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Cities canlead the way in tackling climate change through robust climate
actions (that is, measures taken to limit climate change or its impacts).

However, escalating crises due to pandemics, conflict and climate change
pose challenges to ambitious and sustained city climate action. Here we
use global data on 793 cities from the Carbon Disclosure Project 2021
platform to assess how the COVID-19 crisis has affected cities’ reported
climate commitments and actions and the factors associated with these
impacts. We find climate actions persist despite funding shortfalls; yet only
43% of cities have implemented green recovery interventions. Co-benefits
of climate action (for example, health outcomes) and early engagement
onsustainability issues (for example, via climate networks) are associated
with sustained climate action and finance during COVID-19 and green
recovery interventions. Cities should strengthen sustainability co-benefits
andrelationships with coalitions of actors to support durable climate
commitments during crises.

Cities worldwide have emerged as critical actors in reducing green-
house gases'. Since the 1990s, global networks of cities (for example,
Local Governments for Sustainability [ICLEI], C40 Cities Climate Lead-
ership Group [C40]) have taken the lead in addressing climate change
with ambitious climate policies and actions?. Climate action broadly
refers to measures taken to limit climate change (climate mitigation)
and/oritsimpacts (climate adaptation) and caninclude direct actions
(forexample, development of renewable energy, flood risk mitigation)
and indirect actions, such as monitoring efforts'. Given that over 70%
of energy-related CO, emissions are estimated to come from cities
and urban areas’, their actions will be decisive for achieving global
climate targets. However, recent years have witnessed a series of social
and economic crises, brought on by the COVID-19 pandemic, Russia’s
invasion of Ukraine and increasing climate disasters*’, the impacts of
which have been most notableincities and large towns, where approxi-
mately 57% of people live® and where the large majority of economic
activity isbased’. Predictions of increasing economic pressures across
the globe due to climate change® and conflict over scarce resources

(forexample, water)’ raise animportant question about whether cities
will continue to lead the way in climate action’.

Studies suggest that crises, particularly economic crises, have
mostly negative effects on environmental commitments and poli-
cies'*, although they can also reconfigure relationships between
the economy and the environment™"*, However, most of these studies
focus onnational-level policies” and the few city-level studies are either
speculative'®" or limited to very specific climate actions and geogra-
phies (for example, solar panel adoptioninJapan)™'®"°. Most research
on city-level climate action addresses the initial adoption of targets
and policies (Yeganeh et al.*’includes a recent meta-analysis). While
providingimportantinsights, thisliterature does not shed light on how
crises affect cities’ climate policies and actions or the factorsinfluenc-
ing whether cities respond with increased or decreased ambitions.

Understanding how crises affect the climate commitments of
cities around the world—and the factors that moderate these effects—is
essential to support efforts to enhance the durability of city climate
policies and actions. We address these critical questions with a global
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Fig.1|Impact of COVID-19 on cities’ climate action and climate finance.

a, Blue dots/barsindicate increased emphasis on climate action; red-decreased
emphasis on climate action; grey-no change in emphasis on climate action;
yellow-other. b, Blue dots/bars indicate increased emphasis on climate finance;
red-reduced climate finance; grey-no change in climate finance; yellow-other.
Sample of n =793 cities. Regions shown from left to right are North and Central

41.49%

5.55%

America, South America, Europe, Africaand Middle East, East and Southeast
Asiaand Oceania. The regions shown here do not coincide exactly with the CDP
‘regions’ (for reasons of space). Supplementary Information 8 includes global
maps. Maps were produced using QGIS desktop 3.20.3 and basemap (coastline
v4.1.0) from Natural Earth (https://www.naturalearthdata.com).

analysis of theimpact of the COVID-19 crisis on cities’ climate commit-
ments. COVID-19 has had a truly global impact, causing the deaths of
almost 7 million people” and contributing to a 3.1% decline in global
gross domestic product (GDP)?. There are many insightful commen-
taries and articles about the potential effect of COVID-19 on climate
actions® ™ but no empirical analyses of how cities have responded
to the compound health and economic crisis prompted by COVID-19
vis-a-vis their climate commitments.

Our study addresses this question, first by identifying how cities
have responded to COVID-19 with regards to their climate actions and
climate finance and the extent of their engagementin greenrecovery;
and second by examining which factors are associated with different
responses to COVID-19. To do this, we use self-reported data provided
by city officials from 793 cities worldwide, provided through the Car-
bon Disclosure Project’s (CDP) disclosure system for cities®. Cities
reported the effect of COVID-19 ontheir city’s climate actions and avail-
able climate finance, providing valuable inside information about city
officials’ perceptions of how the pandemic has affected their climate
commitments (Methods). Cities also reported theirimplementation of
recovery interventions that are synergistic with climate action (which
we term ‘green recovery’ interventions); such decisions to engage in
green recovery may anchor longer-term commitments to climate
action” hence providing important insights into longer-term effects
of COVID-19.

To identify factors associated with durable climate actions and
finance, and higher levels of engagement in green recovery in cities,
we employ multilevel regressions to account for the fact that city
responses to COVID-19 are likely to be influenced by national-level
factors (Methods). We relied on the extensive literature on climate
policy adoption toidentify potential factors that might influence cities’
response to COVID-19 (Methodsinclude areview). Fromthisliterature

we identified two broad categories of potential influence; the first is
exposure to environmental stress?>?!, the expectation being that
cities experiencing more climate-related impacts (for example, climate
hazards, such as floods or droughts) are more motivated to engage in
sustained climate action. The second broad category is early engage-
ment with climate and sustainability; the underlying rationale is that
the more that cities have engaged in addressing climate and sustain-
ability issues (for example, by joining climate networks® ¥, by aligning
economic development with sustainability***°), the more likely these
issues will become embedded in city policies, processes and interac-
tions, which in turn will enhance their durability. We also control for
COVID-19 impact, whichis expected to affect acity’s capacity toaddress
climate change; and we include other controls (for example, popula-
tion density) found toinfluence climate actionin the literature. Factors
included in the regressions are operationalized using data from CDP
and from other sources. Extended Data Table 1includes descriptions
oftheindicators; Supplementary Information 2 includes details about
how they were operationalized.

