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Abstract
The question of what cities can contribute to mitigation and adapting to climate change is gaining
traction among researchers and policy makers alike. However, while the field is rich with case
studies, methods that provide rich data across municipalities and potentially at global scale remain
underdeveloped, and comparative insights remain scarce. Here we summarize contributions to the
focus issue on ‘Systematizing and Upscaling Urban Climate Solutions’, also drawing from
presentations given at an accompanying conference in 2018. We highlight four core areas for
systematizing and upscaling urban climate mitigation solutions. First, with more and better (big)
data and associated machine learning methods, there is increasing potential to compare types of
cities and leverage collective understanding. Second, while urban climate assessments have mostly
emphasized urban planning, demand-side action as related to both behavioral change and
modified social practices relevant to urban space deserve more academic attention and integration
across a diverse set of social sciences. Third, climate mitigation would be intangible as a single
objective at the urban scale, and measures and solutions that coordinate mitigation coherently with
adaptation and broader sustainable development goals require explicit conceptualization and
systematization. Forth, all insights should come together to develop governance frameworks that
translate scientific exercises into concrete, realistic and organized action plans on the ground, for
all cities.

1. Introduction

Urban research on climate change mitigation is
increasingly gaining spotlight. Underlying driving
forces include, on the one hand, the lack of inter-
national cooperation between nation states to sub-
stantially addressing the goals of the Paris agree-
ment, and the hope that cities can help fill the
gap with their relative operational ease. On the
other hand, both academics and practitioners real-
ize global strategies of climate change mitigation,
while necessary, are clearly on their own insuf-
ficient in informing local stakeholders of how to
tackle climate change; instead solutions that adapt
to geographical and cultural contexts on the ground,
and that match the political economy in place, are
warranted.

Researchers awake to these trends and repeatedly
call for building a global urban science Bai (2007,
Solecki et al 2013, 2015, Creutzig 2015, Bai et al 2016,
Acuto et al 2018). However, development towards
such global urban science remains stuck in well-
trodden paths, and the study of the global dimension
of urbanization continues to focus on case studies,
which is extremely important but on its own insuffi-
cient. Key barriers towards globalizing urban sciences
involve data inconsistencies rendering city compar-
ison difficult, and models either suited to country-
scale global analysis, or to modeling individual city
dynamics, but not to modelling ensembles of cit-
ies. They also include the lack of precise understand-
ing of the similarities and differences between cit-
ies contexts, both on a socio-cultural aspect (dif-
ferences in lifestyle and perceptions), and on an
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environmental aspect (differences in exposure to cli-
mate change impacts for instance). A recent review
outlines the existing state-of-the-art of available
urban climate-change-relevant data and the differ-
ent methodological approaches available for a quant-
itative global urban sustainability science (Creutzig
et al 2019). However, such a quantitative/data-driven
agenda must be integrated from the beginning with
questions of goals, contexts, and non-quantitative
data: how do mitigation and adaptation strategies
come together? With questions of lifestyles and users:
what urban solutions match the need, cultures, and
desires of urbanites? And with questions of gov-
ernance, such as: how can we adequately and securely
govern big data driven solutions for climate change
mitigation? These questions are repeatedly raised in
recent literature, and more conceptual and empirical
advances are called for (Bai et al 2018, Ürge-Vorsatz
et al 2018).

In this focus issue, articles attempt to address
some of these questions, investigating a) the potential
of big data approaches to make urban sustainability
research consistent and scalable; b) the role of urban
inhabitants in shaping demand; c) the importance
of relating mitigation and adaptation strategies; and
d) how insights make action relevant in governance
strategies (figure1). Below we introduce their specific
contributions.

2. Big data: typologies

Typologies have emerged as one key tool to bridge
the gap between the urban and the locally spe-
cific, and the global effect, specifically global GHG
emission patterns (Creutzig et al 2015, Shan et al
2018, Lamb et al 2019), and regional and national
analysis of urban emission patterns (Hrabovszky-
Horváth et al 2013, Baur et al 2013, Ahmad et al
2015, Baiocchi et al 2015). This focus issues com-
prises of several manuscripts that advance such
typologies with the aim to systematize climate
solutions.

