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China’s public health initiatives for climate change adaptation
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Summary

China’s health gains over the past decades face potential reversals if climate change adaptation is not prioritized.
China’s temperature rise surpasses the global average due to urban heat islands and ecological changes, and demands
urgent actions to safeguard public health. Effective adaptation need to consider China’s urbanization trends, un-
derlying non-communicable diseases, an aging population, and future pandemic threats. Climate change adaptation  5073.a: 100965
initiatives and strategies include urban green space, healthy indoor environments, spatial planning for cities, advance
location-specific early warning systems for extreme weather events, and a holistic approach for linking carbon |ips.//doi.org/10.
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neutrality to health co-benefits. Innovation and technology uptake is a crucial opportunity. China’s successful climate  1016/j.lanwpc.2023.

adaptation can foster international collaboration regionally and beyond. 100965
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Introduction of climate change and health in pivotal rivers like the Yangtze, Yellow, and Mekong.”
China Further complicating matters, climate-induced erratic

rainfall patterns have intensified both floods and
droughts. While this geographical diversity presents its
set of challenges, China’s demographic distribution adds
another layer of complexity. The majority of the Chinese

China’s geographical and population diversity in
the context of adaptation

China‘s vastness and complexity defy a singular approach
to climate adaptation. The nation’s rich tapestry of geo- S ) :
graphical features, from the icy reaches of the Tibetan poPulanon 1s clusterefi m th‘e elzastern }:oas.tal regions,
Plateau and the towering Himalayas to the arid expanses delineated by the Hu Line or Qinling-Huaihe Line (Box 1).°

of the Tarim Basin and the fertile North China Plain, East of this demarcation, major urban hubs such as Bei-
jing, Shanghai, Guangzhou, and Shenzhen accommo-

date nearly two-thirds of the country’s population and are
economic powerhouses. Fig. 1 provides a detailed depic-
tion of risks across this vast landscape. Such intricate
interplay between geography and demographics amplifies
climate-induced health risks.” Thus, it's imperative to

introduces a set of varied challenges. A noticeable mani-
festation of the warming climate is the retreating glaciers
on the Tibetan Plateau, a critical freshwater source for
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Key message

China risks losing health gains within a single generation if society fails to adapt to
climate change. Over the past five decades, China has made remarkable progress in
improving population health through poverty eradication, better nutrition, disease
prevention, improved healthcare access, and health education. Ensuring successful
adaptation to climate change is the next crucial challenge to preserve these hard-
won health gains. Alarmingly, China’s temperature increase trajectory outpaces the
global average, largely attributed to ecological shifts and the amplification by urban
heat islands." This underscores the heightened urgency to prioritize public health
protection for climate change adaptation, all while championing sustainable
development. The adverse health implications of escalating temperatures, shifting
rain patterns, and intensifying extreme weather episodes necessitate immediate and
concerted actions. Effective adaptation requires recognizing China’s unique
challenges and opportunities in urbanization, a growing burden of non-
communicable diseases, an aging population, and risks of future pandemics. To
mitigate these risks, successful adaptation must include green cities, better indoor
environments, enhanced systems for alerting the public about dangerous weather
phenomena and adopting a co-benefits approach that considers human health for
carbon neutrality, green city designs, and lower barriers for new technology
adoption. Innovative technology, like cooling towers and district distribution
systems, offers energy-efficient solutions, while strategies such as increasing surface
reflectivity play a role in curbing the urban heat island effect. Embracing big data,
sensors, and the internet-of-things will be instrumental for the management of
climate change adaptation. Yet, it is also essential to comprehend obstacles that
hinder technology uptake, especially in places with limited resources. The
achievement of successful climate adaptation is a shared global asset that can
promote new international cooperation between China and the world.

craft adaptation strategies that are finely tuned to the

unique demands of each region and its inhabitants.

Mitigation and adaptation commitments under the
UNFCCC framework

Mitigation takes precedence in China’s climate change
policies, aiming to reduce reliance on fossil fuels by
promoting renewable technologies and overcoming
technological barriers. As an active participant in the
United Nations Framework Convention on Climate
Change (UNFCCC), China has submitted two rounds of
Nationally Determined Contributions (NDCs).” These
commitments outline the country’s efforts to lower
greenhouse gas emissions based on its national cir-
cumstances, capabilities, and priorities. China’s NDC
includes targets to peak carbon dioxide emissions before
2030 and achieve carbon neutrality by 2060.° Addition-
ally, China acknowledges the importance of adaptation
measures to address climate change impacts. Box 2
presents China’s Nationally Determined Contribution
Targets and Potential Adaptation Co-benefits, recog-
nizing the vulnerability of its ecological system, econ-
omy, and society. While mitigation remains a primary
objective, policymakers also prioritize climate change
adaptation, which involves adjusting to the impacts of
climate change, reducing vulnerability, and building

resilience. Fig. 2 illustrates the national and interna-
tional timeline of adaptation policies. China’s NDC
outlines specific measures to strengthen adaptation in
sectors such as agriculture, water resources, and infra-
structure, as well as enhance early warning systems and
disaster risk reduction.

National Strategy for Climate Change Adaptation
2035

Adaptation, in the context of China’s urban policies,
should be defined as strategic measures specifically
designed to address health risks posed by environmental
changes. It requires a synergistic approach with mitiga-
tion to prevent exacerbating negative impacts. National
Strategy for Climate Change Adaptation 2035 includes
more concrete and comprehensive provisions related to
the health risks of climate change. In the academic and
policy communities, this strategic document represents
a major step forward compared to the previous strategy
issued in 2013 and replaces the earlier strategy that
covered the period 2013-2020 and aims to make China’s
society and economy more resilient to climate change.
The new strategy recognizes that the global average
temperature has increased and that temperature in
China has increased at a faster rate of 0.26 °C per decade
from 1951 to 2020 compared to the global rate of 0.15 °C
per decade since the middle of the 20th century.”

Climate adaptation in public health strategies

The Chinese government has seamlessly incorporated
climate adaptation and public health considerations into
numerous strategic plans. While there can be challenges
in inter-governmental and inter-agency collaborations,
stemming from resource constraints, diverse objectives,
and organizational frameworks, China’s commitment
remains evident. Prime examples are the Healthy China
2030 Plan, which prioritizes reduced air pollution and
enhanced access to clean drinking water. Furthermore,
the 14th Five-Year Plan (2021-2025) underscores the
importance of health in policymaking, disease preven-
tion, and the promotion of healthy lifestyles. This ho-
listic approach extends to plans to emphasize ecological
monitoring, pollution management, waste minimiza-
tion, and alignment with global standards. Endeavors
such as the Air Pollution Prevention and Control Action
Plan and the Blue-Sky Defense Battle underscore
China’s unwavering resolve to enhance air quality and
environmental health. Collectively, these initiatives
showcase China’s proactive stance in tackling climate
change while advancing public health through well-
defined policies and actions.®

Climate risks and health impacts in China
Compound events

In China, compound events are the occurrence of
multiple  extreme climate phenomena either
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Box 1.

Population and temperate zones of China.

Contrast in population density is represented by the ‘Hu Line’, a demographic boundary dividing the sprawling but underpopulated western
territories from the densely inhabited eastern regions.

Heihe 257

Tengchong
&

Temperate zones of China.

Climate Zones
Tropical humid climates (A)

[ Tropical wet
[ Tropical wet/dry

Arid and semiarid climates (B)
Desert

[ steppe

Temperate climates (C)

- Midlatitude, moist all year
[ Subtropical, winter dry

Cool humid climates (D)

- Continental, winter dry
| Continental, moist all year

Coldest climates (E)
[ High altitude

Adapted from Pulsipher, L.M. & Pulsipher, A. A. (2014, Jan 6). World Regional Geography without subregions: Global Patterns, Local Lives.

New York: W. H. Freeman and Company.
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Melting of snow and ice is
accelerating, snowmelt flooding
is frequent, and the vulnerability
of water resources and
ecosystems has increased.

North China

Northeast China

Warmed more than the national

Warming and drying [ average, it faces risks such as

increasing significantly, with heightened summer flooding

\‘ prominent water supply and ! risk, wetland area reduction,
\ demand conflicts and serious K and increasing permafrost

\ heat island effects in k

vulnerability.

\ megacities. !

Southwest China

Winter and spring droughts
have worsened, and pressure
on water and soil conservation,
rocky desertification
management, and biodiversity
protection has increased.

South China

Extreme weather and climate
events such as heat waves,
torrential rain and floods,
typhoons and storm surges are
frequent, and disasters such as
salt tides and seawater intrusion
have intensified.

Droughts and floods are
frequent, lakes and wetlands are
shrinking and face increasing
risk of ecological degradation,
and biodiversity is declining.

East China

Typhoons have increased in
intensity, urban pluvial flooding
and heat wave events have
increased, and rising sea levels
threaten the safety of coastal
cities.

Fig. 1: Map of regional extreme weather risks in China.

simultaneously or in close time sequence. Unlike typical
climate events, these have heightened repercussions for
public health responses. The summer of 2023 in Beijing
and neighboring Hebei and Tianjin areas have been
battered by severe climate events, with the city grappling

Box 2.

China’s nationally determined contribution targets and their associated mitigation

co-benefits.

Increase the share of non-fossil fuels in primary Non-fossil fuel sources have lower emissions of
energy consumption to around 25% by 2030

Increase forest coverage by 6 billion cubic
meters from 2005 levels by 2030

Increase the capacity of carbon sinks by 4.5
billion tons from 2005 levels by 2030

air pollutants compared to fossil fuels, leading
to improved air quality and associated health
benefits. Air pollution is currently a top risk for
disease burden in China.

Forests provide essential ecosystem services,
including carbon sequestration, water
regulation, and biodiversity conservation.
Increasing forest coverage enhances desert
regions to stabilize sand dunes and reduce the
likelihood of dust storms and climate risks.
Additionally, regional cooperation initiatives
have been established to combat desertification
and promote sustainable land management
practices.

Carbon sink expansion often involves protecting
or restoring ecosystems, which supports
biodiversity conservation efforts, which are
essential for maintaining ecosystem resilience
and adaptive capacity. Trees, for example,
provide shade and evapotranspiration, which
can help cool the surrounding environment and
reduce the urban heat island effect.

with a historically severe heatwave followed by a lethal
flash flood due to Typhoon Doksuri (Supplementary Box
S1 shows the Case Study 2023 Typhoon Doksuri). With
climate change, such events are witnessing a rise in
both frequency and intensity across diverse Chinese
regions. The combined effects of these events magnify
threats to human health and the nation’s infrastructure,
making disaster mitigation, response, and rehabilitation
more intricate.’

Deforestation and sandstorms

Severe sandstorms are worsened by rising industrial
activities and rapid deforestation throughout northern
China. In recent years, severe sandstorms swept
through Beijing and several northern provinces in
China, sending air pollution soaring to hazardous levels.
The air quality index exceeded monitoring upper limits,
reflecting many orders of magnitude higher than the
daily average guideline set by the World Health Orga-
nization." In response to these seasonal severe sand-
storms, nearly a dozen provinces have issued ‘yellow’
warning (see below on early warning system). These
sandstorms, originating from Mongolia, have gradually
shifted towards central and eastern China, driven by a
combination of low rainfall and low-pressure winds.

Particulate matter, nitrogen oxides, ozone, and

heat waves
Combined environmental exposures, encompassing
particulate matter air pollution, ozone, NO,, and heat
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1994 @

2007 @

201 @

1992 @

2001 @

2005 @

2007 @

Adaptation Policy in China

China's Agenda 21-the Environmental Protection Commission of the
State Council

A national strategy for sustainable development tailored to the country's specific
needs, following the global Agenda 21 from the 1992 UNCED in Rio de Janeiro. A
strategy framework to direct and coordinate various programs, including the China
Environmental Action Plan, the Eight-Seven Poverty Elimination Task Programme,
and the Biodiversity Protection Action Plan. ;.

China's national plan for addressing climate change-
Commission of the State

First national plan of a developing country in this field, which comprehensively
expounds China's countermeasures against climate change before 2010, including
the solemnly proposed medium-term emission reduction target;,.

China's Policies and Actions for Addressing Climate
ChaHgC—Commission of the State

China's policies, measures, actions and achievements in tackling climate change during 20 1 6 c.)

the "Eleventh Five-Year Plan" period, and also introduces the goals China has set in
tackling climate change during the "Twelfth Five-Year Plan" period and in order to
achieve it. This goal has been identified by policy measuresy ;.

