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Executive Summary
The success of policies to promote urban green growth depends on the ability to measure and monitor
their effectiveness. Such monitoring starts with selecting indicators and generating data on urban green
growth. This is not as simple as it may seem. What needs to be measured? What are adequate monitoring
mechanisms? How comparable is data collected by and for city authorities? And which institutions should
be incentivised to measure and to monitor urban green growth?
This issue paper provides an overview of existing indicators and measurement processes to monitor
different aspects of green growth at the city level. It evaluates the effectiveness of these instruments and
identifies examples, lessons, knowledge gaps and areas for future work that can be considered during the
2016 edition of the OECD Green Growth and Sustainable Development Forum.
Measuring urban green growth is generally part of wider monitoring activities that involve many different
indicators at varying government levels and cities of different sizes. The way progress is tracked depends
on the definition and indicators used by the national or local authority. Most cities collect data both on
economic growth and on environmental and natural resources, but they are not yet routinely combining
the economic and environmental indicators. City authorities relate readily available indicators on
economic growth such as GDP to environmental ones such as greenhouse gas (GHG) emissions. Different
types of indicators covering other themes such as waste management and recycling have also been
developed. However, urban green growth measurements remain challenging, as both the concept and the
indicators are still in the early stages of development.
Since much of the green growth debate is currently taking place at national or international levels, it
remains difficult to encourage local authorities to measure urban green growth. Typically, city
governments are interested in collecting and monitoring indicators that they can influence within a time
span of several years. This is why monitoring of green growth in cities is generally input or outputoriented (e.g. numbers of solar panels installed) and less geared towards measuring progress towards
green growth goals (e.g. to improve energy productivity). Different ways have been used to incentivise
cities to deal with the key problem of measuring and monitoring urban green growth; adequate data
collection. These solutions include;
•
•
•

Encourage cities to generate green growth data at the sub-national by selection for public awards
or joining prominent clubs.
Outsource data collection and analysis of urban green growth at the sub-national level to higher
levels of government, international organisations, or commercial organisations.
Using green growth indicators in the annual budget reporting cycles and the internal design of
sustainability strategies to help advance cities’ role in the green growth agenda.

This issue paper has identified the following questions for further discussion:
•

•

•
•
•

Expand the OECD Metropolitan Database to include smaller cities and a wider set of specific
green growth indicators, such as distance to carbon neutrality and waste free community goals,
and create an overall inclusive green growth index.
Study the impact of geographical location, city size and socio-economic conditions on the
applicability of green growth policies in order to provide tailored recommendation to cities of
different categories.
Promote free access to green growth data at the sub-national level, and analyse the conditions
under which this be realised.
Develop national strategies to stimulate urban green growth monitoring.
Implement systematic monitoring of green growth policies, in addition to monitoring of the more
physical green growth performance aspects (materials intensity of economy, green jobs creation,
etc.).
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1. Setting the Scene: Introduction to urban green growth themes and the
state of indicator development
1.1 Urban green growth
Cities are critical drivers of national economic growth. Rapidly expanding cities, however, are often
accompanied by negative environmental and social externalities such as air pollution, greenhouse
gas emissions, segregation and crime (Sassen, 2012). At the same time, cities are innovation hubs
and their population density provides economies of scale that can, for example, help reduce
environmental impacts per capita (McGranahan and Satterthwaite, 2014). Urban green growth has
been defined as “fostering economic growth and development through urban activities that reduce
negative environmental externalities and the impact on natural resources and environmental
services” (OECD, 2013).
The OECD (2013) has identified at least six urban sectors in which urban policy makers can reduce
environmental impact through policy interventions: i) land-use planning; ii) transport; iii) buildings;
iv) energy; v) waste; and vi) water. Such interventions can be generated by traditional multi-level
governmental initiatives, such as emission reduction targets, government-business agreements
(green deals), spatial planning incentives for sustainable business parks or energy co-operations, tax
and subsidy instruments, development fees, green growth ambassadors, awards, innovation labs,
educational programs and communication tools. Previous OECD city studies have also analysed
possible drivers of urban green growth, including more integrative approaches in city to overcome
traditional administrative “silos”, improving business-university collaboration and investments, using
IT for more efficient energy consumption in buildings, optimising commuting, and designing
industrial ecology solutions in business parks.
Measuring and monitoring urban green growth is, therefore, essential to identify priorities for
government interventions and to track progress. City governments collect green growth data or
organise data provisions through e.g. national statistical institutions. However, urban green growth
monitoring continues to represent a challenge, as both the concept and some of the relevant
indicators are still under development, even at the national level.
1.2 The urban green growth agenda in national and international contexts
Green growth is a type of economic development whose ambitious goal is to continue GDP growth,
without damaging natural resources. It presupposes that technological innovation (particularly
focusing on sustainable energy systems and a circular and bio-based economy) can be increased
indefinitely (Daly, 1992; Acemoglu, 2012), on the basis of directed technological change (UNEP, 2011;
Smulders et al., 2014; IMF, 2015) and induced innovation (Bretschger, 2015).
Globally, there has been clear political will to develop green growth strategies. In 2009, the OECD
Green Growth Declaration was signed by 34 ministers in Paris, which was followed by extensive work
on developing green growth indicators (OECD, 2011a; OECD, 2014; OECD, 2016a). Around the same
time, the World Bank also released its green growth policy document “Inclusive Green Growth: The
Pathway to Sustainable Development” (World Bank, 2012) and initiated the “Wealth Accounting and
Valuation of Ecosystem Services” (WAVES) Global Partnership to provide technical support for
implementing the System of Environmental and Economic Accounting (SEEA) which was adopted by
the UN Statistical Commission in 2012 as an international standard. The SEEA has been instrumental
to harmonise approaches used by different countries and has served as the basis for the
development of the OECD green growth measurement framework. The United Nations Environment
Program also issued its report “Measuring Progress towards an Inclusive Green Economy” (UNEP,
2012).The importance of measuring and monitoring urban green growth has similarly been
underscored in the United Nations 2030 Agenda for Sustainable Development. In particular, SDGs
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Goal n°7 Renewable energy, Goal n°8 Decent work and economic growth, and Goal n°11 Sustainable
cities and communities have built momentum to recognise the importance of monitoring progress.
The Paris Agreement under the United Nations Framework Convention on Climate Change in
December 2015, and the New Urban Agenda of the Habitat III Conference that took place in Quito in
October 2016 also highlighted the importance of measuring progress towards green growth goals.
The Habitat III conference was specifically organised to secure renewed commitment from global
leaders to implement key sustainable urbanisation goals. Among the 17 SDGs, 12 have some or
strong relevance for urban green growth, while some 45 indicators (see Annex 1) out of 100
proposed for global monitoring of the SDGs, and out of 150 additional indicators identified as
relevant at the national level, are also pertinent for urban green growth monitoring.
Quantitative overviews of national progress in implementing the 17 SDGs have recently been issued
by Sachs et al. (2016) and by the OECD (2016d), displaying the enthusiasm among experts to monitor
and achieve the SDGs and the green growth agenda. Within ICLEI, the Basque Declaration (2016)
emphasised the commitment of cities to further improve SDG monitoring. The OECD is also
supporting the effective implementation of the SDGs by developing approaches to adapt and use
green growth indicators at the subnational level (OECD, 2011b; OECD 2012a; OECD 2013; Mackie et
al. 2016).
Because the SDGs and the New Urban Agenda are ambitious non-binding agreements, their
implementation will depend on upholding the political will of signatory countries through follow-up
and review mechanisms, including national reviews. However, a report by the Sustainable
Development Solutions Network to the Secretary-General of the UN (SDSN, 2015) suggests that the
focus of SDG monitoring will continue to happen at the national level, not at the city level. The multidimensional and cross-cutting nature of sustainable development similarly implies that implementing
and tracking progress towards green growth is a complex process that will depend on local
conditions, on the possibilities to forge coalitions and engage different stakeholders, and on the
availability of new technologies of measurement and monitoring systems. Political priorities also
direct the financial resources that are needed to collect field data and to aggregate it into meaningful
overall indicators.
1.3 Green growth themes and indicator categories
The Green Growth Knowledge Platform (GGKP), a collaborative initiative launched in 2012 by the
Global Green Growth Institute, the OECD, UNEP and the World Bank, culminated in a joint paper by
these four international organisations, “Moving Towards a Common Approach on Green Growth
Indicators” (GGKP, 2013). It lays out a conceptual framework for green growth indicators that can
help communicate the central elements needed for the transition to a green economy. The paper
identified five main themes of relevance for measuring green growth: (a) natural asset base, (b)
environmental and resource productivity/intensity, (c) the environmental quality of life, (d)
policies and economic opportunities, and e) the socio-economic context (see also Table 1). These
five themes correspond to the inter-related groups of indicators set out by the OECD conceptual
measurement framework for green growth (OECD, 2014) (see Figure 1 below).
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Figure 1: The OECD conceptual measurement framework for green growth

