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City governments are increasingly taking an active
role in economic development, working to attract
and retain businesses. Urban leaders around the
world have different resources, strengths and
priorities, but cities’ economic development and
competitiveness efforts share many common
elements. For example, they often focus on creating
an attractive environment for residents to live
and work, and to set up and grow businesses.
Many cities invest in infrastructure enhancements
(transport, telecommunications, water supply); they
may also work to improve public services (parks,
education), or provide support to businesses (e.g.
tax incentives or promotion).
Nearly all of the world’s net population growth over
the next few decades is expected to occur in urban
areas, and by 2030, the share of people living in
urban areas is expected to rise to about 60%, from
just over half today. City leaders’ ability to build
vibrant, prosperous communities will thus play a
decisive role in the economic and social well-being
of billions of people.

As economic hubs, cities also have a crucial role
to play in mitigating global climate change. The
Intergovernmental Panel on Climate Change (IPCC)
APPENDIX
18
has found particularly great opportunities in fastgrowing urban centres in developing countries, but
cities at all levels are pursuing climate action. Many
of the measures they are choosing – e.g. retrofitting buildings to be more energy-efficient, improving public
transit, promoting biking and walking, encouraging denser development – have also been shown to have
broader economic and social benefits.
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This paper looks at this issue in the other direction: how cities’ economic development strategies are likely
to affect global greenhouse gas (GHG) emissions. We examine policies and actions that are already widely
used by cities to advance economic development and competitiveness, assess the evidence on their net
GHG impact, and identify key issues that cities may want to address if they wish to align their climate and
economic development goals.
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Our key findings are:

2

•

By 2030, with a population of 5 billion people, cities could produce nearly 8 billion tonnes CO2
from building heating and cooling and personal vehicle use alone. A shift to more compact,
transit-oriented urban forms could have economic benefits and reduce emissions by about
0.6 billion tonnes CO2 in 2030, and make subsequent GHG reductions more cost-effective
and achievable. In contrast, a continuation of car-centric, sprawling development could fail to
realize the economic efficiency of compact forms and tend to lock in a higher trajectory for carbon
emissions, rendering future mitigation more challenging and costly. The abatement potential is
especially significant in fast-growing cities, which are concentrated in developing countries.

•

Attractive, well-functioning urban infrastructure and services are key enablers for delivering
the GHG and economic benefits of a compact urban form. For example, actions to improve the
quality of life and local environment make living and working in urban centres more desirable.
Improvements to information and communications technology can enhance the uptake of
transport and building energy efficiency measures that rely on connectivity. Improvements in basic
infrastructure, such as water supply and waste management, make urban environments more
liveable and open up economic opportunities. This is especially the case in developing-country
settings, where lack of functioning infrastructure has been a barrier to compact development and
economic progress.

•

City-scale emission reductions will not always yield global-scale emission reductions.
Strategies that shift the location of energy-intensive industries beyond city borders, for example,
will not eliminate related emissions, just change their location. And if businesses that relocate to,
or expand in, a city use energy from higher-carbon sources than in other locations, global emissions
could rise, regardless of what type of business they conduct. As a result, cities may be in a good
position to help decrease the GHG-intensity of global business and industry if they can expand
their low-carbon energy supplies. This could be accomplished by expanding utility-scale renewables
(where cities have such influence, i.e. through public utilities), to creating local electricity grids that
are ready for distributed solar power, to efficient district heating or cooling networks powered by
renewable sources.

•

Several measures to reduce urban air pollution can also reduce global GHG emissions,
particularly those that focus on energy efficiency, reducing coal use, and increasing renewable
energy. Actions that reduce urban air pollution through boiler, building, or vehicle efficiency will
also tend to yield GHG benefits, as might actions to switch fuels from coal or oil to natural gas in
power production. On the other hand, actions that tend to shift emissions either in location (in the
case of industry) or from one type of greenhouse gas (CO2) to another (CH4, in the case of CNG
vehicles), would do little to reduce global GHG emissions.

•

Cities wanting to maximize their contributions to global GHG emission reductions will need
to address emissions associated with consumption of goods and services. Current information
suggests as much as 40% of city residents’ GHG footprints in developed countries is related to food
choice, long-distance (especially air) transport, and product purchases. Further work is needed to
help policy-makers understand consumption patterns in their communities and identify effective
measures to mainstream low-carbon consumption.
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1. INTRODUCTION
City governments are increasingly taking an active role in economic development, working to attract and
retain businesses. Urban leaders around the world have different resources, strengths and priorities, but
cities’ economic development and competitiveness efforts share many common elements. For example,
they often focus on creating an attractive environment for residents to live and work, and to set up and
grow businesses. Many cities invest in infrastructure enhancements (transport, telecommunications, water
supply); they may also work to improve public services (parks, education), or provide support to businesses
(e.g. tax incentives or promotion).
Nearly all of the world’s net population growth over the next three decades is expected to occur in urban
areas, and by 2030, the share of people living in urban areas is expected to rise to nearly two-thirds, from
just over half today (UN 2014). With 1.4 billion new urban residents by 2030, cities have a tremendous
opportunity to influence economic and social well-being around the world. How cities are built, rebuilt,
maintained, and enhanced can create, or limit, the opportunities for residents. For example, cities that
encourage in-migration, provide transportation services, support small-business development and clusters
of key industries such as technology, finance, and business services, and offer cultural opportunities have
tended to have greater income and employment growth than cities with fewer of these attributes (Kresl and
Singh 2012; Ni 2012).
Research also suggests that cities can offer unique opportunities to reduce global greenhouse gas (GHG)
emissions (Rosenzweig et al. 2011; Hoornweg et al. 2011; Erickson et al. 2013; Seto et al. 2013). For
example, cities, perhaps even more so than national governments, can implement building energy codes
and retrofit programs, develop public transport infrastructure, and steer development to lower-carbon
practices. Many of these actions can have positive net economic returns for the community (CDP 2013;
Gouldson et al. 2012).1 If, as projected, cities are to house the majority of the world’s new residents, their
approaches to spatial development, transport infrastructure, and business and industry may substantially
influence the GHG-intensity of the world’s future population, as well as the costs of future GHG emission
reductions. Faster-growing regions have a greater opportunity to influence how demand for growth is met
and the associated GHG emissions. Cities in industrialized countries, though they may face much slower
growth rates, still have substantial opportunities to affect GHG emissions intensity of their residents.
The goal of this paper is to assess the impact of urban economic development policies on global
GHG emissions. We start with a set of policies or actions that cities already use to advance economic
development and competitiveness, and then assess and characterize the global GHG implications of these
actions. Several of the measures we examine, such as promoting a compact urban form, are already known
to reduce GHG emissions. By looking at a broader array of economic strategies, however, we aim to gain
new insights about how cities could better align their development and climate strategies.
Our findings may be of interest to a wide range of urban audiences, including policy-makers, researchers
and civil society. They may be particularly useful to city planners and economic development agencies,
who may use the information to identify strategies with climate co-benefits; refine and adjust practices
with ambiguous GHG implications, and perhaps to find alternatives to economic development policies that
increase and/or “lock in” GHG emissions in the long term.2 Lastly, researchers may use this information to
identify new avenues for research, as several of the practices identified could not be assessed due to lack of
sufficient information.

