
PREFACE

The only thing certain about the future is that 
it brings change. Planning is the process of 
how people anticipate needs, set goals and 
objectives, and take action to shape change for 
their personal and collective benefit. Planning 
as a private act involves deciding how to use 
financial assets, labor, and natural resources to 
achieve personal, family, and business goals. 
Planning as a public act is a political process of 
translating social values into government poli-
cies and programs to protect the public health, 
safety, and welfare of a community, region, 
state, or nation. Public planning does not mean 
total government control. Rather, public plan-
ning involves setting regulations and making 
infrastructure investments to guide the market 
system of supply, demand, and prices to achieve 
the goals of society- at- large as well as those of 
businesses and individuals. In fact, public plan-
ning often works best as a partnership between 
government and the private sector.

Environmental planners seek to shape 
a community, region, state, or nation by pro-
tecting and improving air and water quality 
and conserving long- term supplies of water, 
energy, farmland, forests, and wildlife habitats. 
Environmental planners also aim to increase the 
resilience of the built environment by reducing 
exposure to natural hazards, maintaining nat-
ural features, and adding green infrastructure. 
Planning is a continuous process rather than 

a discrete project or set of projects. Effective 
planning produces high- quality natural and 
built environments that stand the test of time.

Environmental planning has become a 
profession with highly trained and dedicated 
people from several educational backgrounds, 
including land use and community planning, 
geography, geology, hydrology, biology, bot-
any, zoology, chemistry, landscape architec-
ture, climatology, public policy, economics, 
law, and journalism. Environmental planners 
work for wildlife conservation organizations, 
hunting and fishing groups, watershed asso-
ciations, land trusts, developers, corporations, 
consulting firms, colleges and universities, 
and local, regional, state, and federal govern-
ment agencies.

* * *

People think of themselves as belonging to a 
place. Familiar open spaces, landmarks, and 
buildings give us a sense of order and identity. 
Yet, in the 20th century, America underwent 
enormous changes in population growth, dis-
persed settlement patterns, transportation 
and communications technology, and national 
wealth that transformed both the natural and 
built environments. During the 20th century, 
the nation’s population nearly quadrupled 
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from 76 million to more than 281 million indi-
viduals. The mass- produced automobile rev-
olutionized the way Americans live and work 
by affording greater mobility and the ability to 
commute long distances. The construction of 
the interstate highway system not only linked 
the lower 48 states but also helped create bur-
geoning suburbs around the major urban cen-
ters. Millions of acres of farmland, forestland, 
and wildlife habitat were converted to hous-
ing subdivisions, shopping centers, and office 
parks. By 1990, four out of five Americans lived 
in metropolitan areas, and more people were 
living in suburbs than in central cities for the 
first time in the nation’s history. America had 
become a suburban nation.

Americans have amassed more wealth 
than residents of any other country. As of 2014, 
Americans made up slightly less than 5 percent 
of the world’s 7.2 billion people yet accounted 
for more than 20 percent of the annual global 
consumption of natural resources. America’s 
growth and prosperity have come at a price. 
The combination of population growth, sprawl-
ing development patterns, and motor vehi-
cle dependence has unleashed a widespread 
assault on the nation’s air, water, landscapes, 
and wildlife. Americans are among the world’s 
leaders in per capita emissions of greenhouse 
gases, the main contributor to global climate 
change. Meanwhile, many urban and subur-
ban Americans seem to have lost touch with 
the natural environment.

It was in the 20th century that the nation 
collectively recognized the need for govern-
ment action to protect the environment and 
conserve natural resources. The concept of 
sustained yield of natural resources began 
with noted forester Gifford Pinchot and led 
to the creation of the U.S. Forest Service in 
1905. Improvements in farming practices 
aimed at reducing soil erosion started with 
the Soil Conservation Service (now the Natu-
ral Resources Conservation Service), formed in 

1934. However, it was not until the 1960s that 
the serious degradation of the nation’s air and 
water and loss of open space spurred wide-
spread public support for legislation to clean 
up pollution, to set standards of environmental 
quality, and to conserve valuable landscapes.

In the 1960s and 1970s, federal laws cre-
ated programs to improve air and water qual-
ity, established procedures for reviewing the 
potential environmental impacts of federal 
development projects, offered protection to 
endangered species, required safeguards in the 
disposal of municipal solid waste and the han-
dling of toxic materials, and placed millions of 
acres of public lands off- limits to development. 
Congress authorized billions of dollars in grants 
to state and local governments for the construc-
tion of sewage treatment plants to improve 
water quality. Businesses were compelled to 
invest billions of dollars to reduce air and water 
pollution from factories and power plants.

The 1960s and 1970s also marked the start 
of state- level land- use planning efforts that 
emphasized land conservation and environ-
mental quality. Hawaii (1961), Vermont (1970), 
Florida (1972), and Oregon (1973) adopted pio-
neering programs.

The 1980s marked a low point for federal 
environmental action. In response, citizens 
across the U.S. formed nonprofit land trusts to 
protect land and water resources in their com-
munities and regions. As of 2014, more than 
1,700 land trusts had protected a total of more 
than 50 million acres.

The 1990s initiated a shift in environ-
mental responsibility from the federal govern-
ment to state, regional, and local governments. 
States gained primary control of air- and water- 
quality programs. Metropolitan regions drafted 
transportation plans to guide federal transpor-
tation funding and to meet federal air- quality 
standards. Local governments began to imple-
ment growth management and “smart growth” 
programs. From 1998 to 2002, voters in more 
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than 30 states approved more than 500 ballot 
measures authorizing more than $20 billion for 
land conservation and “smart growth” projects.

The U.S. Census Bureau has estimated 
that the nation’s population will grow to at 
least 400 million by 2050, an increase of about 
one- third above the 308 million total in 2010 
and equivalent to adding the population of 
nearly three Californias. Where will these addi-
tional people live, work, and play? How will 
new developments affect air and water qual-
ity; greenhouse gas emissions; food, timber, 
and mineral supplies; plant and animal habitat; 
and the integrity of cultural resources? Will the 
environment be sacrificed to accommodate 
this surge in growth? Or will growth have to 
adapt to the limited carrying capacity of the 
natural environment?

Since the first edition of The Environmental 
Planning Handbook appeared in 2003, the U.S. 
has experienced several major environmental 
challenges. Hurricane Katrina in 2005 brought 
out the now widely recognized connection 
between greenhouse gas emissions, climate 
change, and extreme weather events that are 
causing hugely expensive property damage 
and an alarming loss of life. In 2012, Superstorm 
Sandy devastated much of the New Jersey 
coast, flooded large areas of greater New York 
City, resulted in more than $60 billion in prop-
erty damage, and took more than 100 lives. That 
same year, a severe drought affected two- thirds 
of the lower 48 states, bringing widespread 
crop failures and underscoring the need for 
water supply planning and adaption to climate 
change. Meanwhile, our gains in air and water 
quality seem to have plateaued. Residents of 
the nation’s sprawling metropolitan areas still 
rely mainly on cars for transportation. Nonpoint- 
source water pollution from urban streets and 
farm fields continues to degrade water quality. 
Moreover, since 2003 (i.e., in just 11 years), the 
U.S. has added nearly 30 million people to its 
population, about equal to the entire population 

of Canada. It is daunting to improve the quality 
and durability of the environment in the face of 
such robust population growth.

Since 1990, the federal government has 
shown little effective leadership on environ-
mental matters. State and local governments, 
nonprofit organizations, enlightened busi-
nesses, and concerned citizens have tried to fill 
the gap. Several states have adopted renew-
able portfolio standards that require utilities 
to obtain a certain percentage of their electric-
ity from renewable sources, such as wind and 
solar power. Many states have drafted plans 
aimed at ensuring adequate long- term water 
supplies. Local governments have produced 
climate action plans, green infrastructure 
plans, and sustainability plans to identify ways 
to reduce greenhouse gas emissions, maintain 
and enhance ecosystem services, and improve 
the overall resilience of the built and natural 
environments. Nonprofit land trusts continue 
to “preserve” hundreds of thousands of acres 
each year. Businesses have recognized that 
“going green” by reducing energy use, pack-
aging, and waste through safer, healthier, and 
more easily reused and recycled goods can 
boost their bottom line. Individuals and house-
holds have purchased more fuel- efficient cars 
and are recycling more, as well as becoming 
more involved in local planning.

Environmental planning is generally 
improving in the U.S., but many environmental 
problems are global in scope. Climate change, 
often referred to as global warming, poses 
an enormous long- term threat to the global 
environment, economy, and society. Climate 
change has the very real potential to cause 
substantial losses in wildlife, food production, 
and habitable areas. Curbing the consump-
tion of fossil fuels would be the quickest way 
to lower greenhouse gas emissions. But unless 
there is a technological breakthrough in renew-
able energy production, countries around the 
world will continue to rely mainly on fossil fuels 
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to power their economic activities. Still, the U.S. 
can set an example by striving to move to a 
postcarbon economy.

Planners and public officials may strug-
gle to understand environmental problems 
given the reality of changing and often inexact 
scientific information. Yet there is an obvious 
need to continue protecting past gains in envi-
ronmental quality and to make further gains 
in order to create truly sustainable commu-
nities and regions over the long run. Govern-
ments, businesses, and consumers will need to 
change many practices in order to protect the 
environment, conserve natural resources, and 
mitigate and adapt to climate change. Major 
new technologies and investments in transit, 
stormwater management, long- term water 
supplies, energy- efficient buildings, energy 
conservation, and renewable energy produc-
tion will be needed. Land- use regulations will 
have to emphasize compact developments 
with a mix of land uses that offer residents and 
visitors opportunities to walk, bike, and take 
public transit as well as drive.

The environment is nonpartisan. Both 
conservatives and liberals respect and defend 
the environment. Forging partnerships and 
alliances will be necessary across not only 
political lines but income classes; between the 
public and private sectors; and among urban-
ites, suburban dwellers, and rural people. In 
this way, planning becomes ingrained and 
accepted as a way to work through and solve 
community and regional environmental prob-
lems and avoid costly mistakes.

* * *

Expanding the capacity of communities and 
regions to plan for and achieve environmen-
tally sustainable development is a fundamen-
tal goal of this book. In short, environmental 
planning is a means toward the triple bottom 

line of economic, social, and environmental 
sustainability. History tells us that if the envi-
ronment is not sustainable, economic and 
social disorder are sure to follow.

People need to think regionally. Water-
sheds, airsheds, and wildlife habitats are exam-
ples of regional environmental systems, and 
water supply and transportation networks are 
regional infrastructures that require a regional 
planning approach.

Regional thinking also means a concern 
with social justice through equal access to a 
quality environment and a broad distribution 
of incomes. Environmental planning will not 
succeed if people perceive it as a way to cre-
ate green enclaves for a wealthy, elite class and 
to impose health costs and dangers on those 
with low incomes.

Protecting the environment does not 
mean sacrificing jobs. Technology and human 
innovation are key ingredients in building an 
economy that is also environmentally sustain-
able. Green jobs can bolster economic growth; 
examples include retrofitting and constructing 
buildings for energy conservation, renewable 
energy production, local food production, 
and recycling solid waste into new products. 
In addition, communities and regions with 
good environmental quality often can attract 
well- paying high- tech industries and skilled 
workers. Also, many businesses are adopting 
environmentally friendly production processes 
and creating healthy products and services 
because they are more profitable.

