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Cities need an integrated and holistic 
approach to health adaptation in  
climate planning
 

Devin O’Donnell    1   & Benjamin K. Sovacool    1,2,3

Despite critical intersections between exposure to the impacts of 
climate change and public health, barriers to implementing health 
adaptation remain. A strong commitment from city governments could 
be a solution. We reviewed 55 city climate adaptation plans from 2016 
to 2024 for health comprehensiveness, dimensions of health (physical, 
mental and social), equity and vulnerability, and implementation 
readiness. Here we found that 20% of cities did not meaningfully include 
health, 29% acknowledged the health impacts of climate change but did 
not have health-related adaptation strategies, 40% considered some 
level of health-related adaptation strategy and 11% had health-specific 
adaptation strategies, but no plans matched our definition for having a 
prioritized and holistic integration of health. Only six cities—Chennai,  
Dar es Salaam, Delhi, Salvador, Singapore and Tshwane—had 
comprehensive health interventions outside of heat and air pollution. 
Plans most commonly do not focus on mental health or social capital, 
and plans also tend to neglect compelling areas of equity, justice and 
implementation. As such, our analysis shows that the awareness of health 
impacts is prevalent at the city level, but the integration of holistic health 
strategies in adaptation plans still lags.

Climate change has become a substantial and systemic threat to human 
health1–4. The World Health Organization (WHO) estimates that climate 
change will cause 250,000 additional deaths per year—or 5 million 
deaths every 20 years—through factors such as increased heat stress, 
exacerbated malnutrition or changes in the spread of malaria—and at 
least US$2 to US$4 billion a year in additional direct healthcare bur-
dens5. WHO also reports that 3.6 billion people live in areas extremely 
vulnerable to climate change impacts and that the death rate from 
extreme weather events in vulnerable regions such as low-income 
countries or small island developing states is 15 times higher than less 
vulnerable ones over the past decade5. Heat extremes in cities have 
equity implications, too, as they are the most dangerous for female 
and older urban residents6, or for people that are unhoused or living in 

precarious housing7. Mental health conditions present both a vulner-
ability to and outcome of climate hazards8,9.

The urgency and severity of these estimations make climate 
change one of the most pressing health concerns of the modern era, 
rivaling and compounding that of global pandemics such as COVID-
19, which now has an estimated excess mortality of over 14 million 
deaths10. Moreover, one review of global funding patterns concluded 
that between 1985 and 2022, only 0.26% of research funding awarded 
by the National Institute of Health related to climate change, and only 
0.70% of funded projects globally in the Dimensions database related 
to climate change and human health11. Similarly low levels of funding 
are distributed to health adaptation projects through bilateral and 
multilateral funding sources12.
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unjust policy. Further, a holistic approach to health is missing from 
climate policy, with physical health is the primary focus of health 
adaptation24. We aim to present a more holistic interpretation of 
health by integrating equity, social, mental and physical health in 
one synthetic analysis.

Results: health prioritization and integration 
across 55 cities
Our final group of 55 cities represented all world regions. East Asia 
and Pacific was the most represented region (24%) followed by 
Europe and Central Asia (20%), Sub-Saharan Africa (16%), Latin 
America and Caribbean (16%), North America (15%), South Asia (5%) 
and Middle East and North Africa (4%). Almost half of the plans were 
from high-income countries (47%), with the other 53% represent-
ing low- and middle-income countries (upper middle, 33%; lower 
middle, 18%; low, 2%). Most of the plans were approved since 2020, 
with 73% of plans being approved between 2020 and 2022. The 
plan type varied with a majority of plans (78%) integrated climate 
plan (mitigation and adaptation), 15% were standalone adaptation 
plans and 7% were other plans—all-hazard mitigation plans, resil-
ience plans or wider development plans—that included a section 
on climate action.

When analyzed by health prioritization level, 20% of cities did not 
meaningfully include health in their plans (not meaningfully included), 
29% acknowledged the health impacts of climate change but did not 
have health-related adaptation strategies (acknowledged), 40% consid-
ered some level of health-related adaptation strategy (considered), 11% 
had health-specific adaptation strategies (committed), and no plans 
matched our definition for having a prioritized and holistic integration 
of health (prioritized; Fig. 1)

On average, 80% of plans included health in some capacity 
(acknowledged and above), whereas only 50% included health-relevant 
adaptation strategies (considered and above) and just 11% had health-
specific adaptation strategies (committed and above). Similarly, only 
49% of plans included justice or equity. Year of publication had little 
effect on the health prioritization categorization (Fig. 1). For example, 
2021 had the most plans (n = 19) but the second lowest consideration 
of health (74%), second only to 2018.