1

The costs and benefits of GHG response measures has long been a focus of research at larger scales, and for which energy
efficiency measures have continuously been recognized as providing economic benefits (Intergovernmental Panel on Climate
Change 1991; Morris et al. 2008).

2

One might wonder whether similar research has been conducted at larger, i.e. national, scales. An emerging literature on “green
growth” and “low emissions development strategies” is beginning to explore the intersection between economic development
and GHG emission reductions at national scales (Clapp et al. 2010), but in general the focus of these efforts has tended to be on
reducing emissions or emissions intensity, not on evaluating alternative growth trajectories.
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We focus our analysis on economic development strategies in five categories:
•

Promoting compact urban development;

•

Enhancing transportation infrastructure and public transit;

•

Maintaining and improving utility infrastructure;

•

Attracting and promoting business and industry; and

•

Improving quality of life and local environment.

The strategies assessed under each category were selected based on a review of local economic
development toolkits, including those published by UN Habitat (2005) and the American Planning
Association (Moore et al. 2006), and a review of the academic literature about practices proven to boost
economic development in cities (Kresl 2013). Thus, unlike measures that start with a climate goal and
may also support development, these activities are already considered good practice for urban economic
development – and the question is whether they also might yield climate benefits.
Our analysis is not exhaustive, however; the categories we chose involve measures with significant
implications for energy use and overall consumption, which are closely linked with GHG emissions. Many
other practices, such as improving local governance and providing clear, consistent effectively enforced
business policies and regulations, are also vital for economic development, but are less likely to have direct
GHG implications.
Finally, we should note that because GHG emissions have global impacts, we evaluate economic strategies
in terms of their net impact on global GHGs, not local emissions. For example, activities that simply shift the
location of emissions – such as by moving energy-intensive industries out of cities – may have local, but not
as likely global, GHG emissions benefits.

2. METHODOLOGY
This paper assesses the GHG implications of practices that cities employ for economic development and
competitiveness. In each category, we begin by identifying widely used strategies, and then for each, we:
•

Describe the potential outcomes, or changes, that the practice may achieve. For example,
promoting compact and mixed-use development could reduce average travel distances and average
dwelling sizes.

•

Describe how those outcomes might decrease global GHG emissions, and under what conditions.
For example, reduced average travel distances would likely mean less overall transport energy use,
and smaller average dwelling sizes could lead to reduced per-person energy use and consumption of
home furnishings.

•

Describe how those outcomes might increase global GHG emissions, and under what conditions. For
example, in regions where houses are typically built with wood framing, the development of large,
mixed-use buildings and multi-family dwellings – which typically require the use of concrete, steel,
and other GHG-intensive materials – could mean greater GHG construction emissions per resident,
depending on the relative unit sizes.3

•

Assess the net GHG impact, considering both the potential increases and decreases identified.
In the example above, research indicates that the GHG reductions from lower building and
transport energy use likely outweigh the higher construction-related emissions when compared
with scattered, car-dependent development. The methodology for estimating net change in GHG
emissions is described further below.

We present the results in a series of tables, one for each category, accompanied by a discussion of the
overall findings and points of particular interest.
3

4

This would not be the case in regions where cement and steel are the dominant building materials for all construction types.
In those regions, the GHG emissions associated with building materials would depend on the relative size of dwellings and the
amount of materials required.
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The GHG analysis relied primarily on the existing literature on the GHG abatement potential of different
urban measures, including the authors’ own prior work (see, e.g., Erickson et al. 2013). For actions not
covered by that research, we relied on other literature, and in some cases performed new calculations. We
present the assessment of change in GHG emissions using ranges, and on a relative (rather than absolute)
basis, to address uncertainty and because cities around the world have dramatically different emissions
profiles, owing especially to different stages of development. Table 1 below shows the colour-coded ratings
we use.