Source: OECD (2016a)

Identifying and collecting relevant indicators and tracking progress towards green growth are
challenging tasks, especially since no single indicator can suffice to capture the multidimensional
nature of this complex subject. Yet, having too many indicators can also be problematic as these
become difficult to interpret and translate into meaningful policy targets. Thus, further efforts are
needed to converge towards internationally agreed upon sets of indicators.
A follow-up paper “Measuring Inclusive Green Growth at the Country Level” (GGKP, 2016) identified
slightly updated themes to also address the “inclusiveness” aspects of green growth: natural assets,
resource efficiency and decoupling, resilience and risks, economic opportunities and efforts, and
social inclusiveness. Environmental, economic and social information was then compiled using four
approaches: a dashboard of indicators, composite indicators, environmental footprints and adjusted
economic measures like a green GDP. These four measurement approaches are presented in Figure
2.
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Figure 2: Typology of measurement approaches

Source: Global Green Growth Knowledge Platform (2016, p. 11), author’s own elaboration based on (Stiglitz et al., 2010).

In the initial phase of green growth monitoring, national authorities and international institutions
took the lead to design desirable approaches measuring green growth progress. A survey of the
current situation at the national level (Global Green Growth Knowledge Platform, 2016) explores the
variety of approaches and indicators developed for green growth monitoring at the national level.
The GGKP paper sheds light on the practical challenges of measuring green growth in general, as well
as in cities (Box 1).
Box 1: Conclusions from the Global Green Growth Knowledge Platform on measuring green growth
at the country level
•
•
•
•
•
•
•
•

Dashboards seem to have been the most widely used and frameworks and indicators have
been developed by various developed countries, such as Scandinavian countries;
Composite indexes measuring green growth progress are not (yet) readily available;
Footprints have rarely been applied at the national level;
Adjusted economic measures that account for environmental information have advanced
considerably;
Significant gaps remain in covering natural resource depletion and environmental
degradation;
Truly comprehensive approaches and metrics to capture the multi-dimensional green growth
concept are missing;
Indicators measuring economic opportunities and policies are scarce and underdeveloped;
There is a notable lack of data sources and indicators that capture the social dimensions of
green growth and the distribution of costs and benefits of environmental policies among
different groups of society.
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1.4 Emerging indicators: the three interfaces of Sustainable Development
Sustainable development and “inclusive” green growth aim at improving the three domains of this
concept simultaneously: the economy, the environment, and social equity. The OECD’s original
definition of green growth (OECD, 2011a) focuses on the interface between the economy and
environment pillars of sustainable development, including decoupling of economic growth and
environmental pollution, as well as creating opportunities for economic growth by using innovative
green technologies and practices.
Similarly, a study by Zoeteman et al. (2016a) has calculated ‘sustainability scores’ for cities based on
indicators that cover the three sustainability domains of ecological capital, economic capital and
social capital. Each of these three ‘capitals’ consists of themes such as labour, infrastructure, soil, air,
social participation, health, etc. Green growth is therefore seen as a new ‘societal space’ that is
developing at the interface between the domains of the ‘Economic capital’ and ‘Ecological capital’ as
illustrated in Figure 3.
Figure 3: Sustainable development and its three interfaces: green growth, social growth and green
social equity

Green social equity issues

eeeeee
Attitudes
Economic capital

Social growth issues

Green growth issues

Zoeteman , 2016

Source: Zoeteman and Mommaas, 2012

Cities, and particularly smaller ones, do not systematically collect data on composite indicators for
the interface domains shown in Figure 3. It is therefore important that different government levels
collect and monitor the composite indicators that are most predictive for the impacts of policies at
their levels
In the future, the term ‘green growth indicators’ could be reserved for the indicators that describe
the interface performances of the combined economic and ecological domains, such as energy and
materials productivity indicators, and e.g. raw material prices and subsidies. In that sense, only some
of the proposed OECD green growth indicators, including those listed under ‘Environmental and
resource productivity of economy’ (see Table 3, page 16) could be considered “pure” green growth
indicators. Others, such as those listed under ‘Natural asset base’ and ‘Environmental quality of life’
are not ‘pure green growth indicators’ but can be considered as ‘Ecological capital’ indicators.
Further ‘social growth’, ‘green social equity’, and “inclusive green growth”, indicators could also be
considered.
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Another Dutch study (Zoeteman et al., 2015a) found that cities with high scores on social cohesion
were also performing better in waste separation, and that wealthy neighbourhoods most effectively
used subsidies (not intended for them) for the installation of solar panels. Social growth indicators
could therefore include e.g. employment and unemployment rates of different educational levels of
population per unit of GDP, while green social equity or “inclusive green growth” indicators could
involve environmental quality improvement distribution over different income classes of the
population.
Social and cultural conditions are also important for achieving green growth progress. This was
recognised by the World Bank (World Bank, 2012) as well as by the OECD (Green Growth and
Sustainable Development Forum Issue Notes 1 and 2, 2014) in previous publications. As green
growth policies also impact issues pertaining to the domain of ‘Social capital’, the latest GGKP report
reviewed the state of measurement of ‘inclusive green growth’ (GGKP, 2016). This implies that green
growth projects could also be monitored with indicators such as distribution of benefits by means of
improved health, new jobs, etc. for different social groups in society. Inclusive green growth could
therefore refer to the total of the three interfaces between the three capitals or pillars of sustainable
development.
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2. Urban green growth in practice: stock-taking of measurement instruments
to track progress
2.1 Types of urban green growth monitoring tools
Urban green growth activities can be measured and monitored based on both quantitative and
qualitative indicators. Three types of urban green growth monitoring tools have been identified at
the city-level (GGKP, 2016; RFSC, 2016; OECD, 2013, Zoeteman, 2012):
• The performance of city authorities based on their policy goals and interventions. Examples
include sustainability or climate vision, green procurement, zero waste target, social return
target, ecological footprint, zero energy housing, subsidies and communications policies.
• Quantitative indicators of the actual state of the territory of a city. Examples include green gas
house emissions, electric mobility penetration, energy efficiency of housing and businesses,
high tech employment, innovation investments.
• The procedures designed by municipalities to assess the cost and sustainability of major
investment projects or policies impacting green growth in cities, before decisions are taken by
the city authorities and other government levels.
Monitoring tools of policy goals and interventions by city authorities are the least developed,
particularly from an international benchmarking point of view. Assessing project investments is more
common in internal procedures for urban decision-making, as this can be considered as an extension
of environmental impact reporting. In fact, information about these practices remains frequently
hidden. Most literature about measuring urban green growth, and more broadly about indicators on
the state of city territories, is made available to comply with national or international legal reporting
obligations.
Measuring urban green growth is generally part of wider monitoring activities that involve many
different indicators at varying government levels and cities of different sizes. The way progress is
tracked therefore depends on the definition and indicators used by the national or local authority.
Generally speaking, cities collect data both on economic growth and on environmental and natural
resources, but they are not yet routinely combining the economic and environmental indicators (e.g.
to develop carbon and material productivity indicators). This is the case for a variety of cities such as
Amsterdam (2016), Bangkok (OECD-Bangkok, 2015), Chicago (OECD-Chicago, 2013) and Kitakyushu
(OECD- Kitakyushu, 2013).
Currently, a national sustainability monitoring framework for all municipalities is under construction
in the Netherlands by Telos, Tilburg University, at the request of the Ministry for Infrastructure and
Environment. Municipalities are assessed based on a framework of at least five basic policy
documents for each municipality. Systematic urban green growth monitoring will not only be
valuable to compare different cities’ green growth performance at a given point in time, but it will be
particularly useful to visualise changes over long periods of time. This will be more feasible for
megacities that have their own statistical departments, than for smaller ones, e.g. with less than
100,000 inhabitants, that lack such capacity.
2.2 Commonly used measurement approaches within OECD-countries
The most commonly used measurement approaches by governments and urban authorities are
linked to reporting in the context of the budget cycle (e.g. Toolbox Climate Protection, 2015).
Sustainability or green growth measurements are increasingly included in budget reporting cycles,
particularly where the city has formulated a sustainability or climate program that has to be
reviewed. For example, Stockholm, Chicago, Paris and most of the smaller Dutch municipalities have
such sustainability programmes. However, urban green growth measurements remains
12