The National Strategy for Climate Change
Adaptation-Na(ional Devell and Reform C

The guiding ideologies, principles, and objectives for China's national response to
climate change. It assesses current and projected impacts, details key tasks, regional
approaches, and protective measures, and directs dinated adaptati
effortsg.

National Plan on Climate Change 2014-2020-

Commission of the State

The 2014-2020 Plan outlines what China hopes to achieve by 2020, including goals
relating to greenhouse gas (“GHG™) emissions, climate change adaptability, and a national
emissions trading scheme, among others. This target, although likely non-binding, is the
closest China has come to implementing an absolute emissions cap and could potentially
forecast more comprehensive post-2020 measures).

2015 @

2016 @

2022 ®

Enhanced Actions on Climate Change: China's

Intended Nationally Determined Contributions-
Commission of the State

In accordance with relevant decisions of the Conference of the Parties to the
Convention, China presents its enhanced actions and measures on climate
change as its nationally determined contributions to making the Paris
Conference a great success[«].

Action Plans for Cities to Adapt to Climate

Change- -National Development and Reform Commission

It responds to global climate change, implement the requirements of the
National Strategy for Adaptation to Climate Change, effectively improve
the ability of Chinese cities to adapt to climate change, and coordinate the
work related to climate change adaptation in cities ).

China's National Plan for the Implementation of
the 2030 Agenda for Sustainable Development-

Strategic document or policy framework that outlines how China intends to
implement the United Nations' 2030 Agenda for the 17 Sustainable
Development Goalsy).

China's Nationally Determined Contribution

Achievements, New Goals and New Measures-
Ministry of Ecological Environment
Ci i to reduce 1; gas and combat climate
change under the Paris Agreement, updates from NDCs in 2015, with

renewed targets for mitigation, carbon intensity, forest, and adaptation. ).

National Climate Change Adaptation Strategy 2035
Strategy for "climate-resilient” by 2035. ministries and departments
have committed to the goaly, ;.

International Adaptation Polic

United Nations Framework Convention on Climate Change
The United Nations Framework Convention on Climate Change (UNFCCC) established
an international environmental treaty to combat "dangerous human interference with the
climate systems;.

The Marrakesh Accords-COP7

The Marrakech Accords is a set of agreements reached at the 7th Conference of the
Parties (COP7) to the United Nations Framework Convention on Climate Change,
held in 2001, on the rules of meeting the targets set out in the Kyoto Protocolyy;.

Nairobi work programme-COP11

The Nairobi work on impacts, ility, and to climate
change (NWP) was established at COP 11 (December 2003, in Nairobi) to facilitate
and catalyse the development and dissemination of information and knowledge that
would inform and support adaptation policies and practices, with a focus on
developing countriesy,

The Kyoto Protocol- UNFCCC

The Kyoto Protocol was an international treaty which extended the 1992 United Nations
Framework Convention on Climate Change (UNFCCC) that commits state parties to
reduce greenhouse gas emissions, based on the scientific consensus that (part one) global
warming is occurring and (part two) that human-made CO2 emissions are driving ity;.

Bali Action Plan-COP13

The Climate Change Conference in Bali laid key foundations for negotiations on a post-
2012 climate regime. Following intensive negotiations and with a 24-hour delay, the
Parties reached agreement on the Bali Action Plan;s).

Cancun Adaptation Framework-COP16

It will hen action on ion in developing countries through international
cooperation. It will support better planning and implementation of adaptation
measures through increased financial and technical support, and through
strengthening and/or establishing regional centres and networksg.

2015

The Paris Agreement-COP21

It is an international treaty on climate change, adopted in 2015. It

covers climate change mitigation, adaptation, and finance. The Agreement
was negotiated by 196 parties at the 2015 United Nations Climate Change
Conference near Paris, France.

Glasgow Climate Pact-COP26

The Glasgow Climate Pact is an agreement reached at the 2021
United Nations Climate Change Conference. The pact is the
first climate agreement explicitly planning to reduce unabated
coal usage. A pledge to "phase out" coal was changed to
"phase down" late in negotiation, for coal in India and coal in
China and other coal reliant countriesg.

Fig. 2: National and international adaptation policy timeline.

waves, can have synergistic impacts on public health.
The health implications of these exposures, however,
vary based on the specific components and their con-
centrations. While there is consensus about the detri-
mental effects of PM, 5 exposure, the causal relationship
between certain air pollutant components and mortality
remains debated. For instance, research in China has
established a strong link between PM, s exposure and
premature mortality, but the adverse impacts of NO,, an

www.thelancet.com Vol = m, 2023

indicator of traffic-related pollution, become pronounced
primarily in the colder regions of northeast China. This
suggests that the health effects of pollutants can be
modulated by regional climatic conditions. Differing
regional characteristics further amplify variations.
Northern China, with its heavy industries, tends to have
higher concentrations of particulate matter, while
southern China sees heightened ozone exposure due to
its geographical and climatic conditions. The densely
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populated eastern region, particularly during specific
events like the 2013 Shanghai heatwave, faces combined
environmental challenges. In this event, temperatures
soared above 40 °C (104 °F), exacerbating the photo-
chemical reactions that produce smog."" This led to a
surge in tropospheric ozone levels. The confluence of
such extreme heat and high ozone concentration not
only posed immediate health threats but also heightened
the risk of respiratory and cardiovascular diseases."

Cyclones, flood and disaster management

A study conducted in 153 counties in China found that
exposure to tropical cyclones increased the risk of both
accidental and non-accidental mortality, with circulatory
and respiratory disease showing an 8% increase in non-
accidental mortality on tropical cyclone-exposed days."
Since 1990, along the Chinese coast, tropical cyclones
with lower translation speed and higher rainfall totals
have become more frequent,'* leading to over 60% of the
largest hazardous floods in the northern and eastern
parts of China.” These findings highlight the need for
long-term planning and preventive control of extreme
weather events, as well as the development of health
protection advice and early warning mechanisms for
compound climate events.

Climate-sensitive chronic diseases
Climate change acts as an amplifier of the health chal-
lenges already faced by China. Direct climatic factors,
like extreme temperatures, play a pivotal role in exac-
erbating existing health conditions rather than initiating
new cases of chronic diseases. Early phases of a heat-
wave, particularly the first two days, show more pro-
nounced health impacts, emphasizing the importance
of swift interventions.® Notably, a study in 2017 high-
lighted that heatwaves significantly spiked mortality
rates from cardiovascular diseases in China, with an
increase of 27.8% on heatwave days compared to non-
heatwave days.”'®

Dealing with climate change adaptation extends
beyond just heat waves but also includes cold. Cold
mortalities dominate the total non-optimal temperature
mortalities, with the estimation that 593,900 thousand
deaths were attributable to non-optimal temperatures in
China in 2019 (PAF = 5-58%), with 580,800 cold-related
deaths and 13,900 heat-related deaths. Cardiovascular
diseases and chronic respiratory diseases were the
leading causes of temperature-related deaths. The death
rates for both high and low temperatures varied signif-
icantly across regions, with Western China having
higher age-standardized death rates for low tempera-
tures and Xinjiang and Central-Southern China having
greater death rates for high temperatures.” It is poorly
understood whether climate change lowers cold-related
mortality, or causes more cold-related mortalities with
higher temperature fluctuations.

One Health

One Health, defined by the World Health Organization
(WHO), emphasizes the interconnected health of peo-
ple, animals, and the environment. This approach is
essential for managing zoonoses like dengue, plague,
Hemorrhagic Fever with Renal Syndrome (HFRS), and
cholera, as well as issues like food safety and antimi-
crobial resistance. Climate change, particularly in
China, affects the transmission of these diseases, with
changing weather patterns facilitating disease vectors
such as mosquitoes and ticks.”® Fig. 3 presents the cu-
mulative incidence of these three diseases in China per
100,000 individuals. Research has identified a strong
connection between soil attributes and the emergence of
plague reservoirs. Areas with high concentrations of
metals such as cadmium, copper, iron, magnesium,
sodium, antimony, and uranium, as well as elevated soil
pH, are more susceptible to plague reservoir formation.
In contrast, increased levels of calcium, cerium, mo-
lybdenum, and yttrium decrease the likelihood. The pH
of the soil plays a pivotal role, in influencing the
development of Yersinia pestis and flea larvae and
affecting metal availability. Furthermore, high eleva-
tions, like those found in the Tian-Shan, Pamir, and
Altai ranges and the Qinghai-Tibet plateau, are notable
hotspots for plague reservoirs.”” Climate variables,
particularly temperature and precipitation, indirectly
modulate rodent and flea population behaviors, which
can influence the spread and persistence of the plague.
For effective climate change adaptation, understanding
these relationships can be used to anticipate and
manage potential plague outbreaks.

Mosquito-borne infectious diseases

Mosquito-borne diseases are one of the climate-sensitive
infectious diseases dramatically affected by climate
change, the most prevalent of which is dengue fever.”
With 100-400 million new infections each year, it is
one of the fastest-growing infectious diseases globally
and is taking hold in many large tropical cities.” Dengue
outbreaks in China have spread from the southern
coastal regions, including Hainan and Guangdong, to
the northern and western regions of Zhejiang, Fujian,
and Yunnan, with short outbreak intervals since 1990.*
A number of traditional preventive actions have been
undertaken, including dengue vaccines, all of which are
primarily live. Although there is an urgent need for a
vaccine to prevent dengue, it is controversial that until
now, no dengue vaccine has been widely used, and the
ideal vaccine that can serve as effective prevention in
large populations is under investigation.” In addition,
based on the limited effectiveness of traditional
insecticide-based control behaviors, biological control
measures such as Wolbachia are positioned as prom-
ising potential for dengue control intervention.” In the
near future, numerous studies predict an expansion of
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Fig. 3: The cumulative incidence of 3 infectious diseases in China at county scale (100,000 persons). The map indicates the areas where in-
fectious diseases have had severe outbreaks previously or may potentially occur in the future. Circles represent cities/provinces, boxes represent
broader regions. (A) The vector-borne disease: dengue (2005-2020). (B) The rodent-borne disease: plague (1772-2019). (C) The water-borne
disease: cholera (1999-2008). Evidence shows that infectious diseases are prone to be impacted by climate change, further explanation can be

found in Supplemental file (Supplementary Web text S1).

infected populations, driven by growing populations in
endemic areas and changes in climate.”

Rodent-borne diseases

Rodent-borne diseases in China, such as plague and
Hantavirus hemorrhagic fever with HFRS, are notably
influenced by climate change. Plague, caused by
Y. pestis, is a zoonotic disease, while Hantavirus hem-
orrhagic fever with HFRS results from hantaviruses.
Humans contract plague through contact with infected
animals or their parasites, while HFRS transmission
occurs via inhalation of contaminated aerosols from
vectors like feces or saliva of infected animals.”® Climate
alterations modify species ranges, affecting disease
spread and human interaction. Mitigating these

www.thelancet.com Vol = m, 2023

diseases focuses on managing natural habitats and
limiting exposure to infected animals, like controlling
rodent populations near human areas.” Effective control
mandates updated early warning systems and a
comprehensive surveillance network combining case
reports and laboratory findings.*

Water-borne diseases

Climate change impacts water-borne diseases in China,
with cholera, caused by Vibrio cholerae, being a prime
example. The changing climate can amplify the spread
of such pathogens through contaminated food and wa-
ter sources. Since the 1990s, due to enhanced environ-
mental management, cholera, while monitored, is no
longer a predominant concern. Climate change
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adaptation strategies, including upgrading infrastruc-
ture, promoting better sanitation, and educating the
public, are crucial in managing these waterborne dis-
eases. Furthermore, we must be attentive to other
agents causing gastroenteritis, which can also be swayed
by the evolving climate. Monitoring at urban water pu-
rification plants now includes a range of pathogens,
such as the novel coronavirus, Type A influenza virus,
norovirus, rotavirus, and Salmonella, that are known to
exhibit gastrointestinal excretion patterns.*"*

Climate change impacts on health via labor
productivity impacts

Climate change has a significant impact on labor pro-
ductivity in China, in addition to its negative effects on
health. Extreme temperatures not only result in medical
expenses®** and mortality losses® but also cause pro-
ductivity losses,***” all of which contribute to a decline in
gross domestic product (GDP). For instance, econo-
mists estimate that the 2017 exceptional heatwave in
China led to an estimated economic loss of 61,304
million RMB due to premature deaths.”” However, most
studies have failed to fully evaluate the economic im-
pacts of heatwaves, such as by not considering the
governmental subsidies.”® The intensity of heat waves
and their adverse effects vary across different regions in
China due to geographical variations, climatic charac-
teristics, and economic development levels. Studies
show that heatwaves more severely impact the eastern
and southern provinces of China.* Nevertheless, the
adaptability brought about by economic development
has increased the resilience of individuals with higher
incomes to climate change.” While most studies have
focused on the short-term health impact of climate
change, few have quantified the long-term economic
impacts caused by heat waves in China.