One of the most impressive is by Oke and col-
leagues, focusing on urban transport (Oke et al 2019).
The authors make use of most recent data for 331
cities that comprise 40% of the world’s population
and are representative of all cities worldwide. Com-
pressing a high-dimensional data set, they identify 12
types of cities that are characterized by 9 urban trans-
port dimensions, involving mode specific character-
istics (BRT, metro, or bikes), infrastructures (net-
work, sprawl, congestion), and wider characteristics
(population, development, sustainability). While the
results are mostly as expected—car-dependent cities
emit most CO2-emissions—the fine-grained inform-
ation is relevant. Oke and colleagues rightly emphas-
ize that the emerging congested cities,mostly in South
and South-East Asia, which are still at low emissions

per capita but with rapid development, and the sim-
ilarly rapidly developing Chinese cities, which could
plausible see an increase in bike sharing. These valu-
able results and data deserve further investigation in
future research.

Big data approaches can equally be applied to
both building and transport energy use in cities.
For buildings, Gouveia and Palma assess dwelling
stocks comprehensively using over half million Por-
tuguese residential Energy performance certificates
(EPCs) Gouveia and Palma (2019). They apply a
building typology approach to investigate the poten-
tial for region-specific retrofitting actions as indicated
by energy performance gaps. They demonstrate that
roof retrofitting has the highest potential for energy
reduction. This study demonstrates several poten-
tial applications of the EPC in the dwelling stock
characterization and energy performance estimation
for buildings retrofit, climate change mitigation, and
thermal comfort.

In turn, Ahmad and Creutzig typologize energy
use for commuting in India Ahmad and Creutzig
(2019). Categorizing 640 Indian urban and rural
districts according to the econometrically identified
drivers of their commuting emissions, the authors
demonstrate that per capita commuting emissions are
influenced by the built environment and mobility-
related variables. Income, urbanization, travel mode
choice are shown to be the dominant classifiers of
commuting emissions as well as high car ownership.
The findings reveal that low-carbon commuting and
development strategies require differentiation across
geographical location and context. Solutions need to
be tailored to geographical contexts with finer spatial
clustering of determinants of commuting emissions.
In rural areas, electric three-wheelers have potential
to improve mobility, while keeping emissions low.
In urban areas, high-quality bus rapid transit sys-
tems will help to fight traffic-related externalities.
However, the socio-cultural status of cars, especially
SUVs is an issue. The paper highlights the potential
of context-stratified sustainable solutions emerging
with the advent of big data.

These data-driven approaches are very promising.
However, social science contributions, as developed
in case studies, remain necessary to contextualize
data-driven insights with issues such as political eco-
nomy and cultural context, which is necessary for
guiding action. It is fortunately possible to systemat-
ically relate quantitative data-driven approaches with
case study insights systematically. Specifically, sys-
tematic search queries on literature inventories, such
as Web of Science and Scopus, enable the identifica-
tion of complete sets of case studies on specific cit-
ies (Lamb et al 2019). With suchmethods, it becomes
possible to relate energy categorizations of city types
(e.g. relationship between geographic zone and cool-
ing demand) with human needs for thermal comfort
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Figure 1. Conceptual presentation of how to upscale and systematize urban climate solutions.

in specific places, and the policy response currently
considered. One systematic scoping study, associ-
ated with this focus issue, made a next step in this
endeavor, identifying 867urban case studies on cli-
mate change mitigation that explicity consider tech-
nological options or policy instruments (Sethi et al
2020). The authors find 41 different urban solutions,
with relative abatement potential ranging between
5% and 105%. These kind of studies will continue
to consolidate the knowledge base on urban climate
solutions.

3. Demand

Research highlights that urban form strongly influ-
ences energy demand in buildings (Rode et al 2014).
However, many aspects of the intersection between
demand and urban characteristics remains scarcely
explored.

One of the key concerns in a low carbon transition
is whether a claimed reduction in resource intens-
ity or increased environmental efficiency in a city
is a genuine achievement or whether the environ-
mental burden is transferred elsewhere. Accounting
for embodied material and energy through trade is
widely recognized as important, which has resul-
ted in conceptual and methodological advances and
increasing empirical evidences. This approach how-
ever, still leaves a loophole by only focusing on flows
and not taking into account the existing stocks that
are required to support productivity. The increas-
ing role of the service sector in an economy is often
considered to be a pathway to decoupling economic
development and environmental impacts, but is it still
the case if we take the existing stocks into account?
Dombi’s paper explores this question for the service
sector in Hungary, using input-output data Dombi
(2019). The result shows while the productivity of
resource flows and the environmental impacts of the
service sector did improve, the stock productivity
has been either decreasing or, at best, showed little
improvements. In other words, the improvements in

material flow productivity is coupled with intens-
ive stock accumulation. The author suggests restruc-
turing of production cost through reducing relat-
ive price for labor, innovativeness and other factors
and increasing the relative price of natural resources
through resource tax, as possible interventions.

