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Cities

❯ Cannot live without 
them, cannot live in 
them,

❯ Can we adapt them?

❯Home to over 50% of the population
❯Economic centres for countries
❯Magnets for opportunities
❯Larger the cities higher the labour opportunities 
❯Are also large polluters
❯Consume land and energy
❯Contribute to environmental problems at a larger 

scale



Slumless
smokeless 
cities (1902)
❯ Garden city
❯ Green Metropolis
❯ Ebenezer 

Howard
❯ 2 cities built! -

Welwyn Garden 
City and 
Letchworth
Garden City, both
in Hertfordshire
England
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The 1925 
view of a 
1950 city



http://longstreet.typepad.com/thesciencebookstore/2010/05/jf-ptak-atomurbia-responding-to-atomic-threat-by-moving-everyone-everywhere-1947it-is-probably-not-worth-putting-all-r.html

Atomurbia
(1946)



The Le 
Corbusier
Model

https://io9.gizmodo.com/10-failed-utopian-cities-that-
influenced-the-future-1511695279



Kinds of 
cities 

❯Or how cities 
evolved and 
how we want 
them
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2. Pattern of trips: Monocentric and polycentric cities 
 

Figure 2: Pattern of trips in monocentric and polycentric cities 

 

a) definition of trip patterns 
Every day the inhabitants of a city move from their place of residence to other 

locations in the city that include their place of work, shopping areas, cultural and social 
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1: Monocentric city 2: Dispersed city

3: Composite city 4: Urban Village
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Way we live
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Figure 1: The spatial structure of 7 cities 

 
 
 
 
 
 
 
 

Jakarta: 14,908,000 people  
 

2,942 km2

Paris: 7,877,000 people  
 

1,176 km2

Moscow: 8,543,000 people

 470 km2

Shanghai: 7,397,000 people

244 km 2

Berlin: 4,212,000 people

1,176 km2

 
London: 6,626,000 people

1,062 km2 New York: 10,752,000 people
2,674 km2
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Way we 
move

❯Cities with 
similar 
population 
and the use of 
private 
transport 
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Mexico city

❯Change from 
1910 until date



What it does 
to our cities
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Still we like 
our cars and 
we give them 
what they 
want



Precious 
space

6
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Changing Course in 
Urban Transport

Is the use of 
space 
efficient?



Resulting in 
…



Transport 
and energy 
demand

LEFÈVRE URBAN TRANSPORT ENERGY CONSUMPTION: DETERMINANTS AND STRATEGIES FOR ITS REDUCTION. 
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The public transport supply, evaluated as seats-Km per capita
and per annum is on average not very different in rich and poor
cities: 3336 in rich areas and 3203 in poorer areas. As related to
wealth, however, poor cities supply much more public transport
facilities: 831 seats-km/$1000 of GDP compared to the offer of
rich cities, i.e. 126 seats-km/$1000 of GDP.

These findings highlight the impact of urban factors and the
existence of alternatives to using cars on a city's transport-
related energy consumption. They confirm the statement by
Litman and Laube (2002), according to which: “Many wealthier
regions have balanced transportation systems while some
poorer regions are quite automobile dependent. The differences
result from public policies that affect transport choices and land
use patterns”.

1.2. THE ROLE OF AVERAGE URBAN DENSITY IN URBAN
PASSENGER TRANSPORT-RELATED ENERGY CONSUMPTION
ACCORDING TO NEWMAN AND KENWORTHY 

Research in the last fifteen years by Newman and Kenworthy on
automobile dependence and sustainable urban development,
points out that there is a great deal of interaction between urban
density and transport-related energy consumption.

Newman and Kenworthy's famous hyperbola “Urban density and
transport-related energy consumption” shows a high correlation
(R2 = 0.86) between average urban density and intra-urban
transport-related energy consumption per capita. These results

are due to density being highly correlated with modal distribution
and the intensity of automobile use, as shown in table 1.

Global urban density Low Medium High
‹ 25 hab/ ha 50 – 100 hab / ha › 250 hab+/ ha

Modal distribution MPT: 80% MPT: 50% MPT: 25%
PT: 10% PT: 25% PT: 50%

NMT: 10% NMT: 25% NMT:25 %
Automobile use › 10 000 ‹ 5 000
(km / pers / yr)
Public transport use ‹ 50 › 250
(trips / pers / an)
Petrol consumption › 55,000 35,000 – 20,000 ‹ 15,000
for transport
(MJ / pers / an)
Representative North American European Asian
positions and Australian cities cities cities

Table 1: City typology based on average urban density and transport. MPT:
Motorised Public Transport. PT: Public Transport. NMT: Non Motorised
Transport. Density: number of inhabitants and jobs per hectare of net
urban surface (omitting green and water surfaces)
Source: (Newman and Kenworthy, 1999).