Climate and food system impacts

The intricate interplay between climate change, food,
and disease presents a multifaceted challenge. Climate
change wields a substantial influence on food systems,
setting the stage for a cascade of health-related issues.
Foremost, climate change exerts its influence on food
production and security.” For instance, the occurrence
of extreme weather events poses a threat to crop yields,
which threatens both the availability and diversity of our
food supply.* This, subsequently, can result in a higher
prevalence of undernutrition, particularly in vulnerable
populations in developing countries. In more developed
economies, the confluence of elevated food prices and
diminished food diversity can also contribute to a surge
in chronic diseases linked to dietary factors. A notable
example is the potentially reduced production and con-
sumption of fresh fruits and vegetables, which can
heighten the risk of cardiovascular diseases.” Food-
borne illnesses and food safety is also an important
aspect.** Rising temperatures and the increasing

frequency of extreme weather events present substantial
challenges to food preservation. Some foodborne bac-
terial pathogens, such as Salmonella and Listeria, thrive
under these conditions, which may cause higher hazard
of food borne illnesses.

Climate change adaptation initiatives in China
Adaptation initiative 1: carbon neutrality and
health co-benefits

China’s NDC includes a commitment to peak its carbon
emissions before 2030 and to achieve carbon neutrality
by 2060, which means that the amount of carbon diox-
ide emitted is equal to the amount removed from the
atmosphere.” Given that China is the world’s largest
greenhouse gas emitter, this commitment carries pro-
found implications. While mitigation primarily targets
the long-term goal of curtailing the root causes of
climate change, mainly by reducing emissions, it is
deeply entwined with adaptation. Reducing greenhouse
gas emissions not only tackles the source of climate
change but also lessens the severity of its impacts,
enabling more manageable adaptation in the short term.
Conversely, adaptation, which focuses on immediate
responses to current or looming climate impacts, strives
to diminish vulnerability to climate effects. In essence,
effective mitigation creates a foundation for more suc-
cessful adaptation, as both play complementary roles in
China’s overarching strategy against climate change.

By 2030, China aims to increase the share of non-
fossil fuels in primary energy consumption to around
25%, increase forest stock volume by 6 billion cubic
meters compared to 2005 levels, and reduce carbon di-
oxide emissions per unit of GDP by more than 65%
compared to 2005 levels. To effectively adapt to the ef-
fects of these NDC targets, the scientific and policy
community must gain a comprehensive understanding
of their short and long-term impacts on climate change.
By assessing the potential outcomes of the NDC targets,
we can identify areas that require additional resources
or interventions and develop more effective adaptation
strategies.”” As the world’s largest greenhouse gas
emitter, China contributes approximately 28% of global
emissions, a figure expected to rise until 2030, thereby
intensifying climate change impacts. Given its large
population, China’s per capita carbon emissions are
lower than many developed nations.*

Reducing emissions in China not only aids in
climate change mitigation but also offers significant co-
benefits. Enhanced air quality results in health im-
provements, such as fewer cases of childhood asthma
exacerbated by indoor air pollution.” The drive towards
cleaner energy promotes new industries and job op-
portunities while bolstering economic growth and en-
ergy security by lessening reliance on imported fossil
fuels.* However, to truly address climate-induced air
pollution, a holistic approach, integrating both
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greenhouse gas reductions and robust adaptation mea-
sures, is imperative. Recent policies have indeed pivoted
towards these goals, with a focus on industry regulations
and the promotion of renewables.

Adaptation initiative 2: improved early warning
systems

An early warning system is a critical component of
disaster risk reduction, providing timely and accurate
information about various extreme weather events.
These events include heatwaves, cold spells, typhoons,
heavy rainfall, severe thunderstorms, blizzards, strong
winds, sandstorms, and more. Since 2000, some pro-
vincial meteorological bureaus in China have issued
local weather warnings for these events. In 2008, the
China Meteorological Administration (CMA) standard-
ized this practice by introducing the “Regulations for the
Issuance of Meteorological Disaster Warning Signals”,
unifying 14 meteorological disaster warning signals
across the nation in terms of their levels, symbols, and
colors. The system is graded into four levels: Level I
(particularly severe), Level II (severe), Level III (relatively
severe), and Level IV (general), each indicated by colors
red, orange, yellow, and blue respectively (details shown
in Fig. 4).

High-temperature early warning system in China

Specifically targeting heat-related events, national
meteorological system alerts the public about the health
risks posed by elevated temperatures. As depicted in
Fig. 5a, China Central Television frequently broadcasts
high-temperature and heat stroke warnings. In the
Chinese meteorological context, any day recording a
maximum temperature of 35 °C or above is labeled a
high-temperature day. Fig. 5a charts the number of
heat-stroke weather level forecasts presented on China
Central Television’s Channel 1 (CCTV1) every summer
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from 2009 to 2022, factoring in biometeorological in-
dexes that account for temperature and humidity. The
system classifies heat stroke risk into three levels: Level
IIT (likely to have heat stroke), Level II (prone to heat
stroke), and Level I (very likely to have heat stroke).
When at least five neighboring prefecture-level cities
reach Heat-Stroke Level 2, a forecast warning is issued
on CCTV1 for public consumption. A heatwave is
defined as three or more consecutive days with tem-
peratures exceeding 35 °C. Fig. 5b shows the distribu-
tion of 99th percentile of daily maximum temperature in
China over the past 10 years (2010-2020), South of the
Hu Line, these temperatures typically exceed 33 °C.
Conversely, north of the Hu Line, they are predomi-
nantly below 33 °C. The northeastern and southwestern
regions display temperatures between 33 and 35 °C,
while the Qinghai-Tibet Plateau registers temperatures
below 29 °C. Fig. 5¢ shows annual average number of
days with temperatures exceeding 35 °C in China over
the past 10 years (2012-2022). In the last decade, most
areas south of the Yangtze River experienced over 31
days with temperatures exceeding 35 °C annually. Re-
gions witnessing more than 50 days of these high
temperatures include Fujian, Jiangxi, Hunan, Chongg-
ing, Xinjiang, among others. The Jianghuai region
typically sees 20-30 days of such temperatures, while
northern China regions usually have fewer than 20 days.
Current protective recommendations include staying
indoors during peak heat hours, wearing sunscreen and
protective clothing, limiting outdoor work, and imple-
menting cooling measures. In 2022, a surge in
high-temperature days led to many record-breaking
temperatures and a consequent spike in warning
broadcasts, including an unprecedented red-level warn-
ing. However, some experts raise concerns over the lack
of a universally applicable heatwave definition, consid-
ering the varied climatic conditions and adaptive
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Fig. 4: Heat health early warning system (HHEWS).
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Fig. 5: (A) Number of High Temperature and Heat Stroke Warnings Broadcasted by China Central Television. (B) Distribution of 99th percentile
of daily maximum temperature in China over the past 10 years (2010-2020). Legend: Daily maximum temperatures surpassing the 99th
percentile and their health implications. South of the Hu Line, these temperatures typically exceed 33 °C. Conversely, north of the Hu Line, they
are predominantly below 33 °C. The northeastern and southwestern regions display temperatures between 33 and 35 °C, while the Qinghai-
Tibet Plateau registers temperatures below 29 °C. (C) Annual average number of days with temperatures exceeding 35 °C in China over the past
10 years (2012-2022). Legend: In the last decade, most areas south of the Yangtze River experienced over 31 days with temperatures exceeding
35 °C annually. Regions witnessing more than 50 days of these high temperatures include Fujian, Jiangxi, Hunan, Chonggqing, Xinjiang, among
others. The Jianghuai region typically sees 20-30 days of such temperatures, while northern China regions usually have fewer than 20 days.

capacities across different regions. A study in Shanghai
found that such early warning systems, particularly
those targeting heatwaves have been effective in
reducing mortality during such events.”

Adaptation initiative 3: cities and spatial planning
as protection against extreme weather events

The United Nations Environment Programme has
noted that “Cities are a key contributor to climate
change”.** In 2017, China launched a pilot program for
the construction of climate-resilient cities in 28 regions
and introduced action plans for urban adaptation to
climate change.” Urban spatial planning measures have
been proposed for extreme weather and climate events
such as heavy precipitation, high temperature, drought,
typhoon, freezing, and haze, including optimizing ur-
ban infrastructure, renewing old residential areas, and
enhancing the function of green spaces, forests, lakes,

wetlands, and ecosystems to conserve water sources,
regulate temperature, and maintain water and soil. Box
3 shows China’s macro spatial planning policies for
climate change adaptation.””** In 2019, the National
Standard of the People’s Republic of China “Technical
for climatic feasibility demonstration in master plan-
ning” was released,” suggested that urban planning
should adapt to climate change by using spatial in-
dicators, such as urban form, green space layout, green
space rate, and functional zoning. In 2023, eight Chi-
nese government ministries jointly released a notice on
deepening the pilot construction of climate-resilient
cities, proposing to actively explore the paths and
models of climate-resilient city construction and effec-
tively improve the city’s ability to adapt to climate
change.® Over the past 15 years, China has also devel-
oped urban construction strategies such as low-carbon
cities and sponge cities to secure the resilience of
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Box 3.

China’s macro spatial planning policies for climate change adaptation

1. Climate change integration in urban planning:

2. A series of urban construction strategies
(low-carbon cities, sponge cities, resilient cities):

1. Building layout, urban sky corridors, and vertical
greening:

2. Public/slow transport system construction:

3. Adequate and high-quality blue-green open space

4. Planning of disaster prevention infrastructure,
emergency shelters, and medical and health service
facilities.

Technical Specification for Climate Feasibility Demonstration of Urban Master Planning (issued by the China Meteorological
Administration in 2014) emphasizes climate change adaptation in urban planning through spatial indicators such as urban
form, green space layout, green space ratio, and functional zoning.

National Land Planning Outline (2016-2030) proposes measures to address climate change, including strengthening
ecosystem protection, promoting green and low-carbon city development, and transforming agricultural production
methods.

Low-carbon cities: Since 2010, China has identified six low-carbon pilot provinces and regions and 81 low-carbon pilot cities.
Each mainland province has at least one low-carbon pilot city, except for some western regions (Ningxia, Tibet, and Qinghai).
Sponge cities: From 2015 to 2016, China identified 30 pilot sponge cities across different regions, scales, and types, aiming to
enhance rainwater absorption, storage, infiltration, purification, and utilization, while reducing urban flooding and improving
water environment and ecological quality.

Resilient cities: The “Proposal of the Central Committee of the Communist Party of China on the 14th Five-Year Plan for
National Economic and Social Development and the 2035 Visionary Goals” (2020) introduced the concept of constructing
“resilient cities” to enhance cities’ resilience to disasters.

Specific Measures for Policy-based Spatial Planning-Chinese Practice Examples and Health Effects:

Examples: Hong Kong 2030+: Planning Vision and Strategies for Moving Beyond 2030, Guangzhou “Cool City” Initiative.

Health effects: Research in Hong Kong suggests that urban planning measures to mitigate the heat island effect and improve
the living environment can help reduce mortality from high temperatures. Additionally, residents in high-density residential
areas may face higher risks of tuberculosis.

Examples: “Beijing 14th Five-Year Plan for Transportation Development and Construction” and “Shanghai Street Design
Guidelines.”

Health effects: Improvements in China’s transportation system can increase opportunities for physical activity, control weight
and blood pressure, prevent chronic diseases, reduce stress and anxiety, improve mental health, and decrease air pollution.
Example: Wuhan's East Lake Greenway, the largest urban greenway in China, providing activity space, improving water
quality, regulating microclimate, and optimizing the ecological environment.

