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Cities are key for achieving the 1.5 °C warming limit of the Paris
Agreement. However, synthesizing policy insights from the urban
literature is a challenge, due to its rapid growth, breadth of topics
and relative lack of assessments so far. Here we introduce
methods from computational linguistics to build a systematic
overview of research on transport, buildings, waste management
and urban form. We find that the epistemic core of the mitigation-
focused urban literature is currently centered on urban form and
emissions accounting, while extensive research into demand-
side options remain overlooked, including congestion and
parking polices, active travel, and waste management. In the
IPCC Special Report on 1.5 °C, and for meeting the target itself,
all such city-scale opportunities need to be examined.
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Introduction

The Intergovernmental Panel on Climate Change (IPCC)
has been tasked with a Special Report (SR) to compre-
hensively assess the state of scientific knowledge on the
1.5 °C warming limit laid out in the Paris Agreement. The
available evidence on the 1.5 °C limit suggests that viable
mitigation pathways must combine the most difficult
features known from 2 °C scenarios in order to achieve
faster and even deeper emissions reductions: immediate
and adequate political action, very low energy demand,
the availability of all major mitigation technologies and
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sustained net negative emissions across the second half of
the 21st century [1,2]. Such ambition levels can only be
achieved if all available mitigation options are reaped at all
governance levels — from the global to the local. Cities, as
hotspots of human activities and infrastructures, have
direct leverage over end-use energy consumption in trans-
port systems, buildings and other sectors, and therefore
play a key role in limiting warming to 1.5 °C [3-6].

Cities are also emerging as one of the more ambitious
policy communities in global climate change governance,
even as national progress continues to lag. A number of
initiatives have pledged substantial emission reductions,
such as the C40 [7] and the Global Covenant of Mayors
[8]. Such actions could prove decisive for ratcheting up
the currently inadequate short-term mitigation ambitions
expressed in the nationally determined contributions
[9,10]. Cities and local governments are thereby increas-
ingly recognized as important building blocks for the
organization of ambitious climate policies in a multi-level
governance system [6,11,12°].

The assessment of an urban mitigation literature, how-
ever, faces two fundamental challenges: first, like in other
fields of climate change research, the body of relevant
literature is large and fast-growing. Minx ez a/. [13] esti-
mate that the quantity of new peer-reviewed research (as
recorded by the ISI Web of Science) published during the
sixth IPCC assessment cycle is roughly equal to the size
of the entire climate change literature before AR6. The
task of systematically tracking scientific progress in
assessments is therefore increasingly difficult to manage,
even in highly specialized fields. To avoid bias and
systematic omissions, it will be important to identify
and select literature in a transparent fashion, although
such procedures are currently lacking in the IPCC and
also mostly in the wider community. Second, despite
recent progress [14], urban climate change assessments
are still in their infancy. The available literature still
shows fundamental gaps: for example, we still lack a
basic understanding of the urban contribution to global
emissions and the drivers thereof [12°,15-17]. At the same
time, the relevant multi-sectoral discourses on cities takes
place in diverse communities, which makes the aggrega-
tion of evidence into discrete bodies of knowledge
extremely challenging [12°,18].

"T'o enable a more robust and transparent assessment of the
role of cities in climate change mitigation, and to advance
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discussions in urban climate change research, the relevant
literature base needs to be characterized to answer a few
questions: How is the literature organized in terms of key
objectives and/or policies for the short, medium and long-
term? What are the core topic areas in the literature that
currently emphasize urban climate change mitigation?
What are the epistemic communities that drive this growing
urban literature? Finally, what methods can be drawn upon
to assist in the synthesis of urban literatures?

As a first step towards addressing these issues, this paper
systematically identifies the relevant literature on cities
and climate change based on methods from computa-
tional linguistics. The state of the research field in terms
of its thematic structure is analyzed to inform the upcom-
ing special report on the 1.5 °C goal. We build a repro-
ducible search query based on our understanding of the
urban literature, focusing on urban mitigation measures
and policies related to transport, buildings, waste and
urban form. We use automated content analysis to gain an
overview of the topics and themes in this literature, and
bibliometric analysis to identify epistemic communities
in the field. Finally, we deploy these methods to examine
the IPCC 5th Assessment (AR5) Working Group III
(WGIII) report in terms of its coverage of urban mitiga-
tion issues, highlighting current gaps that the upcoming
SR could fill.