When viewed by income class, cities in high-income countries 
had lower levels of health prioritization than those in low- and mid-
dle-income countries (Fig. 2). As shown in Fig. 2, no cities strongly 
prioritized an integrated notion of climate change and health, and 
only six cities had dedicated sections on health interventions, includ-
ing on health systems strengthening: Chennai, Dar es Salaam, Delhi, 
Salvador, Singapore and Tshwane. Only 30% of the cities in high-
income countries included health adaptation strategies (considered 
and above), whereas 69% of the cities in low- and middle-income 
countries did. When broken down by geography, Sub-Saharan 
Africa and Latin America had the strongest integration of health 
(88% considered and above) followed by South Asia (67%). East Asia 
and Pacific (38%), Europe (36%), North America (12%) and the Mid-
dle East (0%) were largely behind the three leading regions on their 
health integration.

Our findings were geographically similar to the UNEP Adaptation 
Gap Report with Latin America, Africa and Asia-Pacific having a higher 
presence of health actions than European and other states25. However, 
our analysis contradicts the findings of other studies, which found 
more health adaptation in high-income countries21. In these studies, 
health still made up a larger percentage of adaptation strategies in 
cities of lower-income countries22,23.

Low levels of health integration in plans are similar to other 
studies, 11% in our study compared with 10% in ref. 21. Highly health 
adaptative cities were also studied and health department involve-
ment was found only in heat planning and that stronger health 
engagement is needed22. Further, the distinction between health 

Recent years have seen an increase in health presence in global 
climate policy13. Notable milestones include the COP26 Health Com-
mitments14, the COP28 Declaration on Climate and Health15 and the 77th 
World Health Assembly Resolution on Climate Change and Health16. 
WHO works with the Ministries of Health to develop Health in National 
Adaptation Plans (HNAPs), which supplement other national planning 
tools such as national adaptation plans (NAPs) and Nationally Deter-
mined Contributions17,18. However, tracking from WHO shows low levels 
of plan execution and implementation19,20. Further, national planning 
requires local implementation.

One might, therefore, expect a concomitant commitment from 
local public health agencies and city administrations. A few studies 
have analyzed health content in city climate adaptation planning, 
but are already out of date or narrow in their focus21,22. For example, a 
global baseline assessment of 401 cities found that only 10% of cities 
included public health adaptation in their planning and that it was 
more common in cities in high-income countries21. Sheehan et al.23 
built on this review by looking at specific health adaptation actions 
in 22 large cities.

Although there has been a start in the literature to understand what 
cities are doing on climate and health, there remain many gaps. Mental 
health has not been included in health metrics and majority of climate–
health action has focused on heat action planning21,22 Here we ask: what 
are the health and equity patterns for climate change adaptation within 
a sample of global cities? To answer this question, we explore data from 
55 city plans for climate adaptation from 2016 to 2024.

In doing so, our aim is to make empirical, methodological and 
conceptual contributions. Empirically, we take a novel approach to 
this research by expanding on the work in ref. 22. Their work took 
a governance approach, focusing on the role of city health actors 
across the presence of five physical health indicators, with a sample 
of only 22 cities. Here we take an expanded approach, with a more 
recent and larger sample of 55 cities, to assess the level of health inte-
gration of city plans across 13 different indicators spanning health, 
equity and implementation readiness. Methodologically, ref. 22 used 
the CDP 2018 City Adaptation Action Database and, therefore, was 
unable to represent notable recent events that could influence health 
integration including the COVID-19 pandemic, the COP26 Health 
Commitments and the COP28 Declaration on Climate and Health. 
Conceptually, we expand the traditional focus of health adaptation 
by classing health adaptation across physical, mental and social 
health indicators, and we also analyze how health and equity co-
occur in city adaptation planning. So far, studies have analyzed city 
climate policy either on health or justice. However, there are notable 
overlaps between the two with the health status heavily influenced by 
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Fig. 1 | An overview of the health prioritization level of climate change 
adaptation plans in a sample of C40 cities. Each year is divided by the health 
prioritization level. The total percentage of plans that included health and equity 
per year is also included.
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awareness and health action is becoming more pronounced. Our 
findings reflect this with many plans acknowledging health impacts 
(80%), but only 11% having strong health adaptation strategies (com-
mitted and above). This is on par with the global national landscape. 
The most recent UNEP Adaptation Gap Report found 74% of NAPs had 
health adaptation priorities; however, when looking at completed 
and evaluated adaptation projects, only 1% covered the health sec-
tor25. UNEP reported that of the cities self-reporting to the CDP, only 