In contrast to many large-n studies on city-level climate action,
we emphasize the global character and scale of climate action and the
COVID-19 crisis by considering cities from developed and developing
countries (48% of cities in this study are from the Global South), allow-
ing for amore generalizable understanding of city climate action and
crises and lessons learned across geographies.

Impacts of COVID-19 on climate actions and
finance

We find that more cities reportincreased climate action (39.2%) com-
pared to decreased climate action (14.4%) due to COVID-19 (Fig. 1a;
two-sample test of proportions p < 0.001), yet the opposite is true for
climate finance, with more cities reporting reduced (30.5%) rather than
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Fig.2|Factors associated with impacts of COVID-19 on city climate actions
and finance. Results of multilevel generalized structural equation model
(GSEM) regressions are displayed as marginal effects (gsem does not provide
standardized outputs; Extended Data Table 1 provides interpretation of variable
descriptions) +95% confidence intervals. Regression results for the ‘other’
category are shown in Supplementary Tables 7 and 8. Blue circles: emphasis
onclimate actions; red circles: finance available for climate action inyour city.
Filled circles (dark blue) indicate that the association is significant at p < 0.05,
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light-bluefilled circles indicate p < 0.1; empty circles indicate p > 0.1 (two-sided
z-tests). Sample size of 689 cities for both climate action and finance models.
Missing data due to non-response about climate-related health issues and/or
collaboration with business (overall n = 88) and remaining n = 16 missing due to
unavailable data on national GDP, liberal democracy rating and/or government
response to COVID-19. Variable acronyms are GHG, greenhouse gas; C19,
COVID-19; NTL, Nighttime Lights.

increased finance (22.4%) (Fig. 1b; p < 0.001). Similar proportions of
citiesreport ‘no change’in climate action (40.4%) and finance (41.5%).
Interms of geography (using CDP’s ‘regions’ breakdown; Extended
Data Fig. 1), East Asia is the region with the highest proportion of cit-
ies reporting increased emphasis on climate action (63.8%, n = 30)
and increased climate finance (48.9%, n = 23). Conversely, South and
West Asia and Southeast Asia and Oceania are the regions with the
highest proportion of cities (28.6% and 24.1%, respectively) reporting
decreased emphasis on climate action, although thisaccounts for only
fourand19cities, respectively. The largest proportion of cities report-
ing decreased climate finance arein Africa (63.3%) and the Middle East
(57.1%), although these only account for 19 and four cities respectively.
Europe and North America have the largest proportion of cities report-
ingno changein climateaction (49.7%,n =86 and 47.4%, n = 92, respec-
tively). European cities are more likely than North American cities to
reportno changein climate finance (52.6% versus 44.8%) and less likely
toreportreduced climate finance (12.47% versus 27.8%). Cities in East
Asiaare also less likely to report reduced climate finance (17%, n = 8).
For there to be climate action, there must be sufficient financial
backing—hence, we expect climate finance and action to be corre-
lated (Extended DataFig. 2 includes amap showing action and finance
responses combined). Statistical tests confirmthat thisis broadly true
(¥* (test of independence) =301.68,p = 0 < 0.001). However, amodest
proportion of cities (n =90, 11.3%) simultaneously report increased
climateaction and reduced climate finance (conversely ten cities (1.3%)
reportincreased finance and decreased action). This response is most
prevalent in Africa (30%, n =9 out of 30 cities) and the Middle East
(28.6%, n=2 out of 7 cities), followed by Latin America (18.5%, n=46
out of 249 cities). Simple hypothesis tests comparing these cities to
all other cities in the dataset suggest they tend to be less economi-
cally productive (proxied by nighttime lights; Methods) and located
in countries with lower national GDP and weaker measures of liberal
democracy; they also are more likely to belong to international climate

networks (Supplementary Information 3 and Supplementary Table 6).
These results suggest that climate networks may play an important
roleinsustaining city climateaction in less wealthy parts of the world.
Whether reduced finance will persist over the longer term and nega-
tively impact climate action remains uncertain.

Factorsrelating to COVID-19 impacts on climate
actions and finance

Our regression analyses show that how cities respond to COVID-19 is
mostly related to their exposure to environmental stressors (‘Environ-
mental’ indicators) and to their pre-existing engagement in sustain-
ability and climate action (‘Engagement’indicators) (Fig. 2; regression
resultsforthe‘other’ categoryareshowninSupplementaryInformation5
and Supplementary Tables 7 and 8).

In terms of environmental stressors, we find that for each addi-
tional climate-related health issue affecting residents (as reported
by city officials), cities are 2.5% more likely to increase their climate
actions (0.025, p=0.003) and 2.3% more likely to have increased
finance for climate action (0.023; p = 0.001). They are also less likely
toreport ‘no change’in climate action (-0.032, p < 0.001) and finance
(-0.025, p=0.006). We also find increased climate finance is more
likelyin cities experiencing higher levels of pre-COVID-19 air pollution
(measuredinterms of NO, concentrations) (0.022, p = 0.010). Interest-
ingly, exposure to climate hazards (for example, floods, storms) is not
associated with changes in climate actions or finance. These results
suggest that the intersectionality between health and climate change
may be a key driver for climate action (also noted in refs. 30,41).

Early engagement in sustainability and climate actions (‘engage-
ment’) is alsoinfluential. We find that cities belonging to international
climate networks are 8.7% less likely to report decreased emphasis
on climate action (-0.087; p = 0.017) and 13.8% more likely to report
‘no change’ in emphasis on climate action (0.138, p = 0.002). Hence,
climate networks may play a key role in enhancing the resilience of
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climateaction during economic crises. Network membership, however,
has no effect on climate finance, probably reflecting the fact that—in
many countries—the financial basis for city policiesis not determined
atthe city level®.