Planning is most effective as a truly par-
ticipatory process. If people take an active part 
in shaping plans for their community or region, 
they will want them to succeed. Successful 
planning happens when actions transform a 
common vision into a reality. The number and 
the creativity of recent community and regional 
actions throughout the U.S. are surprising and 
inspiring. Positive changes are happening, but 
much remains to be done. This book contains 
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a variety of environmental planning tools, 
techniques, and processes for maintaining and 
improving the long- term environmental qual-
ity of this wonderful nation.

* * *

This book is intended for public sector plan-
ners, private planning consultants, developers, 
elected officials, environmentalists, concerned 
citizens, and students— anyone interested 
in taking an active role in the future of their 
immediate surroundings, the environment of 
the U.S., and planet Earth.

The book is divided into six parts. Part 1 
begins with a chapter on how communities 
and regions can incorporate environmental 
planning into their comprehensive planning 
process or create separate plans dealing with 
climate change, green infrastructure, and sus-
tainability. Chapter 2 provides an overview of 
the disciplines that influence decision making 
about the environment: law, economics, ethics, 
and ecology. Part 2 presents the case for envi-
ronmental planning to protect public health. 
Chapters 3 through 8 describe the challenges 
involving air quality, climate change, water sup-
ply, water quality, solid waste, and toxic waste 
as well as the federal, state, and local govern-
ment regulations and spending programs.

Part 3 discusses environmental challenges 
and planning programs for the protection 

of natural areas, including wilderness, wild-
life habitat, wetlands, coastal areas, and nat-
ural hazards. Part 4 focuses on planning for 
the working landscape: farming, forestry, and 
mining. Part 5 examines environmental plan-
ning for the built environment. Part 5 begins 
with Chapter 17, on the role of energy, renew-
able energy supplies, and energy conserva-
tion. Chapter 18 discusses how transportation 
shapes the built environment and impacts 
natural resources. Chapter 19 presents ways to 
create green cities, suburbs, and regions that 
blend natural areas, green infrastructure, and 
the built environment. Chapter 20 examines 
planning for development on greenfield sites. 
Part 6 summarizes in one chapter the encour-
aging trends in environmental planning that 
further the concept of sustainability as well as 
remaining environmental planning challenges 
and needs at the local, state, federal, and inter-
national levels.

A list of acronyms and their definitions 
appears at the beginning of the book. In each 
chapter, I define an acronym the first time it is 
used. I have listed the sources of facts, figures, 
ideas, and quotes in endnotes. At the end of 
each chapter, there is a brief chapter summary. 
Along with recommendations for further read-
ing so that readers may pursue particular issues 
in greater depth, at the back of the book, there 
is a glossary of terms and a list of contacts of 
public and private organizations that are active 
in planning the environment.
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Guarding the Future:  
Sustainable Environmental Planning and Development

Then I say the Earth belongs to each . . . generation during its course, fully and 
in its own right. The second generation receives it clear of the debts and encum-
brances, the third of the second, and so on. For if the first could charge it with a 
debt, then the Earth would belong to the dead and not to the living generation. 
Then, no generation can contract debts greater than may be paid during the 
course of its own existence.

— Thomas Jefferson, September 6, 1789

“Sustainable development” has become a 
popular term with many possible definitions. 
Sustainable development implies that the 
production and consumption of goods and 
services and the development of cities and 
suburbs can occur without harming the nat-
ural environment. The natural environment 
provides the air, water, and land resources 
that sustain human life and serve as a “sink” 
for human wastes. The natural environment, 
however, is not limitless; it has a limit or “carry-
ing capacity” for how much waste and human 
development it can accommodate.

The famous 1987 Bruntland Report for 
the United Nations defines sustainable devel-
opment as “development that meets the 
needs of the present without compromising 
the ability of future generations to meet their 
own needs.”1 Economist Herman Daly empha-
sizes the concept of environmental carrying 
capacity: “Sustainable development means 
qualitative improvement without quantita-
tive growth beyond the point where the eco-
system cannot regenerate.”2 Planners Philip 
Berke and Maria Conroy provide a detailed 
definition of sustainable development as 
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“a dynamic process in which communities 
anticipate and accommodate the needs of 
current and future generations in ways that 
reproduce and balance social, economic, and 
ecological systems, and link local actions to 
global concerns.”3

Sustainability means durability and qual-
ity. Sustainable development describes build-
ings that last for several generations. It results 
in a continuous yield of renewable resources, 
such as timber and fish. Air and water quality, 
soils, and wildlife resources remain healthy. 
Sustainability also implies a manageable 
“ecological footprint”; usually, the higher a 
community’s standard of living and material 
well- being, the greater the area of land (the 
larger the footprint) needed to support that 
community. The U.S. enjoys a high standard 
of living and has a large ecological footprint, 
estimated at 20 acres per person in 2007, com-
pared to seven acres per person in Costa Rica.4 
Americans import huge amounts of food, min-
erals, and oil from other countries; consume 
enormous amounts of wood, paper, minerals, 
food, energy, and water; and produce millions 
of tons of solid waste and toxic waste, of which 
only about one- third is recycled.

Sustainable development is not an end 
in itself but rather a means toward improving 
society’s well- being in the long run. Sustain-
able development carries the promise of long- 
term economic security, social equity, and 
environmental integrity. Moreover, sustainable 
development suggests the need for individ-
ual, community, regional, national, and inter-
national responsibility to maintain a healthy, 
high- quality environment.

To bring about sustainable development, 
the choice is not between an unfettered free 
market and total government control. Rather, it 
is selecting the right regulations, spending pro-
grams, and financial incentives that will enable 
markets and market prices to function in socially 
rewarding ways and compel governments, 

businesses, and consumers to be good stew-
ards of the natural and built environments.

Sustainable development principles must 
embrace the following goals:

• the creation and maintenance of healthy
environments, featuring clean air and water
and biodiversity

• the conservation of energy, soils, and water
supplies

• the reduction of greenhouse gas emissions
and adaption to the threats of climate
change by creating a more resilient built
environment

• the reduction, reuse, and recycling of waste

• a requirement that polluters pay for clean-
ing up the pollution they create

• the cleanup and redevelopment of brown-
field sites

• an emphasis on infill development and
the reuse of existing buildings rather
than building on greenfields in the outer
suburbs

• the expansion and upgrading of mass
transit along with compact, transit- oriented
development

• the construction of mixed- use commercial
and residential development that includes
public parks and enables walking and
biking

• the practice of environmental justice in the
siting of controversial land uses, such as
landfills and power plants

• the designation of compact- growth areas
that have the available services to support
development

• the separation of developing areas from
sensitive natural areas to avoid natural haz-
ards and to protect wilderness areas and
wildlife habitats
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• the creation of greenways— linear paths 
and corridors— to connect cities and towns 
to the countryside and to each other

• the protection of productive farming and 
forestry regions

Planning for a Sustainable Environment

Communities across America are already incor-
porating sustainability into their planning 
efforts. Some cities and counties have inte-
grated environmental goals and objectives into 
their comprehensive plans, while others have 
adopted climate action plans or green infra-
structure plans. Still others have adopted broad 
sustainability plans with social, economic, and 
environmental goals and objectives. All these 
plans depend on cooperation between the 
public and private sectors to set goals and 
objectives for environmental improvement. 
But success comes from implementation 
through public and private investments as well 
as public regulations and financial incentives. 
Communities will need to monitor the imple-
mentation and performance of these plans 
and make adjustments as needed to continue 
progress toward their goals.

Federal and state environmental laws 
and programs have established air- and water- 
quality standards and continue to provide 
funding for pollution cleanup and protection. 
Yet land- use plans, land- use regulations, and 
infrastructure spending programs at the local 
and regional levels can do much to shape 
the built environment and limit the negative 
impacts of development on the natural envi-
ronment. Land- use planning is a public process 
that first identifies land and water capabilities 
and constraints and then decides where pri-
vate and public developments and infrastruc-
ture should or should not be located. But plans 
alone will do nothing unless they are imple-
mented through day- to- day decisions about 

proposed development projects and are coor-
dinated with long- term “green infrastructure” 
spending programs for parks, natural areas, 
stormwater control, and working landscapes, 
along with “gray” infrastructure investment in 
sewer and water facilities and transportation 
networks.

Transportation systems are the single 
most significant factor in shaping the develop-
ment patterns of metropolitan America today. 
Different modes of transportation produce 
different land- use patterns and different envi-
ronmental impacts. Cars and trucks are both 
necessary and convenient in a low- density set-
tlement pattern. But in high- density cities and 
suburbs, cars and trucks are not as efficient, 
especially during rush- hour congestion. Motor 
vehicles use huge amounts of energy and gen-
erate substantial air pollutants. Mass transit— 
commuter trains, light rail, and buses— requires 
a fairly dense settlement pattern yet produces 
less air pollution than cars and trucks. Mass 
transit is also more efficient in moving people 
through a transportation corridor, such as a 
highway or a rail line.

Land- use planning in the U.S. has tradi-
tionally meant planning for development. But 
this is changing because simply continuing 
to allow sprawling development is not finan-
cially, socially, or ecologically sustainable. 
Local and regional land- use planning along 
with public and private investments are now 
emphasizing redevelopment and infill devel-
opment within cities and suburbs; maintain-
ing quality built environments; preserving 
valuable natural areas, greenways, parks, and 
working farm and forest landscapes; and care-
fully designing greenfield developments. In 
short, communities and regions must plan to 
protect and preserve those sensitive environ-
mental resources— air, water, shorelines, wet-
lands, productive farm and forest lands, and 
green spaces— on which the built environ-
ment depends.
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A Community Perspective on Planning 
for a Sustainable Environment

A community is perhaps best thought of as 
people who live in close proximity, share pub-
lic services and private institutions, and inter-
act socially. A community is often thought of 
as a village or a city neighborhood. Yet many of 
us live in one community and work or shop or 
attend church in another. In fact, when most of 
us think of a community, we think locally. But 
in practice, we often act regionally.

Planning for environmental quality begins 
at the community level. But environmental 
planning can focus on a particular property or 
site, a city block, or a neighborhood. In addi-
tion, an understanding of regional environ-
mental problems and opportunities can lead 
to more effective environmental planning 
efforts with neighboring communities. Plan-
ning is a political process of public decision 
making, and it is therefore important to form 
a vision of environmental quality— clean air, 
clean water, and safe, attractive surroundings. 
But ultimately a community must take action 
to protect and sustain its environmental assets 
and quality of life.

Many local government officials do not 
really understand how their land- use decisions 
affect the environment. Planners can play a 
key role by educating local officials about the 
environmental consequences of development 
proposals, public infrastructure spending, and 
land- use and building design regulations. 
Planners can promote proactive comprehen-
sive planning that seeks to avoid water and air 
pollution and land- use problems before they 
occur, and thus protect the community’s qual-
ity of life and potential for economic growth 
and social equity.

The results of reactive community plan-
ning are all too common. Many ad hoc citizens 
groups have sprung up to address single envi-
ronmental issues in their communities, such as 

a proposed residential or commercial devel-
opment on open land. The citizens must raise 
funds, attend meetings, and generally disrupt 
their lives. The developer usually says the pro-
posal is permitted under the local zoning and 
subdivision regulations. And the local govern-
ment often does not know whose side to take. 
Unfortunately, the development proposal is 
often decided at considerable expense in a 
court of law.

After the development proposal is denied 
or approved, the ad hoc group disbands. When 
the next development proposal comes along, 
the process repeats itself. A new ad hoc group 
is patched together, the developer goes on the 
defensive, and the local government is forced 
to take sides. This reactive approach to envi-
ronmental protection is inefficient, combative, 
and costly for citizens, developers, and local 
governments.

