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ABSTRACT 

Cities are part of the climate change problem, but they are also a key part of the solution. This report 

offers a comprehensive analysis of how cities and metropolitan regions can change the way we think about 

responding to climate change. Cities consume the vast majority of global energy and are therefore major 

contributors of greenhouse gas emissions. At the same time, the exposed infrastructure and prevalent 

coastal location of many cities makes them common targets for climate change impacts such as sea level 

rise and fiercer storms. This report illustrates how local involvement through ñclimate-consciousò urban 

planning and management can help achieve national climate goals and minimise tradeoffs between 

environmental and economic priorities. Six main chapters analyse the link between urbanisation, energy 

use and CO2 emissions; assess the potential contribution of local policies in reducing global energy 

demand and the trade-offs between economic and environmental objectives at the local scale; discuss 

complementary and mutually reinforcing policies such as the combination of compact growth policies with 

those that improve mass transit linkages; and evaluate a number of tools, including the ñgreeningò of 

existing fiscal policies, financing arrangements to combat climate change at the local level, and green 

innovation and jobs programmes. One of the main messages of this report is that urban policies (e.g. 

densification or congestion charges) can complement global climate policies (e.g. a carbon tax) by 

reducing global energy demand, CO2 emissions and the overall abatement costs of reducing carbon 

emissions. To inform the groundswell of local climate change action planning, the report highlights best 

practices principally from OECD member countries but also from certain non-member countries. 

 

 

JEL classification: Q54, Q55, Q58, Q42, Q48, R00 

Keywords: Climate; Global Warming; Sustainable Development; Government Policy; Planning;  

Regional, Urban, Cities, Territorial, Regional Economics, Urban Sustainability 
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EXECUTIVE SUMMARY  

1. Cities and climate change: a two-way relationship 

¶ Cities are major contributors to CO2 emissions. Roughly half of the worldôs population lives in 

urban areas, and this share is increasing over time, projected to reach 60% by 2030. Cities 

consume a great majority ï between 60 to 80% ï of energy production worldwide and account 

for a roughly equal share of global CO2 emissions. In the OECD, countries that are more 

urbanised tend to generate higher levels of CO2 emissions. Greenhouse gas (GHG) emissions in 

OECD cities are increasingly driven less by industrial activities and more by the energy services 

required for lighting, heating and cooling, appliance use, electronics use, and mobility. Growing 

urbanisation will lead to a significant increase in energy use and CO2 emissions, particularly in 

non-OECD countries in Asia and Africa where urban energy use is likely to shift from CO2-

neutral energy sources (biomass and waste) to CO2-intensive energy sources. 

¶ Climate change poses key threats to urban infrastructure and quality of life. The tendency for 

cities to be located in coastal areas increases their vulnerability to water-related calamities, 

increasing the risk to property, livelihoods and urban infrastructure. Rising sea levels are a 

critical issue for major cities ï for example, in Europe, 70% of the largest cities have areas that 

are less than 10 meters above sea level. Port cities most at risk for coastal flooding are located 

both in rapidly growing developing countries such as India and China (e.g. Kolkata, Shanghai, 

Guangzhou) and in wealthy of countries such as the United States (e.g. Miami, New York City), 

the Netherlands (e.g. Rotterdam, Amsterdam) and Japan (e.g. Tokyo, Osaka).  Heat waves will be 

felt more strongly in urban areas due to urban heat island effects. Due to the large amount of 

concrete and asphalt in cities, the difference in average annual temperature with rural areas 

ranges from 3.5 to 4.5°C, and is expected to increase by 1°C per decade (up to a difference of 

10°C with large cities). Poor populations in both rich and poor nations are the most vulnerable to 

climate change, in part because they lack the resources to quickly and effectively protect 

themselves from extreme weather patterns. The poor are also more vulnerable as they may use 

cheaper materials to build dwellings, or may reside in floodplain areas where land is cheaper, as 

was demonstrated during Hurricane Katrina (2005) and Hurricane Mitch (1998).   

2. Cities are not to be blamed ï Urban form, lifestyles and energy sources are what count  

¶ How cities grow and operate matters for energy demand and thus for GHG emissions. Energy 

use, and thus carbon emissions, are chiefly driven by how electricity is produced, use of energy 

in buildings and to move around the city. Urban density and spatial organization are key factors 

that influence energy consumption, especially in the transportation and building sectors. The 

acceleration of urbanisation since the mid-half of the last century has been accompanied by urban 

sprawl, with urban land area doubling in the OECD and growing by a factor of five in the rest of 

the world. The expansion of built-up areas through suburbanisation has been particularly 

prominent among OECD metropolitan areas (66 out of the 78 largest OECD cities experienced a 

faster growth of their suburban belt than their urban core over 1995-2005). Increasing density 

could significantly reduce energy consumption in urban areas.  For instance, Japanôs urban areas 
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are around five times denser than Canadaôs, and the consumption of electricity per capita in the 

former is around 40% that of the latter. If we take countries in the same geographical context 

with similar heating needs, such as Denmark and Finland, the proportions are quite similar. 

Denmarkôs urban areas are denser than Finlandôs by a factor of four and people there only 

consume around 40% of the electricity than the Finns.  

¶ Lifestyles, in particular the way in which people commute, are also crucial in the generation of 

CO2 emissions. Citiesô emissions can vary depending on their lifestyles, spatial form and public 

transport availability. In other words, it is not cities, or urbanisation per se, that contribute to 

GHG emissions, but rather the way in which people move around the city, the sprawl that they 

produce, the way in which people use energy at home and how buildings are heated that make 

cities the great consumers of energy and polluters that they are. As urban areas become denser 

and rely more on public transport, carbon emissions are reduced.  Not surprisingly, among OECD 

member countries, North American countries ï characterised by high personal vehicle use ï 

produce 50% more CO2 emissions than European countries, which in turn pollute twice as much 

as Asian countries. Similarly, not all cities in the same country are home to the same lifestyles, 

nor do they contribute to carbon emissions in the same way. Although the USA is the OECD 

country with the highest per capita carbon emissions, internally, Los Angeles, with very high 

personal vehicle use, displays higher concentration of CO2 emissions than New York, even 

though it has the largest population concentration in the country (60% higher than Los Angeles). 

¶ Citiesô energy sources matter. The impact of energy consumption on GHG emissions depends 

not just on the amount consumed, but also on the GHG emissions generated by the energy source, 

which in turn depend on the mode of energy production. For example, Cape Town has 

comparatively low per capital electricity consumption than Geneva, but its consumption has a 

higher GHG emissions factor, due to South Africaôs use of coal for 92% of its electricity 

generation whilst Geneva relies on hydropower. Technology also matters: urban areas relying on 

inefficient or wasteful energy sources contribute more GHG emissions then than those that 

consume the same amount from more efficient sources. 

3. Urban policies can contribute to a global climate agenda  

¶ Costs of delaying action on climate change are high.  While climate change mitigation and 

adaptation policies require significant investment, delaying action can increase future costs and 

limit future options for adapting to climate change impacts or reducing emissions in cities. Direct 

costs from climate change impacts can be staggeringly high, especially when related to natural 

disasters and sea level rise. For example, shoreline retreat in the United States is projected to cost 

between USD 270 billion to 475 billion per metre climb in sea level; analogous costs in 

developing nations can amount to one-third of annual GDP. Indirect impacts can cripple urban 

economic activity, when transportation, commercial and industrial activities are interrupted due 

to severe weather events. Economic impacts can have rebound effects in the job market and 

reduce tax revenue. These stresses on the local economy may limit investment opportunities and 

deplete funds for infrastructure innovations, leaving cities more vulnerable to future change. 

Ripple effects from outside the city can also affect the profitability of many economic sectors in 

the city and the income of city inhabitants, as well as food security. But most economic loss will 

come in the form of ñhiddenò costs, such as the costs of rerouting traffic, lost productivity, 

provision of emergency and continued aid, relocation and retraining, lost heritage, and urban 

ecosystem damage. In addition, higher risk and uncertainty stemming from global climate change 

imposes additional costs on the insurance, banking, financing and investment industries. Changes 

to the built environment to reduce transportation distances, increase mass transit linkages and 
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adapt to climate change can only happen incrementally over the long term, which heightens the 

urgency of implementing land-use zoning, spatial, building and transportation policies now. 