Methods

Delineating the urban mitigation literature

Our starting point in this study is to outline and justify the
broad topics, policies and objectives that an urban miti-
gation assessment should focus on. In our view, the
demand-side of urban energy consumption and its asso-
ciated climate impact should be of central focus, as not
only are the everyday practices and uses of energy highly
influenced by the shape, structure and organization of
cities [19-21], but the majority of energy consumption in
the 21st century is projected to take place within them
[12°,18,22,23]. Although supply-side activities such as
power generation and industry also take place within
cities, they are already well captured by other research
communities (in particular, integrated assessment model-
ling). By contrast, the demand-side of climate change
mitigation, including both consumer end-use and prefer-
ence-shaping infrastructures, has received less attention
in climate assessments (but see [24°°]).

Four key domains of literature can shed light on the urban
drivers of greenhouse gas emissions and opportunities for
their mitigation: transportation; buildings; waste manage-
ment; and urban form (Figure 1). These domains corre-
spond to the emissions generated in cities from direct
energy use and, in our judgement, are the most accessible

for urban policymakers [5]. Although the lifestyles,
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Scope and time-scales of the urban mitigation literature assessed, including measures that address urban transport, buildings, waste, and urban
form. Note that neither supply-side energy production and industry, nor a broader set of provisioning infrastructures and services (e.g. healthcare
access, green spaces) are captured in the scope. We do not included these as the former is assessed in other mitigation communities, and the
latter is more appropriate for an assessment of sustainability, rather than climate change mitigation.
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Correlation structure of urban mitigation topics. Each node is a topic, scaled by the marginal distribution (see Table 1); each line represents a
correlation, based on the co-occurrence of two topics within document abstracts. Lines are scaled from the highest correlation of 0.33 (between
building energy standards and Energy efficiency & consumption) to the lowest of 0.025 (between Air quality and System design). The visualisation

is generated using the force-directed algorithm ForceAtlas2 in Gephi [39].

end-user demand patterns and infrastructures covered by
these domains are hardly independent of supply-side
issues, we aim to exclude the latter where they are not
specific for cities or city-level policies. For instance,
literature on industry is excluded as this sector is increas-
ingly located outside urban areas and is best regulated by
national or state agencies via economy-wide policies.
Although supply-side waste management also tends to
be located close to or outside city boundaries, we do
include it here, as demand-side aspects are of high
importance.

In the context of the 1.5 °C target, these domains play
varied roles along different timescales. Understanding
these time scales is crucial for advancing urban contribu-
tions towards net zero emission trajectories.

In the short-term (present-2025), lifestyle and behav-
ioral options can contribute the most to climate
change mitigation compared to technological change

and infrastructure provisioning, which are realized
over long-time scales [25]. This involves changes
in preferences, habits, and decision-making, such as
telecommuting, adapting to different room tempera-
tures, food waste reduction and so forth. These
have been reviewed in literatures on the urban trans-
port sector [21,25,26°°,27,28], the building sector
[29°,30-32], food waste [33] and the overall demand-
side [24°°].

The middle (2025-2050) and long-term (to 2100) is
dominated by capital and infrastructure stocks [34]. Many
options are situated in the buildings sector, including
more efficient consumer appliances, heating and cooling
systems, and building envelope design and materials.
However, they must be fostered now to achieve notable
results starting in 5-10 years. Similarly, the long life-time
of road and rail-based systems (40-75+ years) means that
the transition towards sustainable transport systems must
be implemented now to enable deep decarbonization
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pathways within 20-40 years — making them immediate
term decisions with long term implications.

With the efficient use of buildings and city space, under-
pinned by active travel and public transportation, impor-
tant network externalities emerge, driving cities towards
low-carbon compact urban forms towards the end of this
century. Thus the ‘urban form’ domain captures aspects
of both transport and buildings, and emerges from specific
transport and building interventions, but is distinct in
addressing layout and wider systemic effect at larger
spatial scales. Urban form also emphasizes the close
entanglement of the transport and building systems, for
instance through fuel prices, which shape street layouts,
building heights and floor spaces, and the balance of
different transport systems [35-37].