Khosla and colleagues focus on another aspect
of demand, that from appliances and their energy
implications in India (Khosla et al 2019). They find
that energy use and GHG emissions from appliances
in India is only about a 3rd of world average, but that
these patterns are rapidly changing as low-income
households obtain modest economic capabilities and
pursue energy services. As a welcome surprise, energy
efficiency programs and consumer behavior results
in high purchases and use of energy efficient light-
ing (LED) (see also Kamat et al (2020)). The same
success, however, could so far not been replicated
for fans, TV, and air conditioning (AC). The authors
also demonstrate that behavioral factors, and not
only housing-related material and socio-economic
factors, such as income, are statistically relevant in
explaining electricity consumptions. This not only
reveals the importance of behavioral factors, such
as choice architectures, in policy design, but also
points to a largely unexplored area of research ask-
ing for the combined role of behavioral change and
urbanization in high well-being low-energy demand
trajectories.

In the wider context, a number of factors are
all relevant in shaping energy demand, including
building stock, demographics, and behavioral and
social traits. For example, Niamir and colleagues find
that these factors may lead to a threefold divergence
in change in household electricity consumption in
2050, and thus economically divergent trajectories
(Niamir et al 2020a). This implicates that universal
policy instruments, such as carbon pricing, might be
complemented by regionally stratified solutions that
match local personal and social norms, but also edu-
cation and structural dwelling factors (Niamir et al
2020b).
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4. Mitigation and adaptation

Research on mitigation of and adaptation to cli-
mate change is often disparate, perhaps an unfortu-
nate consequence of these topics being treated in two
different volumes of the assessment reports of the
Intergovernmental Panel on Climate Change, inad-
vertently serving as organizing platforms for com-
munities. However, urban policymakers, having to
deal pragmatically with issues (Barber 2013), intu-
itively understand better than others that action on
mitigation and adaptation can be integrated in cli-
mate action plans (Reckien et al 2014, 2018). Follow-
ing suit, the research community increasingly invest-
igates action plans that jointly tackle both challenges,
especially at urban level Ürge-Vorsatz et al (2018).
This focus issue adds two specific contribution, both
of them addressing measures to deal with heat waves,
while keeping GHG emissions low.

Using a simple urban economic model, a paper
by Pierer and Creutzig highlights how adaptation and
mitigation have to be considered together when plan-
ning for urban infrastructures Pierer and Creutzig
(2019), highlighted also in Nature Climate Change
Wake (2019). The authors jointly model three aspects
of urban form and their interactions: transport mode
choice in a city; residential location choices of the
inhabitants; and the cooling effect on temperature
of urban parks during heat waves. Car use reduction
to reduce transport-related GHG emissions (mitiga-
tion), and urban cooling to get adapted to heat waves
(adaptation), are two commonly found policy targets
at a city scale. The paper shows that considering both
policy targets separately or together leads to widely
different policy recommendations. The authors argue
that a star-shaped city, involving high-density resid-
ential buildings along linear transport axes, are best
suited to both reduce transport emissions andprovide
cooling from interjacent parks. The finding of the
paper substantiate the claim that land-use planning is
a central dimension to alleviate the trade-off between
urban-scale climate adaptation and mitigation (Xu
et al 2019).

Viguíe and colleagues examine another import-
ant trade-off within the climate change debate: the
consumption of energy for adaptation, taking the
example of AC (Viguie et al 2020). Recent research
shows AC plays an important role in energy-related
behaviors of residents (Zhang et al 2020). Because of
climate change, heat wave risk is increasing sharply.
AC is an efficient tool to reduce the exposure to
this risk, but it may lead to large energy consump-
tion and worsen outdoor heat stress. By quantitat-
ively studying the case of Paris, Viguie et al consider
whether different cooling adaptation strategies at dif-
ferent scales could prevent the massive use of AC.
They find that even ambitious strategies (large-scale
city-wide urban greening; building-scale insulation
policy and reflective roofs) do not appear sufficient

to totally replace AC and ensure thermal comfort,
under a median climate change scenario. However,
these suggested adaptation strategies can lead to sig-
nificant reduction of AC energy consumption and
of the heat released outdoors (which further drives
up the demand for ACs), while keeping the same
thermal comfort indoors. So do generalized behavi-
oral changes in AC use. The paper makes the case for
taking seriously the large increase in cooling energy
consumption and heat-stress conditions posed by the
increased number of extreme-heat days, and the res-
ulting trade-off between energy consumption and
maintaining indoor air temperature. The trade-off
extends to the increased demand for water, which is
significant to produce the projected required cool-
ing. These results also show that adaptation actions,
implemented early, may play a key role to remain on
a low-carbon pathway.