predominantly focused on inputs or outputs of concrete policy actions (e.g. the number of energy
neutral, the number of solar panels installed, or household waste separation percentages) and not
geared toward measuring progress in achieving more overarching green growth goals (e.g. material
productivity indicators). It is only at higher levels of government or international organisations that
composite green growth indicators are used as a measurement tool.
In the past decades, budget cycles have started to include climate change-related indicators, as many
cities were aiming to become a Low-Carbon City (OECD-Kitakyushu, 2013) or ‘climate neutral’ by
2020-2050 (Stockholm, 2016; Vancouver, 2016). The climate theme was recently followed by
growing policy attention to solid waste reuse/recycling and the circular economy (Basque
Declaration, 2016; Zoeteman et al., 2016b). A third practical field of urban green growth
measurement is green procurement. Cities, especially those with more than 100,000 inhabitants, are
becoming increasingly aware of their power to influence and inspire businesses, induce innovations
that can help reduce ecological footprint, and contribute to job creation. The monitoring of these
practices and their impact has just started, and much effort remains to be made in producing and
collecting data related to green growth in cities.
In Africa and Latin America, many cities continue to lack basic statistical information and emissions
inventories, making it difficult to set e.g. emissions-reduction targets. Table 1 provides an overview
of some cities with CO2 reduction targets in the different regions of the world (CDP, 2016). These
cities also face competing priorities and severe resource constraints that make it difficult to develop
and present investment plans (CDP, 2016).
Table 1: Overview of location of cities in CDP inventory and availability of CO2 reduction targets
Number of cities
reviewed

Region

% of cities with CO2
reduction target

Africa

46

7

Asia and Oceania

94

33

Europe

126

58

Latin America

136

6

North America

131

57

Global

533

36

Source: CDP, 2016

2.3 Examples of cities measuring urban green growth
It is difficult to provide a comprehensive list of cities that have applied the green growth concept in
their measurement and monitoring systems due of the large number of cities involved and the
immense variety of their policies and shifting priorities. Most cities start with readily available
indicators, such as those of economic growth and GHG emissions, but wider approaches covering
different aspects of urban green growth have also been developed1. Front-runner cities have
1

Examples include: 1) ISO (2016) with its World Council on City Data that is creating an Open Data Portal for ISO 37120
certified cities; 2) OECD with its Green Growth in Cities report of 2013 and related case studies in e.g. Paris, Chicago,
Stockholm and Kitakyushu, as well as its Tracking Progress Report in 2015 (OECD, 2015) and specifically its Green Growth
Indicators 2014 report (OECD, 2014) and the Measuring the Transformation of the Economy: Green Growth Indicators,
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expressed high ambitions, e.g. to become a sustainable city or a climate-neutral city that can adapt
to climate change. These ambitions are in line with attaining green growth, although this aspect is
often addressed indirectly. Therefore, cities that are making strong efforts to achieve urban green
growth are frequently the ones that have concrete plans to become sustainable cities. Having a
vision also provides cities with a direct incentive to monitor progress on a regular basis and to
translate the results into key policy actions. Examples of green growth related policy messages and
indicators used by cities are provided in Table 2.
Table 2: Examples of green growth related policy messages and indicators used by cities
City

Key policy message

Examples of key green growth indicators

Amsterdam

“Speeding up sustainability”

Household waste separation rate, share of
energy neutral houses

Chicago

“Sustainable Chicago”

Job growth in renewable energy, rate of carfree transit riders, tons of CO2 sequestered
by urban forest

Copenhagen “Green, smart and carbon neutral Distance to carbon neutrality by 2025
city”
Munich

“International Sustainable United in Tons of CO2 emission prevented by waste
management and sequestered by forest
Solidarity”
management, distance to eco-energy selfsufficiency by 2025

Seoul

“One Less Nuclear Power Plant”

Shanghai

“The Sustainable Development and Overall energy consumption
the Construction of Resource-saving
of total cargo handling, coastline usage
and Environmentally Friendly Port”
efficiency

Stockholm

“Stockholm: a sustainable growing Distance to being fossil-fuel free by 2050
city”

Sydney

“Sustainable City 2030”

Distance to meeting 100 per cent of
electricity demand by local electricity
generation, 30 per cent of water supply by
local water capture and increased canopy
cover of 50 per cent by 2030; rate of city
trips made by bicycle or pedestrian
movement

Vancouver

“Greenest City: A Renewable City”

Distance to 100% of energy demand coming
from renewable resources by 2050; distance
to becoming a zero waste community by
2040

Electricity self-reliance rate

Policy perspectives report (OECD 2016), which are both nation-oriented, however; and 3) the Covenant of Mayors (2016)
with its website where climate-related goals and emission data for thousands of cites are published.
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These examples show general elements that link to sustainability, such as improved material
efficiency, longer term goals of self-reliance in energy production, carbon neutrality, and becoming a
zero-waste community. Green growth goal-setting and implementation is still difficult to track, but
the availability of a sustainability plan or climate agenda appears to be a major factor for a high
performance. Stockholm is one of the outstanding examples of a well-documented green growth
development path.
2.4 Trends identified by urban green growth measurement tools
Arcadis (2015) assessed 50 global cities based on 20 composite indices for “people”, “profit”, and
“planet” aspects of sustainability 2. The highest scores were achieved by European cities (Frankfurt,
London, Copenhagen, Amsterdam and Rotterdam), and the lowest ones by Nairobi, New Delhi,
Wuhan, Mumbai and Manila. The lowest scoring cities were also the fastest growing ones. Indeed,
population growth tends to create an enormous challenge for authorities involved in road
construction, water supply and sewerage systems, solid waste handling facilities, etc. The ranking of
several American cities such as Los Angeles and San Francisco showed that higher economic growth
did not always guarantee a higher sustainability score. Cities with top 10 scores for both profit and
planet were Frankfurt, Amsterdam and Singapore. The indices were later updated and expanded to
cover 100 global cities (Arcadis, 2016).
Another study on EU cities (Zoeteman et al., 2016a) explored alternative explanations for high or low
scoring of cities. 3 GDP per capita continued to play an important role, as well as city size. According
to this study, which looked at 80 indicators, the highest scoring EU cities were mainly in Scandinavia
and Germany (Stockholm, Munich, Copenhagen, Helsinki and Hamburg). The lowest scoring cities
were Naples, Thessaloniki, Constanta, Athens, and Łódź. Overall, as shown in Figure 4, the
sustainability score of EU cities tends to improve when the population size reaches 250,000
inhabitants. It then stabilises until the city’s population size reaches 2 million, after which it starts to
decline. This trend is essentially due to a steadily improving economic performance up to the
population threshold of 250,000, and the decrease of environmental and social performances after
population size of 2 million is reached.