Proactive environmental planning should 
designate where different types of develop-
ment are desired along with specific design 
regulations. It makes more sense for the con-
cerns of the public to be incorporated upfront 
into the local government’s comprehensive 
plan, zoning, subdivision regulations, and 
capital improvements programs. Proactive 
planning provides predictability for all parties 
about where certain types of development are 
allowed and where they are prohibited. This 
greater certainty in the planning process can 
save everyone time, money, and effort while 
protecting the environment.

A Regional Perspective on Planning 
a Sustainable Environment

There are many ways to identify a region. Polit-
ical boundaries can define a region, such as a 
county. Population, such as a Metropolitan Sta-
tistical Area that contains a city and typically 
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more than one county, is another way to iden-
tify a region. Economic activity can character-
ize a region, such as California’s Silicon Valley. 
Culture and history also give a region identity; 
examples include New England or the Tide-
water area of eastern Virginia. Natural features 
can define a region: the Adirondack Mountains 
of New York, North Carolina’s Outer Banks, or 
Florida’s Everglades. Ecological systems can 
also denote regions, for instance, the New Jer-
sey Pinelands. The size of natural or ecological 
regions can vary greatly. In the western U.S., 
the watersheds of the Colorado and Missouri 
rivers encompass tens of thousands of square 
miles in several states. The Rocky Mountains 
stretch from Mexico to Canada. The larger 
the region, the more complex the planning 
is because of the greater number of political 
jurisdictions involved.

It is important to take a regional approach 
to planning the environment because few 
watersheds and ecological systems are con-
tained solely within a single political jurisdic-
tion. Large developments, such as ski resorts, 
shopping malls, and major highways, can have 
impacts on air and water quality that are felt in 
more than one town or county. Local govern-
ments must recognize their dependence on one 
another if they are to achieve effective regional 
environmental planning. In the 1990s, Suffolk 
County, New York, joined with three towns and 
the state government to form the Long Island 
Pine Barrens Commission, which tightly con-
trols development in a 100,000- acre area with 
a major groundwater source for drinking water 
and a high concentration of threatened and 
endangered plant and animal species.

Regional planning enables a more com-
prehensive and integrated way to manage 
the environment and development. But new 
management institutions are needed. Through 
the 1990s, no metropolitan region in America 
sprawled as much as Atlanta. Toward the end 
of the decade, the region’s air quality failed 

to meet federal air- quality standards, and the 
federal government temporarily withheld 
additional highway funds from metropolitan 
Atlanta. In 1999, the Georgia legislature created 
the Georgia Regional Transportation Author-
ity, a regional land- use and transportation 
authority for Greater Atlanta with the power to 
expand mass transit and approve or deny new 
major building projects. Regional environmen-
tal planning is becoming increasingly popular 
through cooperation among communities.

Managing the Environment:  
Problems and Possibilities

Biologist Barry Commoner, in his book The 
Closing Circle, listed three laws of ecology that 
can serve as rules of thumb for environmental 
decision making and the stewardship of natu-
ral resources.5

The first law is There is no free lunch— that 
is, every action has a cost. For environmen-
tal planning, different development choices 
will impose different environmental costs. A 
regional mall with acres of parking will create 
a higher volume of runoff and more polluted 
runoff than the forest it replaced.

The second law helps explain why there is 
no free lunch: Everything is connected to every-
thing else. The clear- cutting of an old- growth 
forest could lead to the extinction of an endan-
gered animal species by destroying its habitat. 
The clear- cutting may also cause soil erosion 
and flooding, thus decreasing water quality 
downstream.

The third law is You can’t fool Mother 
Nature. Human attempts to manage the envi-
ronment don’t always work. Houses built in a 
100- year floodplain may avoid flood damage 
for 30 years but then may be swept away in 
year 31. The houses should not have been built 
in the floodplain in the first place.



xlii INTRODUCTION

A corollary to the third law might be 
that each environmental system has a carry-
ing capacity— a physical limit to the amount of 
development, pollution, and (human, plant, or 
animal) population beyond which environmen-
tal quality is unsustainable. This carrying capac-
ity or limit to growth may be stretched by new 
technologies. But once a carrying capacity is 
exceeded, environmental quality is likely to 
decline suddenly, not gradually. However, car-
rying capacity is often difficult to identify with 
scientific accuracy.

A Note on “Good Science”

Science is a body of knowledge that describes 
how we understand both the natural and built 
environments. In making choices about how to 
use our environment, we must have accurate 
information on which to base our decisions. 
Environmental planning relies on information 
from a variety of sciences, including biology, 
botany, chemistry, physics, agronomy, mete-
orology, geology, epidemiology, hydrology, 
engineering, and ecology.

“Good science” is objective, technical 
information based on empirical evidence, past 
experience, and tested technology. However, 
an enormous amount of misinformation has 
been circulated about the environment. There 
is much about the natural environment and 
human influences on the environment that is 
not known with certainty. In some cases, there 
may be evidence but not conclusive proof. Sci-
entists may disagree about sources of environ-
mental problems and possible solutions. They 
may also disagree over what can be consid-
ered an acceptable level of risk from polluting 
activities or specific substances. Good science 
can change over time as new studies are com-
pleted, new data are analyzed, and new tech-
nologies are created. Technological inventions 

can influence good science, but it is difficult to 
predict what new technologies will emerge, 
when, and at what cost.

Environmentalists often support the “pre-
cautionary principle,” which holds that the 
absence of complete scientific certainty should 
not be an excuse for refusing to take action.6 A 
ban on the production of a particular chemi-
cal that tends to produce cancer in laboratory 
animals could be taken as a precautionary 
measure.

The use of good science faces four main 
obstacles. First, information may be expensive 
to gather and analyze in a timely fashion. Sec-
ond, the results may become politicized when 
debated by political parties with different inter-
ests. Third, some scientific results are based on 
models, which to a greater or lesser degree are 
abstractions from reality and typically include 
certain assumptions. This is not to say that all 
models are inaccurate or misleading. Rather, 
models vary in their accuracy and depend 
on the quality of the data used in the model. 
Fourth, it may be difficult to anticipate how a 
proposed development will impact the envi-
ronment when the effects may not become 
evident for several years. Also, elected officials 
who make public rulings on development 
proposals often spend a relatively short time 
in office, whereas the negative consequences 
of their decisions may crop up long after they 
leave office and are no longer accountable.

Congress frequently calls on the National 
Academy of Sciences and its National Research 
Council to provide objective scientific research, 
free from politics. The U.S. Environmental Pro-
tection Agency (EPA), university professors, 
businesses, and private consultants also con-
duct scientific studies of the environment. 
New studies and discoveries often change 
our thinking about the environment. In the 
1970s, the EPA promoted the concept that “the 
solution to pollution is dilution.” This concept 
resulted in taller smokestacks on coal- fired 
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electrical plants in the Midwest to reduce local 
air pollution. Unfortunately, the taller smoke-
stacks sent sulfur dioxide and nitrogen oxide 
pollution higher into the sky, where winds 
could carry the pollution eastward to contrib-
ute to acid rain in the Northeast. Today, the 
emphasis is on reducing air pollution emis-
sions at the source.

Or take the case of global climate change. 
Scientists sharply disagreed about it in the late 
1980s, but the 1990s were the warmest decade 
since weather measurements were first reg-
ularly recorded in the 1890s. And the 2000s 
were warmer than the 1990s. Today, nearly all 
scientists agree that global climate change 
is real and poses serious long- term threats to 
humans and ecological systems.7

Good science can influence local and 
regional environmental plans, regulations, 
standards, financial incentives, markets, and 
best management practices. It is important 
to understand the costs and benefits of each 
environmental management approach and 
how to blend a number of approaches into a 
comprehensive environmental planning pack-
age. Ideally, our individual actions and our 
collective actions will be beneficial to us, our 
community, our region, and future generations 
of Americans and earthlings.
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Chapter 4

PLANNING FOR CLIMATE CHANGE

Mitigation and Adaptation

Climate Change is a result of the greatest market failure the world has seen.

— Sir Nicholas Stern, chief author of The Stern Report1

4.1: Climate Change:  
Threats and Responses

Climate change, brought about by the warm-
ing of the earth’s atmosphere, poses the sin-
gle greatest threat to the global environment. 
The earth’s atmosphere normally blocks some 
of the sun’s infrared rays from reflecting back 
into outer space and thus helps keep the earth 
warm enough to sustain humans and other 
living creatures. The buildup of certain gases 
such as carbon dioxide (CO

2
) increases the abil-

ity of the atmosphere to the trap sun’s rays. 
The greenhouse effect then heats up the earth, 
much the same way that a glass greenhouse 
absorbs the sun’s warmth (see Figure 4.1).

The leading so- called greenhouse gases 
include CO

2
, nitrous oxide, sulfur hexafluoride, 

hydrofluorocarbons, perfluorocarbons, and 
methane. These gases are typically measured 
in metric tons of CO

2
 equivalent. CO

2
 is the 

Figure 4.1. The Greenhouse Effect

As greenhouse gases build up in the atmosphere, 
fewer of the sun’s infrared rays are reflected back 
into outer space. The atmosphere warms up, and 
land and ocean temperatures rise.

Excerpted from The Environmental Planning Handbook for Sustainable Communities and Regions, 
Second Edition, by Tom Daniels. Copyright 2014 by the American Planning Association. 
All Rights Reserved.
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most common U.S. greenhouse gas, account-
ing for more than four- fifths of the nation’s 
total greenhouse gas emissions in 2011 (see 
Figure 4.3).2 Yet the other greenhouse gases 
have much greater potential to trap the sun’s 
rays and warm the earth. Methane has a global 
warming potential of about 21 times that 
of CO

2
. Nitrous oxide has a global warming 

potential of 310 times more than CO
2
 and per-

sists in the atmosphere for about 120 years.3 
Fluorinated gases (hydrofluorocarbons and 
perfluorocarbons) are 1,000 times as potent 
a greenhouse gas as CO

2
. In addition, particu-

lates, also known as black carbon or soot, trap 
heat in the atmosphere and contribute to cli-
mate change.

The main sources of America’s green-
house gases are the burning of fossil fuels: 
coal for electricity, oil in the form of gasoline 
and diesel fuel to power motor vehicles, and 
natural gas to heat homes and commercial 
buildings (see Figure 4.2). In 2012, the burning 
of fossil fuels made up 94 percent of Ameri-
ca’s CO

2
 emissions and more than 77 percent 

of total greenhouse gas emissions.4 Coal- fired 
power plants produce about half of America’s 
CO

2
 emissions. The burning of wood and the 

manufacture of cement are two other import-
ant sources of CO

2
. Agricultural fertilizers and 

manure are leading sources of nitrous oxide 
emissions. Cars and trucks also emit large 
amounts of nitrous oxide gas and about one- 
fifth of the CO

2
 released into the atmosphere. 

Methane is released from livestock, the decay 
of solid waste in landfills, and the production 
of oil and natural gas. Fluorinated gases (hydro-
fluorocarbons and perfluorocarbons) are used 
in industrial processes to make refrigerants and 
air conditioners. Coal- burning power plants, 
forest fires, and dust from farming operations 
generate the majority of particulates.

In 2012, transportation accounted for 
28 percent of U.S. greenhouse gas emissions; 
industrial uses made up 28 percent, residential 

Electricity
33%

Transportation
28%

Industry
20%

Commercial and
residential

11%

Agriculture
8%

Figure 4.2. Sources of U.S. Greenhouse Gas 
Emissions, 2011

Total emissions were 6,702 millions of metric 
tons equivalent of CO2.