Literature search, automated content analysis and
scientometric analysis

T'o identify the urban mitigation literature covered by
these four domains, we develop a structured search query
for the Web of Science (WOS) literature database. We
identified an initial set of keywords based on the authors’
expertise, iteratively refined these through WOS
searches, then reviewed random samples of documents
until approximately 90% were deemed relevant (by two
authors, independently). The search query includes spe-
cific combinations of keywords for each domain (e.g.
‘bicycle infrastructure provisioning’), as well as more
generic strings (‘low-carbon transport’). We aim to iden-
tify mitigation-relevant studies as well as mitigation-
focused studies (i.e. papers on urban congestion policies
that do not directly refer to emissions reductions would be
included). The full search methodology is detailed in
Supplementary Materials (SM) Section 1. Using the
search query we acquire a document set. This is largely
comprised of journal papers, but also includes conference
proceedings and book chapters. For each document, we
obtain the title, abstract, keywords and list of references.

To digest the major themes of the document set, we
perform an automated content analysis on the document
abstracts’ and a scientometric analysis on the document
references. For the content analysis, we use non-negative
matrix factorization [38], a method that assumes words
systematically co-occur within documents, and that
repeated co-occurrences across the document set indicate
a shared semantic structure (‘topics’). This procedure will
generate a list of topics for the entire document set, where
each topic is comprised of co-occurring words (e.g. the
words ‘air’, ‘pollution’, ‘quality’ likely describe a topic
focused on local air pollution). Since our search query
already specifies the content of research in our document
set, this method may appear redundant. However it offers

5 Due to the unavailability of full texts for text-mining, we limited our
analysis to abstracts (see SM Section 2).

important additional information: it provides quantitative
metrics describing the prevalence of each topic; it allows
us to examine the correlations between topics (based on
the likelihood that they appear together in documents);
and it will discover latent topics alongside those we
explicitly searched for.

For the scientometric analysis, we use the reference data
from our document set to generate a bibliographic cou-
pling network (two documents are ‘coupled’ if they cite
the same third document). The bibliographic coupling
network is clustered using a community detection algo-
rithm, identifying groups of documents that tend to cite
similar literatures. Combining these results with the
automated content analysis, we then describe the topics
of research that are prevalent within each cluster, thereby
exposing epistemic communities within urban climate
change research.

Finally, we compile a list of references from the IPCC
AR5 WGIII Report, allowing us to examine its direct
coverage of the urban literature and topics we identify in
the preceding analysis. Refer to the SM Section 2 for a full
description of these methods.

Results

Our urban mitigation search query identifies a substantial
(9525 publications) and fast growing literature (20.5% per
year; see SM Figure 1). The IPCC ARS has directly cited
129 of these documents. While this raises questions with
regard to transparent literature selection in the IPCC, this
low number should be contextualized within the much
broader scope of the relevant chapter (WGIII, Chapter 12:
Human Settlements, Infrastructure, and Spatial Planning),
which included many issues not specified in our query.
Moreover, more than 3500 studies have appeared since
ARS5 (2014 onwards) and have therefore not been assessed
by the IPCC directly or indirectly. Future assessments
therefore face a significant task in covering the full breadth
of relevant work. In the following sections we present the
major themes of the urban literature we identify and the
epistemic communities within this field.

Major themes in urban mitigation research

The automated content analysis identifies 27 topics across
the document set (Table 1). These include subject areas
that were explicitly specified in our search (e.g. ‘active
travel’ and ‘urban form’), as well as latent topics discov-
ered by the analysis (e.g. ‘network optimization’, ‘travel
behavior’, ‘air quality’). There are many topics related to
transportation research (#2, #9, #10, #12, #14, #16, #20,
#21, #22, #24, #25, #27), fewer on buildings (#4, #5, #13,
#19, #26), only 3 on waste (#8, #15, #23), and a single topic
on urban form (#6). In the automated content analysis a
paper may contain multiple topics; some topics therefore
represent more general discourses that appear across
multiple areas of research. For instance, the most
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Current Opinion in Environmental Sustainability 2018, 30:26-34