3% of hazard-specific adaptation planning focused on health and 
vector-borne diseases25. This is compared with health co-benefits, 
which accounted for a much higher percentage (22%) of co-benefit 
coverage in the plans25. WHO has recently released a summary of 
health content in national climate planning and found all NAPs and 
HNAPs reviewed considered some health risks; however, there was 
a large discrepancy between the health risk and identified adapta-
tion strategies26.
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Fig. 2 | Geographic and income distribution of included cities stratified by 
health prioritization level. a, Names of all the cities included. Purple cities had 
higher health prioritization levels. b, Health prioritization level varied across 

geographic region and income class. World Bank 2025 classifications of country 
regions and income classes were used for each city. Base map from Natural Earth 
(https://www.naturalearthdata.com).
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Discussion: dimensions of health, equity and 
implementation readiness in C40 plans
City plans not only involve specific regions and income classes but 
also substantive themes. Thus, each city plan was analyzed based on 
(1) dimensions of health, (2) equity and (3) implementation readiness.

Dimensions of health
Health was divided into six themes across physical, mental and 
social health. Figure 3 shows the document themes by year of 
plan approval, with the subsequent subsections providing more 
detailed findings per theme. The larger circles over time are repre-
sentative of more overall documents and not increased proportion 
of theme prevalence.

Physical health. Here we define physical health indicators as health 
adaptation that addresses physical health concerns at a systems level—
commonly referred to as direct health impacts from climate change. 
This includes disease burden and risk of injury or death from climate 
hazards. We coded physical health based on the indicators used in  
ref. 22. Their health indicators were chosen from commonly referenced 
climate–health actions in the literature, covering topics of emergency 
response, mapping, preparedness and heat action22. We were spe-
cifically interested in adaptation strategies that were human-focused. 
Adaptation strategies that were focused on built infrastructure without 
connection to human health were not considered.

Overall, physical health is the most common form of health inte-
gration. Out of the plans that included health adaptation strategies 
(Extended Data Table 1), all but one included at least one physical 
health component. Hazard and vulnerability mapping was the most 
integrated, with 56% of plans integrating a hazard and vulnerability 
assessment into their plan or stating an intention to do so. Also, 51% of 
plans included early warning systems, out of which 22 were for hazards 
(floods, droughts and stormwater), 10 were for extreme heat and 2 were 
focused on disease. Furthermore, 40% of plans included heat actions. 
This included blue and green infrastructure, operating cooling shel-
ters, awareness and education activities, heat vulnerability mapping, 
alert and early warning systems, capacity and training at healthcare 
facilities, altering occupational health standards to reduce exposure, 
and developing or updating heat action plans. Fourteen plans (25%) 
included disease surveillance measures.

Some plans included additional adaptation strategies outside 
of the four categories above. Strategies on climate-resilient health 
systems included capacity building, training for health staff and first 
responders, improving access to care and increasing public awareness, 
climate and health research and plan development, vector control and 
strengthening of health systems. Two plans included strategies to 
reduce illness from contaminated food and food procurement, whereas 
nutrition and food systems were more common. One plan mentioned 
sustainability of health systems and reducing waste and emissions of 
health facilities and one plan mentioned implementing a one-health 
approach. Although strengthening health systems can lead to mental 
and social co-benefits, this was only coded as a physical health strategy 
unless mental health was directly mentioned. The core focus of health 
system strategies was on healthcare delivery and disease.

There were several health-adjacent topics that were commonly 
covered in plans from an infrastructure or mitigation perspective. 
These included air pollution, water and sanitation, urban heat islands, 
and nutrition and food systems. Health was secondary or not included 
in the content of these sections, and therefore, they were not included 
in our code strategy as a health adaptation measure. For example, 
water and waste was discussed as an infrastructure issue in mitiga-
tion sections in which health was a co-benefit. It is still important 
to acknowledge that strategies in these sectors exist, and there is 
an opportunity to optimize the health benefits and components of 
these strategies.