Source: U.S. EPA, National Greenhouse Gas Emissions 
Data, 2013.

Figure 4.3. Types of U.S. Greenhouse Gas 
Emissions, 2011

Source: U.S. EPA, National Greenhouse Gas Emissions 
Data, 2013.
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uses made up 16 percent, commercial uses 
made up 16 percent, and agriculture accounted 
for 10 percent. Electricity consumption contrib-
uted much of the greenhouse gas emissions 
from industry, residences, and businesses. The 
production of electricity caused 32 percent of 
the greenhouse gas emissions in 2012.5

In 1992, the U.S., along with 191 other 
countries, signed the United Nations Frame-
work Convention on Climate Change (UNF-
CCC). In keeping with the UNFCCC, the U.S. 
Environmental Protection Agency (EPA) pub-
lishes an annual report on human- generated 
greenhouse gas emissions and sinks. U.S. 
annual greenhouse gas emissions increased 
by 7.3 percent from 6.182 billion metric tons in 
1990 to 6.633 billion metric tons of CO

2
 equiv-

alent in 2009 (see Figure 4.3). Greenhouse gas 
emissions peaked in 2007 at more than 7 bil-
lion metric tons. The decline in emissions since 
2007 was due to a severe recession in the U.S. 
economy and the slow recovery.

The leading carbon sinks in the U.S. are 
forests, which absorb about 1 billion tons, or 
13 percent, of annual CO

2
 equivalent emis-

sions. Annual absorption of CO
2
 has increased 

by 18 percent between 1990 and 2012, thanks 
to increased forest growth both in trees abo-
veground and in root systems belowground.6

The U.S. produces about one- fifth of the 
world’s annual CO

2
 emissions, second only to 

China, which is responsible for almost 30 per-
cent of CO

2
 emissions.7 The U.S. is among the 

leading nations in per capita greenhouse gas 
emissions at about 20 metric tons of CO

2
 per 

person each year, though per capita emissions 
have declined slightly since 2000.

Scientists have focused on the issue of 
climate sensitivity, or the relationship between 
increases in the concentration of CO

2
 in the 

atmosphere and rising global temperatures. 
In 1789, the global concentration of CO

2
 was 

280 parts per million;8 in 2011, it was 390 parts 
per million, a nearly 40 percent increase. A 

concentration of 550 parts per million of CO
2
 

in the atmosphere is cited by some scientists 
as the upper tolerable limit. Above that, rising 
temperatures would wreak widespread dam-
age to the global environment. Yet others have 
argued that 450 parts per million should be 
the upper limit; the group 350.com has set a  
goal of 350 parts per million, based on the 
research of James Hansen, the former chief 
scientist of the National Oceanic and Atmo-
spheric Administration.9

Greater releases of CO
2
 over time have 

the potential to disrupt the global carbon cycle 
(see Chapter 2). Forests and oceans are the 
main carbon sinks in which carbon is absorbed 
and stored. The decrease in forests— especially 
the loss of tropical rainforests in Brazil and 
Asia— from slash- and- burn agriculture, tim-
ber harvesting, and land clearing has reduced 
the ability of forests to absorb CO

2
. Oceans, 

meanwhile, are absorbing more CO
2
, which is 

turning the oceans more acidic. The long- term 
effects of this trend are not fully known but 
are expected to contribute to the bleaching of 
coral reefs and the weakening of mollusk shells.

It is important to note that carbon emit-
ted today will continue to warm the planet for 
hundreds of years. The International Panel on 
Climate Change (IPCC) has made several projec-
tions of temperature trends in the 21st century. 
On the low side, the earth’s average tempera-
ture would rise between 1.1 and 2.9 degrees 
Celsius (about 2 to 5 degrees Fahrenheit). On 
the high side, the average temperature would 
increase between 2.4 and 6.4 degrees Celsius 
(about 4.5 to nearly 12 degrees Fahrenheit). A 
temperature of 6 degrees Celsius would likely 
spell disaster in the form of warming oceans, 
rising seas levels, widespread droughts, crop 
failures, wildfires, violent storms, rapidly melt-
ing glaciers, and tens of millions of climate 
change refugees.10

Future climate change and its impacts 
depend on choices made today. Sir Nicholas 
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Stern in The Stern Report recommended that 
the world spend 5 percent of its annual gross 
product on curbing climate change.11 The first 
step, he noted, was to put a price on carbon 
so that the costs of CO

2
 emissions would be 

reflected in the prices of goods and services. 
In short, Stern recommended a form of the 
Pigouvian tax discussed in Chapter 2.

The threat of catastrophic climate change 
has spurred many people to think about their 
carbon footprint: the amount of carbon released 
in certain actions, such as flying in an airplane 
and driving a car, or embodied in certain prod-
ucts, such as imported food rather than locally 
grown food. Carbon- neutral or net- zero car-
bon activities mean that the amount of carbon 
released by one activity, say, an airplane trip, is 
offset by other activities that sequester (store) 
carbon or offset the carbon emissions, such as 
planting trees. The ultimate goal of carbon- 
neutral advocates is a postcarbon economy 
that relies on renewable energy sources, such 
as wind and solar power, which produce no 
carbon emissions.

The impacts of climate change are not 
fully known, but the evidence is growing, and 
climate- related alterations to environments 
and ecosystems are expected to increase. 
Higher temperatures have been widely 
reported. A 2006 National Academy of Sciences 
study reported that “the last few decades of the 
20th century were warmer than any compara-
ble period in the last 400 years”12 and that “the 
Earth warmed by roughly 0.6°C (1°F) during the 
20th century and is projected to warm by an 
additional ~2– 6°C during the 21st century.”13

The warming of the earth’s atmosphere 
is already melting glaciers, but the melting of 
parts of the polar ice caps is expected to result 
in rising sea levels that would flood low- lying 
coastal cities. Glaciers are a fairly good mea-
sure of global temperatures. According to the 
National Park Service, in 1850, there were 150 
glaciers in Montana’s Glacier National Park. 

In 2011, there were only 26.14 New York City’s 
PlaNYC of 2007 noted an 8- inch rise in sea level 
along the city’s shoreline in the 20th century 
and projected a further sea level rise of 7 to 12 
inches by the 2050s, which could cause some 
flooding.15 Albedo is a measure of the ability 
to reflect rather than absorb the sun’s rays. 
The white polar ice caps have a high albedo 
and reflect much of the sun’s rays. But as the 
ice caps melt, the area of open water increases 
and the albedo decreases. The dark open water 
absorbs the sun’s heat, raising ocean tem-
peratures and inducing more melting of the 
ice caps. This cycle of melting ice and water 
absorbing more heat is known as a feedback 
loop and makes the melting of the icecaps 
harder to slow or reverse.

Other impacts that are already appearing 
include more frequent and violent storms and 
floods, droughts, and wildfires. While it may 
be tempting to attribute all extreme weather 
events to climate change caused by green-
house gases, the year 2011 featured a record 
number of tornadoes, a searing drought in 
Texas, record wildfires in the West, floods in the 
Midwest, and Hurricane Irene in the Northeast. 
Severe weather produced a record 12 disasters 
that each caused more than $1 billion in dam-
age and altogether resulted in more than 1,000 
deaths.16

In 2012, the U.S. experienced its hottest 
year on record, and a prolonged drought in 
the Corn Belt, which devastated crop yields.17 
Rising temperatures also pose threats to wild-
life by damaging habitats and hastening the 
spread of invasive species into regions that 
were formerly too cold. For example, in 2008, 
the polar bear was declared a threatened spe-
cies because of melting ice cover, which meant 
the bears had to swim farther between ice floes. 
Many bears had drowned. Since 2000, the pine 
bark beetle has moved farther north along 
the Rocky Mountains and by 2011 had deci-
mated 3.5 million acres of forests in Colorado 



CHAPTER 4: PLANNING FOR CLIMATE CHANGE 119

and Wyoming.18 The warmer temperatures are 
likely to melt the snowpack in the Rocky Moun-
tains sooner in the spring, making for a smaller 
supply of water in the summer and fall. This 
would cause the forests to dry out more and 
for longer periods, increasing their vulnerabil-
ity to wildfires. The Colorado River, which pro-
vides drinking water to more than 35 million 
people, could especially be stressed in the late 
summer and early fall.

In short, climate change could threaten 
America’s national security in several ways, 
resulting in potential hazards to human life 
and health:

• Energy supply and use: Hydropower pro-
duction could decline because of low flows 
in some regions. Power generation from 
fossil fuel and nuclear plants could fall 
because of increased water temperatures 
and reduced supplies of cooling water.

• Transportation: Floods and droughts can 
disrupt transportation. Heavy downpours 
threaten the navigability of rivers. Declining 
water levels in the Great Lakes and some 
rivers could reduce freight capacity.

• Agriculture and forests: Droughts and 
diminishing water supplies for irrigation 
can decrease food and fiber production. 
Heavy rainfall can delay spring planting 
and damage crops. Drought stresses for-
ests. Earlier spring snowmelt leads to an 
increased number of forest fires in the sum-
mer and fall.

• Water: Droughts reduce surface and ground 
water supplies. Early snowmelt creates 
water shortages later in the year. Water-
borne diseases and threats to human health 
are likely to rise as precipitation increases in 
some parts of the country.

• Climate refugees: As storm events become 
more frequent and violent, damage to 

property and entire communities will 
become more severe. For example, Hur-
ricane Katrina permanently displaced an 
estimated 200,000 people, and New Orle-
ans has yet to regain its population level 
before the storm. The melting of perma-
frost in Alaska not only releases methane, 
adding to greenhouse gas buildup, but 
is also forcing the evacuation of several 
communities.

The Evolving Climate Change Debate

Climate change is a prime example of the 
debate over good science. One of the tenets 
of U.S. law is that an individual must be found 
guilty beyond a reasonable doubt. In Euro-
pean countries, by comparison, the standard 
of guilt is a preponderance of the evidence. Oil 
and coal companies have led an effort to raise 
doubts about the link between the burning of 
fossil fuels and the accuracy of climate change 
models. Environmentalists cite the precau-
tionary principle and the mounting evidence 
of climate change as reasons to take action to 
reduce greenhouse gas emissions and to plan 
for adapting to climate change.

The combination of several studies and 
major natural disasters have tilted the major-
ity of U.S. public opinion toward acknowledg-
ing that climate change is real and is caused 
primarily by human actions. One of the pre-
dictions associated with climate change is 
more frequent and violent storms. In late 
August of 2005, Hurricane Katrina slammed 
into the Gulf Coast of Louisiana and Missis-
sippi. The City of New Orleans suffered severe 
flooding, and nearly 2,000 people lost their 
lives. An estimated 200,000 people were per-
manently displaced. Hurricane Katrina was 
the most expensive natural disaster in U.S. 
history, estimated at causing more than $100 
billion in damage.
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In 2006, respected British economist Nich-
olas Stern and a team of researchers published 
a report calling climate change “the greatest 
market failure the world has ever seen.”19 The 
report warned that climate change was already 
costing the world a 1 percent loss in economic 
output, equal to $35 billion a year. Moreover, if 
climate change was not addressed through a 
reduction in greenhouse gases, there would be 
a loss of between 5 percent and 20 percent in 
annual global economic activity. To cut green-
house gases, the report recommended a car-
bon tax (much like the Pigouvian tax discussed 
in Chapter 2) that would fall mainly on fossil 
fuels. The report pointed out that 550 parts per 
million of CO

2
 was the agreed on maximum the 

world could tolerate. The world had reached 
390 ppm and was headed toward 550 ppm in 
50 years. The Stern Report was the first attempt 
to put a price tag on climate change and force-
fully argued that from a cost- benefit perspec-
tive, the benefits of reducing greenhouse gas 
emissions far outweighed the long- term costs 
of inaction.