2

Sustainability scores of indicators give the highest ranking city for an indicator a 100% score and the lowest a 0% score.
Subsequently, indicator scores were aggregated to people, profit and planet domains and finally a sustainable city index
was calculated.
3
Sustainability scores were calculated on the basis of 80 indicators covering three sustainability domains namely ecological
capital, economic capital and social capital. Each capital consists of themes such as labor, infrastructure, soil, air, social
participation, health, etc. Indicator values are expressed as % sustainability goal achievement and are added to obtain a
theme score and subsequently aggregated to the capital score. The average of the three capital scores is the total
sustainability score.
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Figure 4: Sustainability scores for different city sizes of the 114 EU cities

City size and sustainability scores
Score in %

60
55
50
Total Sustainability

45

Ecological capital

40

Economic Capital
Social Capital

Source: Zoeteman et al., 2016a

3. Availability of urban green growth data and indicators

National governments can help empower city governments by providing adequate supply of data at
the subnational level, although this is currently not sufficiently available. Some national statistical
agencies collect data on urban green growth and provide them to international agencies, but these
are still missing city- specific indicators.
3.1 Collecting data at the city level
Data is generally less available and more difficult to compare at the city level, partly because
specialised national institutions are financed to support their national governments and not
necessarily urban authorities. The latter organise their own measurement tools for areas where they
have specific competences such as procurement, waste handling, water supply and sanitation,
installation of solar panels, electric car charging facilities, etc. Although urban authorities conduct
surveys to measure public satisfaction about green growth-related themes, in many cases, socioeconomic indicators are not collected for territories according to city boundaries. Rather, data at the
city level is more frequently collected for large metropolitan zones, where significant socio-economic
transactions take place. Data collection in cities has to cope with more variations in indicator types,
less continuity and lower frequency of data collection than at the national level due to shifting
priorities of local authorities.
Many of these difficulties can be overcome if data is collected from space. But such data is presently
mainly limited to land use changes that can be observed from space, such as changes in land cover by
forests or urban sprawl.
The OECD has carried out case studies of several global cities to further investigate the availability of
data and factors promoting urban green growth. A conceptual paper focusing on rapidly growing
Asian cities prepared the foundation for this exercise in the Asian region (Matsumoto and Daudey,
2014). Case study reports have been published about Kitakyushu in Japan (OECD, 2013b) including
some 50 indicators with trends over the period 1960-2009. Other reports cover Bangkok, Chicago,
Stockholm and Paris. Another study (Kamal-Chaoui and Plouen, 2012) shows some 30 green growth
indicators for Paris/Ile-de-France during the period 2000-2010 and compares the outcome with
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similar data from other metropolitan areas in OECD countries. These OECD case studies demonstrate
the availability of indicator data at the city level, including annual growth rate of GDP per capita,
population growth rate and density, unemployment rate, CO2 emission per capita, exposure to
PM2.5 particles in the air, in addition to the various ways that measurements help create incentives
for green growth. The studies also underscored the limitations to obtain adequate green growth
indicators at the city level.
One of the main conclusions from the 2016 GGKP paper is that “truly comprehensive approaches and
metrics to capture the multi-dimensional green growth concept are missing”, especially those that
include the inclusiveness aspects. However, despite these sobering conclusions, several OECD
publications (2014, 2016a) have recurrently demonstrated the importance and added-value of green
growth indicators. In addition, the OECD Metropolitan Area Database, which can be visualised
through its Metropolitan eXplorer (2016b, p.7), shows the performance of some 30 ‘green growth
indicators’ over the period 2000-2012. The OECD has already compiled data for 281 OECD
metropolitan areas based on the previously proposed categories of green growth indicators. Table 3
is a compilation of different reports that contain data on green growth indicators for the cities listed
in Annex 2.
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Table 3: The OECD Green Growth Indicators at the national level and estimated availability of data
at metropolitan and city level
The OECD Green
Growth Indicator
groups

Environmental and
resource productivity
of economy

Natural asset base

Environmental quality
of life

Green growth indicator proposed for national
level
Role of environmental services in productivity
growth
Real income per unit of energy related CO2
emitted
GDP per unit of energy related CO2 emitted
Energy productivity
Energy intensity by sector
Share of renewable energy sources
Real income per unit materials consumed
GDP per unit materials consumed
Waste generated by sector by unit GDP
Nutrient balance per unit agricultural land area
Water productivity: value added/unit water
consumed
Water stress (abstraction versus available
resources)
Area and volume of forests
Proportion of fish stocks within safe biological
limits
Land cover changes from natural to artificial
state
Degree of topsoil losses of agricultural and
other land
Trends in breeding bird populations
% threatened species
Population exposed to air pollution (PM2.5)
Population exposed to external risks
Population with access to safe drinking water

Availability for
metropolitan
4
areas

Estimated
availability of data
for cities below 1
5
mln inhabitants

b

b

a

a

a
a
a
a
a
a
b
d

a
a
b
a
b
b
b
b

a

a

a

b

a

a

d

c

a

a

d

b

d
d
a
c
a

b
a
a
b
a

Population connected to sewers with
a
a
treatment
Renewable energy resources
a
a
All purpose business R&D
a
b
Environment-related patents
a
c
Economic
Gross value added by green sector
a
c
opportunities and
Employment by green sector
a
b
policy responses
ODA, Carbon market financing and FDI
d
c
Environment-related taxation
d
c
Energy pricing
d
c
Water pricing
d
c
Notes: a) data are regularly available in either international databases (OECD, EUROSTAT, etc.) or on the websites of
individual cities;
b) such city-level data are often available in northern EU countries but hard to find at the EU level in general, it is
likely that a similar difference will apply to cities in North and South America/Asia;
c) very unlikely or impossible to find such data at the city level;
d) no data for cities or regions was found in the quoted literature; often such data are only collected on a national
basis or for a larger metropolitan area.
Source: OECD 2016a; author’s own estimates

