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Introduction 

This knowledge note aims to summarize the relationships between urban form and 

greenhouse gas (GHG) emissions, for reference by practitioners and policymakers. It 

Key takeaways 

¶ Urban areas are responsible for the majority of GHG emissions. The next several 

decades will see the construction of a large amount of new urban area globally, 

which means that there is still an opportunity to encourage low-carbon urban 

growth. 

¶ Urban form impacts GHG emissions in various ways: 

o Urban density impacts emissions from transportation, embodied 

emissions related to infrastructure, and building energy consumption. 

o Mixed land use, better street connectivity, and walkable urban design 

impact vehicular emissions by reducing the length and frequency of car 

trips. 

o Reducing the quantity of infrastructure that uses carbon-intensive 

materials like cement and steel, by using low-carbon materials, green 

infrastructure, or nature-based solutions can reduce embodied emissions 

related to infrastructure. 

o The use of certain materials and the orientation of buildings can reduce 

the intensity of the urban heat island effect, reducing emissions from the 

use of energy for cooling. 

¶ The relative impact of urban form interventions can vary significantly depending 

on the context. Urban modeling tools can help quantify these impacts in a given 

city.  
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explores the ways in which various elements of urban form1 can impact the carbon 

intensity of urban growth. In the context of GHG emissions, urban form is usually 

discussed in terms of population density, which is often visualized in terms of building 

heights, and its impact on transportation-related emissions. However, many different 

dimensions of the urban built environment, including not just density but also land use 

patterns, the configuration of street networks, and the materials and orientations of 

buildings, can impact urban GHG emissions in various ways. Urban density itself may or 

may not take the form of tall buildings. The impact of urban form on emissions is not 

restricted to its effect on transportation. The note clarifies these relationships, and also 

provides examples in which urban growth modeling tools quantify the emissions 

reductions from various growth scenarios.  

This note focuses specifically on the relationship between urban form and GHG emissions 

reductions (i.e. climate change mitigation). It does not focus on the other important 

potential benefits of urban form interventions, including reduced costs, improved public 

health outcomes, increased economic productivity, and greater resilience against natural 

disasters and climate change (i.e. climate change adaptation). It also does not discuss 

technologies which may reduce urban emissions but do not relate directly with the built 

environment, such as clean energy technologies, electric vehicles, and energy-efficient 

buildings. 

The potential for low-carbon urban growth 

The global urban population is expected to increase by between 2.5 to 3 billion by 2050, 

when it will include 64% to 69% of the world population. This population growth is 

expected to occur primarily in Asia and Africa. Despite the attention paid to the growth 

ƻŦ ƳŜƎŀŎƛǘƛŜǎΣ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǳǊōŀƴ ǇƻǇǳƭŀǘƛƻƴ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ǘƻ ōŜ ŘƛǎǇŜǊǎŜŘ 

among small urban settlements with populations of less than 100,000 inhabitants (Figure 

1).2  

 

1 For the purposes of this note, òurban formó refers to any aspect of the urban built environment beyond the scale of individual 
buildings. 
2 K.C. Seto et al., òHuman Settlements, Infrastructure and Spatial Planning,ó in Climate Change 2014: Mitigation of Climate Change. 
Contribution of Working Group III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (Cambridge, United 
Kingdom and New York, NY, USA: Cambridge University Press, 2014). 



Working Document 

5 
 

Confidential 

 

Figure 1: Population by settlement size using historical (1950 ς 2010) and projected data to 2050: Most 
ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǳǊōŀƴ ǇƻǇǳƭŀǘƛƻƴ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ǘƻ ōŜ ƛƴ ǎƳŀƭƭ ŎƛǘƛŜǎΦ ό{ƻǳǊŎŜΥ {Ŝǘƻ Ŝǘ ŀƭΣ нлмпΣ ǳǎƛƴƎ Řŀǘŀ 

from UN DESA, 2010, and Grubler et al, 2012) 

Projections suggest that the global amount of built-up land by the year 2100 could range 

from 1.1 million to 3.6 million km2, between roughly two and six times the total area of 

urban land in 2000 (0.6 million km2) (Figure 2).3 This means that most of the built-up areas 

in the world of 2100 are likely to have been built during this century. This points to the 

opportunity we still have to shape the urban areas of the future and emphasizes the need 

to act now to try to make this growth occur in a low-carbon manner. 

According to one projection, 44% of the growth in built-up land between 2000 and 2100 

will be in Asia. Another 31% will be in Europe and North America, where urban population 

growth will be low but per capita consumption of built-up land is much higher (Figure 3). 

