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Key takeaways

1 Urban areas are responsible for the majorityGiG emissions. The next several
decades will see the construction of a large amount of new urban area global
which means that there is still an opportunity to encourage -ttavbon urban
growth.

1 Urban form impacts GHG emissions in various ways:

o Urban demity impacts emissions from transportation, embodied
emissions related to infrastructure, and building energy consumption.

o Mixed land use, better street connectivity, and walkable urban desig
impact vehicular emissions by reducing the length and frequerayar
trips.

o Reducing the quantity of infrastructure that uses carbotensive
materials like cement and steel, by using loarbon materials, green
infrastructure, or naturebased solutions can reduce embodied emissions
related to infrastructure.

o0 The se of certain materials and the orientation of buildings can reduc:
the intensity of the urban heat island effect, reducing emissions from th:
use of energy for cooling.

1 The relative impact of urban form interventions can vary significantly dependir
on the context. Urban modeling tools can help quantify these impacts in a give
city.

Introduction

This knowledge notaims to summarizeéhe relationshis between urban form and
greenhouse gas (GHG) emissiofw reference by practitioners and policymakeis
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exploresthe ways in which various elements of urban féroan impact the carbon
intensity of urban growth In the context of GHG emissions, urban form is usually
discussed in terms of population density, whicloften visualized in terms of building
heights and its impact on transportatiorelated emissionsHowever, many different
dimensions othe urban bult 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 Whigan density itself may or
may not take the fornmof tall buildings.The impact of urban form on emissions is not
restricted toits effect ontransportation. The note clarifies these relationships, aaldo
provides examples in which urban growth modeling tools quantify the emissions
reductions from varias growth scenarios.

This note focuses specifically on the relationship between urban form and GHG emissions
reductions(i.e. climate change mitigation)lt does not focus on the other important
potential benefits of urban form interventions, includingdteced costs, improved public
health outcomes, increased economic productivity, and greater resilience against natural
disastersand climate change (i.e. climate change adaptatidhplso does not discuss
technologies which may reduce urban emissionsdmnot relate directly with the built
environment, such as clean enertgchnologies electric vehicles, and energyficient
buildings.

Thepotential 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 include64% to 69% of the world populatioffhis population growth is

expected to occur primarily in Asia and Afri€espite the attention paid to the gwth

2F YSIIFIOAGASAE GKS YFE22NAGEe 2F GKS ¢2NI RQa
among small urban settlements with populations of less than 100,000 inhabitaigts ¢

1).2

'For the purposes of this note, Ourban formdé rlefers to
buildings.

2K. C. Seto et allnfradumamrt 8e tetCheate Chagma 2014aMitigaldn af IiClimata @han@ie. i n
Contribution of Working Group Il to the Fifth Assessment Report of the Intergovernmé@ainPadgkotailiedate Change
Kingdom and New York, NY, Wnbridge University Press, 2014).
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2F (GKS 62NIRQE diNDBIy LRLUAAFGAZ2Y 6Aff O2yiAydsS 2

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

Projectbnssuggesthat the global amount obuilt-up land by the year 2100 could range
from 1.1 million to 3.6 million kA between roughly two and six times the total area of
urban land in 2000 (0.6 million Ky{Figure2).2 This means that most of tHauilt-up areas

in the world of 2100 are likely to have been built during this centiilyis points to the
opportunity we still have to shape the urban areas of the future amgbhasizes the need
to act now totry to makethis growth occur in a lowarbon manner.

According to one projection, 44% of the growthbmilt-up land between 2000rd 2100
will be in AsiaAnother 31% will be in Europe and North America, wheten population
growth will below but per capita consumption dfuilt-up land is much highefFigure3).
Despite rapidurban population growthn Africa, the total amount of newuilt-up land
there isprojected to berelatively small,as built-up land consumptionper capita will
remain low.Despite the total amount of newuilt-up land in South and Southeast Asia
being highpuilt-up land per capita will also remain lofFigure4 and Figure5).