Health effects: Natural experiments on the East Lake Greenway demonstrate the positive impact of urban green spaces on
the physiological and psychological health of residents.

Practical example: Wuhan's East Lake Greenway (the largest urban greenway in China)-provides activity space, improves
water quality, regulates microclimate, and optimizes ecological environment.

Health effects: Natural experiments on the East Lake Greenway have shown that urban green spaces have a positive impact
on the physiological and psychological health of residents.”

Examples: Beijing Urban Master Plan 2016-2035, Chongging Urban Infrastructure Construction “14th Five-Year Plan,” and
the 14th Five-Year Plan for Urban Infrastructure Development in Guangzhou. Xiamen Haicang's sponge city practice during
Typhoon Moranti in 2016.

Health effects: Proper layout of medical facilities and emergency shelter planning effectively reduces disaster mortality and
controls the spread of infectious diseases.

cities to climate change and promote the well-being of
the public.*> Effective urban planning, including
proper building layouts, urban sky corridors, and verti-
cal greenery, enhances air circulation, reduces pollut-
ants, and mitigates the heat island effect, thus
improving the local microclimate. Such measures not
only help decrease mortality from high temperatures
but also benefit residents in high-density areas by
potentially reducing infectious diseases.”

However, the effectiveness of the measures imple-
mented in these pilot cities remains to be evaluated. For
instance, one perspective posits that Chinese sponge
cities, by integrating blue-green systems with traditional
grey infrastructure, represent a paradigm shift in sus-
tainable water resource management. They are effective
for flood risk reduction; however, they are unlikely to be
a panacea for flooding problems in cities as they cannot
deal with low-probability and high-damage events.** The
evident technological disparities and constraints
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between developing and developed countries must be
addressed.** Factors such as the unavailability and un-
certainty of rain garden systems, green roof systems,
tree planters, infiltration planter systems, and under-
ground infiltration and monitoring systems can pose
significant challenges to the effective implementation of
adaptive measures.®*** It’s also vital to recognize the
spatiotemporal differences and thresholds of each
measure. For example, data from 162 cities in China
suggests a nonlinear impact of urban and industrial
structures on surface urban heat island. As the tem-
perature rises, adaptive measures may become ineffec-
tive, or even produce negative effects.®

Improvements in the transportation system in China
can increase opportunities for daily physical activity by
encouraging daily activities such as walking or cycling,
helping to control weight and blood pressure, prevent-
ing obesity and chronic diseases, relieving stress and
anxiety, improve mental health, while also mitigate air
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pollution from exhaust fumes.” Many cities have
emphasized the development of public transportation
and non-motorized traffic systems in planning strate-
gies such as the “14th Five-Year Plan for Transportation
Development and Construction in Beijing” and the
“Shanghai Street Design Guidelines”.””** After imple-
menting a series of green public transportation initia-
tives, Nanning city saw its green travel mode share
exceed 80% in 2021.% Additionally, green infrastructure
and open blue-green spaces can improve air quality and
encourage daily physical activities. For example, the
construction of the East Lake Greenway in Wuhan, the
longest urban greenway in China, has improved water
quality and the ecological environment of East Lake, and
a local natural experiment showed that it had a positive
impact on the physical and mental health of surround-
ing residents.”*”” It's worth noting that the ability of
these transportation and green infrastructure initiatives
to mitigate the effects of climate change might be con-
strained under scenarios of rapid global warming. For
instance, outdoor activities or travel can be hazardous
under extreme high temperatures. A Chinese empirical
study has pointed out that the green view index shows a
stronger cooling effect than that of green space area
under extreme heat.”

China has effectively managed the impacts of
climate change, including floods, heavy rainfall,
droughts, and water supply issues, by improving
infrastructure like flood control zones, urban pipe cor-
ridors, and lifeline systems, thereby safeguarding pub-
lic health and safety. Cities such as Shanghai, Xi’an,
and Chengde have implemented emergency shelter
plans to protect residents further.”””* In August 2023,
China will roll out the “Urban and Rural Public Health
Emergency Space Planning” initiative, designed to
enhance the city’s resilience to natural disasters and
potential climate change-induced infectious diseases.”!
This initiative strategically allocates land, space, and
facilities for peace times and public health emergen-
cies. Evidence suggests that China’s well-organized
medical facilities and emergency shelters have proven
effective in mitigating disaster-related mortalities and
curbing the spread of infectious diseases during sig-
nificant epidemics.”® However, as climatic events
become more sudden, frequent and severe, it’s essen-
tial to continuously reassess and upgrade these mea-
sures in line with the latest climate warning and
modeling systems. For instance, in July 2023, due to
the combined effects of typhoons and topography,
Beijing and its surrounding areas in China experienced
a catastrophic heavy rainfall event. Although the gov-
ernment promptly initiated flood prevention emergency
responses and took corresponding measures,” there
were still casualties and property losses.” Under severe
climate change, the applicability and effectiveness of
spatial planning policies and measures need to be
tested in a timely manner.

Adaptation initiative 4: optimize indoor
environments

Indoor environments can protect against extreme
weather events by providing a safe and comfortable
space for people to shelter from the extreme weather,
ranging from non-optimal temperature, air pollution
from landscape or wildfire, and natural and man-made
disasters. Indoor environments are essential for adap-
tation by providing a safe and secure shelter during
extreme weather events, indoor environments can
contribute to climate change adaptation and improve
public health and safety. During heatwaves, air condi-
tioning indoors offers temporary relief and reduces
heat-related illness risks. In extreme cold, indoor heat-
ing prevents hypothermia and related risks. Buildings
with strong construction and features like insulation
and weather sealing stay cool on hot days and warm on
cold ones. They also resist extreme events like hurri-
canes and floods. According to the 2022 Lancet Count-
down report on health and climate change in China, air
conditioning units per 100 households increased from
18.3 in 2000 to 117.7 in 2020. These units potentially
prevented around 23,300 heatwave-related deaths in
2020, with 77% being individuals aged 65 or older.
However, their usage also led to around 300 million
tons of CO* emissions, six times the amount in 2000.7¢

Adaptation to climate change in indoor environ-
ments can be achieved by reducing carbon emissions,
which is also linked to mitigation efforts. As climate
change progresses, more people are expected to spend
more time indoors, necessitating enhancing indoor en-
vironments to protect against health hazards. Enhancing
indoor environments can be achieved by reducing in-
door air pollution and improving thermal comfort,
reducing energy consumption. Climate change is likely
to have a significant impact on indoor environmental
quality (IEQ), particularly indoor temperature and hu-
midity. In China, improving the energy efficiency of
buildings can significantly reduce greenhouse gas
emissions, lower energy consumption, improve IEQ,
and reduce health risks associated with indoor pollution.
The Chinese government has introduced policies to
promote energy-efficient buildings and IEQ, such as the
“Green Building Evaluation Standards” and the “Ten
Cities, Thousand Villages” projects, among others.”

In addition, as indoor air quality is significantly
influenced by outdoor air quality, climate change pos-
sesses an inevitable impact on both indoor and outdoor
air quality. For example, a wildfire produces a large
amount of fine particulate matter, which will worsen
ambient air pollution and then enter the indoor envi-
ronment via ventilation or even infiltrate the indoor
environment via air infiltration when windows close.”®
Use of an air purifier may be an effective adaption
measure.””® However, owing to difference in the so-
cioeconomic resources, weather conditions, and air
quality in different regions of China, the health benefits
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and cost-effectiveness of using air purifiers to remove
indoor fine particulate matter are very different.**
Modeling studies show that in Chinese cities where
the ratio of average annual outdoor PM, 5 concentration
to GDP per capita is low, greater net benefits are derived
from using air purifiers to achieve lower indoor PM, 5
targets. Specifically, 89 cities with the lowest such ratios
reaped the most benefits when air purifiers reduced
indoor PM, 5 levels to the WHO AQG 2021 standard of
5 pg/m3. Conversely, 12 cities with high outdoor PM, 5
but low GDP per capita maximized net benefits at a less
stringent indoor target of 35 pg/m>. Remarkably, in 70
largely underdeveloped cities, using air purifiers was
deemed not cost-effective even at this relaxed target.”
This underscores the need to critically assess the eq-
uity implications of relying on air purifiers as an adap-
tation to climate change. Addressing this disparity
necessitates advancing sustainable economic growth
and prioritizing air quality, especially in cities that are
economically lagging yet highly polluted.*

Adaptation initiative 5: natural vegetation, green
space, and cooling infrastructure

China has focused its efforts on adaptation measures in
cities. Pilot programs for eco-cities and sponge cities are
initiatives to incorporate strategies such as green roofs
and walls, modifications to building form and layout,
and the use of heat-resistant construction materials to
improve energy efficiency, reduce the urban heat island
effect, and manage stormwater runoff. Increasing
vegetative cover in urban areas, such as dividers in busy
roads, around community centers, can also have mul-
tiple benefits, including lowering outdoor temperatures,
reducing demand for building cooling, and sequestering
carbon while managing run-off and pollution. This is
coupled with designs for houses and buildings that can
withstand flooding, such as amphibious houses that can
float on the water during floods.** Lacking is before and
after studies on built environment changes and com-
munity health outcomes.

Green spaces, as defined by WHO, are lands with
any vegetation cover (e.g., grassland, forests). Growing
evidence shows that greenspaces can play a crucial role
in climate change adaptation by providing multiple
Dbenefits to the environment, society, and human health.
However, there has yet to been country-level guidance,
probably owing to a lack of health studies. Global evi-
dence indicate green spaces could improve the micro-
climate by preserving biodiversity*® and reducing the
urban heat island effect,®® carbon emissions,* air
pollution,” noise,* and the risks of certain natural di-
sasters like flood and mudflow.” For society, green-
spaces can improve social interaction and the physical
level of the public.” A series of studies from China have
assessed the associations of greenspace with various
health outcomes from different aspects of greenspace,
including greater greenness was associated with lower
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mortality,”*? lower metabolic syndrome,” lower likeli-
hood of frailty,* lower cognitive impairment,” and
decreased odds of asthma in children.”® However,
although greenspace was commonly associated with
these benefits, few greenspace-health studies simulta-
neously accounted for these factors. Fig. 6 shows the
percentage change (%) of NDVI for 361 cities in China
Mainland from 1990 to 2020.”

From 1985 to 2019, the overall area of grassland in
China decreased by -3.29%, and the forest area
increased by 4.34%.* However, despite the govern-
ment’s effort to increase green space coverage, China
still faces a decline in population-weighted green space
exposure level due to the unprecedented rate of urban-
ization and industrialization.”'® While forest stock
increased on an ecological scale in China, urban green
space may not have benefited because of the peri-ur-
banization.'”* However, there is uncertain evidence of
whether green space may experience an environmental
Kuznets curve (EKC) in urban areas as per capita in-
come increases and urban living becomes in demand.'**
EKC is a hypothesis that postulates an inverted-U-
shaped relationship where environmental pollution be-
comes higher over the course of development and
decreases once per capita income achieves a level. Evi-
dence on the health effects of green spaces from China,
especially on different types of green spaces, health
outcomes, and the pathway analysis, would be valuable
to understand the health implications of greenspace
better and inform public health policies and urban
planning decisions to enhance the community’s resil-
ience to the impacts of climate change. Currently, public
green space, such as parks surrounding residential
blocks, is still relatively limited and unequally distrib-
uted within and across cities in China. The creation and
preservation of accessible greenspaces should still be
prioritized, especially for densely populated blocks and
cities. Additionally, more scientific evidence and com-
munity engagement could be involved in the planning
and designing of green spaces, which can help maxi-
mize the cost benefits. Supplementary Boxes S2 and S3
show two case studies on climate change adaptation and
health Implications in Shenzhen.

Adaptation initiative 6: raise public awareness and
protecting vulnerable populations from climate-
related risks

Identifying populations and locations at high risk of
heat vulnerability is crucial for effective interventions.
Certain population groups show different vulnerabilities
to temperature impacts. Evidence is emerging. A study
in Hefei, China, found that girls and preschool children
were more susceptible to the combined effect of tem-
perature and air quality index (AQI), while AQI and
humidity more influenced boys and school-age chil-
dren.””” Another study revealed that school-age children
in the warm season and various subgroups, except
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Fig. 6: The percentage change (%) of NDVI for 361 cities in China Mainland from 1990 to 2020. Data source.®

preschool children in the cold season, were susceptible
to temperature variability (TV)."* Elderly individuals,
residents of poor communities, and those with chronic
diseases are also more vulnerable to extreme tempera-
ture events.'”'” For pregnant women and fetus, expo-
sure to significant heat events can heighten the risk of
preterm birth (PTB), especially when the thermal event
surpasses specific intensity and duration thresholds,
notably in the first four gestational weeks and between
week 21 and the last month.'”