Despite rapid urban population growth in Africa, the total amount of new built-up land 

there is projected to be relatively small, as built-up land consumption per capita will 

remain low. Despite the total amount of new built-up land in South and Southeast Asia 

being high, built-up land per capita will also remain low (Figure 4 and Figure 5).  

 

3 Jing Gao and Brian C. OõNeill, òMapping Global Urban Land for the 21st Century with Data-Driven Simulations and Shared 
Socioeconomic Pathways,ó Nature Communications 11, no. 1 (December 2020): 2302, https://doi.org/10.1038/s41467-020-
15788-7. 
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Figure 2Υ ¦ƴŘŜǊ Ƴƻǎǘ ǎŎŜƴŀǊƛƻǎΣ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ built-up land area by the end of the 21st 
century will have been built during the 21st century itself. The Shared Sustainability Pathways (SSP) 

scenarios are Sustainability (SSP 1), Middle of the Road (SSP 2), Regional Rivalry (SSP 3), Inequality (SSP 
4), and Fossil-Fueled Development (SSP 5). 

(Source: Gao & McNeill, 2020) 

 

Figure 3: According to projections, 44% of the new built-up land between 2000 and 2100 will be in Asia 
(East & Central Asia and South & Southeast Asia).  

(Source: data for SSP2 from Gao & McNeill, 2020) 
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Figure 4: The consumption per capita of built-up land is expected to remain low in South & Southeast 
Asia and Africa. 

(Source: data for SSP2 from Gao & McNeill, 2020) 

 

 

Figure 5: East & Central Asia will have the largest amount of built-up land in 2100. 

(Source: data for SSP2 from Gao & McNeill, 2020) 
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In general, greenhouse gas (GHG) emissions in cities come from vehicles, the use of 

energy for heating and cooling buildings, electric lighting for streets and buildings, 

industrial processes, waste management, and embodied carbon in urban infrastructure.4 

Urban expansion may also reduce green cover which acts as a carbon sink.  

Urban areas are responsible for over 70҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŜƴŜǊƎȅ 

use. According to one study, potential actions in cities could achieve up to 40% of the 

emissions reductions necessary to limit global warming to 1.5 °C, suggesting an important 

role for cities in climate change mitigation.5 Another study estimates that GHG emissions 

in cities can be brought close to net-zero by 2050.6 However, while such studies tend to 

mention the importance of compact urban growth to reduce vehicular emissions, it is 

often unclear how urban form measures relate to these mitigation targets. They also 

usually do not explore the many other ways in which urban form impacts emissions.  

Elements of urban form and their relationships with emissions 

Urban form influences the urban component of these sources of emissions in various 

ways. 

1. Density 

All else equal, denser cities are responsible for lower emissions per capita. Density affects 

emissions in various ways: 

Density and vehicular emissions: All else equal, greater density brings origins and 

destinations closer together, reducing the length of vehicular trips and enabling more 

trips to be made using nonmotorized transport (walking or bicycling). Greater density 

around public transportation nodes also makes public transportation more viable, as it 

brings a larger population within walking distance of stops. By reducing the length and 

frequency of private trips and increasing the share of public and nonmotorized 

transportation, density reduces vehicle kilometers traveled (VKT), thus reducing carbon 

emissions.7 (For these reasons, higher density can also mean less traffic congestion, 

contrary to common assumptions, because reducing the length and frequency of 

vehicular trips means that at any given time there will be fewer vehicles on the road.) 

 

4 By including embodied carbon in urban infrastructure in its purview, this note takes a òconsumption-basedó approach to 
emissions,  
5 C40 and Arup, òDeadline 2020. How Cities Will Get the Job Done - An Analysis of the Contribution C40 Cities Can Make to 
Delivering the Paris Agreement Objective of Limiting Global Temperature Rise to 1.5 Degrees,ó 2016, 
https://www.c40.org/other/deadline_2020. 
6 Sarah Colenbrander et al., Climate Emergency, Urban Opportunity: How National Governments Can Secure Economic Prosperity and Avert 
Climate Catastrophe by Transforming Cities, 2019. 
7 Seto et al., òHuman Settlements, Infrastructure and Spatial Planning.ó 
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Figure 6 shows the relationship between population density and transport energy use per 

capita in several world cities. 