4

Availability is derived from comparative metropolitan studies by OECD such as Kamal-Chaoui & Plouen (2012), OECD-Kitakyushu (2013),
OECD-Chicago (2013) and OECD-Bangkok (2015).
5
Estimations made by the author based on urban studies in the EU (Zoeteman et al., 2015a and 2016a).
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3.2. Trends of urban green growth indicators
The number of indicators measured by and for cities would normally tend to expand over time, but
budgetary constraints are limiting this development. Experts are continuously searching for
reference indicators that can be used for larger groups of indicators that demonstrate similarities
among cities. Unfortunately, urban environmental indicators such as CO2 emission, waste collection,
water pollution and PM2.5 air quality, generally show little correlation among each other (Zoeteman
et al., 2015a). In practice, indicators that are selected for monitoring are mostly meaningful to assess
the implementation of new policies and their resulting green growth performance. The city
government is typically interested in following indicators that it can influence within a time span of
several years, such as solar panel installation, waste handling, zoning of industrial activities, etc.
Goals such as becoming climate neutral help to invest in longer term activities such as installing wind
power, creating neighbourhoods with energy neutral housing, etc. Since national governments are
generally responsible for a wider scope of sectors relating to green growth, including education,
sector promotion and regulation, employment stimulation, and regulating immigration, the question
of which level of government has competency over which policy areas (Kamal-Chaoui, L., M. Plouen,
2012, p. 121) also determines what indicators to monitor.
For one-third of the national green growth indicators listed in Table 3, it is estimated that data is
readily available for cities with less than 1 million inhabitants. As recommended by the OECD Green
Growth Indicators (OECD 2011a), additional socio-economic indicators should complement the four
indicator groups in Table 3. Socioeconomic indicators that are directly or indirectly related to urban
green growth are likely to be available. These include population development rate over 5 years, life
expectancy, share of poor households, unemployment rate, elderly dependency rate, education
levels of population, modal share for commuting, labour productivity, non-revenue water in % of
local supply, landfilled and incinerated household solid waste, etc. These indicators can be used for
composite indicators that measure inclusive urban green growth, such as labour productivity per unit
of CO2 emitted per capita.
Good examples of urban indicators that can detect decoupling of economic growth and
environmental stress at the city-level include the ones listed under ‘environmental and resource
productivity of economy’ and some ‘economic opportunities and policy responses’ in Table 3.
3.3 Alternative solutions for adequate data collection
3.3.1 Winning public awards and joining city clubs
Strengths and weaknesses of urban green growth measurements are illustrated by experiences of
past initiatives. For example, the European Commission developed an Award program to promote
urban attention to greening activities by requesting cities to report on their achievements according
to a certain format that includes green growth indicators. Every year, a city was selected for an
award (European Green Capital Award, 2016). City reports, however, showed wide disparities that
make it difficult to compare various outcomes among cities. Another example of a global movement
that succeeded in mobilizing action and monitoring plans to mitigate climate change is the Covenant
of Mayors (2016). Since 2008, it has assembled a unique group of over 6000 cities that voluntarily
signed the covenant. Cities that join must commit to reduce CO2 emissions by 40% by the year 2030
and to apply a public progress report every two years, including sector emission performances. The
Covenant of Mayors mechanism has provided a useful basis for urban green growth information
about a wide-range of cities of different sizes. It also illustrated the impact and efficiency of bottomup approaches. Its website shows, however, that the implementation status of commitments is
disparate, and that regular updates are often lacking.
These two examples have found a way to deal with the key problem of measuring urban green
growth: adequate data collection. In both cases, cities are incentivised to provide their data in order
to either obtain an award or to be admitted as a member of a prominent club. However, when such
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incentives are absent, data collection by cities can become a major issue. This was the case of the
Reference Framework for Sustainable European Cities (2016), which had to be redesigned, and is
now continuing under the Council of European Municipalities and Regions.
3.3.2 Outsourcing data collection to higher levels of government, international organisations,
academia, and commercial organisations
Countries may also promote arrangements where cities collectively outsource data collection and
assessment to a central national or even global organisation. The latter approach has been a goal
under the World Council on City Data for the University of Toronto’s Global Cities Institute since
2014. This Global Cities Indicator Facility (GCIF, 2016) developed an international standard on city
metrics through the International Organization for Standardization (ISO, 2016) under the Technical
Committee TC268 on Sustainable Development of Communities. The “ISO 37120 Sustainable
Development of Communities - Indicators for City Services and Quality of Life” provides a
comprehensive set of indicators and a methodology that enables cities to measure the social,
economic, and environmental performance in comparison to other cities. In 2016, the network
included 255 cities across 82 countries. However, access to data on city performance and
comparative indicators reports is limited to fee-paying GCIF member cities only.
This business model of giving access to data and assessment reports via commercial organizations is
found more often for urban monitors of specific green growth issues. Examples include the German
Climate Cities Benchmark (2016), which collects and presents data on 17 indicators for 1,700 cities,
regions and organizations in Europe – all of whom are fee-paying members of the initiative and
receive the reports. Another example is the European Energy Award Organization (2016). This
illustrates the importance of the financial and rewarding aspects of making data available for urban
green growth measurement and monitoring. Sending a simple questionnaire to cities for information
no longer yields reliable results and does not guarantee their participation. A new possibility is to
collect territorial data through remote sensing and geographically-specified GPS data (OECD, 2012b,
2016c).
The lack of city level indicators has also created opportunities for private organisations and academic
facilities to centralise and facilitate this work for cities. This was for example done by the Dutch
Ministry for Infrastructure and Environment, who commissioned the development of a National
Monitor for Sustainable Cities to Telos, Tilburg University. The monitor has been published annually
since 2014 and includes all 400 Dutch municipalities for which data on more than 100 indicators are
collected and published (Zoeteman et al. 2015a). Municipalities are categorised under 14 typologies
(agricultural, old industrial, large, small, etc.) to better comprehend the issues they face and the
related challenges in benchmarking. A similar approach was followed for the interactive monitor of
more than 100 EU cities that was supported by the Dutch Ministry of Internal Affairs and Kingdom
Relations, DG Environment of the European Commission and the European Environment Agency
(Zoeteman et al. 2016a).
Figure 4 presents the sustainability scores of the themes comprising the economic, environmental
and social domains of sustainable development. The economic themes (e.g. competitiveness,
infrastructure and accessibility, labour) and environmental themes (e.g. air, drinking water and
sanitation, soil, energy and climate, resources and waste) are directly related to the green growth
subject. The dotted line represents the average scores of the European cities tested. For nearly all
themes, Athens scores below and Stockholm above average, which illustrate the large differences
that can exist between cities within the EU.
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Figure 4: Sustainability score profiles of Athens and Stockholm

Source: Zoeteman et al., 2016a
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Box 2: Examples of urban green growth monitoring by private organisations and academic facilities
Private organisations such as The Economist Intelligence Unit, sponsored by Siemens (Watson,
Shields and Langer, 2009) were among the first to benchmark green growth and the sustainability
performance of cities. Several academic facilities have also become active in this role. Recent
examples include the Global City Indicators Facility at the University of Toronto (GCIF, 2016) or the
interactive sustainable cities benchmark at Tilburg University (Zoeteman et al., 2015a, 2016a).
Several other monitoring initiatives exist, but are limited to specific themes such as climate change,
or to restricted geographical areas, such as the German Climate Cities Benchmark (2016) or the
Sustainable Mobility 2.0 project of the World Business Council on Sustainable Development 6 (2016).
A new and promising approach has been developed by the ISO-related World Council on City Data
using the framework of the Global City Indicators Facility has been extensively tested by more than
250 cities worldwide (ISO, 2016).
3.2.4 Incentivizing local actors to measure and monitor urban green growth
Based on international agreements, national governments have developed national sustainability
and green growth programs to inspire local actors, including businesses, NGOs and cities to translate
national goals into actions within their own organisations and territories. In Japan, cities such as
Kitakyushu (OECD- Kitakyushu, 2013) are incentivised by national policies that promote national
designations like e.g. “Eco-town”, “Smart community project” or “Green Asia Comprehensive Special
Zone”. In France, a National Strategy for Sustainable Development has been established and is
regularly being updated (Kamal-Chaoui, & Plouen, 2012, p.64). According to French national law,
parties concerned had to develop a territorial climate-energy plan by the end of 2012. In Paris/Ile-deFrance, institutional players at various levels and many private interests have committed themselves
to initiatives in favour of green growth. Sectors of particular interest include buildings, renewable
forms of energy, transport, agriculture, waste, and water.
In the USA, cities like Chicago have acted without an explicit incentive from a national or regional
green growth strategy (OECD-Chicago, 2013, p.38). The Chicago Metropolitan Planning Agency‘s “Go
To 2040” Comprehensive Regional Plan was used instead. The plan provides indicators,
recommendations, implementation actions and financing strategies for four core themes: liveable
communities, human capital, efficient governance and regional mobility. More limited in scope, was
the City of Chicago‘s Climate Action Plan. In the Netherlands, a national compact of governments on
the national, provincial and municipal levels was created on a climate action plan with in total 40
stakeholders such as the energy sectors and NGOs in 2013 (SER, 2013). A national high level
committee was installed to monitor annual progress. As a result, practically all cities and
municipalities became strongly committed to attain energy efficiency and shift to more renewable
energy sources, hoping to possibly become “climate neutral” before 2050. Such multi-level
interactions between governments can speed up green growth implementation for relatively small
cities, while the larger cities, at least in the Netherlands, have often developed more ambitious plans
on parts of the national compact.

6

WBCSD is a global, CEO-led organization of over 200 leading businesses and partners working together to
accelerate the transition to a sustainable world. JT : we can add this whole sentence or as a footnote
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4. Policy implications and areas of future work
4.1 Policy implications for urban green growth monitoring
4.1.1 Policy implications at the national and city level
Besides measuring green growth progress with indicators, the monitoring of related city policies,
their implementation, and the role of socio-cultural attitudes is of equal importance but much less
explored. Operational methods to monitor policy documents and implementation reports are at
present practically absent, but they would open a door to new ways to explore conditions favourable
for urban green growth policy development.
•

•

•

In the field of city governance (defining policy goals and implementing interventions),
monitoring and promoting social participation of citizens, business and NGOs in decision
making and policy implementation is paramount. Indeed, when city authorities receive more
responsibilities and must cope with restricted budgets, the voluntary participation of societal
groups in green growth generating processes is essential (OECD-Kitakyushu, 2013).
Regarding management strategies, municipalities are faced with the challenge of overcoming
the frequent dichotomy between those responsible for cost management and those
responsible for promoting green growth solutions. Traditionally, short-term considerations of
cost control tend to drive the decisions. New approaches are therefore needed to direct
management approaches that value both interests from a longer term perspective. Although
this aspect is also applicable to the national level, cities must find their own solutions,
including based on their size. Examples of such approaches consist of high level urban
committees that involve both interests and report to the city council, or combined
accountability for staff members of both interests (Zoeteman et al., 2016b).
National governments may continue to develop strategies to further promote monitoring of
urban green growth policies. They are recommended to develop an overview of
interventions and stimulation programs that have successfully been carried out in this
respect. These may include mechanisms to set national green growth policy goals, and
processes that translate these overarching goals into city policies for e.g. becoming carbon
neutral, designing key composite indicators to be monitored, providing reliable green growth
data for free, combining monitoring to the regular budget cycle reporting, rewarding cities
with a high performance, etc.