Table 1: Scale for rating the net GHG impact of urban-scale economic development practices
Rating symbol

Increase (+) or decrease (-), as
fraction of average resident’s carbon
footprint

Equivalent GHG emissions increase or decrease
for a world average resident (tonnes CO2-e per
resident per year)

>+5%

>0.3

+1% to +5%

0.06 to 0.3

-1% to +1 %

-0.06 to 0.06

-1% to -5%

-0.06 to -0.3

<-5%

<-0.3

3. ANALYSIS
3.1 Promoting compact urban development
The shape of cities can influence their economic performance and GHG emissions intensity. City
shape, or urban form, influences both proximity (among residents and the services they desire) and the
population densities needed to support certain amenities, such as public transit. Compact urban forms can
locate residences, businesses, schools, and other amenities closer to each other than can lower-density
development, creating what some call “agglomeration effects”.
The economic benefits of compact urban form arise from this proximity and efficiency. For example, public
infrastructure costs (e.g. construction of roads, sewer, water) can be lower than for scattered development
(Camagni et al. 2002; Ewing et al. 2014). Compact development can also support clustering, where
businesses involved in similar or related activities are located in close proximity (UN Habitat and Ecoplan
International, Inc. 2005). Clustering can contribute to economic development by facilitating the exchange
of services and products between companies, potentially leading to greater local expansion of the particular
business sector. Clustering can allow businesses to take advantage of economies of scale and skilled labour
recruitment, and facilitate the provision of needed infrastructure and support services for businesses.
Compact development can reduce transportation emissions by enabling a wider range of activities within
a given area, reducing the need for people to travel long distances from home, to work, to school, to stores,
etc., and thus reducing the need for cars (UN Habitat 2012). There is evidence of a clear, inverse relationship
between compact communities and per capita GHG emissions associated with transport, both when
comparing cities, and when comparing neighbourhoods within a given metropolitan area. For example,
Kennedy et al. (2009) found per capita transport emissions ranging from more than 6 tonnes CO2 in Denver
(density <2,500 people/km2) to less than 1 tonne CO2e per capita in Barcelona (density >19,000 people/km2).
A meta-analysis of regional simulation studies of urban densification scenarios for urban areas in the U.S.
found both centralized development/infill and support for mixed land uses to have a significant influence
on vehicle travel per person (Ewing et al 2008). Though relatively few such studies have been conducted
for developing countries, one scenario study found that urban planning and related measures could reduce
vehicle travel and associated emissions in Delhi by nearly 20% by 2030 compared with business as usual
(Hickman et al. 2011).
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In addition to reducing transportation emissions, compact development has been shown to be associated
with smaller average dwelling size and reduced clearing of natural lands at the urban fringe. For example,
Camagni et al. (2002) found that in Milan, the average unit size for new infill developments was 450 m2,
while in sprawling or linear development along transport lines/roadways, it exceeded 600 m2. Smaller
dwelling size, even in multi-family structures that are more GHG-intensive to construct, is likely to lead
to net GHG reductions through reductions in per-person energy use (Chester et al. 2013; Norman et al.
2006). Smaller home size can also reduce emissions associated with home furnishings, since they have less
space to fill (Oregon DEQ 2010). Lastly, compact and infill development can avoid the clearing of forest and
agricultural land, avoiding GHG emissions from losses in carbon stocks. However, a study in Washington
State, an area with high carbon stocks, found the GHG emissions associated with land-use change were
small compared with energy-related GHGs (Erickson et al. 2012).
One important issue to note here – which we discuss again later in this paper – is that these factors do
not necessarily assure that compact-city residents’ emissions will be lower than those of their rural or
suburban counterparts. How people choose to spend their money – including any savings from lower
energy and transportation costs – can make a big difference; if they consume more goods and services,
especially GHG-intensive ones such as air travel, that extra consumption can shrink the differences between
urban and car-dependent, generally “suburban” lifestyles (Hertwich 2008; Girod and de Haan 2009;
Jones and Kammen 2014).
Furthermore, to the extent that increased density contributes to other economic effects, such as higher
housing prices that force subsequent new development and transport activity in the outlying region that,
on balance, increase transport-related emissions, then some of the global benefits may be muted (Gaigné et
al. 2012; Ewing et al. 2014). This suggests that for the GHG benefits of compact urban development to be
maintained, metro areas must continue to accommodate new growth in compact urban forms (perhaps by
increasing housing supply, and lowering prices), rather than in a sprawling periphery.
Table 2 summarizes the findings on how compact urban form can affect global GHG emissions. We find that,
overall, compact urban form has a strong potential to reduce GHG emissions. Several actions discussed in
other sections below also serve to promote compact urban form, such as infrastructure improvements to
support higher densities, development of public transit and non-motorized transport options, and enhancing
the built environment (UN Habitat 2012). Public transit improvements are also likelier to be efficient and
competitive in more compact urban areas (Camagni et al. 2002).

3.2 Enhancing transportation infrastructure and public transit
Effective transportation infrastructure is crucial for economic growth and development. It enables people
and goods to move across the city (e.g. on roads, public transit, or non-motorized transport), and in and
out of the city (e.g. highways, airports, rail and ports). Traffic congestion, often associated with severe air
pollution, is a problem in cities in developed and developing countries alike, and many city governments
have made addressing it a priority. Economic development strategies also often prioritize expanding and
improving airports, shipping ports and rail systems.
Improvements in transportation infrastructure can reduce GHG emissions if they avoid or reduce personal
vehicle use and freight trips – for example, by shifting a portion of that travel to lower-GHG options (e.g.
from cars to public transit, or to walking or biking). Actions that increase the use of high-GHG travel modes,
such as expanding roads or airports, will increase global GHG emissions. Table 3 summarizes how economic
development practices related to transportation infrastructure effect GHG emissions.

3.3 Attracting and promoting business and industry
A key objective of economic development for cities is attracting businesses and industries and encouraging
them to expand locally. Businesses provide jobs for residents and a tax base for municipalities, and city
governments work hard to attract and keep them, and to help them thrive. Common approaches include
adopting favourable land-use policies, improving transportation systems and overall infrastructure, and
improving the quality of life for residents (Zhang 2008). Cities can also support business development by

6
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Table 2. GHG impact of measures to promote compact urban form
(See Table 1 for rating scale of relative change in net GHG emissions)

Practice

Potential
outcome

Conditions that
decrease global
GHG emissions

Conditions that
increase global
GHG emissions

Promote
compact and
mixed-use
development,
with mix of
residential and
commercial
uses in urban
centre(s)
rather than
extending
development at
urban fringe

Reduced average
travel distances

Less overall
transport energy
use (Kennedy et al.
2009; Ewing and
Cervero 2010)