 

Figure 6: Transportation energy use and population density have in inverse relationship in cities 
around the world. (Source: Transformative Urban Mobility Initiative, based on data from Newman & 

Kenworthy reproduced in Rode et al, 2014) 

With regard to supporting public transportation, it is not just the aggregate density of a 

city that matters but also the coordination between density and public transportation 

corridors. Transit-oriented development involves, among other things, having higher 

density in areas within walking distance of public transportation stops or stations. Density 

ǘƘŀǘ ƛǎ ǎǇŀǘƛŀƭƭȅ ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ ƛƴ ǘƘƛǎ ƳŀƴƴŜǊ ƛǎ ǎƻƳŜǘƛƳŜǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŀǊǘƛŎǳƭŀǘŜŘ 

ŘŜƴǎƛǘȅΦέ 
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Figure 7: In Curitiba, higher density is permitted near transportation corridors. (Source: Suzuki et al, 
20138) 

Density and embodied emissions: Each stage of the life cycle of a structure (a building or 

piece of infrastructure)τits manufacture, maintenance and decommissioningτinvolves 

the emission of GHGs, which are referred to as embodied emissions or embodied carbon.9 

The steel and cement industries are responsible for an estimated 7% and 5% of global 

carbon emissions respectively.10 All else equal, higher density cities require less 

infrastructure (such as buildings, roads and bridges, pipes for water and sewage, electric 

transmission infrastructure, etc.) per capita, and thus have lower embodied emissions per 

capita. 

Density and emissions from heating and cooling buildings: Density in the form of lower 

consumption of floor space per capita reduces the energy used in heating and cooling 

buildings, and consequently reduces emissions. Globally, the impact of higher urban 

densities on reducing energy use for heating and cooling is equivalent to the impact of 

improvements in building energy efficiency. However, these impacts vary significantly by 

region. Building energy efficiency improvements can be more impactful than higher 

densities in North America and Europe, while in China, South Asia, Sub-Saharan Africa, 

 

8 Hiroaki Suzuki, Robert Cervero, and Kanako Iuchi, Transforming Cities with Transit, 0 vols., Urban Development (The World 
Bank, 2013), https://doi.org/10.1596/9780821397459_Overview. 
9 https://www.c40knowledgehub.org/s/article/Embodied-Carbon-of-Buildings-and-Infrastructure-International-Policy-
Review?language=en_US 
10 https://www.iea.org/reports/iron-and-steel-technology-roadmap; https://www.iea.org/fuels-and-technologies/cement 
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and the Middle East and North Africa, two-thirds of the potential for reductions in building 

energy use can be achieved through higher densities. The two approaches have roughly 

equal impact in Latin America and the Caribbean and countries of the former Soviet 

Union).11  

Density may not necessarily reduce energy consumption if it is in the form of high-rise 

buildings, which may in fact use more energy per unit of floor space than medium-rise 

buildings. A study of 600 office buildings in the UK found that energy use and carbon 

emissions per square meter of floor space were twice as high in buildings of more than 

20 stories than in buildings of less than 6 stories. (Figure 8).12  

 

Figure 8: A study of 600 office buildings in the UK found that energy use and carbon emissions per square 
meter of floor space were twice as high in buildings of more than 20 stories than in buildings of less than 

6 stories. (Source: UCL13) 

 

 

11 Burak G¿neralp et al., òGlobal Scenarios of Urban Density and Its Impacts on Building Energy Use through 2050,ó Proceedings of 
the National Academy of Sciences 114, no. 34 (August 22, 2017): 8945ð50, https://doi.org/10.1073/pnas.1606035114. 
12 Seto et al., òHuman Settlements, Infrastructure and Spatial Planningó; UCL, òUCL-Energy ôHigh-Rise Buildings: Energy and 
Densityõ Research Project Results,ó UCL Energy Institute, June 13, 2017, 
https://www.ucl.ac.uk/bartlett/energy/news/2017/jun/ucl-energy-high-rise-buildings-energy-and-density-research-project-
results. 
13 UCL Energy Institute, June 13, 2017, https://www.ucl.ac.uk/bartlett/energy/news/2017/jun/ucl-energy-high-rise-
buildings-energy-and-density-research-project-results 
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High-rise buildings require more energy for elevators, ventilation, and pumping water.14 

This finding may seem contradictory, as urban density is usually visualized in terms of 

building height. However, population density is not the same as building height. For 

example, the metropolitan areas of New York City and Mumbai accommodate similar 

populations, but Mumbai does so in a built-up area that is one-fourteenth the size of New 

¸ƻǊƪΩǎΦ15 This is despite the fact that Mumbai has fewer high-rise buildings than New York 

City does (Figure 9). 