Cities that collaborate with businesses on sustainability projects
(measured as a binary response to a question asking whether they
engage in such collaborations; Supplementary Information 2) are
10% morelikely to reportincreased emphasis on climate action (0.101,
p=0.021) and 9% more likely to report increased finance for climate
action (0.090, p = 0.024) as a result of COVID-19. Additionally, cit-
ies that have identified ‘more opportunities as a result of address-
ing climate change’ (for example, funding opportunities; creation
of carbon markets) are less likely to report decreased climate action
(-0.012, p = 0.038) and more likely to have increased climate finance
(0.011, p=0.026). Short-term greenhouse gas targets (indicated by
whether acity had short-term (pre-2021) climate targets) have no sig-
nificantinfluence on either climate action or finance. Taken together,
theseresults suggest that identifying and leveraging the co-benefits of
climate action can lead to greater sustainability efforts, even in crisis
contexts such as COVID-19.

Our indicators of mortality and economic impact from COVID-19
have norelationship withthe reported impacts of COVID-19 on climate
actionsor finance, suggesting that the magnitude of COVID-19 impacts
has no bearing on city climate commitments (in Methods we discuss
and assess alternative explanations for this lack of effect). On the other
hand, how national governments respond to COVID-19 appears to
influence climate action and finance—specifically, cities in countries
scoring higher on the Government Response Index (a holistic measure
of how agovernment responded to COVID-19; Extended Data Table 1)
were more likely toreportincreased climate action (0.008, p = 0.001);
thereisalso weak evidence they experienced increased climate finance
(0.004, p =0.062). This may reflect a greater availability of time and
resources in countries and cities in which COVID-19 was addressed
effectively. Countries with greater regulatory capacity to respond
to COVID-19 may also have greater capacity to support increased or
continued climate action.

Interestingly, cities located in countries with higher GDP
are less likely to have increased their emphasis on climate action
(-0.027, p = 0.040) and their climate finance (-0.027, p = 0.012),
although there are no corresponding decreases in action and/
or finance. Finally, cities located in countries with a higher liberal
democracy rating are less likely to have decreased their emphasis on
climate action (-0.002; p = 0.029) and less likely to report reduced
finance (-0.005, p < 0.001). However, these cities are also more likely
to report no change in climate action (0.004, p = 0.001) and finance
(0.004, p=0.003). Hence, liberal democracy may be potentially associ-
ated with more durable (unchanging) climate action.

Greenrecovery interventions

Although self-reported changes in climate action and finance in 2021
provideinsightsinto the short-termimpacts of COVID-19, the number of
greenrecoveryinterventionsimplemented by cities could be indicative
oflonger-term commitments to low-carbon pathways (for example, EU
Green Deal, ref. 28). Extended DataFig. 3 shows the distribution of cities
(by CDP ‘region’) implementing different green recovery interventions
(for example, recovery interventions focused on ‘employment oppor-
tunities in green sectors’, ‘public and sustainable transport options’,
‘increased access to urban green spaces’; full list in Supplementary
Information1).

We find that 42.6% (n = 338) of cities report no green recovery
policies; the highest proportion of these cities are found in South and
West Asia (64.3%, n=9), North America (50.5%, n =98) and Europe
(46.8%, n = 81) (Extended Data Fig. 4). Conversely, the regions with
proportionally the greatest number of cities implementing at least
onegreenrecovery intervention are Africa (73.3%, n = 22), the Middle
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Fig.3|Factors associated with number of green recovery interventions.
Results of multilevel GSEM regression with number of green recovery
interventions (i.e. total number of synergies between COVID-19 recovery
interventions and climate action) as the dependent variable are displayed as
marginal effects (gsem does not provide standardized outputs; Extended Data
Table1provides interpretation of variable descriptions) +95% confidence
intervals. Dark filled circles indicate that the association is significant at p < 0.05,
lightfilled circles indicate p < 0.1; empty circles indicate p > 0.1 (two-sided
ztests). Sample size of 689 cities. Missing data due to non-response about
climate-related health issues and/or collaboration with business (overall n = 88)
and remaining n =16 missing due to unavailable data on national GDP, liberal
democracy rating and/or government response to COVID-19.

East (71.4%, n =5) and Southeast Asia and Oceania (64.6%, n =51).
Most implementing cities report one green recovery intervention
(24.8%,n=197). Atthe higher end of the scale, we find that 7.94% (n = 93)
report more than five green recovery policies; proportionally, the
greatest number of these cities are found in Southeast Asia and Oce-
ania (13.9%, n=11), followed by Europe (11.6%, n = 20) and East Asia
(10.6%,n=5).

We explore which factors are associated with numbers of green
recovery interventions (Fig. 3) using the same explanatory variables
as in our previous models. We find that cities with more climate-
related health issues implement more green recovery interventions
(0.166,p < 0.001), and there is weak evidence of a positive association
between climate hazards and greenrecovery (0.072, p = 0.082). Early
engagementisalsoimportant: network membership (0.413, p = 0.044),
collaboration with business (0.586, p = 0.007) and identification of
sustainability opportunities (0.111, p = 0.001) are positively related
to green recovery. Government response to COVID-19 is weakly sig-
nificant (0.024, p = 0.094); meanwhile there is a negative association
between number of greenrecoveryinterventions and liberal democra-
cies (-0.012, p = 0.044). All other explanatory variables and controls
arenotsignificant.

These results broadly align with our findings regarding theimpor-
tance of exposure to environmental stressors and early engagement
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in sustainability and climate action for durable climate action and
finance. As afinal post hoc analysis, we use a one-way analysis of vari-
ance (ANOVA) to assess whether the number of greenrecovery interven-
tionsisassociated with reported changesin climate action and climate
finance due to COVID-19. Results are significant for both climate action
(F(3df)=24.55, p < 0.001) and climate finance (F (3df)=35.38, p < 0.001)
models, showing thatinvestmentinlonger-term green recovery maps
closely onto the shorter-term reported changes in climate action and
finance due to COVID-19.