¶ Urban policy can contribute to national CO2 emissions reduction targets. Findings from a 

general equilibrium model (CGE model) with an urban module demonstrate that urban policies 

such as increases in spatial density and congestion charges can lead to a reduction of total OECD 

global energy demand and, consequently, of CO2 emissions. Interestingly, overall cost 

abatements of meeting Kyoto emissions reduction objectives, generally observed at the 

macroeconomic level, can be reduced over time by complementing a global climate policy (e.g., 

a carbon tax) with urban densification policies and congestion charges. 

¶ The lower tradeoffs between economic growth and environmental priorities at the urban level 
may be due to complementarities of policies observed only at the local scale. An example is local 

pollution, which increasingly impacts city attractiveness and competitiveness. Results from the 

CGE model shows for instance that if cities continue their current GHG emissions and lifestyles 

trends, by 2030 cities that could become more attractive will do so while also curbing local 

pollution (e.g. Ankara, Auckland, Barcelona, Krakow, Lille, Melbourne, Montreal, Monterrey, 

and Toronto). It also highlights that some metro-regions risk losing attractiveness if their current 

pollution trends continue (e.g. Chicago, Los Angeles, New York, Osaka, Paris, Philadelphia, 

Seoul and Tokyo). 

¶ Some urban climate policies should be considered as no-regret policies as they can provide 

additional co-benefits. These include public health improvements, cost savings and increased 

efficiency, energy security and infrastructure improvements, and improved urban quality of life. 

These additional non-climate benefits may also help to explain the lower tradeoffs between 

economic growth and GHG emissions reduction on the metropolitan level. For example, GHG 

emissions reductions may benefit human health to such a degree as to offset in large part the local 

costs of emissions reductions. Policies to reduce GHG emissions through increasing energy 

efficiency can result in significant reductions in energy costs, and the energy savings achieved 

can compensate for the initial investment costs in as little as a few years.  

4. Urban climate actions need a smart mix of policy instruments  

¶ Cities serve as policy laboratories for action on climate change. Many cities and metropolitan 

regions around the world are taking action on climate change ï even in the absence of national 

policies and commitments ï not only out of recognition of citiesô contributions to and risks from 

climate change, but also of the opportunities to lower the potential tradeoffs between economic 

growth and environmental priorities. While large cities have provided landmark policies ï 

notably Seoul, Stockholm, Toronto, Copenhagen, New York, London, and Tokyo ï mid-size and 

smaller cities have also created innovative climate policies, such as Mannheim and Freiburg in 

Germany, Toyama, Japan, Nantes, France and Boulder, USA.  

¶ Cities have key competencies to act on climate change through their responsibilities over urban 

sectors such as land-use zoning, transportation, natural resources management, buildings, waste 

and water services. Urban authorities make decisions that determine or influence public 

transportation systems, the built environment, renewable energy and energy efficiency measures, 

and the sustainability of services delivery. Cities and metropolitan regions are well positioned to 

develop policy and programmatic solutions that best meet specific geographic, climatic, 

economic, and cultural conditions. They are equally well placed to develop innovative policy 

solutions that can be scaled up into regional or national programmes, or to provide a laboratory 

for national pilot programmes on the urban level.  
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¶ Effective climate policy packages should seek policy complementarities among and within 

urban sectors to implement policies that enhance each otherôs effectiveness. For example, land-

use zoning policies that allow for higher densities and greater mixing of residential and 

commercial uses can enhance transportation climate goals by reducing trip distances and 

frequency while strategic mass transit linkages can attract development and thus promote 

compact growth. Long-term growth plans in a number of OECD metropolitan areas aim to 

maximise these complementarities (e.g. Paris, New York, London). Natural resource policies to 

increase vegetation and green space can reduce emissions and reduce the impacts of heat 

extremes and flooding ï a prime example being S«o Pauloôs development of linear parks along 

urban waterways. Within the transportation sector, policies to increase the quality and availability 

of public transportation, bicycle, and foot travel make policies to discourage or restrict vehicle 

travel and circulation more politically feasible. For example, congestion fees for driving during 

peak hours worked well in London because they were combined with improvements in 

management of the road network and substantial enhancements in bus service. Energy efficiency 

standards for new buildings are well complemented by projects to retrofit existing buildings with 

energy efficiency technologies, with models including Berlinôs innovative model for contracting 

with private companies to meet efficiency targets and Torontoôs Mayorôs Tower Renewal 

programme. Waste policies to promote waste-to-energy incineration need to be combined with 

robust support for recycling programmes to enhance the economic viability of recycling 

programmes to divert waste from landfills (e.g. Kitakyushu, Japan).  

¶ Action on climate change should optimise existing urban modes of governance. Climate action 

on the urban level happens through local regulations, urban services, programme administration, 

city purchasing and property management, and convening of local stakeholders. Activities 

involving government-owned property or operations are common in part because cities have 

direct control over them ï examples include many citiesô purchase of hybrid or alternative fuel 

vehicles and improving the energy efficiency of street and traffic lights (e.g. Los Angeles and 

Graz, Austria). Important opportunities exist where cities are service providers ï such as 

Melbourneôs innovative two-tiered water services system providing both drinkable and recycled 

water, Monterrey and Torontoôs capture of methane gas from landfills for energy, and 

Copenhagen, Stockholm and Mannheimôs use of district heating.  Cities generally are still 

reluctant to make full use of their regulatory authority to achieve climate goals. Notable 

exceptions include Barcelonaôs Solar Thermal Ordinance and San Franciscoôs recent introduction 

of mandatory recycling.  

¶ Successful compact cities policies rely on well-designed strategic plans. Policies to increase the 

concentration of urban areas in the long term and manage outward expansion have gained 

popularity across the OECD, particularly in the Netherlands, United Kingdom and Japan, which 

has initiated an ñEco-Compact Cityò policy. While the higher residential densities targeted by 

these policies have the most direct effect on GHG emissions, transportation linkages ï 

particularly between employment centres and residential zones ï are crucial to ensuring that 

increases in density translate into reductions in personal vehicle use.  Increasing the mix of land 

uses in urban neighbourhoods also reduces travel distances between home, work, and activities 

and promotes non-motorised travel. High quality urban services and amenities, including open 

space, are also crucial to the long-term attractiveness and effectiveness of compact cities policies.  

¶ Long-term strategic planning needs to take into account urban areasô contributions and 

vulnerabilities to climate change. Strategic planning ï determining future action, identifying 

implementing roles, and monitoring and evaluating the outcomes ï has been increasingly used to 

coordinate diverse priorities and contributions from multiple levels of government, non-

governmental stakeholders and the private sector. The tools for flexible and strategic public 
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intervention that can be used to incorporate climate change responses into long-term growth 

plans typically analyse urban GHG emissions drivers and urban vulnerabilities. Although many 

cities have begun to inventory their emissions sources, the need exists for a harmonisation of 

tools. Vulnerability assessment models, developed by some cities (e.g. Washington, USA) are 

essential but they remain costly and require scientific expertise that may not be relatively 

available to urban governments. An assessment of local capacity to respond to urban GHG 

emissions and climate change vulnerabilities is also critical to planning future responses. Wedge 

analysis and stakeholder mapping, implemented for instance by the Greater London Authority, 

are two types of tools to assess local capacity to act. Tools to assess costs and benefits and 

conduct cost-effectiveness planning also play a key role in strategic planning. Few cities 

worldwide have real knowledge of the impact of new development on their long-term fiscal 

condition. Decisions are dominated by immediate capital costs, despite the fact that often over 

90% of lifecycle costs for typical infrastructure are expended during operational maintenance and 

rehabilitation. Introducing qualitative assessment in cost-benefit analyses can be challenging; one 

example is the performance-based planning approach in use in the San Francisco Bay Area, USA. 

¶ National governments can play a role in supporting and removing barriers to greater urban 

governance and enhance citiesô capacity to act on climate change issues. Key roles include 

providing funding and technical assistance to cities and regions, such as in Finland and Sweden.  

Climate mandates in national urban and regional policies in Australia, Austria, Canada, the Czech 

Republic, France, Germany, Japan, Mexico and the United Kingdom, and in the Korean ñGreen 

New Dealò, can advance local climate action.  Strong national targets for adaptation and GHG 

emissions reductions can help prevent regional competition based on environmental regulations 

and even promote a ñrace to the topò through incentives, such as Japanôs ñEnvironment-Friendly 

Model Cityò award. 