Figure 10 shows that urban density can be mathematically disaggregated into a number 

of constituent factors. A city may achieve high population density through any number of 

these factors, of which building height is just one. Figure 11 shows that the same floor 

area density can be achieved with varying combinations of plot coverage and building 

height.  

 

   

 

14 https://www.greentechmedia.com/articles/read/getting-building-height-right-for-the-climate 
15 Shlomo Angel et al., Atlas of Urban Expansion: The 2016 Edition (Volume 1: Areas and Densities), 2016. 
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Figure 9: Mumbai has much more severe restrictions on building height than New York, as represented 
by Floor Space Index (FSI, also known as Floor Area Ratio) the ratio of floor space to land area (top). 

However, Mumbai has much higher residential density (bottom). 

Source: IDFC Institute/ Alain Bertaud (top); LSE Cities (bottom) 

 

 

Figure 10: The  two, three,  four, and seven factors that, when multiplied together, constitute urban 
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density. (Source: Angel et al16) 

 

Figure 11: The same floor area density in three different layouts, achieved by varying plot coverage and 
building height. (Source: Seto et al, 2014) 17 

 

The higher density of Mumbai compared to New York is partly a function of much lower 

per capita incomes, but cities with similar per capita incomes may also have very different 

densities. For example, London and Atlanta have similar per capita incomes, but London 

is more than seven times denser than Atlanta, for reasons that are likely related to 

planning, policy, politics, and culture (Figure 12). 

The density of cities is at least partially determined by the actions of local governments, 

which can encourage density through zoning and building regulations, including allowing 

or requiring denser development; strategically locating public infrastructure and 

amenities such as roads, schools and parks; and other policy tools including taxation 

(varying property taxes by building type or applying a vacant land tax) and incentives for 

infill development. 

 

 

16 Shlomo Angel, Patrick Lamson-Hall, and Zeltia Gonzales Blanco, òAnatomy of Density I: Measurable Factors That Together 
Constitute Urban Densityó (Marron Institute, August 2020), 
https://marroninstitute.nyu.edu/uploads/content/Anatomy_of_Density_I%2C_3_August_2020.pdf. 
17 Seto et al., òHuman Settlements, Infrastructure and Spatial Planning.ó 
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Figure 12: !ǘƭŀƴǘŀ ŀƴŘ [ƻƴŘƻƴ ƘŀǾŜ ǎƛƳƛƭŀǊ ǇŜǊ ŎŀǇƛǘŀ ƛƴŎƻƳŜǎΣ ōǳǘ [ƻƴŘƻƴΩǎ ǇƻǇǳƭŀǘƛƻƴ ŘŜƴǎƛǘȅ ƛǎ ƴŜŀǊƭȅ 
seven times greater, and is supported by an extensive public transportation network (Source: Rode et al, 

2014)18 

 

  

 

18 Philipp Rode et al., òAccessibility in Cities: Transport and Urban Form,ó NCE Cities Paper (LSE Cities. London School of 
Economics and Political Science, 2014). 
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2. Land use mix 

A city with large monofunctional land use zonesτe.g. a large residential-only zone, a large 

central business district, a large retail districtτis likely to produce higher emissions than 

it would if it had the same land uses mixed more evenly. Mixed-use development 

increases the proximity between residences, jobs, retail, and other destinations, which 

reduces vehicular trip length and frequency, encourages walking and bicycling, and in turn 

reduces vehicular emissions. Traditional urban design around the world features a fine 

mix of uses at the neighborhood and even building scale. For example, older parts of many 

cities have buildings with retail on the ground floor and residences above.  

At the regional scale, recent research in the US suggests that polycentric cities generate 

lower vehicle kilometers traveled (VKT).19 However, determining whether or not the 

development of a secondary urban center would reduce VKT in any particular city 

depends on the specific mix of land uses, jobs, workers, public transportation options, 

etc. in the proposed center. For example, building a cluster of office buildings near a 

highway on the rural outskirts of a city, far from public transportation, shopping, 

restaurants, etc. may generate more VKT and emissions than locating it in a central 

business district (CBD) that is well connected to public transport and is closer to 

residential areas and other commercial areas. Conversely, situating some jobs and retail 

stores in a new center in an existing suburban residential area instead of in a CBD could 

reduce VKT and emissions, especially if the new center is served by public transportation 

and the jobs and businesses located there match the surrounding population. 