Also in 2006, former Vice President Al 
Gore published An Inconvenient Truth, a best- 
selling book about the threat of global climate 
change and the urgent need to take action. In 
particular, the book documented the correla-
tion between rising earth temperatures and 
the increased concentration of CO

2
 in the atmo-

sphere. That same year, Gore wrote and starred 
in a documentary film based on the book. The 
film won the Academy Award for the Best Doc-
umentary Feature of 2006. The following year, 
Gore shared the Nobel Peace Prize with the 
United Nations IPCC. Together, the book and 
the film are credited with raising public aware-
ness about climate change and inspiring new 
interest in the environment and sustainability.

The Climate Change 2007 report of the 
IPCC featured two widely quoted findings:  
(1) “Warming of the climate system is unequiv-
ocal,”20 and (2) “Most of the observed increase 

in global average temperatures since the mid- 
20th century is very likely due to the observed 
increase in anthropogenic greenhouse gas 
concentrations.”21 More important, this was the 
fourth report from the IPCC, which had begun 
assessing climate change in 1988. The IPCC 
has had a reputation as being very cautious 
in its approach to climate change. The defini-
tive statement that climate change is real and 
very likely caused by human actions reflected a 
consensus among scientists about the climate 
change threat and the need to change human 
behavior to address it.

4.2: Federal Actions to Reduce 
Greenhouse Gas Emissions (Mitigation)

In 2007, the U.S. Supreme Court ruled that CO
2
 

and other greenhouse gases were air pollut-
ants, enabling the U.S. EPA to regulate CO

2
 and 

greenhouse gas emissions under the Clean 
Air Act.22 In 2009, the EPA announced that six 
greenhouses gases endanger human health: 
CO

2
, methane, nitrous oxide, hydrofluorocar-

bons, perfluorocarbons, and sulfur hexafluo-
ride. In late 2013, the EPA proposed two rules 
to limit the amount of CO

2
 that new coal- fired 

and natural gas- fired power plants could emit. 
Gas- fired plants would be allowed to emit up to 
1,000 pounds of CO

2
 per megawatt hour; coal- 

fired plants could emit 1,100 pounds of CO
2
 per 

megawatt hour. New coal plants in 2013 typi-
cally produced about 1,800 pounds of carbon 
per megawatt hour.23 But it is likely that these 
new rules would face legal challenges from the 
utility industry.

In 2009, the federal government pro-
posed a goal to reduce greenhouse gas emis-
sion by 83 percent below the 2005 level by 
2050, equivalent to an 80 percent reduction 
below the 1990 level.24 Following the 2009 
Copenhagen meeting on climate change, the 
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U.S. government agreed to a shorter- term goal 
of a 17 percent reduction in greenhouse gas 
emissions below 2005 levels by 2020.25 As of 
late 2013, the U.S. appeared to be on track to 
achieve that goal.26 But the reason for Amer-
ica’s achievement can be attributed to slow 
economic growth, a decline in vehicle miles 
traveled since 2007, and the shift to cleaner 
natural gas- fired power plants and away from 
coal- fired plants. The federal government has 
been slow to adopt policies to mitigate green-
house gas emissions or to adapt to climate 
change. Mitigation involves the reduction of 
greenhouse gas emissions, primarily through 
curbing the use of fossil fuels. Adaptation 
means preparing for natural disasters spawned 
by climate change, such as altering the location 
of future development, strengthening build-
ings, and securing long- term water supplies.

The federal government is the nation’s 
largest single consumer of energy, and in 
2010, President Obama signed an executive 
order calling for a 28 percent reduction in 
federal greenhouse gas emissions by 2020.27 
The reductions were expected to come from 
greater energy efficiency in buildings and other 
operations and a greater use of solar, wind, and 
geothermal sources.

There is no single solution to mitigate 
greenhouse gas emissions. Stephen Pacala and 
Robert Socolow of Princeton University iden-
tified 15 actions, or “wedges,” that together 
could stabilize CO

2
 concentrations in the atmo-

sphere at below 500 parts per million for 50 
years. The wedges include greater efficiency 
in motor vehicles, buildings, and coal- fired 
power plants; decarbonization of electricity 
generation through the capture of CO

2
 at coal- 

fired power plants and the replacement of 
coal- generated power with natural gas- fired 
plants, solar photovoltaics, wind generated 
power, and nuclear power; decarbonization of 
fuel through CO

2
 recapture, biofuels for coal, 

and hydrogen produced through wind power 

for use in fuel cells in hybrid vehicles; and con-
servation of forests and agricultural soils.28 In 
addition, a carbon tax of about $100 per ton of 
carbon would be needed.29

The wedge approach demonstrates that  
no one single policy or technology will solve 
the climate change problem. Economic growth 
and population growth remain major chal-
lenges to reducing greenhouse gas emissions. 
But several European countries, including Den-
mark, Sweden, and the United Kingdom, have 
been able to reduce greenhouse gas emissions 
and still increase economic output. One U.S. 
study has argued that regulating end- of- pipe 
carbon emissions from a few thousand fossil 
fuel– consuming companies would address  
80 percent of greenhouse gas emissions in  
the U.S.30

There are no quick solutions to reducing 
greenhouse gas emissions, and CO

2
 will con-

tinue to build up in the atmosphere unless 
the U.S. federal government— together with 
both other industrialized nations and devel-
oping countries— undertakes a number of 
bold actions. There are several options, but the 
most important is to get the price of fossil fuels 
to reflect the impact it has on climate change. 
One way to do this is to increase the cost of 
fossil fuels through the use of a Pigouvian- type 
tax. For example, Congress could raise the fed-
eral gasoline tax. The federal gasoline tax was 
18.4 cents per gallon as of 2013. In Europe, 
gasoline taxes are more than $2 per gallon. 
Next, Congress could impose a gas- guzzler tax 
on new cars, sport- utility vehicles, and trucks 
that get poor gas mileage (fewer than 30 
miles per gallon). The federal government has 
already taken an important step toward reduc-
ing greenhouse gases from motor vehicles by 
working with automakers to raise the corpo-
rate average fuel economy (CAFE) standards to 
54.5 miles per gallon average by 2025, up from 
the 2011 CAFE standards of 30.2 miles per gal-
lon for cars and 24.1 miles per gallon for light 
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trucks.31 But it remains to be seen whether the 
auto industry can meet the higher standards.

The EPA could more stringently enforce 
the Clean Air Act by imposing sanctions on the 
more than 300 counties that are out of com-
pliance with national air- quality standards; this 
authority is included in the 1990 Clean Air Act 
Amendments and allows the EPA to withhold 
federal highway funds. Sanctions have only 
been used sparingly— most notably in the case 
of greater Atlanta— and only for a short time 
(see Chapter 3).

One of the largest obstacles to mitigat-
ing greenhouse gas emissions is the lack of 
markets that would reward landowners of 
farm-  and forestland for providing ecosystem 
services in the form of greenhouse gas offsets. 
As part of a cap- and- trade program, farm and 
forest landowners could sell tradable carbon 
credits to companies that release too much 
greenhouse gas. The federal government 
could spur the expansion of carbon credits by 
mandating a Kyoto type of cap- and- trade sys-
tem and by purchasing carbon credits to offset 
at least some of the greenhouse gases the fed-
eral government generates. A cap- and- trade 
system is allowed under the 1990 Clean Air Act 
Amendments and was successful in lowering 
sulfur dioxide emissions in the 1990s.

The federal government can provide 
subsidies in the form of tax credits or grants 
to encourage the adoption of more energy- 
efficient cars, heating systems, and renewable 
energy production. The federal government 
has already offered tax credits for the pur-
chase of hybrid vehicles, the replacement of 
oil- heating systems with natural gas, and com-
mercial and residential investments in wind 
and solar power.

Forests absorb about 13 percent of Amer-
ica’s annual CO2

 emissions and have the poten-
tial to absorb considerably more.32 There are 
four general options for managing forests. The 
best for limiting carbon releases is to harvest 

the tree just as it dies. The second- best option 
is to allow the tree to die naturally and decay. 
Selective harvesting is the third best, and clear- 
cutting is the worst practice for controlling 
carbon releases (see Chapter 15). The federal 
government could manage the 191 million 
acres of national forests to maximize carbon 
sequestration.

America’s more than 600 coal- fired power 
plants are a leading source of CO

2
 emissions.33 

About 100 of the most- polluting coal- fired 
plants are more than 50 years old and were 
grandfathered in under the Clean Air Act of 
1970. Upgrading all these old plants would 
cost billions of dollars. A major step toward 
reducing CO

2
 emissions would be for the fed-

eral government to sunset these older coal- 
fired power plants.

Between 2005 and 2011, annual U.S. 
greenhouse gas emissions fell by an impressive 
6.9 percent (see Figure 4.4). There are several 
reasons for this sharp decline. First, the use of 
coal to produce electricity was being replaced 
by natural gas, thanks to new discoveries of 
natural gas and the development of shale gas. 
Second, vehicle miles traveled peaked in 2006 
and have declined each year since to 2013.34 
And third, the U.S. economy plunged into a 
deep recession from 2007 to 2009, and the 
recovery was slow.

4.3: International Actions to Reduce 
Greenhouse Gas Emissions

Climate change provides a valuable case study 
of the need for coordinated international action 
to respond to a global environmental threat. 
The international community first officially rec-
ognized climate change in the United Nations 
Framework Convention on Climate Change, an 
environmental treaty signed in Rio de Janeiro 
in 1992 that stated a concern that “human 
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activities have been substantially increasing 
the atmospheric concentrations of greenhouse 
gases, that these increases enhance the natural 
greenhouse eff ect, and that this will result on 
average in an additional warming of the Earth’s 
surface and atmosphere and may adversely 
aff ect natural ecosystems and humankind.”35

The Rio treaty led to the Kyoto Protocol of 
1997, which took eff ect in 2005 and required 
37 industrialized nations to reduce their emis-
sions of greenhouse gases by 5.2 percent below 
1990 levels in the period 2008– 2012. The main 
tool to achieve the decline in greenhouse gases 
was a cap- and- trade program (based on inter-
national carbon emissions trading credits), a 
technique that had proven successful in cutting 
sulfur dioxide emissions in the U.S. (see Chapter 
3). The U.S. Senate, however, never ratifi ed the 
Kyoto Protocol, contending that it would hurt 

the U.S. economy. Developing countries, such 
as China and India, were not required to reduce 
greenhouse gas emissions under the Kyoto Pro-
tocol. The reasoning was that the industrialized 
nations had caused climate change with their 
emissions and the developing country econo-
mies needed to catch up economically before 
they could be expected to reduce greenhouse 
gas emissions. This reasoning, however, was 
undercut in 2007 when China had surpassed 
the U.S. as the largest source of greenhouse 
gases. The European Union set up the Emis-
sions Trading Scheme in 2005 to enable com-
panies to buy and sell carbon credits as part of 
the cap- and- trade program. But this program 
has not performed well, thanks in part to the 
global economic recession of 2007– 2009 and 
the fact that too many emissions allowances 
were given to European companies. The price 
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Figure 4.4. Trends in U.S. Greenhouse Gas Emissions, 1990– 2011

Source: U.S. EPA, National Greenhouse Gas Emissions Data, 2013.
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of carbon in the European market has lan-
guished at well below $10 per ton. The Kyoto 
Protocol expired in 2012, but it is important to 
note that the Kyoto Protocol only slowed the 
rate of increase of CO

2
 buildup in the atmo-

sphere rather than reduced it. Between 1997 
and 2012, global CO

2
 emissions increased by 

about 25 percent. While the Kyoto Protocol can 
be seen as a necessary and important first step 
toward reducing greenhouse gas emissions, 
future international treaties on greenhouse 
gases will have to involve both industrialized 
and developing nations in order to actually cut 
global greenhouse gas emissions.