Other studies have also found a dominance of physical health in 
health adaptation literature27. So far, physical health is the common 
understanding of health impacts and health adaptation, and therefore, 
it is expected that most—if not all—of health integration would focus 
on physical health components. The emphasis on flooding and heat is 
similar to other studies13,21,23.

It is important to note that not all of the strategies included here 
are a direct health adaptation strategy. For example, hazard early warn-
ing systems can be designed and implemented with little regard for 
health even if they have a health benefit when enacted. Similarly, not 
all heat action is done through a health framing. As such, it is important 
to consider the vast array of health topics that are still missing from 
adaptation discussions at a city level. Future studies can consider a 
more stringent coding system for climate-resilient and sustainable 
health systems18, as well as other adaptation strategies that directly 
address disease, injury and mortality23.

Mental health. Previous analyses of city climate plans have had limited 
inclusion of mental health. We only located one study that reviewed 
global city adaptation plans and included mental health23. As such, 
we wanted to determine if mental health is included in city adapta-
tion planning, and if so, how it is integrated (Extended Data Table 2). 
We found that mental health was rarely considered. Houston was the 
only city to have a dedicated section on mental health, with one of their 
three mental health strategies specific to climate adaptation. Houston 
acknowledged the mental toll that previous disasters have had on 
residents even years later: “Hurricane Harvey Registry found that two-
thirds of the respondents reported intrusive or unintended thoughts 
about Harvey and associated flooding. This trauma is not only from 
one hurricane, but from repetitive flooding in some neighborhoods 
as well as daily fears of violence, poverty, isolation and loneliness that 
many Houstonians experience on a regular basis.”

The city’s mental health strategy aims to train first responders in 
psychological first aid to increase the support provided in the after-
math of a disaster. The city included two other mental health inter-
ventions not specific to climate change to provide peer-to-peer and 
professional mental health support to youth. Houston’s plan may 
have been more likely to include mental health as their plan was a city 
resilience plan, which was not exclusive to climate change. In general, 
we found resilience plans or climate action plans with a non-traditional 
format were more likely to include mental health, social health or 
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equity. Further, the city of Houston has had numerous large-scale 
disasters (Hurricane Harvey, Tropical Storm Imelda) in recent years, 
which could have influenced inclusion.

Cape Town included an adaptation strategy on mental health with 
the broad intention to include mental health in their climate response 
and to integrate intersections between mental health strategies in the 
city’s resilience plan with their climate actions. Chicago’s plan, like 
Houston’s, was a city resilience plan, included mental health strategies 
outside of climate adaptation. These included training for emergency 
personal to improve crisis response for individuals with mental illness.

A handful of plans included the words “mental health” either 
acknowledging there can be mental health impacts to climate change 
or that there are mental health and well-being co-benefits to some adap-
tation strategies—blue and green infrastructure, for instance. These 
occurrences show that there is some awareness of mental health out-
comes to climate mitigation and adaptation strategies (both beneficial 
and maladaptive) at the city level, although significantly less than physi-
cal health awareness. There is more ground to gain to achieve com-
prehensive and direct adaptation strategies targeting mental health.

Very little mental health presence aligns with similar studies. In 
the typology of urban health adaptation in ref. 23, the authors reviewed 
369 actions across 98 cities and found no mental health adaptation 
strategies. Most research on climate and mental health at the city level 
focuses on heat as the main exposure28,29, with most research on climate 
and mental health, irrespective of geography, centering on quantifying 
impacts or co-benefits28,30. Previous studies have called for increased 
focus on mental health in climate health and vulnerability and adapta-
tion assessments27. Although these assessments can be completed at 
any level of jurisdiction (municipal, regional and national), majority 
are completed at a country level31. Further, research shows that mental 
health integration is doing little better at a national level with only 8 
out of 38 Nationally Determined Contributions referencing mental 
health19,32,33. WHO recently found similar mental health inclusion in 
NAPs, with 5% including mental health adaptation strategies26. HNAPs 
performed better still, with 22% including adaptation strategies for 
mental health26. Our findings further confirm gaps on mental health 
that are prevalent throughout the climate policy landscape and high-
lights the opportunity for subnational leadership in this area.