30 Environmental change assessment

Table 1

List of topics and their keywords generated by the automatic content analysis. Each topic consists of a series of keywords (stemmed to
capture multiple word variations), a topic name (assigned by us on manual inspection of keywords and correlated documents), and a
marginal topic distribution (describing the percentage of the document set where this topic is found). Topics may be similar in some
cases owing to different nomenclature within the same subject area (e.g. congestion charging versus road tolls)

ID Topic name Stemmed keywords Marginal topic distribution (%)
1 Planning & governance develop, sustain, govern, polici, project 9.7
2 Active travel activ, health, household, school, walk 6.5
3 Network optimisation model, network, optim, propos, problem 6.2
4 Energy efficiency & consumption energi, effici, consumpt, save, household 6.0
5 Building energy standards build, energi, perform, green, design 5.0
6 Urban form urban, citi, land, area, green 4.5
7 GHG emissions emiss, carbon, ghg, reduct, gas 4.4
8 Waste management wast, manag, solid, landfil, municip 4.4
9 Public transport transport, public, car, access, polici 4.3
10 Congestion charging price, congest, road, traffic, cost 3.8
11 System design system, oper, cost, control, perform 3.7
12 Travel behavior travel, mode, choic, car, time 3.4
13 Thermal comfort thermal, comfort, temperatur, indoor, occup 3.2
14 e-Vehicles vehicl, electr, fuel, batteri, power 3.2
15 Waste water treatment, wastewat, plant, remov, compost 3.0
16 Rail transit transit, rail, station, ridership, access 3.0
17 Air quality air, pollut, ventil, qualiti, indoor 2.9
18 Climate change mitigation climat, chang, mitig, polici, local 2.8
19 Heating & cooling systems heat, hous, pump, cool, district 2.8
20 Transport services & provisioning servic, ecosystem, oper, public, provid 2.7
21 Car parking park, space, car, price, polici 2.4
22 Bus rapid transit bus, brt, buse, rout, stop 2.3
23 Household recycling recycl, household, collect, materi, program 2.3
24 Road tolls toll, lane, road, traffic, congest 1.9
25 Charging stations charg, station, congest, ev, scheme 1.9
26 Building water use water, suppli, hot, solar, heater 1.8
27 Cycling bicycl, cycl, cyclist, pedestrian, lane 1.8

prevalent topic is ‘planning & governance’, a policy-
oriented discourse that can be found in at least 10% of
the literature we identify.

A range of competing discourses and priorities are appar-
ent across the literature. The keywords listed in building
energy standards (#5) show a consistent theme of energy
performance assessment in relation to national building
standards and codes (the documents highly correlated
with this topic discuss the LEED certification and similar
schemes). Energy efficiency & consumption (#4) and
thermal comfort (#13) capture technical aspects of energy
use in buildings (e.g. appliance efficiency), as well as their
interface with human behavior (e.g. thermostat prefer-
ences). Within transportation research, congestion charg-
ing (#10) is clearly oriented towards traffic management;
the public transportation modes (#9, #16) emphasize
access and ridership levels; while active travel (#2) is
grounded in a public health discourse.

A useful way to visualize and interpret these results is via
a correlation network, showing the propensity for topics to
occur together within documents (Figure 2). As might be
expected, the topics on energy, heating and water use in
buildings are grouped together. The transportation topics
are also densely connected — in particular to network

optimization (#3), which describes the modelling, simu-
lation and optimization of traffic flow, and to a lesser
extent travel behavior (#12). System design (#11) is a
central but more generic topic on the efficient design of
building and transport systems.

T'o what extent is climate change mitigation a prominent
discourse in these fields? Table 1 and Figure 2 suggest
that it remains rather marginal: papers with climate
change mitigation as their main topic tend to focus on
macro issues of urban form, GHG (greenhouse gas)
emissions accounting in cities, and building interventions
(via energy efficiency), but less so on waste management
and specific transportation options. In these mitigation-
relevant research fields, alternative framings of conges-
tion, access, and public health dominate, instead of a
climate-first perspective.