Bottom-up citizen-driven adaptation efforts are
essential to protection. Being aware of climate change is
frequently seen to be crucial for gaining public support
for programs of mitigation and adaptation.'”'*” In the
past ten years, China has experienced a reasonably high
level of public knowledge of climate change, and most
people acknowledge that the cause is human activity,
which is in line with the scientific community.'
Another recent study concluded that the general atti-
tude towards climate change is evolving in a favorable
direction as public understanding of it rises.!"" It is also
important to note that Chinese respondents were more
concerned about climate change than terrorism, eco-
nomic progress, or education.’? They also believed that
conservation is more crucial than climate change but
less urgent than air pollution.'"

In China, climate change awareness varies among
different populations.'” Some studies also looked at
whether sociodemographic, psychological, and cultural

factors, like age, gender, rural versus urban status, and
income, can most accurately predict how the public
perceives and reacts to climate change."” A study un-
dertaken in Suzhou, Hefei, and Xiamen on the risk
perception of the elderly Chinese showed that the re-
spondents were highly aware of climate change, and
they were very worried about the health impacts of
climate change."*'"> Research conducted between 2017
and 2019 in six Chinese cities: Dongguan, Guyuan,
Hangzhou, Yancheng, Yangzhou, and Suzhou, in-
dicates that residents in heavily polluted areas often
conflate air pollution with climate change. However,
individuals with higher education, greater wealth, and
younger age demonstrate a better understanding of the
scientific nuances of climate change and its impacts."*
The study found that women and the elderly were
more concerned about adaptability to climate change
and related health issues.'® Another survey assessed
public awareness, risk perceptions, policy preferences,
and behaviors concerning climate change. A significant
majority reported having some knowledge of climate
change. Of these respondents, a fraction considered
themselves “very knowledgeable,” while a small per-
centage had never heard of it."”

Other research, some respondents were willing to
take personal action to combat climate change, and they
paid more attention to climate change or agreed that it
harms individuals and society.'®* However, they also
tended to have faith in the government to address the
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issue or think that fiscal and taxation policies are the
most effective policy measures to combat climate
change."® Other advantages of increasing carbon pricing
include improvements to air quality and health."” For
instance, China’s implementation of a coal tax might
prevent the loss of roughly 3 million lives by 2030.
Revenue from carbon taxes can be channeled into pri-
ority sectors such as health, education, infrastructure,
and green investments, as well as compensating those
adversely affected. Moreover, improved environmental
conditions can enhance public health, reducing mor-
tality rates’” In general, awareness and concern about
climate change among the Chinese population are
growing, with many acknowledging its detrimental
impacts.'”

Adaptation initiative 7: environmental engineering
technologies for health
Advancing environmental technologies and safeguard-
ing public health are interconnected. Especially, the
future pollution scenarios are expected to differ much
from the current situation, arising from both the climate
change and its adaptation measures. Therefore, it’s
pressing to develop proactive environmental technolo-
gies against the predicted future pollution conditions. In
view of this, China released a special plan for scientific
and technological innovation in the field of ecological
environment as part of the “14th Five-Year Plan” in
2022. This national framework sets the direction for
future developments in environmental engineering
technologies. Notably, to effectively address the chal-
lenges posed by climate change and adaptation mea-
sures, the plan recognized the «critical need for
technological innovations in the following key areas.
First, climate change has presented new challenges
in the prevention and control of pollution by influencing
pollution emissions and weather conditions.'”'*
Among the pollutants influenced by climate change,
the ozone issue stands out as the most significant;
known as the ozone climate penalty, referring to the
phenomenon where climate change influences the for-
mation and distribution of ozone in the atmosphere,
leading to increased levels of ground-level ozone.'*
Moreover, as significant efforts have been made in
controlling PM, s and implementing carbon neutrality
measures, the concentration of PM, s in China has been
and is expected to continue decreasing.'”> However, it is
important to note that without additional measures, this
reduction in PM, s concentration is likely to exacerbate
the ozone pollution situation.’?*?” Therefore, special
attention has been given to the synergistic control of
PM, 5 and ozone.'”®'? These efforts include the devel-
opment of more sensitive and portable instruments for
the three-dimensional detection of air pollutants, the
observation-modeling coupled study to understand bet-
ter the PM,s—ozone coupling mechanism and the
nonlinear relationship with precursor emissions, and an
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improved model to assess better the impact of climate
change, among other factors.

Second, the impact of climate change on emerging
pollutants like persistent organic pollutants (POPs) is of
growing concern.”**"*? Despite the advances in these
years, substantial technological innovations are under-
way.'” There is an immediate need for instruments that
enable rapid screening, monitoring, and early warning,
but such tools are currently unavailable. To effectively
prevent and control pollution, a comprehensive under-
standing of the sources of these pollutants, their trans-
port and transfer processes across  various
environmental media, and their toxicity mechanisms is
essential. Furthermore, developing more efficient
treatment technologies and green substitution solutions
is crucial.

Finally, it is important to note that while novel
technologies for climate adaptation are necessary, their
potential environmental and health impacts are not yet
fully understood and require further assessment.”**'*
For instance, the widespread utilization of solar and
wind energy can result in a significant amount of new
industrial solid waste, such as discarded solar panels,
which currently lack effective recycling methods.*®
Incineration for power generation is considered one of
the effective ways to treat solid waste,'*” but this process
will generate highly toxic air pollutants and may emit
even more greenhouse gases.”**'* Consequently, China
is actively developing waste-recycling technologies and
implementing improved strategies for assessing the
environmental and health impacts of potential novel
solutions on a life-cycle basis.

Adaptation initiative 8: government academic
partnership in science, technology, and policy
China needs to assume that the increase in extreme
temperatures and threat to human health will continue
in the near future, and take adaptation actions over the
next few decades. Developing effective communication
channels between government agencies, research orga-
nizations, non-governmental organizations, and the
general public will lead to synergy for continued na-
tional adaptation strategy, with regional experiences and
know-how. It is essential for scientists and policymakers
to work collaboratively to answer specific research
questions oriented toward the development of adapta-
tion policies. Addressing climate-related health issues
requires a coordinated effort across all government de-
partments, and “health for all” should be integrated into
decision-making processes in environmental, urban
planning, energy, transport, and public health.

The “National Climate Change Adaptation Strategy
2035” launched by governmental entities is a crucial
step towards successful climate change adaptation.
Currently, the guideline includes a key component of
public health and disaster emergency response. The
implementation at localities will likely evolve to
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minimize its adverse effects on human health. Not all
adaptation measures will be suitable in all regions, but
positive steps taken in these innovative strategies, such
as using green infrastructure to mitigate urban heat is-
land effects, can also help reduce heat-related morbidity
and mortality. Additionally, integrating climate change
adaptation into existing health policies and programs
can facilitate a more coordinated and effective response
to climate-related health risks in China.

The scientific community must advance the science
of temperature-related adaptation strategies/measures
and engage the government and the public. Trans-
disciplinary and cross-sectoral collaboration is required
to reduce uncertainties in decision-making and evaluate
the effectiveness of public health adaptation strategies.
Funders need to increase their investment in trans-
disciplinary and collaborative research to understand
better the health risks of exposure to heat/cold and
related climate action priorities.

A culture of innovation benefits public health
through technological solutions for adaptation to
climate change. New technologies are continually
emerging. For instance, while air conditioning offers
protection against heatwaves, transitioning to systems
that utilize cooling towers or district distribution can
be more energy-efficient and decrease heat emis-
sions.'* Surface reflectivity in urban areas is one of the
most important determinants of the magnitude of the
heat island effect. Increasing reflectivity, for example,
by painting light-colored surfaces, can reduce urban air
temperatures by 1-3.5 °C."*! One study found that in
combination, increasing the albedo and the vegetated
area can lead to a 48% reduction in annual emergency
service calls and offset 40-99% of the projected in-
crease in heat-related mortality arising from climate
change.">' Increasingly, big data and internet-of-
things tools can inform decision-makers in real-time
to make more effective decisions on resource needs
and flow in cities. Sensors and automated or un-
manned systems (e.g., on-demand watering systems)
are increasingly common under smart-cities frame-
works to save, recycle, and upcycle water before or
during droughts and floods."**'** Although technology-
driven solutions are well studied, and new technolo-
gies are continually developed, efforts are needed to
understand Dbarriers in localities for many cities
without the resources to access, implement and
maintain them.

Conclusion

China’s path toward successful climate change adaptation
is crucial to safeguarding the remarkable health gains
achieved over the past five decades. As the country faces
the challenge of climate change, tailored strategies are
necessary to multifaceted challenges and preserve public
health achievements. China’s commitment to achieving

carbon neutrality by 2060 can tackle the root causes of
climate change and also offers co-benefits for health.

Adaptation efforts need to address regional dispar-
ities and surmount the constraints of top-down ap-
proaches to climate change management. Early warning
systems play an essential role in preparing for extreme
weather events. However, a basic color-coding system
may not fully represent the diverse severity of events
across various regions or account for region-specific
adaptation measures. Adopting a percentile system for
the local heat index or extreme weather events could
better align with region-specific adaptation strategies. As
urbanization progresses, there’s an intrinsic connection
between urban morphology and the indoor environ-
ment. Spatial planning in cities is fundamental for
cultivating resilient urban structures and environments.
Integrating natural vegetation and green spaces into
urban planning not only offers multiple benefits but
also plays a role in mitigating the urban heat island ef-
fect and promoting carbon sequestration. To further
enhance climate change adaptation, it is crucial to
ensure the effective integration of these urban and in-
door strategies. Specifically, optimizing indoor envi-
ronments strengthens China’s resilience against climate
change by offering refuge during extreme weather
events. All these efforts should be evaluated within the
broader framework of holistic urban development.

To address these challenges, adaptation strategies
must encompass green city designs, improved indoor
environments, robust meterological early warning alert
systems, and a co-benefits approach intertwining hu-
man health with carbon neutrality and technological
advancements. Emerging technologies, such as cooling
towers and district distribution systems, alongside tools
like increasing surface reflectivity, offer sustainable so-
lutions against urban heat effects. Integration of big
data, sensors, and the internet-of-things is paramount
for effective climate change management. Understand-
ing barriers to technological adoption, especially in
resource-limited areas, is crucial. As China innovates
and strengthens its climate adaptation measures, it
simultaneously promotes global collaboration, posi-
tioning climate resilience as an international imperative.
Future initiatives should deeply explore the interplay
between technology, urbanization, climate variations,
and public health. By emphasizing sustainable infra-
structure, renewable energy, and global collaboration,
China not only fortifies its own resilience but also paves
the way for unified global efforts.

Author contribution

John S. Ji led the study with contributions in conceptualization, data
curation, funding acquisition, investigation, methodology, project
administration, resources, supervision, validation, visualization, writing
of the original draft, and review & editing. Yanjie Xia was responsible for
conceptualization, data curation, investigation, methodology, validation,
visualization, and both the original and review writing phases. Linxin
Liu contributed to review & editing of the figures and visualization, and
validation of main findings. Specific thematic contributions include:

www.thelancet.com Vol = m, 2023


www.thelancet.com/digital-health

Series

Weiju Zhou specialized in the sections concerning floods and the Bei-
jing case study; Renjie Chen and Haidong Kan on air pollution; Qing-
hua Hu on water topics and infectious disease; Jingkun Jiang and Zheng
Guangjie on environmental technology; Tiantian Li on heatwaves; Yi Li
and Yanxiang Liu on the meteorological early warning system; Ying
Long and Yue Ma on urban design; Yuebin Lv, Xiaoming Shi, and
Qiyong Liu in conceptualization and validation; Jian Ma and Lei Xu on
the One Health and disease transmission patterns; Pelin Kinay on
qualitative research on climate change; Shilu Tong on conceptualization
of key ideas and editing; Yang Xie on the economic impact of climate
change; Changzheng Yuan on food and climate relations; Huateng Zeng
on the Shenzhen case study; and Bin Zhao on the optimal indoor
environment. Wannian Liang, Margaret Chan, and Cunrui Huang
contributed in methodology and resources. All authors reviewed, edited,
and gave final approval for the manuscript.