None identified

Smaller average
dwelling size

Reduced perperson energy use

Increased use of
cement and steel for
higher occupancy
multi-story
residential buildings
relative to single
story development
(Chester et al. 2013;
Norman et al. 2006)
None identified

Reduced clearing
of agricultural and/
or forest land for
development

Reduced
per-person
consumption of
some types of
goods, such as
furnishings (Oregon
DEQ 2010)
Reduced pressure
at urban fringe
reduces clearing
of agricultural and/
or forest land for
development

Relative
change in
net GHG
emissions
(per
person)

Notes

Reductions in
vehicle travel
can be enhanced
through urban
design and
public transport
(Ewing and
Cervero 2010)

None identified

building networks, facilitating knowledge-sharing (e.g. via forums to share best practices), and through
marketing and promotion of the local area (including “buy local” campaigns), business development
organizations, skills training centres, support for financing, and partnership development (UN Habitat and
Ecoplan International, Inc. 2005).
Research has shown that actions taken by cities can have a significant impact on the location of a particular
business or industry, but limited impact on the overall growth of that industry (Peters and Fisher, 2004).
As a result, in most cases, efforts to attract industry – even low-carbon industry – to a community has no
clear impact on global GHG emissions. This is because even as shifts in the type of industries that establish
and grow locally will affect local GHG emissions and emissions intensity (per unit of economic output),
unless there is a significant difference in the GHG-intensity of energy or other feedstocks available locally
compared to in other areas, global emissions will remain largely unaffected. This is true for both GHGintensive (e.g. steel) and non-GHG-intensive (e.g. finance) industries.
If, however, as part of its efforts to grow a particular sector, the city also expands its low-carbon energy
supply, providing a lower-GHG source of energy for the business than it would have had in alternative
locations, then global GHG emissions may be reduced. From that perspective, a city could provide
significant global GHG benefits by providing low-carbon energy for energy-intensive (and thus GHGintensive) industry (Erickson, van Asselt, et al. 2013).
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Table 3. GHG impact of transportation infrastructure and public transit improvements
(See Table 1 for rating scale of relative change in net GHG emissions)

Practice

Potential
outcome

Conditions that
decrease global
GHG emissions

Conditions that
increase global GHG
emissions

Road / travel
pricing, such
as tolls or
congestion
pricing
Expand masstransit

Lower perperson vehicle
travel; increased
mode share of
public transport
Increased share
of travel occurs
on public transit

Reduction in net
vehicle travel
(Cambridge
Systematics
2009)
Reduction in net
transport energy
use (if sufficient
transit ridership)

None identified

Improve nonmotorized
infrastructure
(e.g. bike paths,
sidewalks)
Improving or
expanding
airport facilities

Increased
share of nonmotorized travel

Reduction in
vehicle travel due
to increase in
walking or biking

Increased air
travel

None; air travel
is the most GHGintensive travel
mode
(IEA 2009)

Improve
freight rail
infrastructure

Increased
share of freight
moving by rail
instead of by
truck

Improve
marine port
infrastructure

Increase share
of local port
in global trade
(at expense of
another port)

Reduction in net
freight transport
energy use, as rail
is more efficient
than trucks (IEA
2009)
If marginal
sources of energy
to support port
are lower-GHG
than in alternative
regions
If fossil fuel traded
is less GHGintensive than
fuel it displaces
and does not
lead to increased
consumption
Emissions
reductions
from reduced
congestion and
higher average
vehicle speeds

Allow for
expanded trade
in fossil fuels

Improving road
infrastructure,
(i.e. expanding
roads or adding
lanes)

8

Increase
fraction of trips
taken in private
cars; reduced
travel times
from reduced
congestion
Encourages
low-density
development

Where wood is
used for home
construction,
may decrease
cement/steel use
in single-family
construction over
multi-family
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Emissions associated
with construction
of mass transit
infrastructure (Chester
and Horvath 2009)
Emissions associated
with construction of
transport infrastructure
(Chester and Horvath
2009)
Emissions associated
with construction;
residents and visitors
increase travel by air
relative to car or bus/
train
None identified

Relative change
in net GHG
emissions (per
person)

Notes

These
practices can
be complementary with
centralized
and
mixed use
development

Insufficient
information to
assess

Insufficient
information to
assess

If marginal sources of
energy to support local
port infrastructure
are higher-GHG than
alternative regions
If fossil fuel traded is
more GHG-intensive
than fuel it displaces
or leads to increased
consumption

Insufficient
information to
assess

New, induced vehicle
trips; emissions
associated with roadway
construction

Risk of lockin if fossilfuel-based
cars maintain
significant
market share

Increased average
dwelling size and
energy use; increased
average vehicle
distances; increased
clearing of agricultural
and/or forest land for
development
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Another strategy with potential economic and climate benefits is to encourage low-carbon technology
suppliers or service providers (which offer a product or service that helps other companies, or individuals,
reduce energy compared to an alternative technology or practice) to establish locally. Common types of
businesses include energy service companies (ESCOs), solar or wind power equipment manufacturers,
energy efficiency equipment providers, or any of a host of other “clean tech” companies (Arup and C40
Cities 2014; CDP 2013). These businesses may mostly help energy and emissions locally (e.g. ESCOs that
assist local businesses, rooftop solar PV panel providers), or the emission reductions occur elsewhere, if
markets for the technology (e.g. wind turbines) are largely regional or national.
Growth in these types of businesses may or may not help reduce a city’s own GHG emissions inventory,
depending on whether the companies’ markets are primarily local, or national or international. Reductions
in global GHG emissions would occur if growth of these businesses speeds the uptake of these lowcarbon technologies beyond what would have occurred otherwise, e.g. by reducing the costs of low-GHG
technologies or services in the broader marketplace. Reductions could also occur if such services shifted
local consumption from higher-GHG alternatives – whether by substituting services (e.g. car-sharing) for
products (individually owned cars) or by introducing new services (such as entertainment, or personal care
services) that displace consumption of higher-GHG goods and services (e.g., long-distance travel).
Lastly some cities seek to grow tourism as a means to economic development. Though we do not specifically
assess tourism here, the net GHG emissions effects would depend, like the other types of business and
industry considered here, on what activities are being displaced elsewhere (and especially on the relative
travel distance from the tourists’ home to the travel destination).
Table 4 summarizes the GHG impacts of efforts to attract and promote local industry. In general, expanding
local industry has little GHG effect, though, as noted above, expanding business and industry concurrently
with low-GHG energy could yield net benefits.