Social capital. Social health refers to interpersonal relationships such 
as the quality of social interactions and community integration, which 
are considered an essential element of good health and well-being34. 
Here we focus on social capital as the social health proxy for adapta-
tion strategies that enhance community resilience and build social 
support. Ten plans included elements of social capital. These include 
social support mechanisms like building resilience hubs and integrat-
ing social support into emergency response including elderly support 
networks and establishing neighborhood emergency plans (Extended 
Data Table 3). Other strategies focused on overall community cohe-
sion and varied from better understanding social capital to investing 
in sports, culture, art and education. We did not code specifically by 
subpopulation (women, children, elderly). However, when subgroups 
were mentioned, the elderly were most commonly targeted by social 
cohesion measures. One plan, Rio, specified actions for children includ-
ing access to education, sports and culture.

Terms related to social capital (community, social cohesion and 
inclusivity) were most used to refer to public participation and curat-
ing both community and community organization involvement in the 
climate planning progress or for transferring responsibility for adapta-
tion strategies onto community and individual behavior. Although it is 
important to have public participation in planning processes and hav-
ing strong public involvement can lead to a stronger focus on equity35,36, 
it is not directly relevant to social cohesion as defined here. As such, 
when these terms were used in this way, it was not coded as being 
relevant to social health.

Some plans integrated elements of social determinants of health 
outside of social cohesion. In particular, plans that had a strong 
equity focus or followed a non-traditional structure (such as Rio or 
Barcelona) had more strategies addressing social issues. The most com-
mon involved providing access to safe, affordable and climate-resilient 
housing and providing increased access to economic opportunity. 
There are strong overlaps between social health, equity and vulner-
ability, particularly with regard to climate resilience. Both housing 
and income are essential for good health and well-being37,38 and for 
resilience to climate impacts2,39, yet these are not considered standard 
in climate action planning. Further, community cohesion has been 
found to improve outcomes after disasters40 and on the opposite end, 
social isolation is tied to worse health outcomes41.

Some studies have looked at the role of social capital in urban case 
studies. Guardaro et al.42 explored social capital and urban heat risk. 
Opoku-Boateng et al.43 and Shahid et al.44 examined the role of social 
capital in informal settlements in Ghana and Pakistan, respectively. All 
three noted that social capital is an underutilized resource in climate 
resilience, although there was notable variation in how social capital 
was defined42–44. Examining the social determinants of health in urban 
centers is not new45; however, there has been less integration on their 
relevance in climate policy. Friel et al.45 argued for joint action on cli-
mate mitigation and adaptation and addressing social determinants 
of health, whereas others have called the climate crises a determinant 
of health in its own right46. More studies can look at the inclusion of 
social capital, social cohesion and social resilience as a consideration 
of social health in climate adaptation. To the best of our knowledge, 
this has not yet been explored in the literature.

Equity and vulnerability
Unlike health, justice, equity and vulnerability content was coded 
outside of adaptation strategies. We determined if there was a jus-
tice or equity focus across two areas: presence of justice or equity and 
vulnerable groups (Extended Data Table 4). Presence of justice and 
equity was determined if the words justice and equity were used and 
if there was a dedicated section on justice, equity or vulnerability. We 
did not further code by type of justice as this has been looked at by 
other studies35. Plans were considered to have discussed vulnerable 
groups if there was dedicated text on population groups that were at 
a differentiated risk than the general population. We further looked at 
two specific elements that enhance vulnerability, namely, displacement 
and informal settlements.

We found that almost half (49%) of the plans sufficiently included 
justice, with 33% having a dedicated section and 65% using the words 
justice or equity. Plans that only vaguely mentioned that climate 
change has inequitable impacts but did not integrate justice into 
their approach were not classed as having sufficiently included jus-
tice but were coded as having used the words justice or equity when 
applicable. Also, 75% of plans mentioned vulnerable populations, with 
varying levels of inclusion. This could be one or two sentences up to a 
dedicated section on vulnerability and specific adaptation strategies. 
Furthermore, 40% of plans mentioned informal settlements and 29% 
mentioned climate displacement.

Overall, justice and equity content were most discussed in the 
background sections. Some plans grounded their whole approach 
from a justice framework by incorporating it in the plan’s goal. How-
ever, similar to health, there was often limited follow-through on inte-
grating justice into the adaptation strategies. Three plans also used a 
strong gender lens in addition to an equity lens. The word “inclusion” 
was commonly used to denote themes of justice or equity, with some 
plans even using inclusion as a third pillar of the plan after mitigation 
and adaptation.