5. Finance is an issue ï greening local revenues and financing local green activities  

¶ Climate change will call for new urban infrastructure investments and thus will create new 

challenges for urban finance: it puts additional pressure on city budgets related to adaptation, 

mitigation and price rises in carbon-related energy sources. New transportation systems, service 

improvements, building retrofits and protections for the built environment are costly, especially 

when applied at a citywide scale. Cities are now responsible for a range of sectors that impact 

environmental sustainability and GHG emissions, sometimes as the sole authority, but more often 

in partnership with other levels of government. For example, local governments in OECD 

countries are responsible for 70% of total public investment and amounts of public spending on 

environmental protection (which includes waste management, waste water management, 

pollution abatement, protection of biodiversity and landscapes, and research and development 

(R&D) on environmental protection), which is almost similar to that of their respective national 

governments.  

¶ Green local finance ï revenues raising means are not climate neutral. Fiscal instruments and 

incentives at the disposal of cities could be considered instruments for achieving urban 

sustainability goals, including climate change targets. Local revenue sources are not neutral: their 

provenance, rates, exemptions and composition all impact the price citizens and firms pay for 

certain goods and services, such as urban transportation options, land development and housing. 

There is room for greening sub-national taxes, especially those that have an impact on the cityôs 

built environment, transport and energy, such as property taxes and transportation taxes. 

Currently, sub-national taxes in certain countries promote sprawl. For example, compact housing 

options, such as multifamily rental housing in the United States, bear an effective tax rate that is 

considerably higher (18% in 2001) than the rate for single-family owner-occupied housing. 
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Several cities in the world depend on land sales for a large part of their revenues, which also can 

create incentives for urban sprawl: the contribution of land sales to local revenue in Guangzhou 

(China) has been estimated to be 55% in 2006.  

¶ Cities and metropolitan areas could make more use of fees and charges as instruments to 

influence behaviour and thus mitigate climate change. As they confront users with the real 

costs of their choices, these instruments could reduce the inefficient use of resources and limit 

sprawl. An example of a financial instrument to mitigate climate change is the congestion charge, 

applied in a growing number of cities, which has proved effective in reducing congestion and 

reducing CO2 emissions from transport (reductions between 10% and 20% in London, Stockholm 

and Milan). Development charges and value-capture taxes, such as used in Miami, Milan and 

Bogotá, could finance the construction of new infrastructure needed to serve new surburban 

developments, whereas transport-related revenue sources (fuel taxes, congestion charges, parking 

fees) could charge for the use of the infrastructure. Congestion charges will arguably be more 

appropriate for those cities whose parking fees are already high. Fiscal disincentives for car use 

will be more effective when alternative traffic solutions, such as public transport, are in place, 

which is why some metropolitan areas, such as London, use these types of revenues to finance 

public transit. 

¶ Urban areas need new financial instruments. The budget pressures caused by climate change 

might require additional financial instruments for cities, which could be provided by carbon 

finance mechanisms and increased access to capital markets. Some cities participate in the cap-

and-trade mechanisms established in different countries (e.g. the Chicago Climate Change 

Exchange) or at the European level, and have in some cases (Los Angeles, Chicago, Santiago) set 

up their own urban cap-and-trade mechanisms or are planning to do so (metropolitan Tokyo in 

2010). Certain cities, such as London, have explicitly defined emissions trading as a business 

opportunity that would increase their metropolitan competitiveness. There are several ways in 

which the use of carbon finance instruments by cities could be increased. If international climate 

negotiations were to mention transport and buildings as key areas to reduce GHG emissions, this 

would provide a rationale to involve urban areas. In order to keep transaction costs down and to 

take systemic dimensions of urban problems into account, these actions should take the form of 

broad programmes, such as a sectoral crediting mechanism beyond 2012, rather than specific 

projects. There is a need as well to make sure that future use of these instruments by cities will be 

integrated within urban planning and financial frameworks to prevent these instruments from 

financing isolated projects without connection to larger urban sustainability priorities.  

¶ Adaptations of Kyoto financing mechanism as well as new instruments are needed to allow 

cities to fully take advantage of international carbon financing instruments. Funding from 

clean development mechanisms (CDM) and joint implementation mechanisms ï the two main 

Kyoto carbon offset instruments ï could help to reduce citiesô carbon emissions by providing 

carbon offsets for urban projects such as mass transit expansion. However these mechanisms are 

complex and have been rarely used by cities, Bogotá being a notable exception. Existing CDM 

mechanisms would need to be retooled to allow for broader approaches, such as funding for 

multi-project sectoral initiatives. Other CDM opportunities for the urban sector could be explored, 

including easily attainable targets for urban GHG sources related to urban transportation planning, 

urban forestry, street lighting, and waste energy used for transportation purposes. New carbon-

finance instruments are currently being discussed, in which the role of both OECD and non-

OECD cities could be strengthened. One set of these instruments relates to the national 

appropriate mitigation actions (NAMA) that were proposed in the Bali Action Plan. If citiesô 

activities were to be included in NAMA inventories, this would clarify citiesô potential 
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contributions to GHG emissions reductions, such as through buildings and transport policies, and 

provide incentives for channelling funding sources to key urban-level projects.  

¶ National governments could play a key role in greening urban finance, by re-designing sub-

national taxes and grants to sub-national governments, especially those that have an impact on 

the cityôs built environment, transport and energy. Re-design of sub-national taxation could 

include property tax reform to correct for biases towards unsustainable behaviour. For instance, 

property tax reform favouring compact development could be promoted through a split-rate 

property tax (Sydney, Hong Kong, Pittsburgh), differential taxation, a special area tax applied on 

suburban properties, or a set of cascading taxes that gradually increase as one moves away from 

the city centre towards the periphery (Austin). A relatively simple form of such a tax might be a 

higher standard property rate for suburban inhabitants or preferential rates for multiple dwellings 

(Denmark, Sweden). In addition, intergovernmental grants, such as those applied in Germany, 

Portugal and Brazil, could take environmental indicators into account to compensate local 

governments for the external benefits of their environmental expenditures. A comprehensive 

greening of urban finance would also increase the coherence between urban finance and urban 

planning frameworks to enhance urban sustainability and contain outward urban growth. Carbon 

taxes and climate change levies, although occasionally introduced at the local level (e.g. Boulder), 

could be considered more suitable instruments for the national or supra-national level rather than 

the city or regional level, as they could distort competition between regions.   

6. Cities have a key role in fostering a green growth agenda  

¶ Cities and regions can promote green growth through many levers, including the creative use of 

procurement, better screening of investments in infrastructure, transport, communication 

networks and utilities, financial and tax incentives, partnerships and regulation of energy 

suppliers, consumer awareness and training programs for green jobs. They also have significant 

responsibilities in leading by example. An effective green growth strategy for cities should search 

for employment gains in the short-to-medium term through targeted investments, and should 

pursue systemic changes in the way cities function and grow through the continuous generation 

and application of new technologies that increase connectivity and reduce resource use. Public-

private partnerships, leveraged for example through green infrastructure funds, have great 

potential for reducing the burden on local finances and increasing the efficiency of green 

investments.   

¶ Cities can help create stronger markets for renewable energies and energy-efficient products 

and services. Feasible options for public investment that can reduce emissions and sustain 

employment include: improving the energy efficiency of buildings through retrofitting (Freiburg) 

and selective public purchasing (Berlin, Helsinki); integrating environmental targets in 

transportation and planning (Toronto, Chennai, India); and increasing the share of renewable 

sources in energy supplies, through distributed technologies (e.g. Berkeleyôs program for 

individual photovoltaic installations) or centralized utilities (e.g. wind farms in Samsș, 

Denmark). Green jobs can result from smarter management of energy at the urban level, through 

regulatory innovations such as local feed-in tariffs for renewable energy (e.g. several German 

cities) or strong market support for the deployment of ICT and other energy saving technologies 

(e.g. the Gangnam-gu district of Seoul and the Paris suburb of Issy-les-Moulineaux). The 

employment benefits of energy efficiency at the local level are largely the result of multiplier 

effects, as households and businesses shift expenditures from a capital-intensive sector (energy) 

to more labour-intensive sectors (e.g., local services). 
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¶  Cities can also be effective in greening industrial production by developing one-stop support 

services for green industry start-ups (Los Angeles); enabling existing businesses to reach energy 

conservation goals (the Eco-Efficiency Partnership in British Columbia) or realise profits through 

energy recycling (Kitakyushu and other Japanese ñEco-Townsò); providing training tailored to 

local labour market needs (Oakland Apollo Alliance); and by developing awareness programs to 

raise consumersô preferences for green products (Blacktown, Australia Solar City project). 