4.4: Regional Planning to Reduce 
Greenhouse Gas Emissions

The lack of federal action on greenhouse gas 
emissions has not stopped individual states, 
groups of states, or local governments from 
creating programs aimed at decreasing green-
house gases. The Regional Greenhouse Gas 
Initiative (RGGI, pronounced “Reggie”) is cap- 
and- trade program adopted in 2005 by 10 
northeastern states (the six New England states, 
plus New York, New Jersey, Delaware, and 
Maryland). RGGI is the nation’s first mandatory 
regional cap- and- trade program designed to 
reduce CO

2
 emissions. RGGI is similar to the cap- 

and- trade system called for under the Kyoto 
Protocol and the cap- and- trade approach suc-
cessfully used in the U.S. to reduce sulfur diox-
ide emissions from power plants.

Fossil fuel– burning power plants are the 
single largest source of greenhouse gas emis-
sions both nationwide and in the Northeast, 
where they account for one- quarter of the 
region’s total emissions.36 The RGGI set a cap on 
annual CO

2
 emissions from each of the region’s 

209 electricity- generating plants that burn 
fossil fuel. The operator of each plant must 

purchase emission allowances equal to the 
plant’s annual cap, each allowance permitting 
1 ton of CO

2
 emissions. If a power plant’s emis-

sions exceed the annual cap, then the operator 
can purchase emissions allowances from other 
power plant operators who have produced 
fewer emissions than their caps authorized. 
Through RGGI Inc., a nonprofit organization 
created to implement RGGI, the 10 states 
began in 2008 to auction off emissions allow-
ances to the operators of the power plants. 
The RGGI raised $900 million from power plant 
operators from mid- 2008 through September 
2011. But the auction- based price on carbon 
has averaged less than $3 per ton, a price well 
below initial expectations, and less than the 
$10 to $15 per ton estimated to spur wide-
spread sale of carbon offset credits.37 The par-
ticipating states have used the revenues from 
the auctions to invest in weatherizing homes 
and in renewable, clean energy technologies. 
According to one study, the RGGI has reduced 
the bills of electricity customers while keeping 
more money in the local economy because of 
less demand for fossil fuels.38 RGGI is scheduled 
to sunset in 2018.

4.5: State Planning to Reduce 
Greenhouse Gas Emissions

States have most often responded to climate 
change by drafting a climate action plan and 
by setting standards for the percentage of elec-
tricity that a utility must provide from renew-
able energy sources. As of 2011, 36 states had 
drafted climate action plans to mitigate green-
house gas emissions and to adapt to climate 
change. Colorado, for example, adopted its 
plan in 2007 with the goals of reducing green-
house gas emissions by 20 percent below 
2005 levels by 2020 and by 80 percent by 
2050. The plan calls for energy audits of state 
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buildings, greener electricity, and a national 
carbon credit trading program that will pay 
farmers and ranchers for sequestering carbon. 
The plan also calls the state to plan for the 
impacts of climate change on the state’s water 
supplies and reduce the risk of wildfires.39 Cli-
mate action plans in other states have similar 
goals and recommendations. But overall, these 
state plans lack the type of inventory and data 
analysis found in a comprehensive plan. More-
over, the climate action plans have little to say 
about planning for reducing sprawl, increas-
ing development densities, and expanding 
mass transit— all of which would go far toward 
reducing greenhouse gas emissions.

Twenty- seven states have adopted renew-
able energy portfolio standards that require 
utilities to obtain a certain percentage of the 
electricity they sell from renewable sources, 
such as wind, geothermal, and solar power. 
New York State, for instance, required utilities 
to acquire 24 percent of their electricity from 
renewable sources by 2013. Maine requires 40 
percent of electricity from renewable sources 
by 2017, and California utilities must provide 
33 percent of their electricity from renewable 
sources by 2030.40 The federal government has 
yet to set a national renewable energy portfo-
lio standard.

California has been a leader among states 
in the regulation of motor vehicles to improve 
air quality (see Chapter 3). Similarly, California 
has pioneered state- level planning and policies 
to reduce greenhouse gas emissions. The Cali-
fornia Global Warming Solutions Act of 2006, 
also known as AB 32, directs the California Air 
Resources Board to develop and implement 
regulations that will cut California’s green-
house gas emissions to 1990 levels by 2020, a 
reduction of about 30 percent, and then to 80 
percent below 1990 levels by 2050.41 To track 
greenhouse gas emissions, the largest indus-
trial sources must report their greenhouse gas 
emissions to the Air Resources Board each year.

Senate Bill (SB) 375, the Sustainable Com-
munities and Climate Protection Act of 2008, 
authorized the Air Resources Board to set 
greenhouse gas reduction targets for passen-
ger vehicles. The Air Resources Board must also 
establish targets for 2020 and 2035 for each of 
the state’s 18 metropolitan planning organiza-
tions (MPOs).42 Each MPO must draft a sustain-
able communities strategy that shows how 
the region will meet its greenhouse gas reduc-
tion target by integrating land- use, housing, 
and transportation planning to reduce vehi-
cle miles traveled. The sustainable communi-
ties strategy is reviewed by the Air Resources 
Board and then becomes part of the MPO’s 20- 
year regional transportation plan that deter-
mines how federal transportation funds will 
be spent.

SB 375 also provides financial incentives 
to local governments to promote more com-
pact development and more transportation 
alternatives to car travel. For instance, devel-
opers are exempt from certain environmental 
review requirements if their proposed residen-
tial and mixed use projects are consistent with 
the region’s sustainable communities strategy. 
In 2011, the San Diego Association of Govern-
ments MPO became the first MPO to have its 
sustainable communities strategy approved by 
the Air Resources Board.43

In 2012, California launched the California 
Greenhouse Gas Cap- and- Trade Program to 
set a limit on greenhouse gas emissions from 
a variety of industrial activities and to create 
a system for trading greenhouse gas credits. 
The law applies to a wide range of greenhouse 
gases: CO

2
, methane, nitrous oxide, sulfur 

hexafluoride, hydrofluorocarbons, perfluoro-
carbons, nitrogen trifluoride, and other flu-
orinated greenhouse gases. The companies 
that have caps on greenhouse gases include 
suppliers of natural gas, electricity, fuel oil, 
and liquefied petroleum gas as well as pro-
ducers of cement, glass, hydrogen, iron, steel, 
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lime, nitric acid, paper, petroleum, natural gas, 
and electricity. Each of these companies must 
register with the Air Resources Board. The Air 
Resources Board then issues California green-
house gas allowances to each company and 
determines and distributes offset credits to 
those companies that have emitted a lower 
amount of greenhouse gases than their allow-
ance. Those companies that have exceeded 
their allowance must purchase offset credits 
from companies that are under their allowance 
or from third parties, such as qualified owners 
of forestland. The cap on total allowances is 
set to decrease from 394.5 million metric tons 
in 2015 to 334.2 million metric tons in 2020. If 
offsets are purchased, the owners of the offset 
projects, such as forestland, must comply with 
monitoring, reporting, and record keeping 
requirements to verify that greenhouse gases 
are being sequestered as agreed to under the 
sale of the offsets.44

A state can fund the development of 
renewable, nonpolluting energy sources. In 
2006, California appropriated more than $3.2 
billion to provide subsidies to owners of resi-
dential and commercial buildings who install 
solar photovoltaic panels or solar thermal sys-
tems on their roofs.45 The goal of the program 
is 1 million solar roofs by 2018 to create 3,000 
megawatts of electricity and reduce reliance 
on fossil fuels.

California passed a law in 2004 to cut 
greenhouse gases from cars and trucks. But 
the George W. Bush administration refused 
to grant California a waiver to exceed federal 
motor vehicle fuel efficiency standards. In 2009, 
the Obama administration granted the waiver 
that enabled California to require carmakers to 
achieve an average fuel efficiency of 35.5 miles 
per gallon in order to reduce CO

2
 and other 

pollutants by 40 percent starting with the 2016 
models.46 The federal government has since 
adopted a stricter standard of 54.5 miles per 
gallon by 2025.

4.6: Local Planning to Reduce 
Greenhouse Gas Emissions

Climate change is a prime example of the say-
ing “Think globally, act locally.” Although a 
challenge as large as climate change may seem 
overwhelming, actions by local governments, 
businesses, and individuals can help reduce 
greenhouse gas emissions. Governments, 
businesses, and individuals can also change 
location decisions and make investments to 
the built environment to adapt to environ-
mental impacts resulting from climate change. 
Relying on the state and federal government 
to create policies and programs to address 
climate change has often proven frustrating. 
For instance, in 2005, the U.S. Conference of 
Mayors established their Climate Protection 
Agreement, which features the reduction of 
greenhouse gas emissions that would meet or 
beat the original Kyoto Protocol goal of reduc-
ing emissions by 7 percent below 1990 levels 
by 2012. The agreement promotes limiting 
sprawl, improving urban forests, and public 
information campaigns as ways to mitigate 
emissions.47 By 2009, more than 1,000 mayors 
had signed the agreement.

Local governments are also beginning 
to recognize the need to plan for adapting to 
climate change, especially sea level rise and 
flooding in coastal areas and rivers overflowing 
their banks from sudden and intense storms. 
Adaptation entails increasing the resiliency of 
the built environment through natural or soft 
strategies such as wetlands and floodplains and 
through hard infrastructure, such as seawalls 
and levees (see Chapter 13). Other important 
actions include retrofitting buildings and pub-
lic infrastructure to withstand more frequent 
and powerful natural disasters, planting trees 
for shade and absorbing stormwater, altering 
the location of future development to mini-
mize the risk of damage, and securing long- 
term water supplies to withstand drought.
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Local planning for climate adaptation 
begins with an assessment of the community’s 
vulnerability to climate change and particular 
risks to both natural and man- made environ-
ments. The financial feasibility of investing 
in adaptation actions is of utmost impor-
tance and a very real challenge. The balance 
between cost and adaptation effectiveness 
often depends on the likelihood of a cata-
strophic event. It is often difficult to convince 
voters, public officials, businesses, and home 
owners to make major investments in the face 
of uncertain outcomes.

Many businesses have recognized that 
climate change both poses threats to their 
companies and presents opportunities for 
increasing efficiency and profits. Several Amer-
ican companies have already set their own 
targets for reducing greenhouse gases.48 The 
insurance industry took note of the damage 
from Hurricane Katrina as well as from four 
hurricanes that hit Florida in 2004. In 2011,  
12 major weather events caused $52 billion in 
damage. Insurance is about managing risk, and 
climate change brings greater risks to insurers. 
Companies are in business to make a profit, and 
reducing energy use and improving energy 
efficiency in buildings and transportation can 
also raise profits while decreasing greenhouse 
gas emissions. Wal- Mart, the world’s larg-
est retailer, has become a leader in reducing 
greenhouse gases among businesses. Start-
ing in 2004, Wal- Mart has shrunk the amount 
of packaging and waste, offered locally grown 
food in its grocery section, and lowered the 
use of energy in its trucking fleet. In total, from 
2005 to 2008, Wal- Mart slashed its greenhouse 
gas emissions by 16 percent.49 “Going green” 
is good public relations and a way to attract 
and retain customers as well as a boost to the 
bottom line. Other businesses have taken note 
and followed Wal- Mart’s lead.

