming and consensus-building, bring in pro-
fessional facilitators to help the citizens brainstorm ideas and develop
agreements about the best ideas.

Workshop Three, Reviewing the Draft CAP, will follow a format
similar to Workshop Two. The objective of the workshop will be to
provide an opportunity for the public to provide input and feedback on
the draft CAP before the public hearing process. Opportunities for fa-
cilitated small group discussions will be provided for discussion of spe-
cific issues. 

Adoption and Implementation Phase

The adoption and implementation phase includes the tasks to be
 completed once a draft of the plan is ready for review and adoption by
decision-makers.

Adoption Meetings

Schedule at least two open, noticed public meetings or hearings before
the adopting government board or entity. In some cases, a joint study
session of the planning commission and city council provides an oppor-
tunity for questions and discussions prior to an adoption hearing. Pre-
pare presentation and handouts summarizing the CAP. Provide
electronic copies of the CAP online. Ensure that the draft CAP is avail-
able at least one month prior to the meetings.

254 Appendix B



Celebration

After adoption, create a community event to celebrate the CAP, inform
the public about actions they can take, and kick off key implementation
strategies. The event should be scheduled for a Saturday in a public area
and include activities for all ages.

Implementation Activities

Continue to involve the public in decisions about implementation.
 Develop an annual reporting or review process that informs the pub-
lic about progress and obtains feedback. Maintaining participation of
key community stakeholders throughout implementation will require a
mix of online and traditional information sharing, education, and inter-
active tools. Online tools allow the agency to report on implementation
progress and allow for individual tracking and contribution to the over-
all target.

Develop or support community-based or peer-to-peer education
and networking forums to facilitate implementation of reduction mea -
sures that rely on changes in business-as-usual practices.
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