3.4 Maintaining and improving basic municipal services
Although the population of urban areas continues to increase, cities have become less dense in recent
decades (Angel 2011). In developing-country cities, lack of infrastructure is a key barrier to densification,
leading to sprawl, because infrastructure in the inner city is insufficient to meet basic needs (Burgess and
Jenks 2002). Actions taken to improve urban infrastructure can make urban areas more liveable. Basic
infrastructure, including access to clean water, electricity supply, waste management and transportation
are prerequisites to many economic development actions considered here. Investment in infrastructure
provides direct economic benefits through job creation, improves liveability for local residents, and is a
key enabler for business and industry development (UN Habitat and Ecoplan International, Inc. 2005).
Infrastructure investments, such as in water supply and stormwater infrastructure, may also help urban
areas become more resilient to climate changes already expected to occur.
Information, communication, and technology (ICT) infrastructure serves as a building block for technologycentred businesses and participation in global economy. ICT infrastructure can reduce GHG emissions by
limiting the need to travel or commute long distances, by promoting internet-based information-sharing and
communication (e.g. video conferencing). ICT is also a key enabler for the deployment of systems to enhance
the energy efficiency of homes and commercial buildings, as well as for web- and mobile-based car, ride
and bike-sharing services, public transit information systems, and other applications (Arup and C40 Cities
2014). As the demand and use of ICT increases, the associated energy consumption is expected to grow as
well, leading to increases in GHG emissions (ibid.).
Solid waste management is a significant expenditure for municipalities. In developing countries,
municipalities often spend 20-50% of their available budget on solid waste management, even though
less than 50% of the population is served and open dumping and burning are common (Le Courtois 2012).
Increasingly local governments are looking to develop new markets for waste streams, such as extracting
resources that can be used again as inputs for new products and reduce production costs (UNEP 2009).
Increased waste management, including recycling collection and processing, wastewater treatment plants,
landfill gas capture and flaring can reduce GHG emissions.
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Table 4. GHG emissions impact of strategies to attract and grow businesses
(See Table 1 for rating scale of relative change in net GHG emissions)

Practice

Potential outcome

Conditions that
decrease global GHG
emissions

Conditions that
increase global
GHG emissions

Encourage
industries and
businesses to
establish and
expand locally

Low-CO2 sector
companies
establish/ expand
locally instead of
elsewhere

If this decreases the
costs of low-GHG
technologies or
services in the broader
marketplace, it could help
speed uptake
If local energy supply
or feedstock is lowerGHG than in alternative
locations

None identified

High-CO2 sector
companies locate/
expand locally
instead of elsewhere

Encourage
local
purchasing,
e.g. “buy local”
campaigns, to
support local
businesses

10

Low-CO2 intensity
services establish
locally (e.g.
entertainment)
Businesses that
help others reduce
emissions establish/
expand locally (e.g.
ESCO companies)
More of the goods
purchased by
residents are locally
manufactured or
grown

Relative
change in
net GHG
emissions
(per
person)

Research
indicates that
economic
development
incentives have
little impact on
overall growth
of an industry
(International
Economic
Development
Council 2014)

If local energy
supply or
feedstock is
higher-GHG than
in alternative
locations
(Erickson et al.
2012)

If residents spend money
on these services instead
of on higher-GHG goods
and services
If business facilitate
increase in energy
efficiency retrofits and
use of renewable energy

None identified

Insufficient
information
to assess

None identified

Insufficient
information
to assess

If GHG-intensity of
production is lower
locally than in alternative
source regions; may
also reduce emissions
related to transportation
of goods (Weber and
Matthews 2008)

If GHG-intensity
of production
is higher
locally than
in alternative
source regions
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Table 5. GHG impacts of utility infrastructure and public service improvements
(See Table 1 for rating scale of relative change in net GHG emissions)

Practice

Potential
outcome

Conditions that
decrease global GHG
emissions

Conditions
that increase
global GHG
emissions

Relative
change in
net GHG
emissions
(per person)

Improve
information
and communications
technology

Increase in
telecommuting
and use of internet
conferencing
instead of longdistance travel

Less commuting by car
and long-distance air
travel

Increased
electricity use
associated with
internet usage

Enhance uptake of
internet-enabled
transport and
energy efficiency
related measures
that rely on internet
connectivity

Reduced energy
use associated with
transport, home and
commercial building
energy

Increased
electricity use
associated with
internet usage

Impact would
be high for
each flight
avoided,
but little
information
available
to assess
communitywide potential
Insufficient
information to
assess

Reliability
and access to
centralized energy
(electricity, gas)
increases

Encourage switching
from higher carbon fuels
(coal, oil products);
Reduce use of less
efficient, higher-GHG
energy sources (e.g.
diesel generators,
traditional biomass);
Reduce transmission and
distribution losses;
Reduce fugitive methane
emissions (for gas
service)
If distributed renewables
substitute for fossil fuelbased power
Improve energy
efficiency of water supply
system due to reduced
losses;
Reduce use of off-grid
pumps

Increased
energy demand
and use with
expanded
customer base
for residential
and industrial
users

Increase recycling and
composting, reduce
landfilling of waste
Further reductions
if capture gas and/or
energy from waste

None identified

Would only reduce
emissions if reference
case practice involved
methane generation

Could increase
emissions if
reference case
practice (e.g.
disposal in
water system)
did not involve