Editor note
The Lancet Group takes a neutral position with respect to territorial
claims in published maps and institutional affiliations.

Declaration of interests
Authors declare no competing interests.

Acknowledgements

JS] was supported by National Natural Science Foundation of China
(82250610230), Natural Science Foundation of Beijing (1S23105),
Tsinghua University Vanke School of Public Health Research Grant
(2021PY001), Tsinghua University International Cooperation Special
Project of Initiative Scientific Research Program (20233080015). We
acknowledge Chunhong Li and Jingxiang Pan from the Vanke School of
Public Health, Tsinghua University, Beijing, China for assistance.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.
org/10.1016/j.lanwpc.2023.100965.

References

1 IPCC. Sixth assessment report. Available from: https://www.ipcc.
ch/report/ar6/wg2 /chapter/chapter-10/. Accessed October 1, 2023.

2 Yao T, Thompson L, Yang W, et al. Different glacier status with
atmospheric circulations in Tibetan Plateau and surroundings. Nat
Clim Change. 2012;2(9):663-667.

3 Lu D, Moran E. The population-environment nexus in China’s
development. Popul Dev Rev. 2014;40(3):475-498.

4 Chan EY, Ho JY, Hung HH, et al. Health impact of climate change
in cities of middle-income countries: the case of China. Br Med
Bull. 2019;130(1):5-24.

5 UNFCCC. China’s achievements, new goals and new measures for
nationally determined contributions. Available from: https://
unfecc.int/sites /default/files/NDC/2022-06/China%E2%80%995%
20Achievements%2C%20New%20Goals%20and%20New%20Mea
sures%20for%20Nationally%20Determined%20Contributions.pdf;
2022.

6 China. China first NDC. Available from: https://unfccc.int/sites/
default/files/NDC/2022-11/%E4%B8%AD%E5%9B%BD%E8%90
%BDY%ES%AE%IERES%9IB%BD%ES%AE%B6%ES%87%AA%E4
%B8%BBY%E8%B4%A1%E7%8C%AE%E8%BF%IBW%ES%B1%95%
EG6%8A%AS%ES%91%8A%202022.pdf; 2021.

7 Ministry of Ecology and Environment of the People’s Repubic of
China. The national strategy for climate change adaptation 2035.
Available from: https://www.mee.gov.cn/xxgk2018 /xxgk /xxgk03/
202206/t20220613_985261.html; 2022. Accessed May 25, 2023.

8  Ministry of Housing, U.A.R.D. The 14th five-year plan for science
and technology innovation in the field of ecology and environment.
Available from: https://www.gov.cn/xinwen/2022-11/08/content_
5725324.htm; 2022. Accessed May 25, 2023.

9  United Nations. The sixth assessment report of the IPCC. Available
from: https://unfccc.int/topics/science/workstreams/cooperation-
with-the-ipcc/the-sixth-assessment-report-of-the-ipcc?gclid=CjwKCA
jw67ajBhAVEiwA2g jEMHLck5Rfmq29uPnna5Gijr2-thBvGqQl9clp
2Y]xATfFrsXku3UWbBoCqelQAvD_BwE; 2023. Accessed May 25,
2023.

www.thelancet.com Vol = m, 2023

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

WHO. WHO global air quality guidelines: particulate matter (PM2. 5
and PM10), ozone, nitrogen dioxide, sulfur dioxide and carbon mon-
oxide: executive summary 2021.

Ulpiani G. On the linkage between urban heat island and urban
pollution island: three-decade literature review towards a concep-
tual framework. Sci Total Environ. 2021;751:141727.

Yao M, Niu Y, Liu S, et al. Mortality burden of cardiovascular dis-
ease attributable to ozone in China: 2019 vs 2050. Environ Sci
Technol. 2023;57(30):10985-10997.

Liu Y, Yan M, Du H, et al. Increased mortality risks from a spec-
trum of causes of tropical cyclone exposure—China, 2013-2018.
China CDC Wkly. 2023;5(6):119-124.

Lai Y, Li ], Gu X, et al. Greater flood risks in response to slowdown
of tropical cyclones over the coast of China. Proc Natl Acad Sci U S
A. 2020;117(26):14751-14755.

Zhang Q, Gu X, Shi P, Singh VP. Impact of tropical cyclones on
flood risk in southeastern China: spatial patterns, causes and im-
plications. Glob Planet Change. 2017;150:81-93.

NiuY, Li Z, Gao Y, et al. A systematic review of the development
and validation of the heat vulnerability index: major factors,
methods, and spatial units. Curr Clim Change Rep. 2021;7(3):
87-97.

Yan M, Xie Y, Zhu H, et al. The exceptional heatwaves of 2017 and
all-cause mortality: an assessment of nationwide health and eco-
nomic impacts in China. Sci Total Environ. 2022;812:152371.

Yan M, Xie Y, Zhu H, et al. Cardiovascular mortality risks during
the 2017 exceptional heatwaves in China. Environ Int.
2023;172:107767.

Liu J, Liu T, Burkart KG, et al. Mortality burden attributable to high
and low ambient temperatures in China and its provinces: results
from the Global Burden of Disease Study 2019. Lancet Reg Health
West Pac. 2022;24:100493.

CDC. Climate change and infectious diseases | what We Do |
NCEZID | 2022. published online Aug 2. Available from: https://
www.cdc.gov/ncezid/what-we-do/climate-change-and-infectious-dis
eases/index.html; 2022. Accessed June 8, 2023.

Stenseth NC, Tao Y, Zhang C, et al. No evidence for persistent
natural plague reservoirs in historical and modern Europe. Proc
Natl Acad Sci U S A. 2022;119(51):e2209816119.

Gubler DJ. Dengue/dengue haemorrhagic fever: history and current
status. In: New treatment strategies for dengue and other flaviviral dis-
eases: novartis foundation symposium 277. Wiley Online Library; 2006.
Brady OJ, Hay SI. The global expansion of dengue: how Aedes
aegypti mosquitoes enabled the first pandemic arbovirus. Annu Rev
Entomol. 2020;65:191-208.

Yue Y, Liu Q, Liu X, Zhao N, Yin W, Yue Y. Dengue fever in
Mainland China, 2005-2020: a descriptive analysis of dengue cases
and Aedes data. Int ] Environ Res Public Health. 2022;19(7):3910.
Wilder-Smith A. Dengue vaccine development by the year 2020:
challenges and prospects. Curr Opin Virol. 2020;43:71-78.
Dorigatti I, McCormack C, Nedjati-Gilani G, Ferguson NM,
Dorigatti I. Using Wolbachia for dengue control: insights from
modelling. Trends Parasitol. 2018;34(2):102-113.

Messina JP, Brady O], Golding N, et al. The current and future
global distribution and population at risk of dengue. Nat Microbiol.
2019;4(9):1508-1515.

Raoult D, Mouffok N, Bitam I, Piarroux R. Plague: history and
contemporary analysis. | Infect. 2013;66(1):18-26.

CDC. Prevention of plague | Centers for disease control and pre-
vention. Available from: https://www.cdc.gov/plague/prevention/
index.html; 2018. Accessed June 8, 2023.

Xu L, Zhou C, Luo S, et al. Modernising infectious disease sur-
veillance and an early-warning system: the need for China’s action.
Lancet Reg Health West Pac. 2022;23:100485.

Wang L-P, Han J-Y, Zhou S-X, et al. The changing pattern of
enteric pathogen infections in China during the COVID-19
pandemic: a nation-wide observational study. Lancet Reg Health
West Pac. 2021;16:100268.

Yang C, Li Y, Jiang M, et al. Outbreak dynamics of foodborne
pathogen Vibrio parahaemolyticus over a seventeen year period
implies hidden reservoirs. Nat Microbiol. 2022;7(8):1221-1229.
Cheng J, Xu Z, Bambrick H, et al. Heatwave and elderly mortality:
an evaluation of death burden and health costs considering short-
term mortality displacement. Environ Int. 2018;115:334-342.
Wondmagegn BY, Xiang ], Williams S, Pisaniello D. What do we
know about the healthcare costs of extreme heat exposure? A
comprehensive literature review. Sci Total Environ. 2019;657:608—
618.

17


https://doi.org/10.1016/j.lanwpc.2023.100965
https://doi.org/10.1016/j.lanwpc.2023.100965
https://www.ipcc.ch/report/ar6/wg2/chapter/chapter-10/
https://www.ipcc.ch/report/ar6/wg2/chapter/chapter-10/
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref2
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref2
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref2
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref3
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref3
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref4
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref4
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref4
https://unfccc.int/sites/default/files/NDC/2022-06/China%E2%80%99s%20Achievements%2C%20New%20Goals%20and%20New%20Measures%20for%20Nationally%20Determined%20Contributions.pdf
https://unfccc.int/sites/default/files/NDC/2022-06/China%E2%80%99s%20Achievements%2C%20New%20Goals%20and%20New%20Measures%20for%20Nationally%20Determined%20Contributions.pdf
https://unfccc.int/sites/default/files/NDC/2022-06/China%E2%80%99s%20Achievements%2C%20New%20Goals%20and%20New%20Measures%20for%20Nationally%20Determined%20Contributions.pdf
https://unfccc.int/sites/default/files/NDC/2022-06/China%E2%80%99s%20Achievements%2C%20New%20Goals%20and%20New%20Measures%20for%20Nationally%20Determined%20Contributions.pdf
https://unfccc.int/sites/default/files/NDC/2022-11/%E4%B8%AD%E5%9B%BD%E8%90%BD%E5%AE%9E%E5%9B%BD%E5%AE%B6%E8%87%AA%E4%B8%BB%E8%B4%A1%E7%8C%AE%E8%BF%9B%E5%B1%95%E6%8A%A5%E5%91%8A%202022.pdf
https://unfccc.int/sites/default/files/NDC/2022-11/%E4%B8%AD%E5%9B%BD%E8%90%BD%E5%AE%9E%E5%9B%BD%E5%AE%B6%E8%87%AA%E4%B8%BB%E8%B4%A1%E7%8C%AE%E8%BF%9B%E5%B1%95%E6%8A%A5%E5%91%8A%202022.pdf
https://unfccc.int/sites/default/files/NDC/2022-11/%E4%B8%AD%E5%9B%BD%E8%90%BD%E5%AE%9E%E5%9B%BD%E5%AE%B6%E8%87%AA%E4%B8%BB%E8%B4%A1%E7%8C%AE%E8%BF%9B%E5%B1%95%E6%8A%A5%E5%91%8A%202022.pdf
https://unfccc.int/sites/default/files/NDC/2022-11/%E4%B8%AD%E5%9B%BD%E8%90%BD%E5%AE%9E%E5%9B%BD%E5%AE%B6%E8%87%AA%E4%B8%BB%E8%B4%A1%E7%8C%AE%E8%BF%9B%E5%B1%95%E6%8A%A5%E5%91%8A%202022.pdf
https://unfccc.int/sites/default/files/NDC/2022-11/%E4%B8%AD%E5%9B%BD%E8%90%BD%E5%AE%9E%E5%9B%BD%E5%AE%B6%E8%87%AA%E4%B8%BB%E8%B4%A1%E7%8C%AE%E8%BF%9B%E5%B1%95%E6%8A%A5%E5%91%8A%202022.pdf
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk03/202206/t20220613_985261.html
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk03/202206/t20220613_985261.html
https://www.gov.cn/xinwen/2022-11/08/content_5725324.htm
https://www.gov.cn/xinwen/2022-11/08/content_5725324.htm
https://unfccc.int/topics/science/workstreams/cooperation-with-the-ipcc/the-sixth-assessment-report-of-the-ipcc?gclid=CjwKCAjw67ajBhAVEiwA2g_jEMHLck5Rfmq29uPnna5Gjr2-rhBvGqQl9clp2YJxATfFrsXku3UWbBoCqeIQAvD_BwE
https://unfccc.int/topics/science/workstreams/cooperation-with-the-ipcc/the-sixth-assessment-report-of-the-ipcc?gclid=CjwKCAjw67ajBhAVEiwA2g_jEMHLck5Rfmq29uPnna5Gjr2-rhBvGqQl9clp2YJxATfFrsXku3UWbBoCqeIQAvD_BwE
https://unfccc.int/topics/science/workstreams/cooperation-with-the-ipcc/the-sixth-assessment-report-of-the-ipcc?gclid=CjwKCAjw67ajBhAVEiwA2g_jEMHLck5Rfmq29uPnna5Gjr2-rhBvGqQl9clp2YJxATfFrsXku3UWbBoCqeIQAvD_BwE
https://unfccc.int/topics/science/workstreams/cooperation-with-the-ipcc/the-sixth-assessment-report-of-the-ipcc?gclid=CjwKCAjw67ajBhAVEiwA2g_jEMHLck5Rfmq29uPnna5Gjr2-rhBvGqQl9clp2YJxATfFrsXku3UWbBoCqeIQAvD_BwE
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref10
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref10
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref10
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref11
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref11
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref11
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref12
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref12
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref12
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref13
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref13
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref13
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref14
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref14
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref14
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref15
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref15
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref15
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref16
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref16
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref16
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref16
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref17
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref17
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref17
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref18
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref18
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref18
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref19
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref19
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref19
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref19
https://www.cdc.gov/ncezid/what-we-do/climate-change-and-infectious-diseases/index.html
https://www.cdc.gov/ncezid/what-we-do/climate-change-and-infectious-diseases/index.html
https://www.cdc.gov/ncezid/what-we-do/climate-change-and-infectious-diseases/index.html
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref21
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref21
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref21
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref22
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref22
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref22
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref23
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref23
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref23
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref24
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref24
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref24
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref25
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref25
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref26
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref26
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref26
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref27
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref27
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref27
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref28
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref28
https://www.cdc.gov/plague/prevention/index.html
https://www.cdc.gov/plague/prevention/index.html
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref30
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref30
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref30
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref31
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref31
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref31
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref31
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref32
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref32
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref32
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref33
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref33
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref33
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref34
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref34
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref34
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref34
www.thelancet.com/digital-health