¶ Cities and regions can take the lead on long-term, locally tailored eco-innovation and leverage 

private investments in energy-saving technological solutions. Green-tech innovation is often 

highly concentrated in a few dynamic clusters, usually located near cities (urban regions in the 

OECD produced 73% of green patents in the renewable energy sector over 2004-2006). Cities 

can play a facilitative role, through the development of networking platforms for enhanced 

knowledge-sharing in climate change mitigation and adaptation, and an enabling role, through 

well-designed support for R&D and for industrial and public research collabouration in eco-

innovation clusters. Cities can also promote the development of green clusters by facilitating 

synergies and by enabling private R&D through joint ventures (e.g. the Lahti Cleantech cluster in 

Finland, with 20 new clean-tech companies and more than EUR 30 million in total investment). 

Finally, local and regional governments can support the activities that follow the research and 

development of new environmental technologies, for example by sponsoring environmental 

technology verification schemes or financing and disseminating results of demonstration tests 

(e.g. Adelaide Solar City Program, Australia or Research Triangle Park, USA). 
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INTRODUCTION  

Climate change has become one of the most pressing issues of our new century. World greenhouse 

gas emissions (GHG) have roughly doubled since the early 1970s, reaching about 74 gigatons CO2 

equivalent (Gt CO2equ) in 2005 (OECD, 2009a). The OECD projects that if we continue on the present 

trajectory, global greenhouse gas emissions will increase by more than 50% by mid-century, causing world 

temperatures to rise from 1.7 to 2.4 degrees Celsius (°C) above pre-industrial levels by 2050, and from 4 to 

6 °C or more in the long-term (OECD, 2009a). Even worse, the planetôs natural system to absorb carbon 

will peak by mid-century and then likely weaken making climate change much more acute (IPCC, 2007a). 

While there is significantly uncertainty about the costs of inaction, it is generally agreed that failing to 

tackle climate change will have significant implications for the world economy. Stern (2007) asserts for 

instance that the total economic and welfare costs of policy inaction could equate to as much as a 

permanent 14.4% loss in average world consumption per capita, when both market and non-market 

impacts are included. Even more worrisome, increasing greenhouse gas emissions are likely to lead to 

massive upheavals: floods and droughts, more violent storms, more intense heat waves, and escalating 

conflicts over food and water and resources.  

Dealing with climate change will require a broad set of instruments. If we want to meet the objective 

of cutting emission by at least 30% by 2050, i.e. the level generally agreed on to prevent dangerous 

anthropogenic interference, and minimise the costs involved, a number of policy instruments must be put 

in place or expanded so as to create the proper incentives to ensure that emissions are reduced first where it 

is cheapest to do so. The OECD stresses that market-based mechanisms such as cap and trade systems, 

carbon tax, or both, should be key elements of the policy mix to help build a global carbon market (OECD, 

2009a). This will need to be complemented by removal of subsidies to fossil fuel energy and reallocation 

of the financial resources into increased investment in clean energy R&D. Moreover, as market 

imperfections (monitoring, enforcement, and asymmetric information problems) prevent some emitters 

from responding to price signals, complementary instruments, including standards (e.g. building codes, 

electrical appliance standards, diffusion of best practices) and information instruments (e.g. eco-labelling) 

are necessary.  

Cities have a key role to play in the global agenda for addressing the challenge of climate change. 

Today, approximately half of the worldôs population lives in cities; by 2050, that proportion will probably 

have increased to two-thirds. Cities are responsible for the bulk of national output, innovation and 

employment, and they constitute the key gateways of transnational capital flows and global supply chains 

(OECD, 2006).As key engines of the global economy, cities are responsible for the bulk of national output, 

innovation and employment, and they constitute the key gateways of transnational capital flows and global 

supply chains (OECD, 2006). It is therefore not surprising that cities consume a great majority ï between 

60 to 80% ï of energy production worldwide and account for a roughly equal share of global greenhouse 

emissions. All projections indicate that this trend will continue as urban populations grow. If urbanisation 

is contributing to the increase in CO2 emissions, many cities are also likely to be affected by climate 

change in increasingly detrimental ways. The tendency for cities to be located in coastal areas increases 

their vulnerability to water-related calamities, increasing the risk to property, livelihoods and urban 

infrastructure. 

How cities develop is part of the climate problem, but it can also be part of the solution. While the 

international community has been struggling to agree on common objectives and targets to fight global 
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warming, a growing number of cities and regions have taken initiatives to reduce their energy use and CO2 

emissions. Faced with the two-way relationship between climate change and urban development, cities and 

regions in many OECD countries have key responsibilities in the urban sectors that can provide valuable 

strategies for fighting and adapting to climate change, including policies that affect transportation and the 

built environment. 

Yet, in the debate on a global agenda to tackle climate change, the role of cities in addressing the issue 

has been quite decoupled from national and international policy frameworks (OECD, 2009b). Cities face 

the challenge of determining the range of local responses that will result in GHG emission reductions, 

protection against climate change impacts, and economic growth. The effectiveness of local-level policy 

implementation depends on the potential for policies to meet climate change mitigation and adaptation 

goals while pursuing economic growth and local fiscal sustainability. Based on statistical data from the 

OECD regional and metropolitan databases, empirical OECD studies and results from different 

questionnaires, this report discusses the relationships between cities and climate change, the rationale for 

taking action at the urban scale, the effectiveness of some local strategic and sectoral policy tools in 

addressing climate change issues as well as local finance and growth and job opportunities from the green 

economy.  

Section 1 analyzes the relationship between cities and climate change. It shows that concentration of 

population is clearly linked with concentration in output and energy use, one of the main drivers of CO2 

emissions. However, it is not cities, or urbanisation per se, that contribute to GHG emissions, but rather the 

way in which people move around the city, the sprawl that they produce, the way in which people use 

energy at home and how buildings are heated that make cities the great consumers of energy and polluters 

that they are. Citiesô emissions can vary depending on their lifestyles, spatial form, public transport 

availability and sources of energy.  

Because of the complex and fixed nature of urban infrastructure, cities ï especially those located in 

coastal areas ï will be also be impacted by the change in the global temperatures. This is a well known 

phenomenon, affecting cities in both developed and developing countries, but adaptation policies at the 

local level have received little attention. Climate impacts specific to urban areas are discussed in Section 2. 

Adapting to climate change impacts requires significant public investments to address expected increases 

in flooding, storms, heat extremes, drought and water scarcity. Inaction now can further increase the costs 

of climate change damage, as well as of future adaptation measures. Disruptions in infrastructure systems 

can clearly create inefficiencies and slow down economic progress, imposing costs on the local and 

national economy. 

The benefit of implementing urban policies to tackle climate change is demonstrated in Section 3. The 

traditional trade-off between economic growth and environmental objectives observed at a macroeconomic 

level, referred to as abatement costs for climate change policies, can be alleviated when urban policies such 

as densification or congestion charges are introduced. This is the result of a general equilibrium model that 

incorporates an urban module. Under a baseline global scenario with Kyoto emissions reduction objectives, 

the overall economic costs can be reduced over time thanks to additional actions taken at the local level. 

This is due to complementarities with other objectives, such as lower local pollution and the enhancement 

of city attractiveness and competitiveness through lower local pollution. The section also discusses other 

types of local co-benefits of climate change policies, including health improvements and quality of life, 

cost savings and increased efficiency, energy security, and infrastructure improvements. 

With the help of strategic planning tools, policies on the local level can be a focus for complementary 

policy packages that bring together territorial strategies and sectoral policies. Section 4 will review policy 

tools to address climate change at the local level such as land-use zoning, natural resources, transportation, 

building, waste and water policies. Whilst effective policy packages should reflect the specificities of 
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individual urban regions and be tailored to local energy consumption patterns, it is essential to identify the 

impact and benefits that policy sectors can have on each other to promote the cost-effectiveness of public 

actions. The question of effective urban policy packages intersects with the concept of urban density, a 

major driver of CO2 emissions. This section also assesses different characteristics of densification policies 

and their effectiveness in meeting environmental goals whilst remaining attractive in the long term.  

Measures to reduce GHG emissions and adapt to expected climate change impacts will put additional 

pressure on city budgets and increase the need for additional resources. Section 5 discusses the different 

forms of upward pressures on city budgets that can be anticipated to respond to climate change issues. 

Although investment in climate change and urban sustainability policies can produce co-benefits, such as 

increased accessibility and greater city attractiveness, these investments will present an additional burden 

on most citiesô budgets. A number of existing fiscal instruments and incentives already at citiesô disposal 

could be considered as instruments for achieving climate change and urban sustainability goals. Carbon 

markets and access to financial capital may emerge as promising new funding sources. 