Low density metropolitan areas exhibit an almost total
predominance of automobile use and total transport-related
energy consumption is considerable (frequently more than 65,000
MJ/person/yr.). High density metropolitan areas have a markedly
more balanced tri-modal distribution with a clear emphasis on
public transport (from 40 to 60% of travel). The total transport-
related energy consumption is four to seven times less than in low
density cities. European cities occupy an intermediate position as
regards urban density: between 40 and 120 (inhabitants+jobs) net
per hectare. Modal distribution is more balanced but cars are still
very dominant, particularly in peripheral low density suburban
areas. Total transport-related energy consumption is two to four
times lower than in low density cities.

While the general conclusions put forward by Newman and
Kenworthy are not disputed, they have been criticised, in
particular because the spatial distribution of activities and
households is not analysed. The spatial structure of a city, in
particular the relative location of homes, employment and
amenities, also has an impact on the number and length of trips.
An analysis of average density is not sufficient to explain
transport-related energy consumption. The “superficial” nature
of the analysis leads to the “obsession with density” described by
Breheny in 1991. A. Bertaud's work seeks to respond to this type
of objection.

1.3. URBAN DENSITY IS DEPENDENT ON URBAN POLICIES, NOT
ON URBAN WEALTH, NOR ON THE SIZE OF URBAN POPULATION 

A comparison of 49 mega-cities shows that there is no clear
correlation between density and wealth, nor between density and
population size (Bertaud, 2003). But a city's density depends very
much on its geographic location: American cities have low
densities; European, African and Latin-American cities have a

3LEFÈVRE  | P3

Figure 1 : The Newman and Kenworthy hyperbola: Urban density and
transport-related energy consumption



Global 
emissions

Source: Kodjak D, 2015, Policies To Reduce Fuel Consumption, Air Pollution, and Carbon Emissions from vehicles in G20 Nations, 
May 2015, The International Council for Clean Transportation (ICCT)
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TRANSPORT EMISSIONS
≈ 8.8 GtCO2

ROAD TRANSPORT 
EMISSIONS 
≈ 6.5 GtCO2

THE TRANSPORT SECTOR
A major contributor to global anthropogenic CO2 emissions

AVIATION ROAD MARINE HEAVY-DUTY 
VEHICLES

LIGHT-DUTY 
VEHICLES

Notes:
Global anthropogenic CO2 emissions in 2010 based on IPCC (2014).
Transport CO2 emissions in 2010 estimated by ICCT (2014) include the full fuel lifecycle, including direct emissions from combustion & upstream emissions from extraction, refining, & distribution of fuels. 
Sources:
ICCT (2014). Global Transportation Roadmap Model. Available from http://www.theicct.org/global-transportation-roadmap-model
IPCC (2014). Summary for Policymakers. Climate Change 2014, Mitigation of Climate Change. Contribution of Working Group III to the Fifth Assessment Report of the Intergovernmental Panel on Climate 
Change [Edenhofer, O., R. Pichs-Madruga, Y. Sokona, E. Farahani, S. Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, P. Eickemeier, B. Kriemann, J. Savolainen, S. Schlömer, C. von Stechow, T. Zwickel and 
J.C. Minx (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
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Figure 2. Global anthropogenic CO2 emissions from the transport sector9 

Notes: Global anthropogenic CO2 emissions in 2010 based on IPCC Fifth Assessment.10 Transport CO2 emissions in 2010, as estimated 
by ICCT, reflect the full fuel lifecycle, including direct emissions from combustion and upstream emissions from extraction, refining, 
and distribution of fuels.11 

FOCUS ON HEAVY-DUTY VEHICLES

The potential for policy action to address heavy-
duty vehicle emissions and targeted climate 
mitigation is particularly great within the G20—a 
conclusion that strongly supports the emphasis on 
heavy-duty vehicles in the G20 Energy Efficiency 
Action Plan. This is primarily due to heavy-duty 
vehicles’ severe air-quality and climate impacts, 
and to the fact that regulation in this sector remains 
at an early stage of development in most nations, 
relative to passenger vehicles. 9

Table 1 shows the disproportionate contribution of 
heavy-duty vehicles to vehicle CO2 and particulate 
emissions. The heavy-duty sector globally represents 
just 11% of motor vehicles, but is responsible for 