Series

18

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

Wu Y, Xu R, Yu W, Wu Y, et al. Economic burden of premature
deaths attributable to non-optimum temperatures in TItaly: a
nationwide time-series analysis from 2015 to 2019. Environ Res.
2022;212:113313.

Zhao M, Lee JKW, Kjellstrom T, et al. Assessment of the economic
impact of heat-related labor productivity loss: a systematic review.
Clim Change. 2021;167:1-16.

Zhao M, Huang X, Kjellstrom T, et al. Labour productivity and
economic impacts of carbon mitigation: a modelling study and
benefit—cost analysis. Lancet Planet Health. 2022;6(12):e941-e948.
Zhao Y, Sultan B, Vautard R, et al. Potential escalation of heat-
related working costs with climate and socioeconomic changes in
China. Proc Natl Acad Sci U S A. 2016;113(17):4640-4645.

Wu W, Liu Q, Li H. Spatiotemporal distribution of heatwave haz-
ards in the Chinese Mainland for the period 1990-2019. Int ] En-
viron Res Publ Health. 2023;20(2):1532.

He C, Zhang Y, Schneider A, et al. The inequality labor loss risk
from future urban warming and adaptation strategies. Nat Com-
mun. 2022;13(1):3847.

Wheeler T, Von Braun J. Climate change impacts on global food
security. Science. 2013;341(6145):508-513.

Shukla PR, Skea ], Calvo Buendia E, et al. IPCC, 2019: climate
Change and Land: an IPCC special report on climate change,
desertification, land degradation, sustainable land management, food
security, and greenhouse gas fluxes in terrestrial ecosystems. 2019.
Bisbis MB, Gruda N, Blanke M. Potential impacts of climate
change on vegetable production and product quality-A review.
J Clean Prod. 2018;170:1602-1620.

Cissé G. Food-borne and water-borne diseases under climate
change in low-and middle-income countries: further efforts needed
for reducing environmental health exposure risks. Acta Trop.
2019;194:181-188.

United Nations. Nationally determined contributions registry.
Available from: https://unfccc.int/ NDCREG?gclid=CjwKCAjws
cGjBhAXEiwAswQqNPLIe3fuSXrCSG4550Hmg339lvZmtWp6]Ok
MH2Qb4_4aC4K4ULRbkRoCnqsQAvD_BwE; 2023. Accessed May
25, 2023.

Ritchie Hannah, Roser Max. China: CO2 country profile. Available
from: https://ourworldindata.org/co2 /country/china; 2023. Accessed
May 25, 2023.

Hu Y, Ji JS, Zhao B. Restrictions on indoor and outdoor NO2
emissions to reduce disease burden for pediatric asthma in China:
a modeling study. Lancet Reg Health West Pac. 2022;24:100463.
Sun D, Liu Y-Y, Yang X-W, Lyu L-Q. Economic and employment
effects of China’s power transition based on input-output and
scenario simulation. Adv Clim Change Res. 2022;13(5):721-728.
Tan |, Zheng Y, Song G, et al. Heat wave impacts on mortality in
Shanghai, 1998 and 2003. Int ] Biometeorol. 2007;51(3):193-200.
UN Environment Programme. Cities and climate change. Available
from: https://www.unenvironment.org/explore-topics/resource-effi
ciency/what-we-do/cities/cities-and-climate-change; 2020. Accessed
May 25, 2023.

Ministry of Housing and Urban-Rural Development of the People’s
Republic of China. Notice of the two departments on the issuance
of pilot work for climate-resilient city construction. Available from:
http://www.gov.cn/xinwen/2017-02/25 /content_5170863.htm#2; 2017.
Accessed May 25, 2023.

Chan EY, Goggins WB, Kim JJ. A study of intracity variation of
temperature-related mortality and socioeconomic status among
the Chinese population in Hong Kong. ] Epidemiol Community
Health. 2012;66(4):322-327.

Goggins WB, Chan EY, Ng E, Ren C. Effect modification of the
association between short-term meteorological factors and mortal-
ity by urban heat islands in Hong Kong. PLoS One. 2012;7(6):
e38551.

Lai PC, Low CT, Tse WS, et al. Risk of tuberculosis in high-rise and
high density dwellings: an exploratory spatial analysis. Environ
Pollut. 2013;183:40—45.

Jiang B, Liang S, Peng ZR, Jiang B, et al. Transport and public
health in China: the road to a healthy future. Lancet.
2017;390(10104):1781-1791.

He D, Lu Y, Xie B. Large-scale greenway intervention promotes
walking behaviors: a natural experiment in China. Transport Res
Transport Environ. 2021;101:103095.

Xie B, Lu Y, Zheng Y. Casual evaluation of the effects of a large-
scale greenway intervention on physical and mental health: a nat-
ural experimental study in China. Urban For Urban Green. 2022;67:
127419.

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

Fang D, Pan S, Li Z, et al. Large-scale public venues as medical
emergency sites in disasters: lessons from COVID-19 and the use
of Fangcang shelter hospitals in Wuhan, China. BM] Glob Health.
2020;5(6):e002815.

State Administration for Market Regulation. Standardization
administration. Technical for climatic feasibility demonstration in
master planning. Available from: https://www.cma.gov.cn/zfxxgk/
gknr/flifgbz/bz/202209/t20220921_5099223 html; 2019. Accessed
May 30, 2023.

China, T.S.C.o0.t.P.s.R.0. Notice on deepening the pilot construction
of climate-resilient cities. Available from: https://www.gov.cn/zhe
ngce/zhengceku /202308 /content_6900892.htm. Accessed September
7,2023.

General Office of the State Council of the People’s Republic of
China. Guiding opinions of the General Office of the State Council
of the People’s Republic of China on promoting the construction of
sponge cities. Available from: http://www.mof.gov.cn/zhengwux
inxi/zhengcefabu/201510/t20151016_1507043.htm; 2015. Accessed
May 25, 2023.

National Development and Reform Commission. Notice of the
National Development and Reform Commission on carrying out
pilot work in low-carbon provinces and low-carbon cities. Available
from: https://www.ndrc.gov.cn/xxgk/zcfb/tz/201008/t20100810_
964674 _ext.html; 2010. Accessed May 25, 2023.

Fu G, Zhang C, Hall JW, Butler D. Are sponge cities the solution to
China’s growing urban flooding problems? Wiley Interdiscip Rev
Water. 2023;10(1):e1613.

Nguyen TT, Ngo HH, Guo W, et al. Implementation of a specific
urban water management-Sponge City. Sci Total Environ.
2019;652:147-162.

Xia J, Zhang Y, Xiong L, et al. Opportunities and challenges of the
Sponge City construction related to urban water issues in China.
Sci China Earth Sci. 2017;60:652—658.

Ming Y, Liu Y, Gu J, Wang J, Liu X. Nonlinear effects of urban and
industrial forms on surface urban heat island: evidence from 162
Chinese prefecture-level cities. Sustain Cities Soc. 2023;89:104350.
Shanghai  planning and land resource administration bureau.
Shanghai Street Design Guidelines; 2016.

The People’s Government of Beijing Municipality. Notice of the
People’s government of Beijing municipality on the issuance of
the “beijing transportation development and construction plan for
the 14th five-year plan period”. Available from: https://www.
beijing.gov.cn/zhengce/gfxwj/202205/t20220507_2704320.html;
2022. Accessed May 25, 2023.

Bureau, G.N.M.T. Build public transportation that satisfies the
masses 2022. Available from: https://www.nanning.gov.cn/ywzx/
bmdt/2022bmdt/t5359115.html. Accessed September 3, 2023.

Luo P, Yu B, Li P, et al. How 2D and 3D built environments impact
urban surface temperature under extreme heat: a study in
Chengdu, China. Build Environ. 2023;231:110035.

Bureau of Emergency Management of Chengde City. Chengde city
issued the “Chengde city center urban emergency shelter con-
struction plan (2021-2035)”. Available from: https://yjglj.chengde.
gov.cn/art/2022/11/22/art_296_899661.html; 2022. Accessed May
25, 2023.

Shanghai National Defense Mobilization Office. Shanghai emer-
gency shelter construction plan (2013-2020). Available from:
https://mfb.sh.gov.cn/zwgk/jcgk/zdxzjc/zdjcygk/20201110/fa6a0a
1680924e49bc7658a4a4fae74d.html; 2016. Accessed May 25, 2023.
Xi’an Municipal People’s Government. Notice of the General Office
of Xi'an Municipal People’s Government on printing and distrib-
uting the planning of emergency shelters in urban areas of Xi’an.
Available from: http://www.xa.gov.cn/gk/zcfg/szbf/5d493e6bfd850
833ac606272.html; 2010. Accessed May 25, 2023.

China, T.S.C.0.t.P.s.R.0. The National Flood Control and Drought
Relief Headquarters further coordinated and deployed prevention
and response measures for extreme heavy rainfall in the northern
regions. Available from: https://www.gov.cn/govweb/lianbo/bumen/
202307 /content_6895500.htm. Accessed September 7, 2023.

News. C.N.R. Notice On deepening the pilot construction of
climate-resilient cities. Available from: https://www.cnr.cn/bj/oi
1e/20230809/t20230809_526371081.shtml. Accessed September
7, 2023.