Discussion

Our study shows that cities worldwide remain committed to climate
action in the short term; however, funding shortfalls and moderate
engagement in green recovery in response to COVID-19 may limit
their long-term commitment to climate action. In many cities in the
Global South, for example, we find increased climate action is not
matched with increased funding in the short term; however, many
of these same cities are implementing green recovery interventions,
suggesting that short-termimpacts on climate finance may give way to
longer-term climate-related investments. For example, the regions with
proportionally the greatest number of cities implementing at least one
greenrecoveryintervention are Africa (73.3%, n =22), the Middle East
(71.4%, n = 5) and Southeast Asia and Oceania (64.6%, n = 51). Con-
versely, cities in higher-income countries with liberal democracies
appear to be less ambitious in their response to COVID-19, such that
reported climate actions and finance in the short term remain stable
(‘nochange’) in, for example, Europe and North America, but not more
ambitious. Furthermore, cities in Europe and North Americaare among
theleastlikely to engage ingreenrecovery interventions, further sug-
gesting low levels of ambition.

We find that cities that report actively engaging in sustainability
and climate issues—either by joining climate networks, collaborating
with business on sustainability issues or by identifying sustainability
opportunities—are more likely toreportstable (thatis, non-declining)
climate actions through COVID-19 and more green recovery interven-
tions. Although we cannot make any claims about causality—indeed,
cities that engage early on may also be more likely to sustain climate
actionthrough crisesindependent of their engagement levels—we con-
sideritlikely that these early efforts contribute towards mainstreaming
climate and sustainability into cities’ processes, operations and poli-
cies, whichin turn may support more durable climate commitments.

Anadditional and related anchor point for resilient climate action
through crises may be leveraged through sustainability co-benefits
(for example, refs. 41,43). For example, we find that cities that expe-
rience more climate-related health issues are more likely to report
increased climate action and finance during the pandemic and to have
implemented more greenrecovery interventions. Linking climate and
healthrisks and benefits may thus offer further support forincreased
climate action***; other sustainability co-benefits that may further
enhance climate action include adaptation, ecosystem restoration
and sustainable mobility (for example, refs. 44,45).

Overall, these results suggest that co-benefits and coalitions of
actors that align on climate and sustainability goals can help stabi-
lize and advance climate action through crises. This result supports
research showing that climate policies are often successful when they
find fitness with existing ideas, institutions and actors but also that cri-
ses provide openings for alternatives that diverge from the status quo*.

In contrast to many previous studies, we emphasize the global
character and scale of climate action, and of the COVID-19 crisis, by
considering cities from around the world. Future research should aim
to further understand how experiences of crises vary by country and
regionand how these experiences shape commitments to sustainability
inthelongterm. By providingimportant global empirical insightsinto
how cities’ (self-reported) climate actions and finances were affected
(in the short term) by COVID-19, and their extent of engagement in

green recovery, we contribute to a growing evidence base that can
support sustained climate action through crises. Our investigation
provides a foundation for further research examining how to sustain
climate action through crises; for example, studies could identify
whetherinterventions thatincrease the alignment of economicinter-
ests with sustainability (for example, tax breaks, subsidies) lead to more
durable climate policy or how to incentivize higher ambition among
high-income countries and liberal democracies.

Althoughour results presentimportant insights about how cities
worldwide react to crises, the ability to draw firm conclusions from
this analysisis moderated by the self-reported nature of our measures
of climate action, finance and green recovery. Self-reported data rely
on recall and perceptions and, as such, may not accurately represent
whatisbeing asked; onthe other hand, perceptions of city officials may
provide adeeperinsightinto changes onthe ground for whichthereis
no other source of data.

As afinal note, we emphasize that in pursuing this research, we
identified roadblocks towards a better comparative understanding of
city-level climate action. Whereas important efforts have been made
to standardize collection and reporting of cities’ data (for example,
through a unified reporting system since 2019 (https://www.cdp.net/
en/articles/cities/cdp-and-iclei-introducing-streamlined-climate-
reporting), important data challenges remain. Most notably, data
availability—especially from developing countries—remains scarce and
incomplete. Moreover, a lack of reliable and consistent longitudinal
data puts considerable limits on identifying trends and understand-
ing the development of city-level climate action. Further research
on city-level climate action and crises requires the research and data
communities to develop comprehensive, comparable and consistent
datasets to enable a deeper understanding of how we can make cli-
mate action more ambitious and resilient in the context of escalating
crises. Whereas cities can play animportant role in climate action—in
particular when respondingto crises—understanding how needs tobe
informed by solid data and analysis.

Methods
Dependent variables
Toidentify the impacts of COVID-19 on climate policy in cities, we use
data reported by city managers on the CDP platform in 2021%. These
dataare collected in partnership by CDP and ICLEI-Local Governments
for Sustainability. Specifically, we use responses to three questions
(fromsection3inthe CDP survey). The climate action question asked:
‘Please provide informationontheoverallimpact of COVID-19 on climate
action in your city.’Response options were: ‘increased emphasis on
climate action’, ‘decreased emphasis on climate action’,‘no change on
emphasis on climate action’ and ‘other, please specify’. We note that
the CDP survey does not provide a definition of climate action, hence
responses reflect perceptions of what constitutes ‘climate action’ by
city officials completing the surveys. Broadly, however, climate action
refers to mitigation measures, monitoring and adaptation'. The impli-
cation of this non-prescriptive definition is that multiple actions can
countas climate action as long as they serve to combat climate change
anditsimpacts.

For the climate finance question, respondents were asked about
‘the impact of the COVID-19 economic response on the city’s budget for
financingclimateactioninyour city’.Response options were: ‘increased
finance available for climate action’, ‘reduced finance available for
climate action’,'no change on finance available for climate action’ and
‘other, please specify’. Responses to the ‘other, please specify’ category
were analyzed to verify whether they should be correctly reclassified
as increased/decreased/no change, which led to a small number of
adjustments (Supplementary Information 1 provides details).