9 Miller, J. and Facanha, C. The state of clean transport policy: 
A 2014 synthesis of vehicle and fuel policy developments 
(2014). Retrieved from http://www.theicct.org/state-of-clean-
transport-policy-2014

almost half (46%) of vehicle CO2 emissions, and over 
two-thirds (71%) of vehicle particulate emissions. 
The table also shows that heavy-duty vehicles’ 
contribution to emissions is disproportionately high 
across major economies. In round numbers, only 
5%–20% of vehicles in this group are heavy-duty 
vehicles, but they generally represent 30%–80% of 
vehicle CO2 and particulate emissions.10 11 

10 IPCC, 2014: Summary for Policymakers. 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 [Edenhofer, 
O., R. Pichs-Madruga, Y. Sokona, E. Farahani, S. Kadner, 
K. Seyboth, A. Adler, I. Baum, S. Brunner, P. Eickemeier, B. 
Kriemann, J. Savolainen, S. Schlömer, C. von Stechow, T. 
Zwickel and J.C. Minx (eds.)]. Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, USA. 
Retrieved from http://mitigation2014.org/report/summary-
for-policy-makers 

11  ICCT Global Transportation Roadmap Model. See  
http://www.theicct.org/global-transportation-roadmap-model



Public Transit 
and urban 
density

Source: Kodukula and Rat, 2018
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United	States

Sum	of	Urban	Density	vs.	sum	of	Public	Transport.		Color	shows	details	about	Country.		The	marks	are	labeled	by	City	and	sum	of	F9.



Air Quality

❯ In most of the 
developing 
cities
❯ India and 

China are 
getting worse
❯Majority of 

urban 
emissions from 
transport
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Induced 
Demand
❯ Greater
• Demand for 

space
• Impact on 

health
• Deterioration of 

environment
• Impact on 

traffic
• Demand for 

travel



Tale of two cities

Atlanta

❯ Population: 5.25 million
❯ Urban area: 4,280 km2

❯ CO2 Emissions from urban transport:  7.5 T CO2
/ha/yr (public + private transport)

❯ About 500,000 public transport trips / weekday

Atlanta, GA, USA

Barcelona, Spain

❯ Population: 5.33 million
❯ Urban area: 162 km2

❯ CO2 Emissions from urban transport: 0.7 T CO2 
/ha/yr (public + private transport)

❯ About 2.6 million trips / day
❯ 953 million boardings/year



Car oriented planning

❯Low Density
❯Segregated Land Use
❯Excessive road infrastructure
❯Preference to mobility over 

accessibility
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Car-oriented 
planning: 
indicators

Sources:

1. Colorado Springs, Colarado, USA – Source: 
http://en.wikipedia.org/wiki/File:Suburbia_by
_David_Shankbone.jpg

2. Houston, TX, USA – Source: 
http://www.photohome.com/pictures/texas-
pictures/houston/downtown-houston-4a.jpg

3. Ontario Highway 401, Canada – Source: 
http://en.wikipedia.org/wiki/File:Highway_401.
png

Low density

Segregated 
zoning

Excessive road 
infrastructure 

8

05.10.15 Seite 1

� Manfred Breithaupt �

Changing Course in 
Urban Transport

Car-oriented 
planning: 
indicators

Sources:

1. Colorado Springs, Colarado, USA – Source: 
http://en.wikipedia.org/wiki/File:Suburbia_by
_David_Shankbone.jpg

2. Houston, TX, USA – Source: 
http://www.photohome.com/pictures/texas-
pictures/houston/downtown-houston-4a.jpg

3. Ontario Highway 401, Canada – Source: 
http://en.wikipedia.org/wiki/File:Highway_401.
png

Low density

Segregated 
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Why do cities 
grow?

❯What is land 
use/transport?
❯What 

influences it?
❯What does it 

influence?

Source: Sustainable Urban Transport Plans (SUTP) and urban environment: Policies, effects, and simulations



The 3Ds of land-use 

❯Density
❯Diversity / mixed land use
❯Design

❯ Destinations (availability of jobs etc.)
❯ Distance to transit



Density



Density: How not to…

❯ Inhuman scale
❯Not integrated with transit
❯Segregated zoning

❯What is the problem with a 
downtown?

Source: http://travelingcolors.net/post/24217917137/urban-sprawl-las-vegas-nevada-by-cocoim

Houston, TX, USA – Source: http://www.photohome.com/pictures/texas-pictures/houston/downtown-houston-4a.jpg

http://www.photohome.com/pictures/texas-pictures/houston/downtown-houston-4a.jpg


Diversity

❯ Is this 
diversity?