Epistemic communities in urban mitigation research

What are the epistemic research communities that drive
the urban literature? Here we examine this question from
the perspective of prevailing citation patterns. Figure 3
shows 8 clusters of documents, grouped by the references
they share in common, and labelled by the topics of
research they contain. For instance, cluster 1 is a commu-
nity of research focused on building energy use; it is

Current Opinion in Environmental Sustainability 2018, 30:26-34
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Bibliographic coupling network of urban mitigation topics. Each node (circle) represents a publication, scaled by total citations. Proximity between
nodes indicates similar citing patterns. To identify epistemic communities, we specify clusters of proximate nodes using a community detection

algorithm (displayed in colour). Document-topic scores (derived from the

preceding automated content analysis) are summed within each cluster,

with the topics that exceed 10% of the total topic score in each cluster shown in the labels. For instance, in cluster 7 (coloured in yellow), 32% of
the sum of all topic scores are related to ‘Household Recycling’ and 23% are related to ‘Waste Management’.

closely linked to cluster 7, on the waste topics (proximity
in this figure denotes a tendency to cite similar litera-
tures). Clusters 4, 5 and 6 identify focused communities of
transportation research: on congestion charging, car park-
ing and active travel, respectively.

More interesting are communities of research where
multiple topics intersect, such as in cluster 2, the main
group of papers in which urban climate change mitigation
emerges as a key priority. Highly cited papers here
include Bulkeley and Bestill’s (2005) study on cities in
the multi-level governance of climate change [40], and
Pataki ez al. (2011), where the role of urban green spaces in
reducing GHG emissions is examined [41]. Note again
the macro-focus of the topics in this cluster: on planning,
urban form, and GHG emissions. While we do see a
promising convergence in literatures on buildings, active
travel and public transportation around cluster 2, it is
nonetheless only indirectly connected to a wider periph-
ery of work on congestion charging, car parking, and waste
management.

In contrast to cluster 2, the epistemic community around
buildings (cluster 1) offers a more focused discourse: on
direct energy demand reduction via standards [42], beha-
viors [43] and technical interventions [44]. This research
is directly relevant to mitigation, although it is firmly
framed in terms of housecholds and buildings, not the
urban areas in which they are situated.

T'o what extent are assessments of urban mitigation likely
to be constrained by this community structure? If we
assume I[PCC authors are drawn from the mitigation-
focused clusters 1 and 2, and they primarily review
literature they are familiar with, then certain topics risk
being overlooked. Indeed, within the 129 references in
AR5 that we match with this set of urban mitigation
literature, there is a predominant focus on urban form,
GHG emissions accounting, building energy consump-
tion, public transportation, and active travel (SM Fig-
ure 2). Topics on parking, waste management, cycling,
and road tolls are underrepresented in the report (i.e.
those topics that are more distant from cluster 1 and 2).

Discussion and conclusion

It is the mandate of the IPCC to provide comprehensive,
objective, open and transparent assessments of the avail-
able scientific literature on climate change [45]. We have
argued elsewhere [13] that it will be increasingly prob-
lematic to fulfill this mandate in times of an exponentially
growing literature, unless there is real innovation in
assessment practices. In recognition of these new chal-
lenges and the inclusion of cities as a distinct topic in the
1.5°C SR, we delineate a body of literature on urban
climate change mitigation, arguing for a demand-side
focus on buildings, transportation, waste management
and urban form. Justifying a literature selection and
identifying it through an explicit and reproducible search
query is a crucial precondition for any comprehensive
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scientific assessment, yet commonly neglected in prac-
tice. We aim to assist such a process through our analysis
in this paper and in the material we provide.

There are different ways in which an urban mitigation
search query could have been constructed. For instance,
we might have included supply-side options like build-
ing-scale electricity generation, or access to health, edu-
cation and leisure services, which are themselves relevant
for patterns of energy consumption. In choosing a more
restricted scope, we focus attention on areas of demand-
side research that are less well represented in current
assessments — and hope to stimulate discussions on such
fundamental questions of literature selection for the
upcoming 1.5 °C SR.