3. Street connectivity 

The route between an origin and destination is shorter in a city with a grid-like street 

network with frequent intersections (i.e. small blocks) than in a city with limited-access 

highways, cul-de-sacs, and large blocks (Figure 13). A street network with higher 

connectivity (i.e. with a higher density of four-way intersections) therefore requires 

shorter trip lengths, which lowers vehicular emissions. It also encourages walking and 

bicycling, not only by reducing distances but also because walking and bicycling is safer 

and more pleasant on smaller, well-connected streets than along large highways.  

 

19 Reid Ewing, òRegional Transportation Goals: Reducing Sprawl through Interconnected Centers (Project Brief)ó (National 
Institute for Transportation and Communities, October 2020), 
https://ppms.trec.pdx.edu/media/project_files/1217_Project_Brief_-_Polycentric_Urban_Development_Al72iAt.pdf. 
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Figure 13: Greater street connectivity reduces trip lengths  

ό{ƻǳǊŎŜΥ aŜǘǊƻ ¢ǊŀƴǎƛǘΣ ά! 5ŜǾŜƭƻǇŜǊǎ DǳƛŘŜ ǘƻ ¢Ǌŀƴǎƛǘ-hǊƛŜƴǘŜŘ 5ŜǾŜƭƻǇƳŜƴǘ ό¢h5ύέΣ ŀŘŀǇǘŜŘ ŦǊƻƳ 
bŜƛƎƘōƻǊƘƻƻŘ {ǘǊŜŜǘǎ tǊƻƧŜŎǘ {ǘŀƪŜƘƻƭŘŜǊǎ  όнлллύΣ άbŜƛƎƘōƻǊƘƻƻŘ {ǘǊŜŜǘ 5ŜǎƛƎƴ DǳƛŘŜƭƛƴŜǎΣ !ƴ Oregon 

DǳƛŘŜ ŦƻǊ wŜŘǳŎƛƴƎ {ǘǊŜŜǘ ²ƛŘǘƘǎέύ 

As Figure 14 shows, traditional urban layouts typically feature highly connected street 

networks compared to automobile-oriented urban design. Note that what matters is not 

just the proportion of intersections but also the spatial density of intersections, as 

measured by the number of intersections per sq. km. or the distance between 

intersections. The street networks of Pudong in Shanghai and new areas in Beijing are 

well-ŎƻƴƴŜŎǘŜŘΣ ōǳǘ ŦƻǊƳ άǎǳǇŜǊōƭƻŎƪǎέ ǘƘŀǘ ŀǊŜ ǎƻ ƭŀǊƎŜ ǘƘŀǘ they negate the benefits of 

connectivity. Even if these superblocks were to have public pedestrian paths through 

them, they would still increase the distance that vehicles need to travel.  
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Figure 14: Street connectivity is much higher in three older European cities and a traditionally laid out 
ƴŜƛƎƘōƻǊƘƻƻŘ όΨƘǳǘƻƴƎΩύ ƛƴ Beijing than in two newer neighborhoods in China. (Source: World Bank20) 

 

4. Urban design for walkability 

Even holding trip lengths and street connectivity constant, the design of the built 

environment can encourage walking and thus reduce vehicular emissions. Providing safe 

pedestrian infrastructure (adequate sidewalks, pedestrian crossings, etc.) is an important 

first step. In many cities in low- and middle-income countries, pedestrian infrastructure is 

non-existent or dilapidated, or is encroached on by vehicles and private businesses, 

making the walking experience challenging.  

However, even having safe and unobstructed pedestrian space may not be enough to 

encourage people to walk. Studies show that elements of the built environment influence 

the perception of walkability. For example, people are likelier to walk next to buildings 

with several street-level windows and doorways, as this provides an experience that is 

livelier and is perceived as safer than walking along a continuous blank wall. Encouraging 

ground-level retail opening directly onto sidewalks can help in this regard. Streetscapes 

that provide a sense of enclosure also enhance the perception of safety, although if 

buildings are too close together, they may induce a feeling of claustrophobia and detract 

from walkability. Shorter blocks reduce the perceived length of walking trips. Trees and 

benches, as well as visually distinctive and memorable environments, e.g. with notable 

architecture or street art, also encourage walking. 

 

20 World Bank, Urban China: Toward Efficient, Inclusive, and Sustainable Urbanization (The World Bank, 2014), 
https://doi.org/10.1596/978-1-4648-0206-5. 