4.1.2 Policy implication for climate change and energy efficiency at the city level
Because climate change and the energy transition are the two most dominant green growth themes
for cities, more attention is given to their monitoring (in particular thanks to the UNFCCC
commitments and the successful Covenant of Mayors organisation).
Plans to reduce GHG emissions and their implementation through sector-specific programs are very
helpful to achieve progress towards urban green growth. For example, becoming “climate neutral”
by a certain year can be very appealing to cities wishing to be showcased for their success. Cities start
with a detailed analysis of their emissions and develop programs to improve sector performances as
well as their own internal operations. Annual monitoring reports presented to city councils are also
helpful to monitor progress in a consistent manner.
Cities’ plans to reduce GHG emissions tend to become stricter during the course of election periods.
Many cities use modern communication techniques such as educational centres, innovation labs,
websites, apps, etc. to inform their citizens and businesses and to promote the creation of coalitions
that share experiences and take new initiatives. Subsidies are also used to help introduce new
technologies such as solar panels, wind power, housing insulation measures, electric car use, etc., but
these are often not essential for the envisaged transformation. However, in densely populated areas
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such as the Netherlands, there is mounting opposition against wind power on land, as wind turbines
are experienced as spoiling the landscape and creating noise annoyance. Larger cities are actively
investing in becoming smart cities to optimise their energy sources and energy use. Monitoring
reveals, however, that economic and scale conditions continues to play an important role in
determining the pace of the energy transition. Larger cities that have high industrial activities and an
entrepreneurial style to cope with occurring changes together with the business sector tend to
implement the energy transition faster.
4.1.3 Policy implication for waste recycling at the city-level
Waste collection and reuse (circular economy) is also gaining greater attention. Indicators for this
theme vary from collection targets for different types of household waste, to limits for residual waste
quantity in kg per capita. Important reference indicators are residual household waste and waste
quantities incinerated and land-filled. Different policy approaches, from separation of household
waste before collection to collecting all waste and separating it in fractions afterward, are practiced
by collaborating municipalities. Although much attention is currently devoted to the handling of
household waste, the sector of industrial waste is of equal importance. Monitoring of these waste
streams is more difficult, and should therefore receive wider attention from municipal and national
authorities.
4.1.4 Policy implication for green procurement at the city level
Green or social responsible procurement has also become a cornerstone of green growth initiatives
in cities. Smaller cities and towns often rely on standards developed by e.g. national institutions for
categories of products and services, and they tend to follow or copy them. In the Netherlands
(Zoeteman et al., 2016b), larger cities are not satisfied with such national standards and press for
more ambitious commitments to environmental performance and additional job creation.
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4.2 Future work and recommendations on green growth indicators and data collection
4.1.1 Tailoring green growth indicators to cities of different sizes and to different levels of
government
This stock-taking exercise has shown that the question “what to measure to assess green growth
progress” has different answers, depending on the needs have (inter)national or city authorities.
These answers may also change in time when green growth progress may be defined in greater
detail. Yet it is important to further clarify which green growth indicators are relevant for cities of
different sizes and for different government levels.
A better insight is needed to manage information on urban green growth and to track progress at the
levels of the UN, the OECD, countries, economic regions and cities of different size categories. Only
indicators that can be influenced by a specific government level are relevant for that authority.
•
•

Green growth indicators that are tailored to different levels of government should be further
developed.
The OECD could conduct further work on indicator design and data collection for its member
countries and recommend approaches for lower government levels.

4.1.2 Green growth indicators that capture the multidimensional nature of urban green growth
Urban green growth measurement is often part of wider monitoring activities or can be seen as a
new perspective to frame existing urban monitoring practices. Comprehensive approaches and
metrics to capture the multi-dimensional green growth concept are mostly still missing.
The way that the three sustainability domains interact and the way that these interactions can be
effectively influenced are still poorly understood.
•

•

It is advised to further study social factors that affect green growth, including growth or
decline of the population, socio-geographic characteristics and cultural attitudes (e.g.
dominance of command and control type of attitudes or stimulating and facilitating
attitudes).
The OECD may consider the creation of an overall “inclusive green growth” score that
encompasses sub-indicators to monitor progress over a period of at least 5 years. This
implies that green growth projects could also be monitored with indicators such as
distribution of benefits by means of improved health, new jobs, etc. for different social
groups in society. This may help further refine the OECD’s work on urban green growth
monitoring

4.1.3 Identifying and further exploring sources of urban green growth measurement
Since the collection of data is a major factor for progress towards green growth, more efforts are
needed to design effective mechanisms to finance and organise this process.
•
•
•
•

It is recommended to design a comprehensive inventory of the need for data, the related
costs and mechanisms to collect and process it.
Further studies are also needed to analyse the efficiency of different urban green growth
measurement incentives (rewards, free or paid club membership, national or global services
toward cities financed by public means, etc.).
Since urban environmental data is difficult to measure, new possibilities, such as using
remote sensing and geographically-specified GPS data of citizens with mobile phones, may
open up new and inexpensive sources for such data and are worth exploring further.
The success of green growth initiatives is also determined by the way that urban policy
interactions impact on business-citizen-investor relations. This aspect needs to be further
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•

•

explored, particularly the extent to which the use of green bonds may impact reporting
obligations and help design and finance green growth measurement programs.
To identify best-practices for non-metropolitan cities, the OECD Metropolitan Area Database
will need to be further expanded to include more cities. The number of cities and indicators
will depend on the policy questions to be answered. The OECD could also engage more with
municipalities and play a different role for national and municipal users of its work.
Data collection for policy assessment (including public procurement, climate goals, civil
society participation, enforcement, financial arrangements, etc.) can benefit greatly from
automatic text analysis of citations from policy documents. Developing and disseminating
such text analysis programs, specifically designed for green growth policy analysis, would
help considerably in establishing this type of monitoring.

4.1.4 Building on the SDGs and New Urban Agenda momentum
Because the SDGs and the New Urban Agenda are ambitious non-binding agreements, their
implementation will depend on upholding the political will of signatory countries through follow-up
and review mechanisms. Although these are universal goals to be met by all nations, green growth
indicators in the global context will be different from those that are only relevant for OECD nations.
•

Extra indicators that are relevant for the OECD Metropolitan Area Database could be
included from the 250 SDGs indicators in order to monitor the economic, environmental, and
social performance of cities.

4.1.5 Further investigating the impact of city size on green growth measurement and performance
Only 8.2% of the world population lives in metropolitan areas of 10 million or more inhabitants. A
larger part (15.7%) lives in cities of 1-10 million people, while 45.5% of the global population lives in
rural spaces (New Geography, 2016). Currently, the impact of city size on green growth performance
and on the quality of green growth-measurement tools is not sufficiently.
•
•

Further work on the impact of city size on green growth measurement and performance will
be essential to make effective policy recommendations to national and city governments.
The role of city size in the generation and use of data on green growth needs to be better
specified to develop effective urban policy approaches. Part of this specification needs to
apply to the ways that cities can best obtain green growth data and the required policy
interventions led city governments.

Overcoming these knowledge gaps will help advise national governments on how to encourage cities
to measure, monitor, and achieve green growth. Tools and instruments that national governments
can use in this respect should already be explored and tested.
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Annex 1: Overview of relevant SDGs and related indicators for green growth
monitoring in cities (red indicators are directly relevant for urban green growth monitoring)
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Annex 2: Overview of cities for which green growth related reports with
specific indicator data have been assessed
This Annex presents a list of cities for which green growth related reports with specific indicator data have
been assessed. The list is additional to the content of the OECD Metropolitan Areas Database (OECD
2016b) and to the Sustainable Cities Index of Arcadis (2016) which includes 100 global cities for which
some 20 economic and environmental performance indexes have been collected or estimated on the
basis of national data. The number of green growth related indicators differs widely in the publications
quoted. For EU cities some 50 green growth related indicators (economic performance, environmental
quality and natural resource depletion) are described. For e.g. Asian cities the publications mostly refer to
5-25 of such indicators.