How is the literature organized in terms of key objectives
for the short, medium and long-term? Our short review
points to widely varying timescales in urban mitigation
policies, from immediate measures that target behavior
change, to longer-term interventions in transportation and
building use that ultimately stimulate a structural shift
towards low-carbon compact urban forms. Mitigating to
1.5 °C would require harnessing all available measures
and initiating them with immediacy. It is therefore
instructive to examine current trends in urban mitigation
research, in terms of prevailing topics and epistemic
communities, to uncover the depth to which a full array
of options is being considered.

To this end, we apply automated content analysis and
bibliographic coupling to digest the large amount of
information in this literature and map-out its topic land-
scape. Our results suggest that mitigation-focused urban
studies are so far mainly concerned with urban form and
GHG emissions accounting — important topics in their
own right, but not fully representative of the broad
solution space. A wealth of policy-relevant research risks
being overlooked: principally work on congestion, park-
ing charges, and waste management, but also to some
extent active travel and public transportation provision-
ing. These literatures are based in distinct epistemic
communities that tend to prioritize non-mitigation, sec-
tor-specific issues. By contrast, the buildings literature is
already strongly aligned towards energy efficiency, via
technical as well as behavioral interventions, but is not yet
clearly situated within urban systems. Apparently the
topic of urban climate change policies is just emerging,
which is not surprising as there are still very few compa-
rable emissions data available at the city scale [6,12°].

"This broad picture of the research landscape is consistent
with our analysis of the ARS, which captured a small
fraction of the literature we identify, again with a pre-
dominant focus on urban form, emissions accounting and
buildings. While there might be very good reasons for
these choices, systematic mappings of the literature

landscape could help make assessment choices transpar-
ent and at the same time ensure that none of the major
topics are neglected. Although the literature set we obtain
is large (9525 publications), review papers are easily
identifiable (totalling 372). In times when primary studies
can no longer be comprehensively assessed within the
IPCC, it seems key to explicitly prioritize the systematic
assessment of these where available. These reviews are
provided by topic, as well as the full document list, as a
resource in the supplementary material.

Moreover, our research approach can also help identify
the most recent trends in the literature post ARS. There
is, for example, a fast-growing research cluster around e-
mobility with topics on e-vehicles, charging station and
parking spaces. As these topics have been comparatively
small in the past, [IPCC authors may want to give them
more consideration in the future. Research on buildings
evolves fastest on water use, energy standards and ther-
mal comfort. Overall, urban form is the fastest growing
topic post-ARS5. More comprehensive data is provided in
the SI. We do not suggest here that the fastest growing
topics should be the focus of upcoming assessments —
urban form has already had due consideration. Instead,
topic mapping exercises such as this can provide the
empirical foundation for discussions on what may or
may not constitute a balanced assessment.

Ideally, the urban mitigation literature would provide a
platform for converging multiple streams of research,
identifying linkages and complementary policies. For
instance, public transit corridors, such as bus rapid transit,
placed adjacent to new affordable housing developments
would provide residents with an accessible mobility
option before they have purchased a personal vehicle,
potentially inducing preferences and habits favoring pub-
lic transportation that last for the medium to long term
[46]. 'This suggests an important avenue of future
research, towards integrating land-use and transport plan-
ning to derive additional mitigation benefits [47°°,48-50],
instead of focusing on sector specific options only. Miti-
gating to 1.5°C will require interaction and linkages
across multiple urban dimensions — and this is especially
true in places with rapidly growing cities.

Finally, in this paper we introduce new methods from
computational linguistics to assist research synthesis. The
urban mitigation literature, with its broad array of topics,
disciplines, and epistemic communities, can benefit from
the application of such tools. In this paper we apply these
tools to characterize the research landscape, track the
integration of different subject areas, and identify
research gaps, particularly with reference to the IPCC.
Other applications could address more fundamental chal-
lenges, such as how to synthesize and aggregate knowl-
edge from a rich body of urban case studies — the ‘gold
standard’ for investigating causal mechanisms [51,52]. As
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a starting point, the reference list and topic identification
provided could be used to construct a detailed case study
database. This and other endeavors that facilitate collab-
orative knowledge learning will be key to realizing the
full potential of cities to implement and deliver climate
solutions.
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