Respondents also provided information about ‘COVID-19 recovery
interventions and climate action synergies’in their city (whichwe term
‘ereen recovery’). They could make multiple selections from a list of
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11 possible ‘green recovery’ options (Supplementary Information 1
provides list of ‘green recovery’ interventions, and Extended Data
Fig. 3 provides a breakdown of responses), plus a ‘don’t know’ and
‘other, please specify’ option.

Expected influences on climate actions, finance,
greenrecovery

Toidentify potential factors that might help explain city responses to
COVID-19 vis-a-vis their climate actions, finance and green recovery
interventions, we drew on the extensive literature examining deter-
minants of climate policy adoption. This includes a meta-analysis of
studies based in the United States®® and individual studies of city-
level climate policy adoption from around the world (for example,
refs. 15,47-49). Although this literature does not specifically examine
the factors influencing how cities’ climate policies and actions are
affected by economic crises, it provides useful insights for our analysis.
We also considered findings from Krause et al.”” on the determinants
of climate policy abandonment and drew on the limited literature
examining the impact of disasters on climate actions™'®’, noting their
limited applicability to our question given their focus on solar panel
adoptioninjapan or the United States.

On the basis of these studies, we identified exposure to environ-
mental stress™?****' as one major broad category of influence on cli-
mate action and/or policy adoption. We include number of climate
hazards asoneindicatorin this category; the expectationis thatcities
experiencing more climatic hazards (for example, climatic disasters)
may be more motivated to engage in climate action (for example,
ref. 15). We also include an indicator of health impacts from climate
change—in the context of a pandemic, this variable is expected to
positively influence climate actions and commitments. Additionally,
cities experiencing worse air pollution may be more likely to adopt
climate actions due to (perceived) co-benefits from tackling sources
of air pollution (which also often cause climate change)*>*"*. For this
reason, we also include air pollution (specifically, NO, concentrations)
inourmodels. Extended Data Table 1 provides descriptions of selected
indicators, and Supplementary Information 3 provides details about
how they were operationalized.

Wealsoidentified another set of influences on city climate action,
which we have categorized broadly as early engagement in sustainabil-
ity and climate. This category includes climate network membership,
with most studies finding a positive correlation between network mem-
bership and climate action or policy adoption®~>** and akey constraint
onclimate policy termination”. Notably, earlier literature used network
membership as anindicator of climate policy adoption (for example,
refs.50,51); however, it has been recognized that network membership
may not be a suitable indicator of actual policy adoption but rather a
precursor to policy adoption'*°. Other factors include: whether the
city collaborates with business on sustainability issues (a proxy for
business group support (found to be akey influence in ref. 20), which
canbe crucial for general community support™; government interestin
sustainability and climate action?’, which we operationalize using the
number of sustainability opportunities identified by city departments;
and whether a city has been engaged in climate action from early on
(proxied by pre-2021 climate targets). The underlying rationale hereis
that themore that cities engage in addressing sustainability and climate
concerns, the more likely these will become embedded in city opera-
tions, established practices and intheir interactions with other entities
locally, nationally and internationally—hence, the more entrenched and
durable their climate and sustainability commitments*®.

We also expect that the greater the negative impact of COVID-19,
the less able a city is to address climate change. Thus, we include
three indicators of COVID-19 impact in our analyses: change in eco-
nomic activity over the COVID-19 period (measured as the change
in nighttime lights; Supplementary Information 3); mortality rate
(measured at the national level) and government response to COVID-19

(national level). We expect that the greater the economic impact due
to COVID-19 (proxied by change in nighttime lights between 2019 and
2021), the less-available budget a city has for continued or increased
climateaction. Likewise, the greater the mortality rate, the greater the
impact on the economy through labor forceimpacts and expenditures
on health care. Finally, we expect that the ‘greater’ the government
response to COVID-19 at the national level, the more likely cities are able
to cope with theimpact of COVID-19 and hence dedicate continued or
increased resources to climate action.

Additional expected influences on our dependent variables
include city population density, which has been shown to be posi-
tively associated with climate action adoption?’*"***’ Government
fiscal capacity is also expected to be a major influence (for example,
refs.31,47), here proxied by national-level GDP and city-level nighttime
lights. Type of government (for example, democracies and authori-
tarianism) has also been found to influence the adoption and strength
of environmental and sustainability policies (refs. 53,54), with more
democratic regimes often associated with greater responsiveness
to citizens, particularly in delivering public goods and addressing
sustainable development. Hence, we include liberal democracy as a
proxy for ‘type of government’ at the national level, as this may influ-
ence cities’ responses vis-a-vis the strengthening or weakening of their
climate efforts.

Finally, climate action and policy adoption have also been found to
be influenced by city government capacity’®*” and public support®®.
However, we could notidentify any data that could be used asindicators
for these factors across all cities in our sample; hence, our models do
notexplicitly account for these broad influences oncity climate action.
Nevertheless, we expect that the explanatory variables included in
the models partly capture some of the effects of these key influences;
for example, city capacity may be partly captured by the change in
economicactivity (nighttime lights) and by the government response
to COVID-19. As for public support, we expect this will be partly cap-
tured by our variable representing city collaboration with business on
sustainability issues™ and also by our indicator of the health impacts
from climate change. Inboth cases, we expect public support for con-
tinued or increased climate action to be higher if there is business
support for climate action and if there are clear links between health
and climate action.

Giventhe dearth of existing evidence regarding the factors associ-
ated with climate policy responses of cities to crises, the analysis here
is exploratory. Extended Data Table 1 provides descriptions of all the
selectedindicators described above, and Supplementary Information
2 provides details about how they were operationalized.