5. Governance

The previous components of upscaling and
systematizing—making best use of big data, integ-
rating demand and urban planning, and adaptation
and integration—will be futile if not made action-
ready for municipal and other decision makers. This
means understanding on the one hand institutional
opportunities and obstacles to the development of
efficient policies, and on the other hand the possibil-
ity of engagement and active participation of the local
inhabitants to the climate strategy. This focus issue
adds three contributions regarding these two aspects.

Sareen and Rommetveit use a living lab to study
smart grids, with a view to problematize the common
understanding of employing and scaling up tech-
nocratic infrastructure based solutions that do not
account for local concerns and users’ perspectives
Sareen and Rommetveit (2019). Based on qualitative
methods to investigate the roll out of smart meters
in Norway, they draw insights based on the technical
aspects, everyday practices, and political economy
that underlie the motivation, engagement, particip-
ation and scale up of smart grids as an urban climate
change mitigation strategy. They emphasize the need
to balance out supply-side discursive power with loc-
alized practices, and focus on examining what motiv-
ates people to be energy efficient in different contexts.
In doing so, they argue against misplaced expecta-
tions from the potential of ‘smart’ mitigation solu-
tions and call for an alignment of local and systemic
concerns, along with an understanding and address-
ing of interdependencies and trade-offs across scales
to make substantial (rather than modest) changes for
rapid mitigation. Specifically, democratic processes,
citizen empowerment, and active engagement in tech-
nology development and adoption would all help to
improve the usability and effectiveness of smart tech-
nologies.
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Table 1. Summary of insights from this focus issue in all four categories, and outlook for further research.

Insights from this focus
issue

Outlook

Big data • Urban transport typo-
logies reveal potential
for climate policies that
adapt to geographic
context, emphasizing
previously underrated
modes, such as cycling
and three-wheelers.

• Roof retrofitting iden-
tified as key entry point
for climate proofing
buildings in Portugal.

• Use remote sensing and
OpenStreetMap for
refined typologies

• Integrate typologies
with household surveys
(see also demand)

Demand • Urban-scale climate
policies are most effect-
ive when they integrate
carbon pricing with
policies that respect
local social norms and
dwelling characteristics.

• Energy transitions are
particularly import-
ant opportunities to
leverage low-carbon
lifestyles.

• Build typologies of
demand-side transitions

• Integrate urban form
characteristics in these
typologies

Mitigation & Adaptation • Urban planning is a
key tool to moderate
problematic trade-offs
between climate change
mitigation and adapta-
tion for heat waves.

• Investigate and model
jointly optimized cli-
mate action plans for
specific cities

Governance • Users of ‘smart’ techno-
logies should participate
as active citizens.

• Transport interventions
can build on environ-
mental attitudes, but
work best when reflect-
ing existing mobility
patterns.

• Building differentiated
action plans for many
(all) cities that respect
differences in social
norms, spatial plan-
ning, and the political
economy.

Weiand and colleagues highlight how under-
standing people various behaviors and lifestyles
choices, has important implications when design-
ing climate policies in cities (Weiand et al 2019). A
survey was conducted in the city of Potsdam, Ger-
many, before the implementation of a large-scale trial
policy aimed at reducing motorized traffic. The art-
icle analyzes the responses of 3553 participants to
questions aiming at identifying their mobility beha-
viors and underlying attitudes within the context of
this policy implementation. It shows that, through a
cluster analysis, four groups can be identified, charac-
terized by their mobility habits, attitudes towards the
measure, and general level of environmental concern.