3Jing Gao and Brian C. OO6Neill , o MaDprivpen ®iglatiGhs and SharedUr b a n
Soci oec on o Natue Céanuricafiang.sl (D&cember 2020): 2302, https://doi.org/10.1038/62D467
157887.
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Figure3: According to projections, 44% of the nbuilt-up land betweer2000and 2100will be in Asia
(East & Central Asia and South & Southeast Asia).

(Source: data foBSP2rom Gao & McNeill, 2020
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Central Southeast America Central Africa &
Asia Asia America Middle East

m Per capita built-up land (sg. m.), 2000 m Per capita built-up land (sg. m.), 2100

Figured: Theconsumption per capitaf builtup landis expected to remain low in South & Southeast

Asia and Africa.

(Source: data for SSP2 from Gao & McNeill, 2020)
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Figureb: East & Central Asia will have the largest amourtiwlt-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 coolinuildings, electric lighting for streets and buildings,
industrial processes, waste management, and embodied carbon in urban infrastrdcture.
Urban expansion may also reduce green cover which acts as a carbon sink.

(0p))

Urban areas are responsible forovef:70 2 F (G KS 62NIX RQa O Nb2Yy
use. According to one studpptential 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 chamgmitigation® Another study estimates that GHG emissions

in cities can be brought close to re¢ro by 2050.However, while such studies tend to
mention the importance of compact urban growth to redueehicular emissionst is

often unclear how urbarform measures relate to these mitigation targetey also
usually do not explore thenany otherways in which urban form impacts emissions.

Elements of urban form and their relationships with emissions

Urban form influences the urban component of thesaurces of emissions in various
ways.

1. Density

All else equal, enser cities are responsible for lower emissipas capita Density affects
emissions in various ways:

Density and &hicular emissionsAll else equal, greater density bringsigins and
destinationscloser 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 ncgs also makepublic transporation more viable as it
brings a larger population within walking distance of stdpg reducing the length and
frequency of private trips and increasing the share of public and nonmotorized
transportation, density reduces ele kilometers traveledVKT)thus reducingcarbon
emissions. (For these reasons, higher density can also mean less traffic congestion,
contrary to common assumptionsbecause reducing the length and frequency of
vehicular trips means that at argiven time there will be fewer vehicles on the ropd

“By including embodied carbon in ur bar aisrefdréa satprpurcotaucrhe tic
emissions,

C40 and Arup, oDeadl i ne 2-@\RAnalysitid the COntributian €40\Witids CamGlake t h e
Delivering the Paris Agreement Objective of Limiting GI
https://www.c40.org/other/deadline_2020.

6 Sarah Colenbrander eCimate Emergency, Urban Opportunity: How National @ouegritcentsn@af®sperity and Avert
Climate Catastrophe by TransforaBipCities

‘'Seto et al., OHuman Settl ement s, I nfrastructure and Sp
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Figure6 shows the relationship between population density and transport energy use per
capita in gveral world cities.
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Figure6: 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 repoduced in Rode et al, 2014)
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With regard tosupportingpublic transportationit is not just the aggregate density of a

city that matters but also the coordination between density gmablic transportation
corridors. Transibriented development involves, among other things, having higher
density in areas within walking distance afighic transportation stops or stations. Density
GKIFG A& aLlr adAarftfe RAFFSNBYIGAIFIGSR Ay (0KAA
RSyaaie o¢
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Figure7: In Curitiba, higher density is permitted near transportation corrid@surce: Suzuki et al,
2013)

Density and embodied emissiolsch stage of the life cycle of a structuado(iilding or

piece of infrastructure) its manufacture, maintenance and decommissiortrigvolves

the emission of GHGs, whiarereferred toasembaodied emissions or embodied carb8n.