Improve
energy utility
infrastructure

Improvements
to water
supply
infrastructure

Improve
solid waste
collection and
management

Improved
sewer
infrastructure
and sewage
management

Increased access
to distributed
renewables
Reliability and
access to safe
drinking water
supply improves.
Water losses in
infrastructure are
reduced
Reduce waste
production through
composting and
recycling efforts.
New markets for
waste streams
develop
Sewage is
transported and
treated at municipal
facility instead of
being disposed of in
water systems

CITIES: IMPACT ON GLOBAL GHG EMISSIONS

NOV 2014

Notes

Can relate to
other practices,
e.g. encourage
industries and
businesses to
establish and
expand locally
Encourages
mass transit use

Insufficient
information to
assess

None identified

Expansion
of system
could increase
energy demand
for pumping

Could also help
water supply be
more resilient to
climate change

Could also help
stormwater
infrastructure
be more resilient
to climate
change
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3.5 Improving quality of life and local environment
Quality of life refers to a range of factors, often intangible, that make a place appealing to live in. Strategies
led by city governments can influence these factors and improve them over time; they are economic
development strategies because they help attract and retain residents and businesses. Quality-of-life
factors that support economic development include employment opportunities, low cost of living, public
health and safety, environmental quality, educational resources, health care, recreational opportunities, and
climate (Moore et al. 2006). Several quality-of-life factors have been discussed in previous sections.
Quality-of-life improvements can play a key role in promoting compact urban form, by drawing business and
residents to downtown areas or neighbourhood hubs. Relevant measures can range from small scale actions
that improve the streetscape and physical exterior of businesses, to large-scale redevelopment and rezoning
efforts (often including public transit enhancements). In the longer term, the improvements can serve as a
focal point for economic development and revitalization (UN Habitat and Ecoplan International, Inc. 2005).
Cultural institutions have been found to be a significant determinant of urban competitiveness, both
because they bring visitors to the city, and because they play an important role in attracting and retaining
workers that are skilled and educated (Kresl and Singh 2012; Strom 2003). Arts have a larger indirect,
rather than direct, impact on economic development (Strom 2003). The role of art and cultural sector is
linked to economic development at the regional and neighbourhood levels. In the U.S., many communities
have invested in the arts for the dual purpose of neighbourhood revitalization and expanding cultural
attractions (Markusen and Gadwa 2010; Strom 2003). A survey of economic development organizations in
the U.S. focused on downtown revitalization found that an overwhelming majority feature arts and cultural
information as a central part of their promotional effort (Strom 2003). As a tool for neighbourhood and
city centre revitalization, cultural institutions can support concentrated development and associated GHG
reductions. If local residents spend more of their income on these cultural attractions, instead of higherGHG goods and services (e.g. air travel), this may lead to an emissions decrease (Girod and de Haan 2009).
Any change in net GHG emissions associated with an increase in tourists traveling to the city to experience
the attractions will depend on whether travel to the local area is closer (lower GHG) or farther (higher
GHG) than their alternative vacation destination.
Table 6 summarizes the GHG effects of efforts to improve quality of life and local environment.

4. DISCUSSION AND CONCLUSIONS
This study has assessed the GHG emissions implications of city practices focused on economic development
and competitiveness. It finds that there are several instances where local economic development practices
can also reduce global GHG emissions, including compact development, mass transit and non-motorized
infrastructure, expansion of renewable electricity access, and improvements to waste and water utility
infrastructure, under certain conditions. Furthermore, the potential combined impact of the various actions
discussed here could well be greater than the sum of its parts as, for example, efforts to improve local quality
of life, if combined with compact urban form, could help draw new residents to urban areas with inherently
low-carbon lifestyles.
In particular, the role of compact, transit-oriented development warrants special attention, as how the next
2 billion urban residents are accommodated, and how existing cities are rebuilt, may have dramatic influence
over the quality of life and local environment, economic performance, and GHG emissions footprints of the
world’s cities.
To help understand the scale of emissions associated with urban form, Figure 1 presents a reference case
forecast, compiled from separate forecasts by the International Energy Agency (IEA 2013b; 2012) and
the Global Buildings Performance Network (Ürge-Vorsatz et al. 2012), of emissions associated with urban
building heating and cooling (both residential and commercial) as well as urban personal vehicles. Emissions
associated with these sources are expected to rise from roughly 7 billion tonnes CO2 in 2015 to over 9
billion tonnes CO2 by 2050, or 290 billion tonnes CO2 cumulatively over the period.
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Table 6. GHG impact of measures to improve quality of life and local environment
(See Table 1 for rating scale of relative change in net GHG emissions)

Practice

Potential
outcome

Conditions that
decrease global
GHG emissions

Conditions that
increase global
GHG emissions

Relative
change in net
GHG emissions
(per person)

Enhance
downtown
core and
neighbourhood
hubs

Encourages
residents and
business to live and
work in compact,
transit-oriented
urban centres
Local residents
spend more of their
income on these
attractions

Same as compact
urban form

None identified

May decrease
emissions if
shifts spending
from higherGHG goods and
services (e.g. air
travel)
If local area is
closer to the
tourist’s home
than their
alternative
vacation
destination
If marginal
source of energy
in alternative
location is less
GHG-intensive
Reduced black
carbon emissions
and ozone
precursors
Combustion
emissions of CO2
are lower than
for diesel;
Reduced black
carbon emissions

None identified

Not quantified
because is
an enabling
condition
for compact
development
Insufficient
information
available to
assess

Enhance cultural
attractions

Tourists travel to
city to experience
these attractions

Improve air quality,
via regulations to
reduce particulate
and other sources

Industry relocates
to meet emissions
limits

Industry installs
emissions control
equipment (e.g.,
scrubbers)
Diesel vehicles
convert to CNG

Improve quality
and quantity of
urban parks and
street trees

Protection of
nearby natural
areas (e.g.
greenbelt or
conservation
easements)

Creates larger
areas for
vegetation growth;
Encourages
residents and
business to be
located near parks
and within urban
core
Nearby areas left in
natural state rather
than developed;
development
steered elsewhere