Last but not least, the Section 6 discusses the role of cities in contributing to a new global Green 

Growth model at a time when governments must reduce their carbon footprint while steering the world 

economy out of an economic crisis. The section highlights the main policy areas through which city and 

regional governments can contribute to green growth objectives, including developing and maintaining 

green public infrastructure, improving the eco-efficiency of production, boosting demand by fostering the 

greening of consumption preferences and facilitating green innovation. Although tools for assessing the 

effectiveness of such policies in reaching their objectives of job creation and output growth need to be 

developed, the section provides a solid analytical framework that can orient future research on this crucial 

issue.  



 20 

REFERENCES 

IPCC (Intergovernmental Panel on Climate Change) (2007a), Climate Change 2007: The Physical Science 

Basis, Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental 

Panel on Climate Change, S. Solomon,, D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. 

Tignor and H.L. Miller (eds.), Cambridge University Press, Cambridge. 

OECD (2006), Competitive Cities in the Global Economy, OECD, Paris. 

OECD (2009a) The Economics of Climate Change Mitigation: Policies and Options for Global Act ion 

beyond 2012, OECD, Paris. 

OECD (2009b), ñCities, Climate Change and Multilevel Governanceò, Environment Working Papers, 

OECD, Paris. 

Stern, Nicholas (2007), The Stern Review Report, Cambridge University Press, Cambridge, UK. 

 



 21 

1. URBANISATION, ECONOMIC GROWTH AN D CLIMATE CHANGE  

There is an increasing recognition of cities and urban regionsô role as key engines of economic growth, 

job creation and innovation ï as well as their role as the major contributors to global warming. Higher 

concentrations of population are generally linked with higher energy use, which is one of the main drivers 

of greenhouse gas (GHG) emissions, particularly carbon dioxide (CO2) emissions. This worldwide trend 

will only be reinforced as growing urbanisation ï particularly in non-OECD countries ï results in increased 

overall energy demand, and therefore increased GHG emissions. However, cities present great 

opportunities for reducing countriesô contributions to climate change. In OECD countries, where 

urbanisation is already well advanced, the main drivers of GHG emissions are energy consumption patterns, 

including how people move around metropolitan regions and the amount of energy they consume for daily 

home and work activities. Urban density and spatial organization are key factors that influence energy 

consumption, especially in the transportation and building sectors. This section discusses the relationships 

between urbanisation, economic concentration, energy use and GHG emissions in OECD countries and 

provides the main rationale for taking action at the urban scale: urban structure and form do matter for 

climate change. 

1.1. The worldwide urbanisation process  

Urbanisation is a global phenomenon and is expected to continue for decades to come (OECD 2006; 

UN 2008). According to the United Nations, roughly half of the worldôs population lives in urban areas,
1
 

and this share is increasing over time, projected to reach 60% by 2030 (Figure 1.1). However, although 

urbanisation growth within the OECD is still ongoing, most of the urban population growth up to 2030 will 

occur in developing countries (Figure 1.2). Developing countries are projected to have urban growth rates 

roughly double those of OECD countries in the 2005-2030 timeframe (UN, 2008). China, for instance, 

which is already the largest urban nation in the world, will see its current urban population rising from 600 

to 900 million by 2030. As of 2015, the newly added urban population will be larger than the total 

population of many OECD countries such as Germany, Japan, Mexico, France (Kamal-Chaoui in OECD, 

2008a). Though the pace of urban growth will be highest in smaller towns and cities in countries in Africa 

and Asia, the proportion of the worldôs population living in so-called megacities, or urban centres with 

more than 10 million people, is also predicted to rise to 12% in 2025, from about 9% today, and the 

number of megacities will rise from 19 to 27 (United Nations, 2008). 

World urbanisation trends are currently catching up with the transformations that already took place 

in OECD countries over the last century. Urbanisation is a process that the OECD has already experienced: 

by 1950, urban population was already greater than rural (Figure 1.1). That same milestone occurred in 

global urban population in 2006. In a way, the challenges that are brought about by an increasing urban 

population have already been faced by OECD countries for more than half a century. If global urbanisation 

in the first half of the 20th century took place predominantly in European cities, population size has made 

Asia the continent with the highest urban population in the world today (Figure 1.2). Africa is also 

experiencing important transformations, as it is home to some of the fastest-growing cities. The UN 

forecasts a decline in rural population after 2020, while in the OECD shrinking rural population has been a 

                                                      
1. This refers to the population living in areas classified as urban according to the criteria used by each 

country (United Nations Population Database, 2009). 
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trend throughout the second half of the 20
th
 century. The UN expects urban population to steadily grow 

both worldwide and in the OECD, though at a slower pace in the OECD. By 2050, 70% of world 

population ï and 86% for OECD countriesðwill live in urban areas. 

 

Figure 1.1 Urban and Rural Population in the World and the OECD 
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Source: Own calculations based on data from the UN Population Database (2009). 
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Figure 1.2 Trends in Urbanisation by Continent 

Urban population and growth (1950-2050) 
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Source: Own calculations based on UN Population Database (2009). 

 

There is no agreed-upon definition of an urban area; therefore a number of methods exist to analyse 

trends in urban areas. In this report, three units of analysis referring to urban areas are used: 

¶ Urban areas. These refer to urban areas as they are defined by the national authorities of each 

country. In particular, this is used when referring to UN data. As this unit of analysis refers to 

single county or municipality-level areas they have the advantage that national statistical 

institutes frequently make data available at that level. However, often these urban areas are too 

small or too large to account for a city.  

¶ Predominantly urban areas (PU). These are defined by the OECD Regional Typology and used 

throughout this report. They are regions where the population living in high-density areas 

(150 inhabitants per square kilometre) represents at least half of the population in that region. 

Although PU areas are also based on administrative areas, they are larger than a single 

municipality. The OECD has been able to produce comparisons across regions and countries 

using PU areas, but they remain too large for medium-sized cities in some case and too small for 

metropolitan areas. 
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¶ Metropolitan areas (functional areas). These refer to commuting areas as defined by the OECD 

Metropolitan Database, which takes into account population density, net commuting rates and 

type of region. These are typically large cities comprised by a number of administrative and 

adjacent areas where economic relations are intense. Metropolitan areas are typically defined as 

concentrations of population and economic activity that constitute functional economic areas 

covering a large number of authorities (OECD, 2006). 

In the OECD, urbanisation is on the increase in almost every country. Taking into account 

predominantly urban areas (PU) in the OECD as defined by the OECD regional typology
2
, today more than 

53% of the total population is living in urban areas; this number rises to almost 83% if we include 

intermediate regions (IR)
 3
, less densely populated areas characterised by systems of medium-sized cities. 

Over 1995-2005, population growth in OECD countries has been more dynamic in urban (PU) areas and 

intermediate (IR) areas than in rural areas. Only two countries (Belgium and Ireland) show stronger 

demographic expansion in rural areas (Figure 1.3). What is more, with a few exceptions in Eastern 

European countries, all OECD member countries have positive urbanisation growth rates between 1995 

and 2005. If PU areas are taken into account, all countries with urbanisation shares higher to the OECD 

average are becoming increasingly urbanised (Figure 1.4, see quadrant 1 located above right). As a result, 

the OECD population is becoming increasingly concentrated in a few places (Figures 1.5, 1.6 and 1.7). 

 

                                                      
2. Throughout the document OECD definition of urban and rural refers to predominantly urban (PU) and 

predominantly rural (PR) regions. The former refers to regions in which the share of population living in 

rural local units is below 15%; the latter refers to regions in which the share of population living in rural 

local units is higher than 50%. In order to classify regions as PU or PR it is necessary to define local units 

within each region to their degree of rurality. A local unit is therefore rural if its density is lower than 150 

inhabitants per square kilometer.  

3. Intermediate (IN) regions are those with a share of population living in rural local units between 15% and 

50%. 
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Figure 1.3 Population Growth in OECD Regions 

Annual population growth rates by types of region (1995-2005) according to PU, IN, PR 
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that are considered to be intermediate. For instance Gyeonggi-do is an intermediate region that surrounds almost entirely the Seoul 
area; given that there has been considerable business growth outside the administrative area of Seoul after the deconcentration 
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Source: Own calculations based on data from the OECD Regional Database. 
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Figure 1.4 Urbanisation in OECD Countries 

Urbanisation levels and growth according to PU areas (1995-2005)  
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Notes:  
Urban share of total population by country refers to population in urban regions as a proportion of total population. 
Iceland and Luxemburg were not included in the sample as the OECD Regional Database identifies no predominantly urban (PU) 
regions in those countries. 