The steel and cement industries are responsible for an estimated 7% and 5% of global
carbon emissions respectively.All else equal, igher density citiesrequire less
infrastructure(such as buildings, roadsdbridges, pipes for water and sewage, electric
transmission infrastructure, etgoer capita andthushave lowerembodied emissionger

capita

Density ancemissions from heating and cooling buildinBgnsity in the form of lower
consumption of floor spee per capita reduces the energy used in heating and cooling
buildings, and consequently reduces emissid@fbally, the impact of higher urban
densities on reducing energy use for heating and cooling is equivalent to the impact of
iImprovements in buildig 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 AsigGa&haran Africa,

8 Hiroaki Suzuki, Robert Cervero, and Kanakirdnsifiorming Cities with, Oraakst, Urban Development (The World
Bank, 2013), https://doi.org/10.1596/9780821397459 Overview.

9 https://www.c40knowledgehub.org/s/article/Embetiggdorof-Buildingandinfrastructurlnternationdbolicy
Review?language=en_US
0https://www.iea.org/reports/ireandsteetechnologgoadmaphttps://www.iea.org/fuelandtechnologies/cement
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and the Middle Eastral North Africa, twethirds of the potential for reductions in building
energy use can be achieved through higher densities. Theappooaches have roughly
equal impact in Latin America and the Caribbean and countries of the former Soviet
Union)t

Density may not necessarily reduce energy consumgfianis in the form of higkrise
buildings, which mayn factuse more energy per unit of floor space tharediumrise
buildings A study of 600 office buildings in the UK found that energy use armbrcar
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 stor{€ggure8).!?
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Figure8: 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 buildinfysiore than 20 stories than in buildings of less than
6 stories. (Source: UGL

“Burak G¢gneralp et al., 0GlI obal Scenari os oPfroceddingssoh De n s
the National Academy of Bolemce®} (August 22, 2017): 8885https://doi.org/10.1073/pnas.1606035114.

2Seto et al., OHuman Settl ement£nel yiRsedBHiidiggh:Evergyand and Sy
Density® Research Project Results, 6 UCL Energy Institui
https://www.ucl.ac.uk/bartlett/energygws/2017/jun/ueknergihighrisebuildinggnergyanddensityeseareproject

results.

B3UCL Energy Institute, June 13, 2017, https://www.ucl.ac.uk/bartlett/energy/news/20%fpngphdahrise
buildinggnergyanddensityesearcprojectresutis
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Highrise buildings require more energy for elevators, ventilation, anchpimg water*

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 hdigint.
example, the metropolitan areas of New York City and Mumbai accommodate similar
populations, but Mumbai does so in a buiip area that is ondourteenth the size of New

. 2 N} Thia isdespite the fact that Mumbai hisver highrise buildings than New York

City doesigure9).

Figurel0 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 buwling height is just ondrigurell shows that the same floor

area density can be achieved with varying combinations of plot coverage and building
height.
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15Shlomo Ayel et al Atlas of Urban Expansion: The 2016 Edition (Volume 1: Are@$tnd Densities)
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NEW YORK CITY peak 58,530 pp/kim’

peak 121,312 pp/km?*

Figure9: Mumbai has much more severe restrictions on building height than New York, as represented
by Floor Space Index (FSlI, 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)
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Figurell: The same floor area density in three different layouts, achieved by varying plot coverage and
building height. (Source: Seto et al, 2014)
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The higher density of Mumbai compared tew 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 denserath Atlanta, for reasons that are likely related to
planning, policy, politics, and culturBigurel?2).

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 infrastrectand
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.

%6Shlomo Angel, Patrick Larhsanl | , and Zeltia Gonzales Blanco, OAnat omy

Constitute Urban Densitydé (Marron Institute, August 20:

https://marroninstitute.nyu.edu/uploads/content/Anatomy_of _Density 19%2C_3 August_2020.pdf.