Data collection and preparation

Dataonourdependent variables and dataonindicators of exposure to
environmental stress (climate-related health issues, climate hazards)
and early engagement in addressing climate sustainability (pre-2021
climatetargets, collaboration with business, sustainability opportuni-
ties) (independent variables), were obtained from the CDP platform for
theyear 2021 (Extended Data Table 1). CDP dataare collected through
the CDP-ICLEI Unified Reporting System available publicly from the
CDP website and targeted at cities. We note that entities reporting to
CDP comprise a variety of administrative boundaries (for example,
municipality, city state, federal district); we use data from all entities
(‘cities’) regardless of their self-reported administrative boundary
(Supplementary Information 1for adiscussion).

A series of steps were taken to prepare the CDP data for statisti-
calanalysis. CDP datafor each yearis organized in long format, where
each row in the dataset contains a single response to a question—in
additiontocity identificationinformation and questioninformation.
This format is designed for an Application Programming Interface
(API). To prepare the data in a format to facilitate analysis, Stata was
used to reshape the datafromalong, question-answer level to a wide
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city-level structure. We note that the 2021 CDP data for this study was
collected intandem with data from other years (2015-2020) for use in
another study; for this reason, we also renamed the variables due to
variations fromyear toyearin terms of which questions wereincluded,
their locationinthe questionnaire and the question number. Hence, to
append CDP data from different years, we had to rename the variables
for consistency across survey years. The last stage in data preparation
of the CDP data involved additional actions to make the data usable
for statistical analysis, including: (1) converting strings into numerical
codes where possible (all datawere stored as strings) and (2) condens-
ing the variables for analysis. All coding was conducted in Stata 17.0
(Code availability provides details).

As for the non-CDP data, these were obtained from different
sources (Extended Data Table 1 provides details). Climate network
membership data was obtained from ClimActor®, a global dataset of
10,000+ citiesand regions. It includes location coordinates (obtained
from Wikipedia using the MediaWiki API) and membership in multiple
climate networks (for example, Global Covenant of Mayors for Climate
and Energy, C40 Cities for Climate Leadership). Thelist of cities report-
ing to CDP was run through the ClimActor R package (we did this for
allcitiesreportingto CDP between 2015 and 2021, as part of the larger
research project mentioned above). It first matches cities by name from
thesourcetothe ClimActor dataset, then appends to the source data-
set, thelocation (coordinates) and climate network variables (ref. 56).

For the geospatial data (air pollution (NO,), nighttime lights, popu-
lation density), we used city coordinates provided in the ClimActor
dataset’®, which we submitted to a series of checks for validation and
corresponding corrections where needed (detailed in Supplementary
Information 3). Using these corrected coordinates, geospatial data
were captured using raster data with varying resolutions: 15 arcsecond
(500 m) for radiance data, 30 arcsecond (-1 km) for population density
and 0.1° (11 km) for NO,. We obtained the nighttime radiance data
from annual global Visible and Infrared Imaging Suite (VIIRS) night-
time lights (derived from monthly averages with background masked)
from 2019 to 2021 from the Earth Observation Group platform (Annual
VIIRS Nighttime Lights (VNL) V2)*’ (in units of nW cm™sr™). NO, data
were obtained from NASA/Goddard Space Flight Center®® asamonthly
tropospheric NO, column (units of molecules per cm?). Population den-
sity data (in persons per km?) was obtained from Socioeconomic Data
and Applications Center (SEDAC)*’, hosted by Center for International
Earth Science Information Network (CIESIN) at Columbia University
(Supplementary Information 2 provides details about data collection
and operationalization of indicators).

Given that we did not have administrative boundary data for all
citiesinthe dataset (we only had datafor 449 of our study cities, based
on the 2015 World Urban Areas, by Esri Data and Maps)®°, we used
centroid buffer zones of approximately 25and 50 km around the city’s
coordinates (0.25and 0.50° radius, respectively). The zonal statistics
tool was used to capture the minimum, maximum, median and mean of
theraster values within the parameters of the buffer zones around the
coordinates of the city locations and within the city boundaries where
available. We selected various statistics so that we could choose the sta-
tistic that most closely correlates with the corresponding statistic for
the city boundary for those cities with administrative boundary data.
Supplementary Information 3 provides details of these correlations,
and Extended Data Table 1shows final selected measures.

Mortality data, used here as an indicator of COVID-19 impact,
were obtained from Our World in Data (https://ourworldindata.org/
COVID-deaths). It is provided on a daily basis in rolling sums from
24 February 2020 through 22 December 2021. We use the final cumu-
lative number of deaths per million reported on 22 December 2021 as
our mainindicator, scaled to units of deaths per hundred thousand for
better interpretation of coefficients.

The ‘Government responseindex’ variable from the Oxford COVID-
19 Government Response Tracker® is used as an indicator of how well

national governments responded to COVID-19. For this index, which
ranges from O to 100, there is a raw calculated index value and a ‘dis-
play’ version which smooths over gapsinthe previous seven days. We
usethedisplay versionin our analysis. The data are available on adaily
basis from1January 2020 through 10 August 2021; we aggregated by
averaging over the year.

National GDP data were obtained from the World Bank national
accounts data and Organisation for Economic Co-operation and Devel-
opment (OECD) National Accounts Data Files?>. We use the natural
logarithm of country GDP to control forimpacts of COVID-19 on GDP.
The liberal democracy variable was collected from the University of
Gothenberg Varieties of Democracy (V-Dem) Project dataset, for the
year 2021 (version)®’. Data are available only at the country level. The
variableitselfaddresses the question ‘To whatextent istheideaof liberal
democracy achieved? —and is based on the extent to which limits are
placed on the government. Each country is assigned a value between
0 (low) and 1 (high). We changed this to be expressed in percentage
points from 0to 100.

Supplementary Information2 provides more detailed descriptions
about how the various indicators used in this study were sourced and
operationalized.