When looking at content related to displacement, climate displace-
ment was most commonly mentioned in relation to climate hazards or 
sea-level rise that could lead to displacement of populations within the 
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city, often from informal settlements. Only two plans acknowledged 
receiving displaced communities from elsewhere and included prepar-
ing for climate refugees into an action item.

We wanted to extract the relationship between health and 
equity in C40 adaptation planning. Figure 4a shows a co-occur-
rence chord diagram highlighting which plans had health and equity 
themes co-occurring within each plan. The figure shows unidirec-
tional relationships from the starting theme (base color) to the 
end point. For example, social cohesion (green) shows that plans 
that had social cohesion strategies also had a section on justice or 
equity and discussion on vulnerable groups including mention of 
climate displacement.

The bands on the outside show the base color of each theme 
and the proportionality of that theme in our overall sample. First, 
looking at the outside bands, most health codes fall into either early 
warning systems, hazard and vulnerability mapping, or heat action. 
These are health-adjacent codes as all of them can be done without a 
health focus. Strategies that directly target a health concern (disease, 
mental health or social cohesion) were less common, with mental 
health being the least common of the three. Similarly, on the justice 
side (orange), the umbrella categories—vulnerable groups and over-
all justice inclusion—were more prevalent in the plans than specific 
terms such as informal settlements or climate displacement. This 
is expected as not all cities included here have populations living in 
informal settlements.

Interestingly, mental health and social cohesion rarely co-occurred 
with physical health indicators but did co-occur with justice. This shows 
that mental and social health strategies were incorporated more from 
an equity perspective than a health one. This is further supported com-
pared with health prioritization categories in which mental health and 
social health were more common in plans that had a lower health prior-
itization category than the physical health indicators (Fig. 4b, purple).

Implementation readiness
We incorporated two proxy variables to gauge implementation readi-
ness. We assessed implementability through responsibility designation 
and the presence of monitoring indicators. Majority of plans (62%) 
designated a city department that was responsible for each adaptation 
strategy, with some plans designating a lead agency and supporting 
agencies. Also, 51% of plans included indicators. However, indicators 
were sometimes distantly related to the adaptation strategy.

The distinction between awareness and action could be tied to 
time and ambition. Many of the current health adaptation strate-
gies reflect early stages of the policy process (such as planning). This 
includes intention to develop future plans or to complete additional 
research or mapping. Funding and capacity are often cited as limiting 
factors to implementation and could lead to lower levels of ambition 
on health adaptation13.

Further, many of the strategies listed were not granular enough for 
implementation. For example, many of the disease surveillance meas-
ures lacked specificity (for example, “strengthen effective climate-
sensitive disease surveillance and prevention programmes”). It remains 
unclear how these initiatives will be implemented, what diseases will 
be targeted and if any implementation has occurred. Vague or broad 
climate adaptation strategies show a limit to operationalization. How-
ever, it is possible that these strategies would be followed up in other 
plans and strategies with more detail.

Moreover, the segmentation of sectors leads to challenges on 
planning and implementation. This was evident in the varied location 
of health strategies in climate plans. Plans that did not have a health 
section had health adaptation strategies integrated across other head-
ings either under adaptation broadly, under social impacts, disaster 
management, or under vulnerability or equity subheaders. Last, the 
early establishment of health as a co-benefit could lead to challenges 
reframing and reintegrating health as a primary adaptation element.
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Fig. 4 | Visualizing the co-occurrence of themes in C40 adaptation plans 
alongside equity (a) and health prioritization level (b.) a,b, Co-occurrence 
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across all themes. For example, early warning systems co-occurred 161 times 
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co-occurrence of health prioritization level across each theme.
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Limitations
Our methodology does pose several limitations. First, the screening 
favored English-language documents. In cases where an English version 
was accessible online, this version was included. However, the English 
translation was sometimes shorter in length (that is, a summary ver-
sion) or was written in simpler vernacular. If an English version was not 
located, Google Lens was used to translate and review the documents 
in English. In both cases, it is possible there is content in the original 
plan that was not represented in the English version or that there were 
errors in the translations provided.

Further, we only used one plan per city based on what was reported 
by cities into the CDP database. We determined that this was the most 
uniform method of analysis between cities, aligning with both C40’s 
published plans47 and similar studies22,35. Including additional docu-
ments from a manual search of city websites would have led to high 
levels of variation in information on each city and being unable to 
confirm the totality of the information gathered. It is possible that 
there are more recent plans (since August 2023) or other city planning 
documents that integrate elements of health adaptation, which are not 
included in this analysis. As CDP is self-reported, the cities are choosing 
the documents they determine are the most representative of their 
city’s climate adaptation planning. There are limits to the CDP database 
itself. In particular, it is self-reported, which could lead to inaccuracies 
in the data. As all plans were reviewed manually, there was little reliance 
on CDP reported statistics beyond the initial sample selection.