City

Country

Population
2015
(in formal
boundaries)
(million)

Reference

Aichi

Japan

7.48

Kamal-Chaoui, L., M. Plouen (2012)

Amsterdam

Netherlands

0.83

Ankara

Turkey

4.59

Amsterdam (2015, 2016), Kamal-Chaoui, L., M. Plouen
(2012), OECD-Bangkok (2015), Zoeteman et al. (2016a)
Kamal-Chaoui, L., M. Plouen (2012)

Antwerp

Belgium

0.51

Zoeteman et al. (2016a)

Arras

France

0.09

Zoeteman et al. (2016a)

Athens

Greece

0.66

Atlanta

USA

4.5

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Kamal-Chaoui, L., M. Plouen (2012)

Auckland

New Zealand

1.45

Kamal-Chaoui, L., M. Plouen (2012)

Baltimore

USA

0.62

Kamal-Chaoui, L., M. Plouen (2012)

Bangkok City

Thailand

5.70

OECD-Bangkok (2015), OECD-Chicago (2013)

Barcelona

Spain

1.61

Beijing

China

21.7

Kamal-Chaoui, L., M. Plouen
(2013), Zoeteman et al. (2016a)
OECD-Chicago (2013)

Belfort

France

0.10

Zoeteman et al. (2016a)

Berlin

Germany

3.46

Bialystok

Poland

0.29

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Zoeteman et al. (2016a)

Birmingham

UK

1.1

Kamal-Chaoui, L., M. Plouen (2012)

Bordeaux

France

0.72

Zoeteman et al. (2016a)

Boston

USA

0.67

Kamal-Chaoui, L., M. Plouen (2012)

Braga

Portugal

0.18

Zoeteman et al. (2016a)

Brasov

Romania

0.28

Zoeteman et al. (2016a)

Bratislava

Slovakia

0.42

Bremen

Germany

0.55

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Zoeteman et al. (2016a)

Brighton and Hove

UK

0.27

Zoeteman et al. (2016a)

Bristol

UK

0.43

Zoeteman et al. (2016a)

Brno

Czech republic

0.38

Zoeteman et al. (2016a)

Brussels

Belgium

1.14

Bucharest

Romania

1.92

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Zoeteman et al. (2016a)

Budapest

Hungary

1.73

Bydgoszcz

Poland

0.36

(2012), OECD-Chicago

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Zoeteman et al. (2016a)
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Country

Population
2015
(in formal
boundaries)
(million)

Reference

Cape Town

South Africa

3.74

OECD-Chicago (2013)

Chiang Mai

Thailand

0.15

OECD-Bangkok (2015)

Chicago tri-state Metrop.
Area
Cincinnati

USA

9.50

USA

0.30

Chicago (2015), Kamal-Chaoui, L., M. Plouen (2012), OECDChicago (2013)
Kamal-Chaoui, L., M. Plouen (2012)

Cleveland

USA

Cluj-Napoca

Romania

0.32

Zoeteman et al. (2016a)

Cologne

Germany

1.02

Kamal-Chaoui, L., M. Plouen (2012)

Constanta

Romania

0.30

Zoeteman et al. (2016a)

Copenhagen

Denmark

0.58

Dallas

USA

1.30

Copenhagen (2016), Kamal-Chaoui,
(2012), Zoeteman et al. (2016a)
Kamal-Chaoui, L., M. Plouen (2012)

Delhi City

India

16.8

OECD-Bangkok (2015)

Denver

USA

0.60

Kamal-Chaoui, L., M. Plouen (2012), OECD-Chicago (2013)

Detroit

USA

0.68

Kamal-Chaoui, L., M. Plouen (2012)

Dublin

Ireland

0.53

Düsseldorf

Germany

0.61

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Kamal-Chaoui, L., M. Plouen (2012)

Espoo

Finland

0.25

Zoeteman et al. (2016a)

Essen

Germany

0.58

Zoeteman et al. (2016a)

Firenze

Italy

0.38

Zoeteman et al. (2016a)

Frankfurt

Germany

0.71

Freiburg

Germany

0.22

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Zoeteman et al. (2016a)

Fukuoka

Japan

1.48

Fukuyama

Japan

0.47

Kamal-Chaoui, L., M. Plouen (2012), OECD-Kitakyushu
(2013)
OECD-Kitakyushu (2013)

Galway

Ireland

0.07

Zoeteman et al. (2016a)

Geneva

Switzerland

0.20

OECD-Chicago (2013)

Gent

Belgium

0.25

Zoeteman et al. (2016a)

Glasgow

UK

0.59

Zoeteman et al. (2016a)

Guadalajara

Mexico

1.49

Kamal-Chaoui, L., M. Plouen (2012)

Guangzhou

China

13.1

OECD-Bangkok (2015)

Ha Noi

Vietnam

2.90

OECD-Bangkok (2015)

Hiroshima

Japan

1.19

OECD-Kitakyushu (2013)

Ho Chi Min

Vietnam

8.0

OECD-Bangkok (2015)

Hong Kong

China

7.35

OECD-Bangkok (2015)

Houston

USA

2.10

Kamal-Chaoui, L., M. Plouen (2012)

Hamburg

Germany

1.79

Hannover

Germany

0.52

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Zoeteman et al. (2016a)

Helsinki

Finland

0.63

Hiroshima

Japan

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Kamal-Chaoui, L., M. Plouen (2012)

Innsbruck

Austria

0.12

Zoeteman et al. (2016a)

Istanbul

Turkey

14.0

Kamal-Chaoui, L., M. Plouen (2012)

Izmir

Turkey

2.85

Kamal-Chaoui, L., M. Plouen (2012)

Kamal-Chaoui, L., M. Plouen (2012)
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City

Country

Population
2015
(in formal
boundaries)
(million)

Reference

Jakarta Sp. Cap. Region

Indonesia

9.6

OECD-Bangkok (2015)

Jelgava

Latvia

0.06

Zoeteman et al. (2016a)

Kansas City

USA

2.16

Kamal-Chaoui, L., M. Plouen (2012)

Karlovy Vary

Czech republic

0.05

Zoeteman et al. (2016a)

Karviná

Czech republic

0.06

Zoeteman et al. (2016a)

Kaunas

Lithuania

0.30

Zoeteman et al. (2016a)

Klaipeda

Lithuania

0.16

Zoeteman et al. (2016a)

Kolkata

India

5.02

OECD-Bangkok (2015)

Kortrijk

Belgium

0.08

Zoeteman et al. (2016a)

Kraków

Poland

0.76

Kuala Lumpur

Malaysia

1.77

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
OECD-Bangkok (2015)

Kitakyushu

Japan

1.01

OECD-Chicago (2013), OECD-Kitakyushu (2013)

Larissa

Greece

0.14

Zoeteman et al. (2016a)

Leeds

UK

0.77

Kamal-Chaoui, L., M. Plouen (2012)

Lelystad

Netherlands

0.08

Zoeteman et al. (2016a)

Lille

France

1.11

Limerick

Ireland

0.07

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Zoeteman et al. (2016a)

Linköping

Sweden

0.15

Zoeteman et al. (2016a)

Lisbon

Portugal

0.55

Ljublijana

Slovenia

0.28

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Zoeteman et al. (2016a)

Lodz

Poland

0.71

Zoeteman et al. (2016a)

London

UK

8.54

Los Angeles City

USA

4.0

Kamal-Chaoui, L., M. Plouen (2012), OECD-Bangkok (2015),
OECD-Chicago (2013), Zoeteman et al. (2016a)
Kamal-Chaoui, L., M. Plouen (2012), OECD-Chicago (2013)

Lyon

France

0.50

Kamal-Chaoui, L., M. Plouen (2012)

Luxembourg

Luxembourg

0.09

Zoeteman et al. (2016a)

Madrid

Spain

3.20

Magdeburg

Germany

0.23

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Zoeteman et al. (2016a)

Málaga

Spain

0.57

Zoeteman et al. (2016a)

Malmo

Sweden

0.32

Zoeteman et al. (2016a)

Manchester

UK

0.51

Manila

Philippines

1.78

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
OECD-Bangkok (2015)