Individuals and households can save 
money and cut greenhouse gas emissions by 

purchasing fuel- efficient cars, taking mass tran-
sit, weatherizing their homes, and choosing to 
live closer to their work and in a place where 
they can walk or bike to shops. But perhaps the 
largest obstacle to reducing greenhouse gases 
is the needed change in individual lifestyles 
(see Table 4.1).

Local Climate Action Plans

More than 120 American cities, both large and 
small, have drafted climate action plans to 
mitigate and adapt to climate change50 (see  
Box 4.1). Rather than wait for the federal gov-
ernment to adopt a national climate change 
policy, these cities recognized that local actions 

Table 4.1. 10 Things You Can Do to Reduce 
Greenhouse Gases

1. Drive less— walk; bike; take the bus, 
subway, or train; carpool; or join a  
car- sharing program.

2. Recycle bottles, cans, and paper.

3. Use less hot water by taking short 
showers and washing clothes in cold 
water.

4. Replace incandescent light bulbs with 
compact fluorescence bulbs.

 5. Turn off appliances and unplug them.

 6. Buy Energy Star appliances.

 7. Eat locally grown, organic food.

 8. Avoid heavily packaged foods.

 9. Buy recycled paper products.

10. Fly less.
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on land use, transportation, and energy con-
sumption can have global impacts.

Albany, California, a city of 18,539 located 
on the eastern shore of the San Francisco Bay, 
began to plan for climate change in 2004. The 
city and its consultant, the International Coun-
cil for Local Environmental Initiatives (ICLEI), 
first estimated the 2004 baseline greenhouse 
gas emissions; then they made a forecast of 
future emission levels, and set greenhouse gas 
reduction targets.51 The Albany 2010 climate 

action plan spells out ways to meet the emis-
sions reduction targets. Implementing mea-
sures, monitoring of results, and making 
adjustments are ongoing. The climate action 
plan is due to expire at the end of 2020.

The City of Albany’s inventory identifies 
the sources of greenhouse gases measured in 
CO

2
 equivalents, such as transportation (gaso-

line and diesel fuel) and residential and com-
mercial or industrial consumption of electricity 
and natural gas (see Figure 4.5). Vehicle miles 

Box 4.1. New York City’s PlaNYC

New York City adopted a wide- ranging plan 
for the future development of the city in 
2007 with updates in 2011 and 2014. The 
plan envisioned more than 1 million more 
people by 2030 and noted the threats the 
climate change posed to public health and 
safety. Buildings were the source of 75 per-
cent of the city’s greenhouse gas emissions 
in 2009, while transportation accounted for 
20 percent, and solid waste management, 
wastewater treatment, streetlights, and traf-
fic lights made up the rest. New York City is 
especially concerned about flooding from 
rising seas (melting ice caps), increased pre-
cipitation, and a greater number of days 
higher than 90 degrees. PlaNYC calls for the 
City of New York to

 • conduct and publish an annual inven-
tory of greenhouse gas emissions;

 • assess opportunities to reduce green-
house gas emissions by 80 percent by 
2050;

 • regularly assess climate change 
projections;

 • partner with the Federal Emergency 
Management Agency to update flood 
insurance rate maps (see Chapter 13);

 • identify and evaluate citywide coastal 
protective measures;

 • update regulations to increase the resil-
ience of buildings;

 • work with the insurance industry to 
develop strategies to encourage the 
use of flood protections in buildings;

 • protect New York City’s critical 
infrastructure;

 • mitigate the urban heat island effect;

 • integrate climate change projections 
into emergency management and 
preparedness;

PlaNYC recommends four wedges to 
reduce greenhouse gas emissions by 30 per-
cent below 2005 levels by 2030: (1) greater 
energy, heating, and lighting efficiency in 
buildings; (2) an increase in clean energy 
supplies; (3) sustainable transportation; and 
(4) better management of solid waste, waste-
water treatment, and fugitive emissions.



CHAPTER 4: PLANNING FOR CLIMATE CHANGE 129

traveled were estimated from data provided 
by the Metropolitan Transportation Commis-
sion and the Bay Area Air Quality Management 
District. Bay Area Rapid Transit provided infor-
mation on the use of mass transit. Local utilities 
made available information on electricity and 
natural gas consumption. In addition, the U.S. 
EPA’s Waste Reduction Model was used to cal-
culate emissions from solid waste and landfi lls.

An emissions target depends on the emis-
sions level in a base year, such as some year 
before the climate action plan was adopted, 
and a forecast of emissions in some future year 
based on “business as usual” trends. The emis-
sions target calls for a reduction in greenhouse 
gas emissions of a certain percentage below 
the emissions in the base year by that future 
year. For instance, Albany, California, set a tar-
get of 25 percent below 2004 emissions by 

2020 (see Figure 4.6). This target is 27 percent 
lower than the projected business as usual 
emissions in 2020, meaning that greenhouse 
gas emissions that year will have to be lower 
by 19,600 metric tons of CO

2
 equivalent.

The City of Albany adopted its climate 
action plan in 2010.52 The plan features three 
strategies that have the greatest potential to 
reduce greenhouse gas emissions:

 1. The buildings and energy strategy lists 
energy effi  ciency retrofi ts for existing 
buildings including zero emissions city 
buildings by 2015, enhanced energy 
effi  ciency standards for new construc-
tion, increased use of renewable energy 
including zero emissions city buildings by 
2015, and improved energy management 
in homes and businesses.
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Figure 4.5. Albany, California, Greenhouse Gas Emissions Baseline, 2004

Source: City of Albany, CA, Climate Action Plan, 2010, pp. 1– 8.
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 2. The transportation and land use strategy 
seeks to reduce automobile emissions 
through improving pedestrian and bicy-
cle infrastructure, improving public tran-
sit service, promoting pedestrian-  and 
transit- oriented development (TOD), and 
improving the energy effi  ciency of the 
city’s vehicle fl eet.

 3. The waste reduction strategy involves 
increasing recycling and composting 
through educating residents.

Other strategies in Albany’s climate 
action plan include (a) expanding the urban 
forest to increase carbon sequestration, 
(b) conserving water for both indoor and 
outdoor uses, and (c) promoting urban agri-
culture and the consumption of regionally 
grown food.

Climate Change and the 
Comprehensive Planning Process

One of the choices facing local governments 
is whether to draft a separate, stand- alone cli-
mate action plan or to integrate the plan into 
the local comprehensive plan. Most climate 
action plans have been created outside of the 
comprehensive plan. This may be a good choice 
because a climate action plan is basically a stra-
tegic plan that lays out where the community 
needs to be in terms of greenhouse gas emis-
sions by a certain date. The comprehensive 
plan is a general statement of a community’s 
condition and where and how the residents 
would like the community to grow and change 
over the next 20 years. The comprehensive plan 
contains many goals and objectives, which typ-
ically are not expressed in order of priority. A 
separate climate action plan can underscore 
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the urgency of addressing climate change miti-
gation and adaptation in the community.

For several reasons, it is a good idea to 
integrate the climate action plan into the com-
prehensive plan. First, many of the goals and 
actions recommended in the climate action 
plan involve land- use planning and invest-
ments in infrastructure. The comprehensive 
plan sets the legal foundation for zoning and 
subdivision regulations that greatly influence 
the location, density, and type of new develop-
ment and redevelopment. The comprehensive 
plan also provides guidance for public spend-
ing in the capital improvements program.

The inventory of greenhouse gases fits well 
with the assessment of air quality in the natural 
resources inventory. The transportation- related 
goals of the climate action plan can enhance 
the transportation section of the comprehen-
sive plan. Waste management and the retrofit-
ting of public buildings to reduce greenhouse 
gases are important to include in the commu-
nity facilities section. The land- use goals of the 
climate action plan are helpful in creating the 
land use section of the comprehensive plan 
and for drafting the future land- use map, which 
is the basis of the community’s zoning map of 
the location of different land uses and densities. 
The target reduction deadline of the climate 
action plan can be the same as the timeline of 
the comprehensive plan— for example, 2020. 
Both the climate action plan and the compre-
hensive plan share the same process of compil-
ing an inventory, analyzing the inventory data, 
setting goals and objectives, implementing 
actions, monitoring results, and making adjust-
ments. Finally, the melding of the climate action 
plan with the comprehensive plan strengthens 
both by forming a single document that is clear 
in the minds of the public and elected officials. 
Trying to manage private development and 
public infrastructure investments with two sep-
arate documents can be confusing as to which 
one takes precedence.

Zoning and Climate Change

Zoning can influence settlement patterns and 
the design of communities, the size and type of 
housing, and transportation choices that pro-
duce lower greenhouse gas emissions. Since 
1990, the U.S. has been a suburban nation with 
more Americans living in suburbs than in cit-
ies and the rural areas. The suburban lifestyle 
features large detached single- family houses, a 
heavy reliance on cars for transportation, and 
a separation of where people live from where 
they work, shop, and go to school. This devel-
opment pattern is the result of local zoning 
ordinances that sought to avoid land- use con-
flicts and protect residential property values, 
along with a huge investment in public sewer 
and water facilities, roads, and schools.

To improve the pattern of existing 
development will not be easy. But zoning 
ordinances can help shape and locate redevel-
opment and new residential and commercial 
projects to promote more compact develop-
ment that saves on energy. Zoning can also 
help maintain urban downtowns and village 
main streets where a variety of land uses and 
transportation choices already exist. A com-
mon goal is to reduce vehicle miles traveled. 
Community design comprises the location 
and mix of houses, apartments, roads, streets, 
schools, commercial buildings, and transit sta-
tions. Compact, fairly dense, and mixed use 
community design can enable residents and 
visitors to walk, bike, or take transit to a wide 
variety of their desired destinations without 
relying solely on cars. According to one study, 
compact community design and development 
have “the potential to reduce total U.S. vehicle 
miles traveled by 10 to 14 percent and total 
U.S. transportation CO2

 emissions by 7 to 10 
percent.”53 The climate action plan of Portland, 
Oregon, provides one example of compact 
community design: the “20- minute complete 
neighborhood,” in which residents can access 
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stores, shops, and even schools and work-
places without relying on cars.54

Zoning can allow moderate to high den-
sities and the blending of commercial and res-
idential development to enable more walking 
and biking opportunities.55 Zoning for mixed 
use and moderately dense TOD around rail and 
bus stations can encourage new development 
and help lower greenhouse gases. Housing 
densities of eight or more units per acre are 
widely viewed as necessary to support viable 
mass transit systems. Bonus densities and zero 
lot lines (no setbacks from property lines for 
buildings) are two zoning provisions that can 
make TOD more feasible to build.

Higher densities, however, can make prop-
erty owners and local elected officials nervous. 
Property owners fear a loss in property values, 
congestion, and ugly development; local offi-
cials mostly worry about property tax revenues. 
Higher density can be attractive if done right. 
And higher density requires good mass transit 
options; otherwise, increasing traffic on streets 
will cause unacceptable congestion. Property 
values can be maintained through providing 
green space along with higher density. The mix 
of commercial and residential development 
will produce a higher level of property taxes 
than only residential development.