If local area is
farther from
the tourist’s
home than their
alternative
vacation
destination
If marginal
source of energy
in alternative
location is more
GHG-intensive
Increased
energy use for
emission control
equipment
Methane leakage
associated with
CNG supply and
use

Insufficient
information
available to
assess

At current
estimated
leakage rates,
methane
emissions
associated with
CNG are greater
on a GWP basis
than CO2 savings

Can encourage
compact urban
form; increases
carbon storage
from vegetation
growth

Additional parks
reduce land
area available
for infilling
development

Insufficient
information
available to
assess

If steers
development to
urban core, can
decrease vehicle
travel compared
to developing
outlying areas

If unmet demand
for land is met by
growth beyond
greenbelt or
conservation
area, vehicle
travel could
increase

Insufficient
information
available to
assess
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Figure 1. Global urban CO2 emissions associated with urban form, reference case,
with detail by building vintage

10
9
8
7
6
CO2 emissions,
billion tonnes (Gt) CO2

5
4
3
2
1

2015 2020 2025 2030 2035 2040 2045 2050
Transport, personal vehicles
Buildings (new), heating and cooling
Buildings (existing), heating and cooling

Based on the research reviewed above, compact, transit-oriented urban forms could reduce these
emissions by close to a billion tonnes CO2 annually in 2030 and close to 2 billion tonnes CO2 annually in
2050. (For details of this estimate, please see the Appendix.) Cities and urban areas have unique influence
over these emissions, as they tend to have much more influence over the measures, such as local land
use and transportation planning, than do national governments. Furthermore, building local low-carbon
infrastructure now, when urban areas are expanding rapidly, may help decrease the cost of future climate
change mitigation, to the extent that doing so helps avoid expensive retrofits in the future (to transport
or building systems). Urban action on transport systems and buildings also helps target GHG emission
reduction opportunities that may be less directly influenced by carbon pricing, and therefore further
complement national action. The potential for long-term GHG reductions and cost avoidance is particularly
noteworthy in fast-growing cities, especially in developing countries, as these areas are rapidly locking in
future transportation patterns.
Of course, many other opportunities to reduce urban GHG emissions exist, including some of the practices
discussed above. However, the focus of this paper has been on economic development practices that have

14

CITIES: IMPACT ON GLOBAL GHG EMISSIONS

NOV 2014

WWW.NEWCLIMATEECONOMY.NET

GHG implications, not to catalogue all the options for reducing urban-scale GHG emissions.4 That said,
this research has identified the possibility that increased local service provision – such as sharing of cars
or other goods, or provision of local entertainment services, may be uniquely available in urban areas and
also, to the extent it displaces consumption of high-GHG goods (e.g. purchasing new cars, or long-distance
travel), may also reduce GHG emissions. This and other opportunities for cities to contribute to low-carbon
consumption deserve further research.
In summary, key findings of this research are as follows:

4

•

By 2030, with a population of 5 billion people, cities could produce nearly 8 billion tonnes CO2
from building heating and cooling and personal vehicle use alone. A shift to more compact,
transit-oriented urban forms could have economic benefits and reduce emissions by about
0.6 billion tonnes CO2 in 2030, and make subsequent GHG reductions more cost-effective
and achievable. In contrast, a continuation of car-centric, sprawling development could fail to
realize the economic efficiency of compact forms and tend to lock in a higher trajectory for carbon
emissions, rendering future mitigation more challenging and costly. The abatement potential is
especially significant in fast-growing cities, which are concentrated in developing countries.

•

Attractive, well-functioning urban infrastructure and services are key enablers for delivering
the GHG and economic benefits of a compact urban form. For example, actions to improve the
quality of life and local environment make living and working in urban centres more desirable.
Improvements to information and communications technology can enhance the uptake of
transport and building energy efficiency measures that rely on connectivity. Improvements in
basic infrastructure, such as water supply and waste management, make urban environments
more livable and open up economic opportunities. This is especially the case in developing-country
settings, where lack of functioning infrastructure has been a barrier to compact development and
economic progress.

•

City-scale emission reductions will not always yield global-scale emission reductions.
Strategies that shift the location of energy-intensive industries beyond city borders, for example,
will not eliminate related emissions, just change their location. And if businesses that relocate to,
or expand in, a city use energy from higher-carbon sources than in other locations, global emissions
could rise, regardless of what type of business they conduct. As a result, cities may be in a good
position to help decrease the GHG-intensity of global business and industry if they can expand
their low-carbon energy supplies. This could be accomplished by expanding utility-scale renewables
(where cities have such influence, i.e. through public utilities), to creating local electricity grids that
are ready for distributed solar power, to efficient district heating or cooling networks powered by
renewable sources.

•

Several measures to reduce urban air pollution can also reduce global GHG emissions,
particularly those that focus on energy efficiency, reducing coal use, and increasing renewable
energy. Actions that reduce urban air pollution through boiler, building, or vehicle efficiency will
also tend to yield GHG benefits, as might actions to switch fuels from coal or oil to natural gas in
power production. On the other hand, actions that tend to shift emissions either in location (in the
case of industry) or from one type of greenhouse gas (CO2) to another (CH4, in the case of CNG
vehicles), would do little to reduce global GHG emissions.

•

Cities wanting to maximize their contributions to global GHG emission reductions will need
to address emissions associated with consumption of goods and services-based emissions.
Current information suggests as much as 40% of city residents’ GHG footprints in developed
countries are related to food choice, long-distance (especially air) transport, and product
purchases. Further work is needed to help policy-makers understand consumption patterns in their
communities and identify effective measures to mainstream low carbon consumption.