Source: Own calculations based on data from the OECD Regional Database 

Figure 1.5. Urban Concentration in Europe 

Population density at TL3 level (inhabitants per square km) in European countries in 2005 

 

Note: OECD regions are classified at two levels: Territorial Level 2 (TL2) and Territorial Level 3 (TL3). 

Source: Own calculations based on data from the OECD Regional Database. 
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Figure 1.6 Urban Concentration in Asian OECD Countries 

Population density at TL3 level (inhabitants per square km) in Japan and Korea in 2005 

 

Note: OECD regions are classified at two levels: Territorial Level 2 (TL2) and Territorial Level 3 (TL3). 

Source: Own calculations based on data from the OECD Regional Database. 

Figure 1.7 Urban Concentration in North America 

Population density at TL3 level (inhabitants per square km) in 2005 

 

Note: OECD regions are classified at two levels: Territorial Level 2 (TL2) and Territorial Level 3 (TL3). 

Source: Own calculations based on OECD Regional Database. 
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Over 70% of people in the OECD who live in PU areas are in areas of more than 1.5 million people. 

In fact, urban populations locate increasingly according to city size. Thus, the share of total urban 

population living in smaller cities (between 100,000 and 500,000 people) is lower than the population 

living in any other type of cities and they also grow slower (0.4% annually on average). Medium-sized 

cities (between 500,000 and 1 million people) grow faster than smaller cities but more slowly than larger 

cities (Figure 1.8).  

 

Figure 1.8 Urbanisation and City Size 

Urban population and growth (1995-2005) according to population size of PUs 
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Notes:  
This analysis was carried out using only predominantly urban (PU) areas. 
Small cities are PUs with population between 100 000 and 500 000 people. Medium-sized cities are PUs with population between 
500 000 and 1 million people. Large cities are PUs with population between 1 and 1.5 million people. 

Source: Own calculations based on OECD Regional Database. 

 

Trends among metropolitan regions in the OECD show similar results. In some cases, a single 

metropolitan region accounts for nearly half of the national population. Seoul, Randstad and Copenhagen 

represent between 44 and 48% of their respective national populations. With a few exceptions, namely 

Berlin, Manchester, Cleveland, Birmingham, Budapest and Pittsburgh, metropolitan areas in the OECD 

have experienced an increase in population between 1995 and 2005 (Figure 1.9). On average, OECD 

metropolitan areas have been growing at an annual pace of almost 1% since 1995, but cities such as 

Phoenix, Atlanta and Toronto have observed growth rates several times the average and in many others 

such as Ankara, Miami, Guadalajara and Washington, metropolitan population expansion has grown at 

least twice as fast as the average. Madrid, Seoul, Sydney and Mexico City also have experience above-

average population increases.  
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Figure 1.9 Population Growth in OECD Metropolitan areas 

Average annual growth rates 1995-2005 
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Note: The period of growth in the case of Auckland is 1996-2005. 

Source: Own calculations based on data from the OECD Metropolitan Database. 
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1.2. Cities and economic concentration  

Urban areas are home to concentrations not only of people, but also economic density and, often, 

productivity. This is often the reason for a pooled labour market that increases the possibility of skills-

matching between workers and firms. Firms also agglomerate seeking to reduce risks of contract defaulting, 

as they have access to a wider set of skills and can establish linkages with suppliers and buyers. Cities are 

also often places where knowledge spillovers take place, benefiting not only the city but also the wider 

regional area. Thus, in approximately half of OECD countries, more than 40% of the national GDP is 

produced in less than 10% of all regions, which account for a small share of the countryôs total surface and 

a high share of the countryôs population (OECD, 2009c). 

Urbanisation is part of the development process and is generally associated with higher income and 

productivity levels. In OECD countries, higher urban population shares are associated in most cases with 

higher per capita GDP than their national average (Figure 1.10). In part, such higher per capita GDP can be 

attributed to metropolitan areas. In many OECD countries, one single metropolitan area produces one-third 

(e.g. Oslo, Auckland, Prague, Tokyo, Stockholm, London, Paris) to one-half of the national GDP 

(Budapest, Seoul, Copenhagen, Dublin, Helsinki, Brussels) (Figure 1.11). Thanks to the benefits of 

agglomeration economies, most OECD metropolitan regions with more than 1.5 million inhabitants feature 

a higher GDP per capita, a higher labour productivity and higher employment levels than their national 

average. Disaggregating GDP into four main factors reveals that, for the most part, higher income in 

metropolitan areas can be attributed to higher labour productivity levels (Figure 1.11).  

However, the effect of labour productivity can be nuanced ïor aggravatedðby demographic or 

labour-market factors. In particular, the size of the pooled labour market (working-age population as a 

proportion of total population) and the way in which labour markets function (depicted for instance by 

employment rates) are important factors in determining how GDP in metropolitan areas diverge from the 

national level. Their effect is such that most metropolitan areas are probably held back by labour market-

productivity relationships. The highest GDP differentials with respect to the national level can be found in 

metro-regions such as Warsaw, Monterrey, Washington DC and Paris to a great extent due to labour 

productivity, but they could also being held back by poorer performance ï when compared to the national 

level ð in labour market indicators such as participation rates. The size of the labour market thus, a 

relevant factor in determining agglomeration and performance of metro-regions.  At the other end of the 

ranking, metro-regions with below national average GDP levels such as Daegu, Naples or Berlin are 

lagging behind precisely due to lingering productivity, participation and employment rates and only 

marginally helped by demographics (Figure 1.11). However, mid-ranking metro-regions such as Chicago, 

Hamburg or Puebla are mostly being held back by the size of the labour market. 
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Figure 1.10. Urbanisation and Income 

Urban share of total population (PU) and per capita GDP in OECD countries 
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Notes:  
Urban share of total population by country refers to population in urban regions as a proportion of total population. 
Iceland and Luxemburg were not included in the sample as the OECD Regional Database does not identify predominantly urban (PU) 
regions in those countries. 
Switzerland was not included as GDP figures at sub-national level in that country are not available. 
Mexicoôs per capita GDP data refers to 2004; New Zealandôs per capita GDP data refers to 2003; Turkeyôs per capita GDP refers to 
2001. 

Source: Own calculations based on data from the OECD Regional Database. 
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Figure 1.11. Factors determining per capita GDP Differentials 

Labour productivity, employment and participation rates, demographic factors among OECD metro-regions with 
respect to their national average (2005) 
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Notes: 
Per capita GDP can be disaggregated into four components: Productivity, Employment, Participation and Demographic. 
The Demographic component represents the size of the pooled labour market of each metro region compared to the national average. 
Labour market pool is calculated as the proportion of the working-age population over the total population. 
Australia, Germany and US data refers to 2004; New Zealand data refers to 2003; Switzerland data refers to 2002; Turkey and 
Mexico data refers to 2000. 

Source: OECD Metropolitan Database, 2009. 
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Trends in urbanisation and population concentration are closely linked with concentration of 

economic activities and production (OECD 2009d). Concentration of population in predominantly urban 

(PU) regions has also produced economic agglomeration. For instance, in Europe, economic activity 

concentrates around the same places than population ïan area that seems to stretch from London to western 

Germany (Figure 1.12). In Japan and Korea, economic density is clear in Osaka, Seoul and Tokyo 

(Figure 1.13). Such agglomeration effects are fuelled by higher wages that can be paid due to higher 

productivity levels that in turn attract more workers so that centripetal forces are set in motion. 

 

Figure 1.12. Economic Concentration in Europe 

Economic density at TL3 level (GDP per square km) in 2005 

 

Note: OECD regions are classified at two levels: Territorial Level 2 (TL2) and Territorial Level 3 (TL3).  

Source: Own calculations based on data from the OECD Regional Database. 
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Figure 1.13. Economic Concentration in Japan and Korea 

Economic density at TL3 level (GDP per squared km.) in 2005 

 

Note: OECD regions are classified at two levels: Territorial Level 2 (TL2) and Territorial Level 3 (TL3). 

Source: Own calculations based on data from the OECD Regional Database. 

However, the benefits associated with economies of agglomeration are not unlimited. Cities can reach 

a point where they no longer provide external economies and become less competitive (OECD 2009d). 

One of the main explanations of such mixed outcomes is linked with the existence of negative externalities, 

including congestion and other environmental costs such as high carbon-intensities and/or high 

vulnerability to climate change (these can be thought of as centrifugal forces). Negative externalities 

associated with large concentrations in urban areas raise the question of whether the costs borne by society 

as a whole are becoming unsustainable. As externalities, these negative attributes are not internalised by 

firms and households, and may only show up as direct costs in the long term. They include, for instance, 

high transportation costs (i.e. congested streets) and loss of productivity due long commuting times, higher 

health costs, higher carbon emissions and environmental degradation. Taking into account the costs and the 

benefits of agglomeration, it has been argued that urban concentration may entail a ñprivatisation of 

benefits and socialisation of costsò (OECD, 2009c). 