Regression analyses

Because both the climate action and climate finance dependent vari-
ables are nominal categorical variables, our analysis uses multinomial
logit regressions, which are suitable for analyzing this type of datum.
Additionally, cities are clustered in countries, and therefore can be simi-
lar in terms of their policies, social qualities and economies; indeed,
national policies are likely to affect the types of policy implemented
at the city level*. To account for this clustering, we used a general-
ized structural equation model (GSEM) with a multilevel structure for
multinomial logit. This model can handle multilevel data (in our case,
data on cities and countries), which have a nominal structure®, Stud-
iesindicate that multilevel models are more efficient than those with
clustered standard errors®®, and they are also preferable when data
have an unbalanced structure (that is, different numbers of cities
per country)®>®’. For comparative purposes, we also ran clustered
and unclustered multinomial logit models (Supplementary Tables 7
and 8); results are similar across model specifications.

Toimplement multilevel multinomial logistic models, we used the
gsem command in Stata17.0 combined with the mlogit specification®.
Todetermineiftheimpact of the level-2 (country-specific) character-
istics was sufficient to warrant use of multilevel models, we observed
the variance in the country-level groupings of cities and conducted
likelihood-ratio tests to determine if models with arandom intercept
were different than those without. The likelihood-ratio test for our cli-
mate finance model was highly significant (y*value = 9.18, p = 0.0024),
and the test for the climate action model was weakly significant
(x*value =2.84, p=0.0917), indicating that the multilevel model fits the
models better than one without a random intercept (Supplementary
Information 4 provides details). Aside from the likelihood-ratio test,
most of our assumptions and model fit testing were conducted for
the mlogit (with and without clustering) models because these tests
are not available for GSEM models at this time. Overall, our models
contain no major issues with misspecification or fit (Supplementary
Information 4).

With respect to the analysis of green recovery interventions,
given that our main indicator was a count (specifically of ‘synergies
between COVID-19 recovery interventions and climate action’, which
weterm ‘green recovery’ interventions), we used a negative binomial
model with a multilevel structure to account for country-specific
impacts (details in Supplementary Information 5). For comparative
purposes, we also ran clustered and unclustered negative binomial
models (Supplementary Table 10); results are similar across model
specifications.
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Sensitivity analyses

We examine the sensitivity of our results to our modeling approach
and to how we chose to operationalize some of the indicators. First,
asnoted above, for comparative purposes we ran different models on
the climate action and finance variables, with results indicating (Sup-
plementary Information 4) that our selected model was appropriate
for our data. We also tested different operationalizations of some of
our independent variables to assess the robustness of our findings to
assumptions and choices made when generating these variables. We
specifically examined those variables which had quality issues for some
values (forexample, NO,; Supplementary Information 2) or those which
could have beenfeasibly operationalized differently. Network member-
ship, forexample, could have been modeled using separate indicators
for the key networks as opposed to a single indicator of membership
of at least one network. Model results (Supplementary Tables 11-13)
show that operationalizing this variable differently has no effect on
the overall model or other coefficients, although we do find that some
networks have different effects on climate actions and greenrecovery
(Supplementary Information 6). Similarly, the short-term greenhouse
gas target indicator was operationalized using a 2020 threshold to
indicate ‘early’ target-setting; changing this for a2030 threshold had
no effect on regression outputs (Supplementary Tables 20-22).

We also tested whether modeling NO, as a categorical variable
(ratherthanasacontinuous variable, as in the main regression) affected
model outputs; separately, we also assessed whether including a
dummy variable where 1=low-confidence NO, values (Supplemen-
tary information 2 provides details), affected results. We found that
operationalizing NO, differently (Supplementary Tables 14-16) has
no meaningful effect on model results.

Economic impact (change in nighttime light) was modeled as a
single continuous variable ranging from negative to positive values;
this assumes that there is linearity in how economic impact is related
tothedependentvariables. Analternative is to disaggregate economic
impactinto several categorical (binary) variables representing (differ-
entlevels of) negative and positive economicimpacts. Results from this
alternative operationalization (Supplementary Tables 17-19) suggest
some nonlinearities (Supplementary Information 6), although the
findings are broadly aligned with the main model results.

Anadditional consideration was whether the change in nighttime
lights (proxy for impacts on economic activity) fully or correctly cap-
tures the magnitude of COVID-19 impacts on cities around the world.
These data (particularly the VIIRS dataset) have been found to track
the economic impacts of COVID-19 quite well for cities in China®®’,
Morocco’™ and India”. We make the assumption that these findings
apply to all countries and cities in our dataset. Any between-country
variation would be controlled for in the regressions, which account
for the multilevel nature of our dataset whereby cities are clustered
within countries.

Asafinal exploratory analysis, we examine whether national-level
climate action ambition influences how cities respond to COVID-19
(Supplementary Information 7). Using ratings for a subset of coun-
tries available fromthe Climate Action Tracker (https://climateaction-
tracker.org) (https://hub.arcgis.com/datasets/esri::world-urban-areas/
explore), we find national-level ambition has little to no effect on how
COVID-19 has affected reported city climate actions, finance or green
recovery.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Allthe data usedinthis study are publicly available. The full (raw) CDP
2021 dataset can be downloaded from the CDP website at https://data.
cdp.net/. All other data sources are listed in Extended Data Table 1.

Additional data sources used to identify city coordinates and bounda-
ries (where available) include the World Cities Database (https://sim-
plemaps.com/data/world-cities) (Version: Mar-2022) and Esri Data
and Maps (Version 10.3, Nov-2015) (https://hub.arcgis.com/datasets/
esriz:world-urban-areas/explore). The final clean dataset used for analy-
sisin this paper can be found at https://github.com/climateactiondata/
climatecitiesproject/.