For a typology of urban-scale GHG abatement practices, see Erickson et al. (2013).
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APPENDIX
QUANTIFYING THE GLOBAL GHG ABATEMENT POTENTIAL
OF COMPACT, TRANSIT-ORIENTED URBAN AREAS
This appendix presents estimates of the global GHG abatement potential of compact, transit-oriented
urban areas. Urban form and transit are most likely to affect GHG emissions, especially CO2 emissions,
associated with passenger travel and, to a lesser extent, building energy (ICCT 2012; Chester et al. 2013;
Ewing et al. 2008; Ürge-Vorsatz et al. 2012). Few forecasts of these, or any, urban-scale GHG emissions
exist, though some researchers have estimated global urban passenger travel (IEA 2013b) and global urban
building heating and cooling energy and CO2 emissions (Ürge-Vorsatz et al. 2012). Here, we combine and
adapt those forecasts, both of which also relied on United Nations forecasts of urban population (UN 2011),
to estimate these sources of urban CO2 emissions through 2050. From that forecast, we then estimate
the possible contribution of urban form and public transportation to reducing CO2 emissions in each year.
Research is ongoing to refine these estimates, and expand them to include additional measures of urban
GHG abatement potential, such as building energy efficiency.

Reference case forecast
Table 1 presents urban CO2 emissions in the reference case. The estimates for CO2 emissions associated
with building energy use for heating and cooling are adapted from estimates by the Global Buildings
Performance Network (Ürge-Vorsatz et al. 2012).5 Estimates for CO2 emissions associated with personal
vehicles start with a forecast of urban vehicle travel by the International Energy Agency (IEA 2013b) and
apply estimates, also by the International Energy Agency, of the energy-intensity of future vehicles (IEA
2012) and CO2 intensity of future transportation fuels (IEA 2013a).6

Table 7. Global urban CO2 emissions, reference case, Gt CO2
2015

2020

2025

2030

2035

2040

2045

2050

Buildings, heating and cooling

5.4

5.5

5.6

5.7

5.7

5.8

6.0

6.1

Transport, personal vehicles

1.5

1.6

1.8

2.0

2.2

2.5

2.6

2.9

Sum*

6.8

7.0

7.4

7.7

8.0

8.3

8.6

9.0

Urban population (billions)

3.9

4.3

4.6

5.0

5.3

5.6

5.9

6.3

Emissions per person (t CO2)

1.7

1.6

1.6

1.5

1.5

1.5

1.4

1.4

*Numbers may not add up, due to rounding

Figure 1 on page 14 presents these estimates, with emissions associated with building heating and cooling
separated into existing (through 2014) and new (built 2015 and beyond) buildings.7
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5

We start with their Moderate Efficiency scenario of global CO2 emissions associated with building heating and cooling energy
(Figure 23); and then apply their estimate of urban share of global building heating and cooling energy (Figure 16). This assumes
that the CO2 intensity of energy is the same in urban and non-urban areas, which may not be the case (GEA 2012).

6

For countries where the IEA does not estimate future urban vehicle travel (IEA 2013b), we apply the average, in passengerkilometers per person, of all other areas. For reference case energy intensity of vehicles (in MJ per passenger-km), we apply the
global average for passenger road travel across all (urban and non-urban) areas in the 4DS case of Energy Technology Perspectives
2012. For reference case CO2 intensity of transportation fuels, we apply the average for oil (non bunker fuel) used in the transport
sector from the New Policies case of World Energy Outlook 2013 (IEA 2013a).

7

Split of new and existing buildings based on the share of energy from buildings, by vintage, in the GBPN study (Ürge-Vorsatz et al.
2012, fig.11).
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Abatement potential of compact, transit-oriented urban form
Compact, transit-oriented urban form can reduce CO2 emissions by avoiding and reducing the length of
personal vehicle trips, shifting a portion of those trips to other modes (including public transportation
and non-motorized modes), and reducing building energy demands to the extent that urban dwellings are
smaller or better insulated (since multi-family dwellings share walls with other units and have fewer exterior
walls). Here we estimate the combined CO2 abatement potential of these practices relative to the reference
case above. Compact urban form may also affect other sources of emissions, such as offering the possibility
to reduce the need for home furnishings and equipment and the “embedded” emissions associated with
their production (ODEQ 2010); these emission-reduction opportunities are not considered here.
We estimate the potential of reduced building energy resulting from smaller average units (both residential
and commercial) as 20%.8 Applying this to the reference new buildings emissions calculated above results in
a CO2 abatement potential of 0.1 Gt CO2 in 2020 rising to 0.5 Gt CO2 in 2050.
We estimate the potential of compact urban form and expanded public transportation as about 40% in 2050
relative to the reference case, based on results from the IEA’s “avoid/shift” scenario.9 This translates to a
CO2 abatement potential of 0.1 Gt CO2 in 2020 rising to 1.3 Gt CO2 in 2050 (Table 8).

Table 8. Urban CO2 emissions abatement potential, relative to reference case, Gt CO2
2015

2020

2025

2030

2035

2040

2045

2050

Buildings, heating and cooling

-

0.1

0.2

0.2

0.3

0.3

0.4

0.5

Transport, personal vehicles

-

0.1

0.2

0.4

0.6

0.8

1.0

1.3

0.2

0.4

0.6

0.9

1.1

1.4

1.8

Sum

In summary, we estimate the CO2 abatement potential of compact, transit-oriented urban form as
approaching one gigatonne CO2 in 2030. Although these opportunities are unique to the urban
environment, many other additional abatement opportunities also exist (Erickson et al. 2013), such as
building energy retrofits, even as they are not unique to urban areas. As a result, the overall GHG emissions
abatement potential of city and urban policies and measures is higher than listed in Table 8 and is the subject
of ongoing research.
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8

This is roughly consistent with the reduced floor area scenarios in the GBPN study (Ürge-Vorsatz et al. 2012) and slightly higher
than the 10% energy savings potential found in a comparative study of low- and high-density residential structures in the Phoenix
area of the United States (Chester et al. 2013)

9

We assume that all reduction in CO2 emissions due to avoided trips and shifts to public transport in this case occur in passenger
travel in urban areas. Applying these reductions to the reference case urban emissions estimated above yields an abatement
potential of 42% in 2050.
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