1.3. Economic growth, energy use and greenhouse gas emissions 

Cities use a significant proportion of the worldôs energy demand. Cities worldwide account for an 

increasingly large proportion of global energy use and CO2 emissions. Although detailed harmonised data 

is not available at the urban scale, a recent IEA analysis estimates that 60-80% of world energy use 
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currently emanates from cities (IEA, 2008a). This can be attributed, in part, to changes occurring in urban 

areas in emerging and developing countries, including increased economic activity. As countries urbanise, 

they tend to shift from CO2-neutral energy sources (biomass and waste) to CO2-intensive energy sources, 

leading to an increasing proportion of CO2 emissions from cities (Jollands in OECD, 2008a). Cities 

(including towns) currently use over two-thirds of the worldôs energy, an estimated 7 900 Mtoe in 2006, 

even though they only account for approximately 50% of the worldôs population. 

Projections indicate that cities are likely to increase their share in the total world energy consumption. 

By 2030, cities are expected to account for more than 60% of the worldôs population and 73% of the 

worldôs energy use, or more than 12 400 Mtoe in energy (IEA, 2008a). Of the global energy use projected 

by 2030, 81% is expected to come from non-OECD countries. U.S. cities will likely account for 87% of 

U.S. energy consumption in 2030, compared with 80% in 2006. Urban areas in the European Union will 

likely account for 75% of EU energy consumption, up from 69% in 2006. Cities in Australia could 

experience an increase from 78% to 80% of national energy consumption during the 2006 to 2030 period, 

and Chinese cities could account for 83% of national energy consumption compared with 80% today (IEA, 

2007).  

Cities contribute to climate change in three main ways: through direct emissions of GHGs that occur 

within city boundaries; through the GHG emissions that originate outside of city boundaries but are 

embodied in civil infrastructure and urban energy consumption; and through city-induced changes to the 

earthôs atmospheric chemistry and surface albedo. 

¶ Direct GHG emissions include carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O) 

emissions from energy conversion; CH4 emissions from the landfill decomposition of municipal 

solid waste, CH4 and N2O from anaerobic decomposition and nitrification-denitrification of 

nitrogen during wastewater treatment; CO2 emissions from waste incineration; flurocarbon (HFC, 

PFC) and sulfur hexafluoride (SF6) emissions from refrigerants, semiconductor manufacturing 

and insulators; and CO2 and N2O emissions from rural-urban land conversion. 

¶ Embodied GHG emissions include GHG emissions embedded in the energy required to produce 

the concrete, steel, glass, and other materials used in civil infrastructure; the CH4 and N2O 

emissions used to provide the food consumed by urban residents; and the CO2, CH4 and N2O 

emissions from rural power plants and refineries that generate energy for urban consumption. 

¶ Changes to atmospheric chemistry and surface albedo include the direct and indirect GHGs 

that result from changes in atmospheric composition and surface reflectivity. For instance, the 

IPCC estimates that tropospheric ozone (O3), a secondary pollutant commonly found in cities, is 

the third most important GHG behind CO2 and CH4 (Forster et al., 2007). Carbon monoxide 

(CO), an indirect GHG produced predominantly from mobile sources in cities,
4
 lengthens the 

atmospheric residence time of CH4. 

Although citiesô impact on the earthôs climate is diverse and complex, GHG emissions from direct 

energy use increasingly account for the bulk of citiesô climate impact in OECD countries. In other words, 

GHG emissions in OECD cities are increasingly driven by the energy services required for lighting, 

heating and cooling, appliance use, electronics use, and mobility. Industrial energy use and GHG emissions 

(including GHG emissions embodied in building materials) appear to have become less significant. In the 

U.S., for instance, industryôs share of total energy use fell from a peak of 48.4% in 1955 to a low of 31.4% 

                                                      
4. In the U.S., for instance, the EPA reports that as much as 95% of the CO in typical cities comes from 

mobile sources. See www.epa.gov/oms/invntory/overview/pollutants/carbonmon.htm. 

http://www.epa.gov/oms/invntory/overview/pollutants/carbonmon.htm
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in 2008,
5
 and growth in industrial energy use has essentially remained flat since the late 1970s (Figure 1.4). 

The importance of energy use as a source of GHG emissions is more obvious; fossil fuel energy systems 

accounted for an estimated 85% of U.S. GHG emissions in 2007 (EPA, 2009).
6
,
7
  

Figure 1.14. US Energy Consumption by Sector, 1949-2008 

 

Source: U.S. Energy Information Administration (2009), ñEnergy Consumption by Sectorò, Annual Energy Review 2008, Report No. 
DOE/EIA-0384, release date: June 26, 2009, www.eia.doe.gov/emeu/aer/consump.html. 

There are three main categories of final urban energy use: electricity, thermal energy, and 

transportation energy. These three forms of energy are not exclusive (Table 1.1). Electricity is used to a 

limited extent for water and space heating, and to a lesser but increasing extent for transportation. Oil, 

predominantly used as a feedstock for transportation fuels, is also used sparingly for electricity generation 

                                                      
5. Energy Information Administration (EIA) website, ñEnergy Consumption by Sector.ò See: 

www.eia.doe.gov/emeu/aer/consump.html. 

6. This estimate was made by summing all emissions from coal, natural gas and petroleum extraction, 

distribution and conversion in the EPAôs GHG emissions inventory. 

7. The EPA GHG inventory includes CO2, CH4, N2O, HFCs, PFCs and SF6, but does not include gases whose 

radiative forcing properties are more uncertain, such as O3. The IPCC estimates the radiative forcing of 

tropospheric O3 at +0.35 [-0.1, +0.3], which, at the high end would make tropospheric O3 more important 

than CH4 (Forster et al., 2007). An increase in the importance of O3 would not change the importance of 

energy systems; fossil fuel combustion accounts for about half of global NOx emissions (Brasseur et al., 

2003), and NOx is one of two precursors to tropospheric O3 formation. 

http://www.eia.doe.gov/emeu/aer/consump.html
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and heating. For the purpose of matching goals with appropriate strategies, it is important to keep these 

different types of uses in mind. Energy efficiency that reduces electricity demand, for instance, does not 

directly reduce exposure to oil price volatility because so little oil is used to generate electricity. The 

intensity of energy demand at certain periods, known as peak demand, may also be stronger in cities, 

which in theory could reduce opportunities to make use of renewable energies. However, in practice, this is 

not a significant obstacle to renewable energy production because of new technologies that can manage 

loads. 

Table 1.1.Categories of Urban Energy Use 

Type 
Main energy sources 

(% total) 
Main use 

Electricity 
Coal (41%), nuclear (27%), natural gas 
(17%), oil (5%) 
Percentages are for all OECD countries 

Lights, appliances, electronics, industrial 
motors 

Thermal energy 
Natural gas, oil, electricity (n/a) 
Percentages are unclear

1
 

Space heating, water heating, cooking, 
industrial process heat 

Transportation energy 
Oil (97%) 
Percentage is based on U.S. data

2
 

Vehicles, transit systems (mobility) 

Notes:  
Thermal energy sources are difficult to isolate, but natural gas is typically the dominant source of space and water heating in OECD 
countries. In the U.S., for instance, natural gas accounted for 76% of residential and commercial primary energy consumption in 2008, 
most of which was for space and water heating. 

There are no recent estimates for the composition of transportation energy use for OECD countries; we use the U.S. as a proxy here, 
and argue that this percentage is representative of typical OECD countries 

Source: Percentages for electricity energy sources are from IEA (2007). U.S. sectoral data are from EIA website, ñEnergy 
Consumption by Sectorò, online at: http://www.eia.doe.gov/emeu/aer/consump.html.  

Many cities have undertaken inventories of their GHG emissions, but comparisons among cities are 

difficult. There is currently no single protocol ranking for assessing urban areasô per capita GHG or CO2 

emissions, making comparisons across cities impossible. Cities have taken different approaches in defining 

what sectors to include, in establishing the geographic boundaries of the area included, and have 

aggregated data in different ways. Additional urban GHG inventory differences include:  

¶ different definitions of the urban area (i.e. by the larger metropolitan region, by city limits, or by 

another unit);  

¶ choice of inventory years presented; 

¶ inventory scope (i.e. whether or not more than city-owned operations are reported, and whether 

indirect emissions are included); and 

¶ methodological issues.  