Code availability

The do files used for cleaning, organizing and analyzing the data
are available at https://github.com/climateactiondata/climate-
citiesproject/.
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Extended Data Fig. 1| Distribution ofimpacts of COVID-19 on climate action and climate finance by CDP geographicregion. a. and b. show distributions of
impacts of COVID-19 on climate action and finance in terms of counts (numbers of cities), while c. and d. show distributions of impacts in terms of percentages.
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Extended DataFig. 2| Geographic distribution ofimpacts of COVID-19 on grey - no change in emphasis on climate action/climate finance;
climate action and climate finance combined. Impacts on climate action yellow - other. Sample of n = 793 cities. Map was produced using QGIS
are shown as the top half of each dot; impacts on climate finance are shown as desktop 3.20.3 and basemap (coastline v4.1.0) from Natural Earth

the bottom half. Colours: blue - increased emphasis on climate action/climate (https://www.naturalearthdata.com).

finance; red - decreased emphasis on climate action/reduced climate finance;
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Extended Data Fig. 3 | Count of greenrecovery Interventions in cities by
CDP geographicregion. Count of cities reporting each recovery intervention
type (total n =793 cities). Bars indicate different recovery interventions:
univers - development/strengthening universal social protection systems that
enhanceresilience to shocks, including climate change; health - development/
strengthening health care services in city that enhance resilience to shocks,
including climate change; wash - increased investment in Water, Sanitation,
and Hygiene (WASH) services, facilities and/or infrastructure; employ - focus
on employment opportunities in green sectors; greentrain - provide residents

with effective access to training programs related to green sectors; justtrans
-supportjust transition strategies for workers and communities; sustfood -
channelinvestment in sustainable, resilient agriculture and food supply chains;
susttransp - boost public and sustainable transport options; internet - build out
broadband and internet services to those with inadequate access; tech - scale
up investments in and access to digital technologies, funding mechanisms, and
capacity-building solutions to enhance resilience to shocks, including climate
change; greenspace - increase access to urban green spaces; and other.
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Extended Data Fig. 4 | Geographic distribution of number of green recovery 0 (zero), blue circles-1to 4, yellow circles - 5to 8, red circles - 9+ green recovery
interventions implemented in cities. Circle colours indicate number of green interventions. Map was produced using QGIS desktop 3.20.3 and basemap
recovery interventions implemented by cities, with white circles showing (coastline v4.1.0) from Natural Earth (https://www.naturalearthdata.com).
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Extended Data Table 1| Indicators selected for identified factors

Variable

| Description

Source

Exposure to environmental stress

Climate-related Total number of climate-related health issues faced by the | CDP Cities 2021, hiips://data.cdp.net/, Section 2, Q2.3a
health issues city as reported in 2021

Air pollution (NO2, | Value of tropospheric NO2 column in units of 10415 NASA/ Goddard Earth Sciences Data and Information
pre COVID-19) (quadiillion) molecule/cm*2, using mean values fora 25 | Services Center (GES DISC) (Version: Jul-2022)

km buffer zone.

https://disc.qsfc.nasa.qov/

Climate change
hazards

Total number of medium-high or high-probability hazards
faced by the city as reported in 2021

CDP Cities 2021, hitps:/data.cdp.net/, Section 2, Q2.1

Early engagement

in addressing climate and sustainability

Network
membership
(2020-2021)

Whether city is a member of an intemational climate
network (specifically: Climate Mayors; EU Covenant of
Mayors; Global Covenant of Mayors; Race to Zero;
Under2 Coalition)

ClimActor, hitps:/github.com/datadrivenenvirolab/ClimActor
using "subnational_contextuals_database_June2021.csv"

Pre-2021 climate
targets

Whether a city had a short-term (pre-2021) climate target;
used as a proxy for commitment to action; assumes
longer-term engagement and commitment in ¢ities with
pre-2021 targets

CDP Cities 2021 htips://data.cdp.net/, Section 5, Q5 &
Qs5.0a - Q5.0d

Collaboration with
business

Whether a city collaborates with businesses on
sustainability projects as reported in 2021

CDP Cities 2021 htips://data.cdp.net/, Section 6, Q6.2

Sustainability
opportunities

Total number of opportunities identified as a result of
addressing climate change (reported in 2021)

CDP Cities 2021 htips://data.cdp.net/, Section 6, Q6.0

COVID-19 impacts

Economic impact
(night-time lights)

Impact of COVID-19 on economic activity during 2020,
measured as difference in actual 2020 night-time lights
versus counterfactual 2020 night-time lights values (see
Supplementary information 1). Values are expressed as
(positive and negative) percentage points.

Earth Observation Group platform (Annual VNL, V2)
(hitps://eogdata.mines.edu/nighttime light/annualiv21/)

COVID-19 deaths

Rolling sum of deaths from COVID-19 in 2020 and 2021

QOur World in Data Coronavirus Deaths (Version: Jul-2022)

(2020-2021) at the national level, reported per thousands. https://ourworldindata.org/coronavirus

(national)

Govemment An index score ranging from 0" to "100', with higher values | Oxford COVID-19 Govermment Response Tracker (Version:

response index indicating better govemment response to the COVID-19 | Jul-2022) h ith RT/COVID-poli ker
pandemic. Used as a proxy for good GDP govemance.

Controls

Log of economic
activity (lights, pre-
COVID-19)

Value of average-masked annual global VIIRS night-time
lights for 2019, using mean values for 25 km buffer zone,
expressed in log form.

Earth Observation Group platform (Annual VNL, V2)
(https://eogdata.mines.edu/nighttime light/annual/v21/)

Population density

Population density for 2020, reported in units of ten
thousands of persons per square kilometre, using
maximum values for a 25 km buffer zone.

Socioeconomic Data and Application Center (SEDAC)
Center for Earth Science Information Network (V4.11, 2021)
http://dx.doi.org/10.7927/H4F47M2C

Log of GDP
(national)

National GDP for 2019, reported in current USD,
expressed as a logarithm

World Bank national accounts data & OECD National
Accounts Data Files (Version: Oct-2022)
https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG

Liberal democracy
index (national)

An index score ranging from '0' to "1, with higher values
indicating that the ideal of liberal democracy is achieved to
a greater extent, rescaled to 0-100.

Varieties of Democracy Project Dataset (V-Dem), (V12, pub
Mar-2022) hitps://www.v-dem.net/data/the-v-dem-dataset/
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