Marseille

France

0.85

Melbourne

Australia

4.53

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Kamal-Chaoui, L., M. Plouen (2012)

Mexico City

Mexico

8.84

Kamal-Chaoui, L., M. Plouen (2012)

Miami City

USA

0.40

Kamal-Chaoui, L., M. Plouen (2012)

Middelburg

Netherlands

0.05

Zoeteman et al. (2016a)

Milan

Italy

1.43

Minneapolis

USA

3.1

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Kamal-Chaoui, L., M. Plouen (2012)

Miskolc

Hungary

0.17

Zoeteman et al. (2016a)
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City

Country

Population
2015
(in formal
boundaries)
(million)

Reference

Monterrey

Mexico

1.13

Kamal-Chaoui, L., M. Plouen (2012)

Montreal

Canada

1.65

Kamal-Chaoui, L., M. Plouen (2012)

Mumbai

India

22.0

OECD-Bangkok (2015)

Munich

Germany

1.49

Munster

Germany

0.28

Munich (2016) Kamal-Chaoui, L., M. Plouen (2012), OECDBangkok (2015), Zoeteman et al. (2016a)
Zoeteman et al. (2016a)

Murcia

Spain

0.44

Zoeteman et al. (2016a)

Nagasaki

Japan

0.43

OECD-Kitakyushu (2013)

Nagoya

Japan

2.28

OECD-Kitakyushu (2013)

Nantes

France

0.59

Zoeteman et al. (2016a)

Naples

Italy

0.99

Narva

Estonia

0.06

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Zoeteman et al. (2016a)

New York City

USA

8.55

Kamal-Chaoui, L., M. Plouen (2012), OECD-Chicago (2013)

Newcastle

UK

0.28

Zoeteman et al. (2016a)

Nijmegen

Netherlands

0.16

Zoeteman et al. (2016a)

Nuremberg

Germany

0.50

Zoeteman et al. (2016a)

Olomouc

Czech republic

0.10

Zoeteman et al. (2016a)

Orlando

USA

0.26

Kamal-Chaoui, L., M. Plouen (2012)

Osaka Designated City

Japan

2.67

Oslo

Norway

Kamal-Chaoui, L., M. Plouen (2012), OECD-Bangkok (2015),
OECD-Kitakyushu (2013)
Kamal-Chaoui, L., M. Plouen (2012), Oslo (2011)

Ostrów Wielkopolski

Poland

0.07

Zoeteman et al. (2016a)

Oulu

Finland

0.01

Zoeteman et al. (2016a)

Pamplona

Spain

0.19

Zoeteman et al. (2016a)

Paris

France

2.27

Philadelphia

USA

1.57

Kamal-Chaoui, L., M. Plouen (2012),
(2013), Zoeteman et al. (2016a)
Kamal-Chaoui, L., M. Plouen (2012)

Phoenix

USA

1.45

Kamal-Chaoui, L., M. Plouen (2012)

Piatra Neamt

Romania

0.09

Zoeteman et al. (2016a)

Pitesti

Romania

0.17

Zoeteman et al. (2016a)

Pittsburgh

USA

0.30

Kamal-Chaoui, L., M. Plouen (2012)

Pnom Penh

Cambodia

1.50

OECD-Bangkok (2015)

Portland

USA

0.58

Kamal-Chaoui, L., M. Plouen (2012)

Porto

Portugal

0.24

Zoeteman et al. (2016a)

Prague

Czech republic

1.26

Presov

Slovakia

0.09

Kamal-Chaoui, L., M. Plouen
(2013), Zoeteman et al. (2016a)
Zoeteman et al. (2016a)

Puebla

Mexico

2.5

Kamal-Chaoui, L., M. Plouen (2012)

Reggio Emilia

Italy

0.17

Zoeteman et al. (2016a)

Rennes

France

0.40

Zoeteman et al. (2016a)

Riga

Latvia

0.66

Zoeteman et al. (2016a)

Rome

Italy

2.76

Rotterdam

Netherlands

0.61

Sacramento

USA

0.49

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Kamal-Chaoui, L., M. Plouen (2012), OECD-Bangkok (2015),
Zoeteman et al. (2016a)
Kamal-Chaoui, L., M. Plouen (2012)
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(million)

Reference

San Diego

USA

1.39

Kamal-Chaoui, L., M. Plouen (2012)

San Francisco City

USA

0.86

OECD-Bangkok (2015)

Santander

Spain

0.18

Zoeteman et al. (2016a)

Seattle

USA

3.77

Kamal-Chaoui, L., M. Plouen (2012)

Sendai

Japan

1.06

Kamal-Chaoui, L., M. Plouen (2012)

Seoul Special City

South Korea

9.97

Seville

Spain

0.70

Kamal-Chaoui, L., M. Plouen (2012), OECD-Bangkok (2015),
Seoul (2016)
Zoeteman et al. (2016a)

Shanghai

China

24.0

Shanzhan

China

10.8

OECD-Bangkok (2015), OECD-Chicago (2013), Shanghai
(2012)
OECD-Bangkok (2015)

Singapore

Singapore

5.6

OECD-Bangkok (2015)

Sofia

Bulgaria

1.23

Zoeteman et al. (2016a)

St Louis City

USA

0.32

Kamal-Chaoui, L., M. Plouen (2012)

Stockholm

Sweden

0.91

Stoke-on-Trent

UK

0.25

Kamal-Chaoui, L., M. Plouen (2012), OECD-Chicago
(2013), Stockholm (2016), Zoeteman et al. (2016a)
Zoeteman et al. (2016a)

Stuttgart

Germany

0.61

Kamal-Chaoui, L., M. Plouen (2012)

Sydney

Australia

4.92

Szombathely

Hungary

0.08

Sydney (2016), Kamal-Chaoui, L., M. Plouen (2012), Sydney
(2016)
Zoeteman et al. (2016a)

Tallinn

Estonia

0.44

Zoeteman et al. (2016a)

Tampa Bay

USA

Tampere

Finland

0.21

Zoeteman et al. (2016a)

The Hague

Netherlands

0.51

Zoeteman et al. (2016a)

Thessaloniki

Greece

0.33

Zoeteman et al. (2016a)

Tianjin

China

15.5

OECD-Chicago (2013)

Tokyo Metropolis

Japan

13.6

Toronto

Canada

2.62

Kamal-Chaoui, L., M. Plouen (2012), OECD-Bangkok (2015),
OECD-Kitakyushu (2013)
Kamal-Chaoui, L., M. Plouen (2012), OECD-Chicago (2013)

Torun

Poland

0.20

Zoeteman et al. (2016a)

Toulon

France

0.42

Zoeteman et al. (2016a)

Tours

France

0.28

Zoeteman et al. (2016a)

Trencín

Slovakia

0.06

Zoeteman et al. (2016a)

Turin

Italy

0.90

Umea

Sweden

0.12

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Zoeteman et al. (2016a)

Valencia

Spain

0.79

Valletta

Malta

0.20

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Zoeteman et al. (2016a)

Valongo

Portugal

0.09

Zoeteman et al. (2016a)

Vancouver

Canada

0.60

Kamal-Chaoui, L., M. Plouen (2012)

Vidin

Bulgaria

0.05

Zoeteman et al. (2016a)

Vienna

Austria

1.83

Vilnius

Lithuania

0.54

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Zoeteman et al. (2016a)

Viseu

Portugal

0.10

Zoeteman et al. (2016a)

Kamal-Chaoui, L., M. Plouen (2012)
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City

Country

Population
2015
(in formal
boundaries)
(million)

Reference

Vitoria_Gasteiz

Spain

0.24

Zoeteman et al. (2016a)

Warsaw

Poland

1.71

Washington

USA

0.67

Kamal-Chaoui, L., M. Plouen (2012), Zoeteman et al.
(2016a)
Kamal-Chaoui, L., M. Plouen (2012)

Waterford

Ireland

0.05

Zoeteman et al. (2016a)

Yambol

Bulgaria

0.07

Zoeteman et al. (2016a)

Zaragoza

Spain

0.67

Zoeteman et al. (2016a)

Zürich

Switzerland

0.40

Kamal-Chaoui, L., M. Plouen (2012)
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