Comparable GHG inventories and indicators at city-scale would be valuable because they would 

allow cities to manage emissions in their urban areas and enable national and international policymakers to 

properly target and assist city authorities to act (OECD, 2009b).  

Energy consumption is often used as an indicator of GHG emissions generally, and CO2 emissions in 

particular, but the relationship is not direct. Energy consumed in cities, be it in the form of electricity, oil or 

gas heat, or fuel, is produced from a variety sources, each with a different climate footprint (Figure 1.15). 

Some sources, such as hydropower, nuclear, solar, and wind energies produce no or minimal GHG 

emissions. Fossil fuel sources ï coal, oil, and natural gas ï do contribute to GHG emissions, but to 

different degrees; for example, coal contributes more GHG emissions in the power sector than natural gas 
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(IEA, 2009). The efficiency of energy production is another determinant of the degree to which energy 

consumption contributes to GHG emission. Some energy is always lost between production and end use, 

but the amount lost (often dependent on infrastructure quality) varies greatly depending on the efficiency 

of production and quality of transmission infrastructure. Urban areas relying on inefficient or wasteful 

energy sources contribute more GHG emissions then than those that consume the same amount from more 

efficient sources. OECD countries face a challenge in moving to low-emissions urban energy production. 

In 2005 fossil fuels accounted for 83% of primary energy use in OECD countries. Renewable energy, 

alternatively, accounted for less than 5%. The shares of oil and natural gas in total primary energy 

consumption in OECD countries also illustrate the importance of thermal and transportation energy in 

OECD countries.  

Figure 1.15. Total Energy Consumption in OECD Countries, 2007 
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Source: IEA (2009) Energy Statistics Division historical data, IEA, Paris. 

The impact of energy consumption on GHG emissions depends not just on the amount consumed, but 

also on the GHG intensity, or GHG emissions factor, of all the activities involved in processing and 

producing it. When total life-cycle emissions, such as resulting from the extraction, processing, and 

transporting of fossil fuels, were taken into account in an inventory of 10 large cities,
8
 the intensity of GHG 

emissions was 7-24% greater than that for end-use activities only (including energy production and air and 

sea activities outside of city boundaries) (Table 1.2). For example, Cape Townôs per capita electricity 

consumption is lower than that of Geneva, but the GHG intensity of its electricity supply is significantly 

higher, due to South Africaôs use of coal for 92% of its electricity generation and Genevaôs reliance on 

                                                      
8. Bangkok, Barcelona, Cape Town, Denver, Geneva, London, Los Angeles, New York City, Prague and 

Toronto (Kennedy et al., 2009). 
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hydropower. Thus, an important distinction must be made between urban inventories that capture 

emissions from city energy consumption and those that capture total life-cycle emissions associated with a 

cityôs energy supply (Kennedy et al., 2009). 

Table 1.2. Total GHG Emissions, Including End-Use, Life Cycle, and within City Measures, for Ten World Cities 

 Emissions within city
1
 

Emissions from end-use 
activities

1,2
 

End-use emissions including  
life-cycle emissions for 

fuels
1,2,3

 

Bangkok 4.8 10.7 not determined 

Barcelona 2.4 4.2 4.6 

Cape Town not determined 11.6 not determined 

Denver not determined 21.5 24.3 

Geneva 7.4 7.8 8.7 

London not determined 9.6 10.5 

Los Angeles not determined 13 15.5 

New York 
City 

not determined 10.5 12.2 

Prague 4.3 9.4 10.1 

Toronto 8.2 11.6 14.4 

Notes: 
1. Figures indicate global warming potential, expressed in carbon dioxide equivalents (t e CO2) per capita. 
2. Includes activities occurring outside city boundaries (e.g. from power generation, air and marine activities). 
3. Includes upstream emissions such as those caused by the extraction, processing, and transporting of fossil fuels. 

Source: Kennedy, Christopher et al. (2009), ñGreenhouse Gas Emissions from Global Citiesò, Environmental Science & Technology, 
Vol. 43, No. 19, American Chemical Society, Washington, US, pp. 7297-7302. 

1.4. The urban form matters ï the impact of sprawl  

Energy use, and thus carbon emissions, are chiefly driven by how electricity is produced, the uses of 

such energy in households and the way in which people move around the city. Roughly two-thirds of all 

emissions in the US come from electricity and road transport activities in urban and intermediate regions, 

with an additional one-quarter produced by industrial and residential uses (Figure 1.16). Predominantly 

urban (PU) regions home to the largest cities and intermediate (IN) regions that contain medium-sized 

cities are responsible for more than half of those emissions, but they are also likely to be responsible for 

some emissions in rural areas as consumers of electricity produced in rural regions. Therefore, policies that 

induce households to use energy more efficiently, including through building codes and policies that 

favour reduced commuting journeys and public transportation such as densification and congestion charges, 

might be useful in stimulating changes in the amount of carbon emissions. 
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Figure 1.16. Carbon Emissions in US Cities 

Produced in urban areas (PU) by type of activity (2002) 
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Note: Transport refers to road-related transport. The figure does not include non-road transport. 

Source: Own calculations based on data from the Vulcan Project (2009). The Vulcan Project is a NASA/DOE funded effort under the 
North American Carbon Program (NACP) to quantify North American fossil fuel carbon dioxide (CO2) emissions at space and time 
scales much finer than has been achieved in the past. 

 

The form of urbanisation matters for energy demand and thus for GHG emissions. Population growth 

in OECD metropolitan areas has meant an expansion of developed areas through suburbanisation. 

Suburbanisation and urban sprawl has been important in the OECD, but has recently been more so for the 

rest of the world. Urban land area in the OECD has doubled in the second half of last century, but has 

experienced a fivefold increase over the same period in the rest of the world (Figure 1.17). In fact, in the 

vast majority of OECD metro-regions, the suburban belt grows faster than the core (Figure 1.18). In only 

15% out of 78 metro-regions in the OECD, the core has seen population expansion increase faster than the 

suburbs. In a number of these cases, the core has benefited from both favourable economic conditions (i.e. 

lower land prices at the core) and/or intended policies in order to regain population at the core. For 

example, in Copenhagen, inner-city neighbourhoods have been improved through the 1997 Kvarterloft 

programme that promoted citizen and private-sector participation and the Urban Renewal act of 1998, with 

their visions of promoting quality of life in urban areas through densification, regeneration, and traffic and 

environmental planning (OECD, 2009e). In other cases, such as Tokyo, the process of gentrification 

coincided with a fall in housing prices in the urban core after the housing bubble burst in the early 1990s 

(An, 2008). 
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Figure 1.17. Urban Sprawl 

Trends in urban land expansion in the world and the OECD 
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Note: BRIC countries refers to Brazil, Russia, India and China. 

Source: OECD (2008b), Environmental Outlook to 2030, OECD Publishing, Paris. 
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Figure 1.18. Suburbanisation in OECD Metro-regions 

Population growth in metro-region's core and belt compared (1995-2005) 
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Note: For US metro-regions, core-base counties were used to identify metropolitan statistical areasô cores. 

Source: Own calculations based on data from the OECD Metropolitan Database. 
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Increasing density could significantly reduce consumption of electricity in urban areas. Where 

increased urbanisation (estimated in terms of PU areas) has led not only to demographic and economic 

agglomeration, but also to higher levels of electricity demand, densification tends to decrease electricity 

demand. In general, the more urbanised a country becomes, the higher the demand for electricity (Figure 

1.19). However, not all urban areas demand electricity in the same way and lifestyles in different cities can 

make a big difference. As density increases in urban areas, per capita electricity demand decreases (Figure 

1.20). For instance, Japanôs urban areas are around five times denser than Canadaôs, and the consumption 

of electricity per person in the former is around 40% that of the latter. If we take countries in the same 

geographical context with similar heating needs such as Denmark and Finland, the proportions are quite 

similar. Denmarkôs urban areas are denser than Finlandôs by a factor of four, and people there only 

consume around 40% of the electricity consumed by the Finns. 

Figure 1.19. Urbanisation and Electricity Consumption 

Urban population shares and electricity consumption (PU) 

 

Notes:  
Urban shares were calculated on the basis of PU areas. 
Finland, Norway and Sweden were taken out of the sample since they were considered to be an outlier. 
Iceland and Luxemburg were not included in the sample as the OECD Regional Database identifies no PU areas in those countries. 

Source: Own calculations based on data from the OECD Regional Database and IEA (2009) Energy Balances in OECD Countries. 