Groups involve i) car-oriented policy rejecters, ii)
multimodal policy sceptics, iii) green-travel policy
optimists, and iv) bike-dedicated policy-enthusiasts.
The first two groups are quantitatively larger and
strongly object to measures that reduce air pollu-
tion and that impair their existing mobility patterns.
Each group presents specific attitudes and percep-
tions toward the policy, and instruments which can
efficiently impulse behavioral changes in each group
are different. A follow-up study of the same authors
reveals that environmental attitudes are a main pre-
dictor of air quality policies in general, while existing
and envisaged mobility patterns, especially bike use,
are a main predictor of the specific policy suggested

5



Environ. Res. Lett. 15 (2020) 100202 F Creutzig et al

for Potsdam (Schmitz et al 2019). Specific measures
should hence always consider the mobility patterns of
those affected.

Kim and Grafakos investigate the integration of
mitigation and adaptation plans in Latin American
cities Kim and Grafakos (2019). They find a mod-
erate level of integration in most cities. They also
demonstrate that learning from regional peer cities
and donor agencies’ input both help to promote the
integration of climate plans.

6. Conclusions

Systematizing and upscaling knowledge about urban
climate strategies is a key issue to address the goals of
the Paris agreement. But the state of a global urban
sustainability science is still in its infancy (Acuto et al
2018, Creutzig et al 2019). We present in this special
issue a number of innovative studies (summarized in
the table1) which contribute to addressing the four
main research gaps, which, we argue, exist in this field.

The first is how to know cities better (data issues).
The second and third are how to compare what could
be done in cities, both from a social-science perspect-
ive (e.g. upscaling demand-side policies) and from
an environmental context perspective (e.g. integrat-
ing mitigation and adaptation perspectives). Finally,
the forth one is how to locally translate knowledge
into action (governance issues).

Collectively, the papers that we present here show
the path for a promising research agenda, which may
be crucial to significantly reduce global emissions in
the coming years.

ORCID iDs

Felix Creutzig https://orcid.org/0000-0002-5710-
3348
Radhika Khosla https://orcid.org/0000-0002-
7730-8041

References

Acuto M, Parnell S and Seto K C 2018 Building a global urban
science Nat. Sustain. 1 2

Ahmad S, Baiocchi G and Creutzig F 2015 CO2 Emissions from
Direct Energy Use of Urban Households in India Environ.
Sci. Technol. 49 11312–20

Ahmad S and Creutzig F 2019 Spatially contextualized analysis of
energy use for commuting in India Environ. Res. Lett. 14 4

Bai X, Dawson R J, Ürge-Vorsatz D, Delgado G C, Barau A S,
Dhakal S, Leonardsen L, Masson-Delmotte V, Roberts D and
Schultz S 2018 Six research priorities for cities and climate
change Nature 555

Bai X 2007 Integrating global environmental concerns into urban
management: the scale and readiness arguments J. Ind. Ecol.
11 15–29

Bai X, Surveyer A, Elmqvist T, Gatzweiler F W, Güneralp B,
Parnell S, Prieur-Richard A-H, Shrivastava P, Siri J G and
Stafford-Smith M 2016 Defining and advancing a systems
approach for sustainable cities Curr. Opin. Environ. Sustain.
23 69–78

Baiocchi G, Creutzig F, Minx J and Pichler -P-P 2015 A spatial
typology of human settlements and their CO 2 emissions in
England Glob. Environ. Change 34 13–21

Barber B R 2013 If Mayors Ruled the World: Dysfunctional Nations,
Rising Cities (New Haven, CT: Yale University Press)

Baur A H, Thess M, Kleinschmit B and Creutzig F 2013 Urban
climate change mitigation in europe—looking at and
beyond the role of population density J. Urban Plan.
Develop. 140

Creutzig F, Baiocchi G, Bierkandt R, Pichler -P-P and Seto K C
2015 Global typology of urban energy use and potentials for
an urbanization mitigation wedge Proc. Natl Acad. Sci. 112
6283–8

Creutzig F, Lohrey S, Bai X, Baklanov A, Dawson R, Dhakal S,
Lamb W F, Mcphearson T, Minx J and Munoz E 2019
Upscaling urban data science for global climate solutions
Glob. Sustain. 2 e2

Creutzig F 2015 Towards typologies of urban climate and global
environmental change Environ. Res. Lett. 10 101001

Dombi M 2019 The service-stock trap: analysis of the
environmental impacts and productivity of the service
sector in Hungary Environ. Res. Lett. 14 065011

Gouveia J P and Palma P 2019 Harvesting big data from
residential building energy performance certificates:
retrofitting and climate change mitigation insights at a
regional scale Environ. Res. Lett. 14 095007
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