Conclusion
When assessing a global sample of city climate adaptation plans for 
health and equity content, we found that C40 cities had awareness 
of health impacts; however, the integration of comprehensive health 
adaptation strategies was not prevalent. Plans that incorporated health 
adaptation strategies primarily had health-adjacent strategies that 
traverse other sectors (such as disaster risk reduction). Adaptation 
sections specific to the health sector or that addressed specific health 
outcomes (such as disease risk) were less common.

Examining health adaptation in cities by applying a biopsychoso-
cial definition to health offers a more comprehensive approach. In this 
framework, we found that mental health and social health strategies 
were extremely rare despite climate change having profound impacts 

on both mental health and social cohesion. Last, we found that there 
was a high overlap between equity content of a plan and health content. 
Plans that incorporated equity included health adaptation more often.

Although we confirmed the results of previous studies that found 
similarly low levels of health integration in city climate adaptation, 
we offer a far more granular assessment of the degree to which cities 
incorporate physical health, mental health, social health, and justice 
and equity. Conceptually, we provide a more holistic analysis of health 
than what is common in health adaptation research. Further, we showed 
that in climate policy development and planning, at this stage, large 
cities mirror global levels of health integration in which awareness is 
expanding but purposeful action still lags. In this way, there is oppor-
tunity for cities to become innovative leaders on health adaptation.

As C40 cities are global leaders in climate action and all but three 
of our sample were megacities (population above 3 million people), we 
assume that this analysis is representative of other large cities globally. 
Our results were similar to ref. 22, whose analysis focused specifically 
on highly health adaptative cities. As such, it is probable that our sample 
may have a higher level of health adaptation than the global average.

Future research can build on this work by better understanding 
what role cities should take on health adaptation and work with city 
governments on holistic health integration. Moreover, researchers 
and city analysts need to go beyond the hypothetical and integrate 
what works not just conceptually but in practice. This study, as many 
others, is analyzing ambition, what cities are intending to do, but not 
what is being done. If implementation does not match the already 
lagging ambition, the gap will only grow. More research needs to think 
holistically and innovatively on health adaptation strategies, and those 
resulting strategies need more rigorously assessed for impact and 
effectiveness. Our study did not look at co-benefits in city climate 
adaptation plans, parse local adaptation on health systems using the 
elements of Operational Framework on Climate Resilient and Sustain-
able Health Systems, or assess implementation directly. Future studies 
could address these promising areas of research.

Research methods
To examine health inclusion in urban climate adaptation planning, we 
analyzed the climate action plans of cities in the C40 Cities Climate 
Leadership Group (C40 cities). The C40 cities are global leaders on cli-
mate policy. Previous studies that reviewed highly health adaptive cities 
found that health was still only minimally considered22. As such, focus-
ing on the C40 cities allows for comparison across cities that might not 
be previously classed as having high health adaptation but that still 
exhibit more advanced and comprehensive climate policy. Membership 
to the C40 network is based on performance, with cities required to 
meet ambitious standards in climate policy. There are two main tiers 
of membership: megacity (population above three million by 2030) 
and innovator (smaller cities with exceptional climate leadership)48.

We followed the search, appraisal, synthesis and analysis char-
acteristics of a critical review49 when building our methodology. Our 
search strategy aimed to identify the most relevant sample of city docu-
ments. Quality was not assessed during appraisal; however, the quality 
and degree of integration was a key element in document synthesis 
and analysis. Further, although not a requirement for critical reviews, 
we adhered to Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses guidelines in the interest of improving the rigor and 
transparency of our study.

Search and appraisal: sample and search strategy
Following similar studies35, we built our sample by identifying recent 
municipal climate action or climate adaptation plans for C40 cities in 
the most recent CDP adaptation database. Climate action plans were 
defined as any municipal climate planning document that focuses on 
climate adaptation. Climate plans were included based on the following 
criteria: they must be from a preidentified city, must include climate 
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adaptation planning, must be in the CDP adaptation database and must 
be published since 2016. Here 2016 was chosen as the cut-off date to 
align with similar studies22 and to exclude documents from before the 
Paris Agreement was signed in December 2015.