“Seto et al., OHuman Settl ement s, I nfrastructure and Sy
14
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seven times greater, and is supported by an extensive public transportation network (Source: Rode et al,
2014y
BPhilipp Rode et al., OAkaersBobm]|otMNMCEnNCICiteesPagemnclpe€
Economics and Political Science, 2014).
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2. Landusemix

A city with largenonofunctional land use zone<.g. a large residentianly zone, a large
central business district, a large retail distrigs likely to produce higher emissions than
it would if it had the same land uses mixed more everixed-use development
increaseghe proximity betweenresidences, jobgetail, and other destinations, which
reducesvehiculartrip lengthand frequencyencourages walking and bicycljragd in turn
reduces vehicular emission&aditional urban desigmaround the world features fine
mix of usest the neighborhood and even building scdfer example, older parts ofany
cities have buildings witretail on the ground floor and residences above

At the regional scale, recent research in the US suggests that polycentrigyeiiesate
lower vehicle kilometers traveled (VK:P)However,determining wether or not the
development ofa secondaryurban centerwould reduce VKT in any particular city
depends on the specific mix of land uses, jobs, workers, public transportatiomeptio
etc. in the proposectenter. For example, building eluster of office buildings near a
highway on the rural outskirts of a city, far from public transportatioshopping,
restaurants, etcmay generate more VKT and emissidhan locating it in a centl
business district(CBD)that is well connected to public transport and is closer to
residential areasnd other commercial area€onverselysituatingsome jobs and retalil
stores ina new center iran existing suburban residential argetead of in &CBDcould
reduce VK&Nnd emissionsespecially if the new center is served by public transportation
and thejobs andbusinesses located there match the surrounding population

3. Street connectivity

The route between an origin and destinationsisorter in a city with a gridike street
network with frequent intersections (i.e. small blocks) than in a city Vintited-access
highways culde-sacs, andlarge blocks(Figure 13). A street network with higér
connectivity (i.e. with a higher density of forway intersections)therefore requires
shorter trip lengths which lowers vehicular emissiondt also encourages walking and
bicycling, not only by reducindjstancesbut also because walking and bicycling is safer
and more pleasant on smaller, welbnnected streets thaalonglarge highways.

®Rei d Ewing, ORegional Transportation Goals: Reducing ¢
Institute for Transportation and Communities, October 2020),
https://ppms.trec.pdx.edu/media/project_files/1217 Project- Braycenic_Urban_Development_Al72iAt.pdf.
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AsFigurel4 shows, traditional urban layouts typically feature highly connected street
networks compared to aomobile-oriented urban design. Note that what matters is not

just the proportion of intersections but also thespatial densityof intersections, as
measured by the number of intersections per sg. km. or the distance between
intersections. The street netwks of Pudong in Shanghai and new areas in Beijing are
wellFO2y Yy SOGSRE odzii T2 N)Y GadzitbiSyNdpatetie penefits afK | G |
connectivity. Even if these superblocks were to have public pedegbadims through

them, they would still ineease the distance that vehicles need to travel.

17
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Figureld: Sreet connectivityis much higher ithree older European citiesid a traditionally laid out
Y SAITKO 2 NK 2 2 Reijingth&ndaing geded neigibgrhoods in China. (Source: World Bank

4. Urban design for walkability

Even holding trip length&nd street connectivity constanthé design of the built
environmentcanencourage walking and thus reduce vehicular emissiBroviding safe
pedestrian infrastructuregdequatesidewalks, pedestrian crossings, ets.an important
first step In many cities in lonand middleincome countries, pedestrianfrastructureis
non-existent or dilapidated, ois encroached on by vehicles and private businesses,
making the walking experien@hallenging

However, even having safe and unobstructed pedestrian spa@g not be enough to
encourage people to walk. 8ties show that elements of the built environment influence
the perception of walkability. For example, people are likelier to vaatkt to buildings

with severalstreetlevel windows and doorways, dahis provides an experiencethat is
livelier and is paseived as safdhan walking along aontinuous blankvall. Encouraging
groundlevel retail opening directly onto sidewalks can help in this reganeetscapes
that provide a sense of enclosure also enhance the perception of safety, although if
buildingsare too close together, they may induce a feeling of claustrophobia and detract
from walkability Shorter blocks reduce the perceived length of walking tripsees and
benches as well as visually distinctive and memorable environments, e.g. with notable
architecture or street art, also encourage walking.

20World BankJrban China: Toward Efficient, Inclusive, and SustaingbleeUkmai®ation2014),
https://doi.org/10.1596/978-464802065.
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