Diversity

❯ Mixed Land-use 
reduces the 
necessity to make 
some trips 

❯ Distance 
travelled is 
greatly reduced

❯ Complemented 
by a good public 
realm with space 
for walking and 
cycling

Source: City of Buenos Aires, 2015



Design:
Who do we 
give the 
space?

Source: City of Buenos Aires, 2015



Who do we 
design the 
spaces for

Source: City of Buenos Aires, 2015



Design of 
services

❯Not just urban 
space

Source: City of Buenos Aires, 2015



Transit 
Oriented 
Development
❯A transit spine
❯Core high 

density 
❯Decreasing 

densities

Medium-density 
residential

High-density 
residential

High-density 
commercial and 

residential

Transit station

Transit line



In the TOD

❯Core is Transit 
bound
❯Walking at 200 m
❯Cycling upto 800 

m



Example from Curitiba



Intervention 
from Bogota
❯Govt. to locate 

public facilities 
(schools, 
colleges, 
recreational 
centers, etc.) 
along PT 
corridors

❯Bogota built 
several schools 
along 
TransMilenio
corridor



Copenhagen 

❯Concept of 
1947
❯Over 170 kms 

of s-tog train 
lines
❯Over 400 km 

of bicycle 
lanes



Barcelona



Superblocks 
benefits



In conclusion • Car ownership | Traffic volumesGrowing Economy

• Longer trips | Time lost in traffic | Higher 
infrastructure costsUrban Sprawl

• Higher emissions | Air pollutionClimate Change

• Higher speeds | Increased Fatalities | Conflict 
among modesRoad Safety

• Transport consumes about 30% of energy | GHG 
EmissionsEnergy Consumption



What carries how much?

Equivalency road width: In 
order to carry 20,000 
automobile commuters 
PHPD, a highway must be at 
least 18 lanes wide. 
(assumption 1.2 passengers 
per automobile)

Source: Manfred Breithaupt (2016) based on Botma & Papendrecht, TU Delft 1991 and own figures
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We know it is 
bad…but

Discussion 
Paper
1 8 1 3 a

13

Commute Time in Brazil (1992-2009)

Chart 1 shows the average commute times (one-way trip) in Brazilian metropolitan 
areas plus the Federal District (FD) and compares them to other selected metropolitan 
areas around the world with over 2 million inhabitants. In general, commute times 
tend to be relatively long in Brazilian MAs, especially when their population size is 
taken into account.

CHART 1 
Average time spent commuting to work in selected metropolitan areas in Brazil and 
other countries¹,²
(In minutes)
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Source:  Brazil - National Household Sample Survey (PNAD/IBGE); Santiago (Chile) – data available at: <http://www.sectra.gob.cl>; data from all other metropolitan areas 
from Toronto Board of Trade (2012).

Notes: 1 Tokyo: 2005; Santiago and Europe: 2006; Brazil: 2009; Australia, Canada, Shanghai and USA: 2010.
² Commute time data from Eurostat is available only at the regional level. However, the delimitation of these boundaries is not strictly defined and may vary greatly 
across European MAs. Data from the USA is based on Metropolitan Statistical Area.

5 COMPARING METROPOLITAN AREAS

In order to analyze how commute times have changed over the last two decades in 
Brazil, Chart 2 depicts the average time people spent commuting to work in the 
country and its largest metropolitan areas plus the Federal District (FD) between 1992 
and 2009. Chart 2A draws attention to the stark differences between metropolitan 
areas (MAs) and non-metropolitan areas. In the year 2009, for instance, the average 



What to prioritise

❯Cities for People

OR

❯City for cars



How do we do it?

❯ Integrate land use and 
transport
❯Don’t focus on single corridor 

solutions 
❯ Integrate, integrate, integrate
❯Don’t control land prices but 

guide urban development
❯Know what kind of city you 

want!



Questions for you.

❯Land Value Capture
❯Any other alternatives to TOD?
❯What is being done in your 

city?



Thanks for 
the attention

❯Sunny Kodukula
Project Coordinator
Wuppertal Institute, Germany

santhosh.kodukula@wupperinst.org

T: +49 20 22 49 22 59 
F: +49 20 22 49 22 50
Skype: santhosh.kodukula
Twitter: @sunnykodukula
LinkedIn: https://www.linkedin.com/in/santhoshkodukula/
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