City climate adaptation plans were identified using the most 
recent CDP city adaptation planning database. CDP, formerly the Car-
bon Disclosure Project, is a non-profit global disclosure system that 
collects environmental data from companies, cities and countries. As 
such, it aims to increase transparency on the progress different entities 
are making toward a sustainable future. CDP has numerous publicly 
available datasets. We downloaded their most recent tracking of city 
adaptation plans, last updated in August 2023. The dataset had 644 city 
plans of which 93 were C40 cities (Fig. 5). An additional 12 plans were 
excluded for being drafted and approved before 2016.

We then located the documents for the remaining 81 plans. Plans 
that were not linked directly in the database were identified through 
a simple Internet search using Google (city name, adaptation, plan or 
strategy). Searches were completed in English.

To avoid duplication as well as double counting, only one plan was 
selected per city. For cities that had more than one climate plan in the 
database, the plan most likely to contain climate adaptation specific 
content was chosen for review. For example, if both documents con-
tained climate adaptation strategies, the standalone adaptation plan 
was chosen. However, if the standalone climate adaptation plan listed 
was an all-hazard mitigation plan, then the combined mitigation and 
adaptation climate action plan was reviewed. Duplicate city documents 
dropped our sample from 81 to 66 documents.

Although we selected a database that focused specifically on adap-
tation, the documents are self-reported by cities, and seven plans did 
not meet our requirement of climate adaptation content. Four plans 
were identified as only mitigation, whereas two were hazard mitigation 
plans without specific climate adaptation content. Four documents 
were not able to be located. This reduced our sample from 66 to 55, 
our final number.

Synthesis and analysis: thematic content analysis
After our 55 plans, each representing one city, were collected, we con-
ducted an in-depth content and thematic analysis. The content analysis 

was designed to be an abductive and iterative process, and it was done 
manually to avoid potential issues of bias and ethics over the use of 
machine learning or artificial intelligence50. A preliminary coding pro-
tocol was developed using the indicators in ref. 22 and a biopsychoso-
cial definition of health. We wanted to explore city health adaptation 
outside of a strict health system framing, which is commonly used in 
adaptation literature. As such, we used a biopsychosocial approach 
to consider physical, mental and social health factors that could be 
covered in an adaptation plan51. The physical health indicators were 
based on the five commonly referenced areas of health adaptation22,23. 
The documents were coded in NVivo 14. Documents that were not in 
English were reviewed using Google Lens translation software and 
coded in NVivo in their native language.

We pretested the codes on five adaptation plans. Codes were 
redefined and expanded based on pretesting. Once the preliminary 
codes were determined, the rest of the plans were reviewed. Emerging 
codes were embraced and integrated into the coding scheme. Plans 
were iteratively reviewed to ensure homogeneity and only adaptation 
sections of plans were reviewed. The final coding scheme included 
13 codes across physical health, mental health, social health, equity 
and justice, and implementation. If health adaptation strategies were 
found outside of these codes (that is, health system strengthening), 
they were put under “physical health” and are included in our analysis. 
Additionally, each plan was given a health prioritization category (Table 
1) depending on the level of health integration throughout the plan. The 
full coding scheme can be viewed in Supplementary Material 1. Docu-
ment coding was conducted by one author (DO) to ensure consistency. 
Results were verified by both authors. The data were extracted into an 
Excel file, cleaned and analyzed. Figures were made in R. The chord 
diagrams were made in Circos52.

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

Data availability
The adaptation plans and CDP dataset used in this study are publicly 
available. The CDP dataset can be accessed from https://data.cdp.
net/Adaptation-Actions/2022-Cities-Adaptation-Plans/iwt3-42qn/
about_data. The qualitative coding summary is available via Zenodo 
at https://doi.org/10.5281/zenodo.17418473 (ref. 53).
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Extended Data Table 1 | Examples of physical health inclusion in plans

This table provides descriptive examples of physical health strategies from the city climate action plans.
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Extended Data Table 2 | Examples of mental health inclusion in plans

This table provides descriptive examples of mental health strategies from the city climate action plans.
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Extended Data Table 3 | Examples of social inclusion in plans

This table provides descriptive examples of social health strategies from the city climate action plans.
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Extended Data Table 4 | Examples of justice and equity inclusion in plans

This table provides descriptive examples on how justice and equity was included in city climate action plans.
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