A controversial zoning issue is off- street 
parking requirements. It is not uncommon to 
find a requirement of more than one parking 
space per dwelling. This requirement has made 
apartments and condominiums much more 
expensive and difficult to build than neces-
sary. Off-street requirements of fewer than one 
car per dwelling make sense when there are 
good transit options. For instance, the zoning 
ordinance of Portland, Oregon, states, “There 
is no minimum parking requirement for sites 
located less than 500 feet from a transit street 
with 20- minute peak hour service.”56 Lower 
parking requirements can thus help decrease 
greenhouse gas emissions.

The zoning ordinance can also allow 
smaller and more energy- efficient houses and 
more apartments and condominiums. One way 
to encourage smaller houses is to allow small 
minimum lot sizes. For example, at Orenco Sta-
tion, a development west of Portland, Oregon, 
the minimum lot size for single- family houses 
is 3,000 square feet. Living in a duplex, triplex, 
apartment, or condominium is typically more 
energy efficient than living in a single- family 
detached house. The less space per household 
and the shared walls of multifamily housing 
mean less heating and cooling are needed. 
Yet many suburbs have made it difficult, if not 
illegal, to build rental apartments and owner- 
occupied condominiums. Zoning ordinances 
that permit accessory dwellings such as 
“granny flats” or apartments over garages can 
add housing without taking up much space. 
Zoning ordinances that allow a greater variety 
of housing options along with an inclusionary 
provision for affordable housing will reduce 
energy use and hence decrease greenhouse 
gas emissions from buildings.

Subdivision Regulations, Capital 
Improvements, and Climate Change

Subdivision and land- development regula-
tions spell out what infrastructure a developer 
must provide along with standards for that 
infrastructure. For example, many suburban 
residential subdivisions have been built with-
out sidewalks, making walking and bicycling 
less safe. Requiring sidewalks in new develop-
ments is important to encourage walking, jog-
ging, and biking.

Subdivision regulations can determine 
the street layout of a proposed development. 
The typical suburban residential development 
has winding streets and cul- de- sacs that com-
plicate a smooth flow of traffic. A grid pat-
tern with short blocks makes for better street 
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connections. For instance, the Commonwealth 
of Virginia banned cul- de- sacs in new subdivi-
sions in 2009 and requires through streets that 
link to neighboring commercial or residen-
tial developments.57 A local government can 
establish the street pattern for future develop-
ment by adopting an official map, which devel-
opers must adhere to.

Subdivision regulations also address the 
siting of buildings on a lot. New buildings can 
be required to have a southeast exposure to 
maximize solar access and not block sunlight 
to existing buildings. Limits on impervious sur-
face can help mitigate the urban heat island 
effect and cooling needs. Vegetation require-
ments can mandate retaining trees more than 
a certain pole size to provide shade as well as 
sequester carbon.

Infrastructure investment influences the 
location, density, and accessibility of new and 
existing development. Transportation systems 
are the major determinants of settlement pat-
terns. Climate action plans often include a rec-
ommendation for more investment in mass 
transit. Usually, a light- rail line or bus route 
must be put in place before private investment 
will follow. Combining mass transit with mixed 
use, TOD around stations has been a popu-
lar way to accommodate growth without the 
addition of greenhouse gas emissions.

Growth boundaries that separate urban 
and urbanizing land from rural lands and limit 
the extension of urban services, such as sewer 
and water lines, are excellent tools to promote 
more compact development that requires 
less energy and produces lower greenhouse 
gas emissions per person. There are more 
than 150 urban growth boundaries through-
out the U.S. Greater Portland, Oregon, has 
effectively combined a metropolitan growth 
boundary with light- rail and bus service to 
limit sprawl and has a long- standing goal to 
build new residential developments at 10 to 
12 units per acre.58

Local governments can work with state 
and federal agencies to ensure that govern-
ment offices remain in downtowns and new 
ones are located there. For example, since the 
late 1990s, the State of Maryland has a gover-
nor’s executive order encouraging state office 
buildings to be located in downtowns and 
requiring that they at least be located inside a 
priority funding area, Maryland’s equivalent of 
a growth boundary.

Infrastructure also includes the green 
infrastructure of trees, parks, greenways, urban 
forests, green roofs, and planters. To absorb 
stormwater and to reduce the urban heat 
island effect, Chicago has planted hundreds 
of thousands of trees, and Chicago and Port-
land, Oregon, have been leaders in offering 
incentives for installing green roofs. The large 
amount of pavement and buildings in cities 
causes the retention of heat in the summer, 
resulting in higher temperatures than the less 
dense suburbs and countryside. Higher tem-
peratures mean a greater use of energy for 
air- conditioning. Trees and green spaces help 
reduce the urban heat island effect, decrease 
energy demands for air- conditioning, and thus 
lower greenhouse gas emissions.

Buildings in the U.S. account for almost 
half of all greenhouse gas emissions. Building 
codes can help lower greenhouse gas emis-
sions by requiring the construction of energy- 
efficient homes and commercial buildings. 
Local governments generally do not draft their 
own building code but rather adopt or follow 
a state or national building code. For instance, 
in 2008, California adopted a green building 
standards code that applies to “the planning, 
design, operation, construction, replacement, 
use and occupancy, location, maintenance, 
removal and demolition of every building or 
structure or any appurtenances connected or 
attached to such building structures through-
out the State of California.”59 The International 
Green Construction Code is a standard code 
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that communities can adopt to require energy 
efficiency and lower greenhouse gas emissions 
in building renovations and new construction.60 
The Leadership in Energy and Environmental 
Design (LEED) program of the U.S. Green Build-
ing Council is a third- party rating system for 
the energy efficiency and overall sustainability 
of buildings and neighborhoods.61 Some cities, 
such as San Francisco and Boston, require all 
new municipal buildings and major renova-
tions to meet LEED- certified standards.

4.7: Case Study: Portland’s  
Climate Action Planning

Portland, Oregon, pioneered planning for cli-
mate change in the 1990s and has maintained 
its leadership among U.S. cities. In 1993, Port-
land adopted the nation’s first CO

2
 reduction 

plan. In 2000, the city established a green 
building policy to promote the construction 
and renovation of energy- efficient buildings. 
In 2009, Portland drafted a climate action 
plan with the goal of an 80 percent reduction 
in greenhouse gas emissions below the 1990 
level by 2050 and a 40 percent reduction below 
the 1990 level by 2030.62 The climate action 
plan noted that about 46 percent of Portland’s 
greenhouse gases came from buildings, 38 
percent from transportation, and the rest from 
industry and landfilling solid waste.

The climate action plan listed eight target 
areas with general policies (see Table 4.2). The 
plan set a goal to increase solar power installa-
tions to 10 megawatts by 2012. Portland met 
this goal and exceeded it with 15 megawatts of 
installed solar power by the end of 2011.

As of 2010, Portland had achieved a 6 
percent reduction in greenhouse gas emis-
sions below the 1990 level, exceeding the 5 
percent reduction goal of the Kyoto Proto-
col. Since 1990, Portland has built the most 

LEED- certified platinum buildings per capita 
of any city in the U.S. Portland drivers operate 
the greatest number of hybrid cars per capita 
of any city in the U.S. Transit ridership doubled. 
The recycling rate more than tripled. Commut-
ing trips by bicycle increased by five times. And 
from 1995 to 2013, vehicle miles traveled fell 
by 8 percent.63

In 2012, the City of Portland published 
a two- year evaluation of the progress toward 
the goals of its climate action plan. The city 
reported that (a) more than 1,400 homes and 
businesses had done energy efficiency retrofits 
through the Clean Works Energy program, (b) 
the number of bicyclists increased by 14 per-
cent, (c) curbside composting became avail-
able to almost 150,000 households, and (d) 
Portland added nearly 10 miles of greenways 
and 7,000 trees in 2011. From 2009 to 2010, 
Portland’s overall greenhouse gas emissions 
declined by 2 percent.64

Summary

Evidence is growing that climate change is 
occurring and is caused mainly by human 
actions. In the U.S., greenhouse gases that con-
tribute to climate change come mainly from 
the burning of fossil fuels: coal to generate 
electricity, gasoline and diesel to fuel cars and 
trucks, and natural gas to heat buildings. CO

2
 is 

the main greenhouse gas. Forests provide car-
bon sinks that absorb about one- eighth of U.S. 
CO

2
 emissions.

Global cooperation is needed to reduce 
greenhouse gas emissions. Nearly every coun-
try except the U.S. ratified the Kyoto Protocol 
of 1997, which called for reducing greenhouse 
gas emissions by 7 percent below 1990 levels 
by 2012. Some industrialized countries met 
this goal, but most did not. The Kyoto Protocol 
advocated the use of a cap- and- trade system 
to lower greenhouse gases.
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Table 4.2. Target Areas and General Policies from Portland’s Climate Action Plan, 2009

Target Area General Policies

1. Buildings and energy Promote on- site renewable energy.

Reduce electricity from fossil fuels.

Promote the Energy Clean Works building retrofit 
program. Loans are repaid on utility bills over 20 years.

2. Urban form and mobility Put pedestrians, bicyclists, and riders on public transit first 
in transportation priority.

Reduce per capital vehicle miles traveled from 19 in 2008 
to 13 in 2030.

Change the mode split from 65 percent drive alone to  
29 percent drive alone by 2030; increase bicycling from  
8 percent to 25 percent and transit from 15 percent to  
25 percent and walking from 4 percent to 8 percent of travel.

Create healthy, connected communities with greenways, 
bike paths, transit corridors, and civic, mixed use corridors.

3. Consumption and solid waste Increase composting and recycling.

Reduce solid waste going to landfills.

4. Urban forestry and natural 
systems

Increase tree canopy and greenways.

5. Food and agriculture Increase local food production.

6. Community engagement Promote ongoing public education on climate change and 
what households can do.

7. Climate change preparations Protect and restore natural areas.

Plan for water conservation.

8. Local government operations Promote greater energy efficiency in government buildings 
and motor vehicle fleets.
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The U.S. federal government has not 
adopted a national policy on climate change. 
Even so, the U.S. Supreme Court ruled in 2007 
that greenhouse gases were pollutants, open-
ing the way for the U.S. EPA to regulate green-
house gas emissions.

California has been a leader among state 
governments in climate action plans, regulat-
ing greenhouse gases, creating a statewide 
cap- and- trade program for carbon credits, and 
linking land- use, housing, and transportation 
planning to lower greenhouse gas emissions.

Businesses and households have rec-
ognized the cost savings of cutting energy 
use and greenhouse gases in buildings and 
transportation.

Many local governments have drafted 
climate action plans to determine their base-
line level of greenhouse gas emissions, set 
target levels, and identify implementing 
measures. Incorporating a climate action 
plan into the local comprehensive plan makes 
good sense. The comprehensive plan is the 
legal basis for land- use controls and guides 
public infrastructure investment. Zoning can 
help reduce greenhouse gases by allowing a 
mix of commercial and residential uses, more 
compact development with medium to high 
densities, and TOD. Subdivision regulations 
can require sidewalks and connected streets 
to improve bicycle and pedestrian travel and 
improve the flow of traffic. Subdivision regu-
lations can also require vegetation and trees 
that absorb CO

2
. Infrastructure investments 

to reduce greenhouse gases include the 
green infrastructure of parks, greenways, and 
urban forests and mass transit, such as bus 
and light rail. Communities can adopt green 
building codes to ensure that new buildings 
and renovations to existing buildings maxi-
mize energy efficiency and limit greenhouse 
gas emissions.
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