Cai W, Zhang C, Zhang S, et al. The 2022 China report of the Lancet
Countdown on health and climate change: leveraging climate actions
for healthy ageing. Lancet Public Health. 2022;7(12):e1073-e1090.
Ministry of Housing and Urban-Rural Development of the People’s
Republic of China. Assessment standard-for green building.

www.thelancet.com Vol = m, 2023


http://refhub.elsevier.com/S2666-6065(23)00283-3/sref35
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref35
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref35
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref35
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref36
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref36
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref36
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref37
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref37
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref37
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref38
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref38
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref38
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref39
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref39
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref39
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref40
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref40
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref40
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref41
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref41
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref43
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref43
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref43
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref44
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref44
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref44
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref44
https://unfccc.int/NDCREG?gclid=CjwKCAjwscGjBhAXEiwAswQqNPLle3fuSXrCSG455oHmg339lvZmtWp6JOkMH2Qb4_4aC4K4ULRbkRoCnqsQAvD_BwE
https://unfccc.int/NDCREG?gclid=CjwKCAjwscGjBhAXEiwAswQqNPLle3fuSXrCSG455oHmg339lvZmtWp6JOkMH2Qb4_4aC4K4ULRbkRoCnqsQAvD_BwE
https://unfccc.int/NDCREG?gclid=CjwKCAjwscGjBhAXEiwAswQqNPLle3fuSXrCSG455oHmg339lvZmtWp6JOkMH2Qb4_4aC4K4ULRbkRoCnqsQAvD_BwE
https://ourworldindata.org/co2/country/china
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref47
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref47
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref47
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref48
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref48
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref48
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref49
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref49
https://www.unenvironment.org/explore-topics/resource-efficiency/what-we-do/cities/cities-and-climate-change
https://www.unenvironment.org/explore-topics/resource-efficiency/what-we-do/cities/cities-and-climate-change
http://www.gov.cn/xinwen/2017-02/25/content_5170863.htm#2
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref52
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref52
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref52
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref52
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref53
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref53
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref53
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref53
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref54
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref54
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref54
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref55
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref55
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref55
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref56
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref56
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref56
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref57
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref57
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref57
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref57
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref58
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref58
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref58
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref58
https://www.cma.gov.cn/zfxxgk/gknr/flfgbz/bz/202209/t20220921_5099223.html
https://www.cma.gov.cn/zfxxgk/gknr/flfgbz/bz/202209/t20220921_5099223.html
https://www.gov.cn/zhengce/zhengceku/202308/content_6900892.htm
https://www.gov.cn/zhengce/zhengceku/202308/content_6900892.htm
http://www.mof.gov.cn/zhengwuxinxi/zhengcefabu/201510/t20151016_1507043.htm
http://www.mof.gov.cn/zhengwuxinxi/zhengcefabu/201510/t20151016_1507043.htm
https://www.ndrc.gov.cn/xxgk/zcfb/tz/201008/t20100810_964674_ext.html
https://www.ndrc.gov.cn/xxgk/zcfb/tz/201008/t20100810_964674_ext.html
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref63
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref63
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref63
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref64
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref64
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref64
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref65
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref65
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref65
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref66
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref66
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref66
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref67
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref67
https://www.beijing.gov.cn/zhengce/gfxwj/202205/t20220507_2704320.html
https://www.beijing.gov.cn/zhengce/gfxwj/202205/t20220507_2704320.html
https://www.nanning.gov.cn/ywzx/bmdt/2022bmdt/t5359115.html
https://www.nanning.gov.cn/ywzx/bmdt/2022bmdt/t5359115.html
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref70
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref70
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref70
https://yjglj.chengde.gov.cn/art/2022/11/22/art_296_899661.html
https://yjglj.chengde.gov.cn/art/2022/11/22/art_296_899661.html
https://mfb.sh.gov.cn/zwgk/jcgk/zdxzjc/zdjcygk/20201110/fa6a0a1680924e49bc7658a4a4fae74d.html
https://mfb.sh.gov.cn/zwgk/jcgk/zdxzjc/zdjcygk/20201110/fa6a0a1680924e49bc7658a4a4fae74d.html
http://www.xa.gov.cn/gk/zcfg/szbf/5d493e6bfd850833ac606272.html
http://www.xa.gov.cn/gk/zcfg/szbf/5d493e6bfd850833ac606272.html
https://www.gov.cn/govweb/lianbo/bumen/202307/content_6895500.htm
https://www.gov.cn/govweb/lianbo/bumen/202307/content_6895500.htm
https://www.cnr.cn/bj/oiue/20230809/t20230809_526371081.shtml
https://www.cnr.cn/bj/oiue/20230809/t20230809_526371081.shtml
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref76
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref76
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref76
www.thelancet.com/digital-health

Series

78

79

80

81

82

83
84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

104

Available from: https://zjj.ankang.gov.cn/Content-2020939.html;
2019. Accessed May 25, 2023.

Liang Y, Sengupta D, Campmier M]J, et al. Wildfire smoke impacts
on indoor air quality assessed using crowdsourced data in Cali-
fornia. Proc Natl Acad Sci U S A. 2021;118(36):€2106478118.

Fisk W], Chan WR. Health benefits and costs of filtration in-
terventions that reduce indoor exposure to PM2.5 during wildfires.
Indoor Air. 2017;27(1):191-204.

Zhao B, Chen C, Zhou B. Is there a timelier solution to air pollu-
tion in today’s cities? Lancet Planet Health. 2018;2(6):e240.

Liu Y, Zhou B, Wang J, Zhao B. Health benefits and cost of using
air purifiers to reduce exposure to ambient fine particulate pollu-
tion in China. J] Hazard Mater. 2021;414:125540.

Zhang A, Liu Y, Ji JS. Air purifier intervention to remove indoor
PM(2.5) in urban China: a cost-effectiveness and health inequality
impact study. Environ Sci Technol. 2023;57(11):4492-4503.

Tong S, Prior ], McGregor G, et al. Urban heat: an increasing threat
to global health. BM]J. 2021;375:n2467.

Lai H, Flies EJ, Weinstein P. The impact of green space and
biodiversity on health. Front Ecol Environ. 2019;17(7):383-390.
Qiu GY, Zou Z, Li X, et al. Experimental studies on the effects of
green space and evapotranspiration on urban heat island in a
subtropical megacity in China. Habitat Int. 2017;68:30—42.

Zhang Y, Meng W, Yun H, et al. Is urban green space a carbon sink
or source?-A case study of China based on LCA method. Environ
Impact Assess Rev. 2022;94:106766.

Ai H, Zhang X, Zhou Z. The impact of greenspace on air pollution:
empirical evidence from China. Ecol Indic. 2023;146:109881.
Wickramathilaka N, Ujang U, Azri S. Influence of urban green
spaces on road traffic noise levels:-A review. Int Arch Photogram
Rem Sens Spatial Inf Sci. 2022;48:195-201.

Jongman B. Effective adaptation to rising flood risk. Nat Commun.
2018;9(1):1986.

Aram F, Solgi E, Holden G. The role of green spaces in increasing
social interactions in neighborhoods with periodic markets. Habitat
Int. 2019;84:24-32.

JiJS, Zhu A, Lv Y. Interaction between residential greenness and
air pollution mortality: analysis of the Chinese Longitudinal Healthy
Longevity Survey. Lancet Planet Health. 2020;4(3):e107-e115.

JiJS, Zhu A, Bai C, Ji JS, et al. Residential greenness and mortality
in oldest-old women and men in China: a longitudinal cohort study.
Lancet Planet Health. 2019;3(1):e17—e25.

LiuL, Yan LL, Lv Y, Liu L, et al. Air pollution, residential greenness,
and metabolic dysfunction biomarkers: analyses in the Chinese
Longitudinal Healthy Longevity Survey. BMC Publ Health.
2022;22(1):885.

Zhu A, Yan L, Wu C, Ji JS. Residential greenness and frailty among
older adults: a longitudinal cohort in China. ] Am Med Dir Assoc.
2020;21(6):759-765.e2.

Jin X, Shu C, Zeng Y, Liang L. Interaction of greenness and poly-
genic risk score of Alzheimer’s disease on risk of cognitive
impairment. Sci Total Environ. 2021;796:148767.

Hu Y, Chen Y, Liu S, et al. Residential greenspace and childhood
asthma: an intra-city study. Sci Total Environ. 2023;857(Pt
3):159792.

Ma Z, Dong C, Lin K, et al. A global 250-m downscaled NDVI
product from 1982 to 2018. Rem Sens. 2022;14(15):3639.

Yang ], Huang X. The 30 m annual land cover dataset and its dy-
namics in China from 1990 to 2019. Earth Syst Sci Data.
2021;13(8):3907-3925.

Zhao |, Chen S, Jiang B, et al. Temporal trend of green space
coverage in China and its relationship with urbanization over the
last two decades. Sci Total Environ. 2013;442:455-465.

Chen WY, Hu FZY. Producing nature for public: land-based ur-
banization and provision of public green spaces in China. Appl
Geogr. 2015;58:32-40.

Chen C, Park T, Wang X, et al. China and India lead in greening
of the world through land-use management. Nat Sustain. 2019;2:
122-129.

Mahmood H, Furqan M, Hassan MS, Rej S. The environmental
Kuznets curve (EKC) hypothesis in China: a review. Sustainability.
2023;15(7):6110.

Pan R, Wang X, Yi W, et al. Interactions between climate factors
and air quality index for improved childhood asthma self-man-
agement. Sci Total Environ. 2020;723:137804.

Yan S, Wang X, Yao Z, et al. Seasonal characteristics of temperature
variability impacts on childhood asthma hospitalization in Hefei,

www.thelancet.com Vol = m, 2023

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

China: does PM(2.5) modify the association? Environ Res.
2022;207:112078.

Toloo GS, Guo Y, Turner L, et al. Socio-demographic vulnerability
to heatwave impacts in Brisbane, Australia: a time series analysis.
Aust N Z J Public Health. 2014;38(5):430-435.

Xu Z, Tong S, Cheng J, et al. Heatwaves and diabetes in Brisbane,
Australia: a population-based retrospective cohort study. Int J Epi-
demiol. 2019;48(4):1091-1100.

Ren M, Zhang C, Di ], et al. Exploration of the preterm birth risk-
related heat event thresholds for pregnant women: a population-
based cohort study in China. Lancet Reg Health West Pac.
2023;37:100785.

Knight KW. Public awareness and perception of climate change: a
quantitative cross-national study. Environ Sociol. 2016;2(1):101-113.
Lee TM, Markowitz EM, Howe PD, Ko C-Y. Predictors of public
climate change awareness and risk perception around the world.
Nat Clim Change. 2015;5(11):1014-1020.

Liu JC-E. Public opinion on climate change in China—evidence
from two national surveys. PLoS Climate. 2023;2(2):e0000065.
Zeng L. Chinese public perception of climate change on social
media: an investigation based on data mining and text analysis.
J Environ Public Health. 2022;2022:6294436.

Wang B, Zhou Q. Climate change in the Chinese mind: an over-
view of public perceptions at macro and micro levels. Wiley Inter-
discip Rev Clim Change. 2020;11(3):¢639.

Kinay P, Morse AP, Villanueva EV, Morrissey K. Direct and indirect
health impacts of climate change on the vulnerable elderly popu-
lation in East China. Environ Rev. 2019;27(3):295-303.

Kinay P. Climate change adaptation and human health: reducing
climate change health risks in the ageing Chinese population, a KAP
study. University of Liverpool; 2021.

Kinay P, Morse AP, Morrissey K, Yiicel MR, Staddon PL. Risk
perception of Chinese elderly: an urban study on adaptation to
climate change. Sustain Environ. 2021;7(1):1988384.

Yang J, Gounaridis D, Liu M, Bi J. Perceptions of climate change in
China: evidence from surveys of residents in six cities. Earths
Future. 2021;9(12):e2021EF002144.

Wang B, Shen Y, Jin Y. Measurement of public awareness of
climate change in China: based on a national survey with 4,025
samples. Chinese | Popul Resour Environ. 2017;15(4):285-291.

Yu H, Wang B, Zhang Y-J, Wang S. Public perception of climate
change in China: results from the questionnaire survey. Nat Haz-
ards. 2013;69:459-472.

Dabla-Norris ME, Daniel MJ, Nozaki MM, et al. Fiscal policies to
address climate change in asia and the Pacific: opportunities and
challenges. 2021.

Doherty RM, Heal MR, O’Connor FM. Climate change impacts on
human health over Europe through its effect on air quality. Environ
Health. 2017;16(Suppl 1):118.

Jacob DJ, Winner DA. Effect of climate change on air quality. Atmos
Environ. 2009;43(1):51-63.

Liao H, Chen WT, Seinfeld JH. Role of climate change in global
predictions of future tropospheric ozone and aerosols. | Geophys
Res Atmos. 2006;111(D12):6852.

Von Schneidemesser E, Monks PS, Allan JD, et al. Chemistry and
the linkages between air quality and climate change. Chem Rev.
2015;115(10):3856-3897.

Wu S, Mickley L], Jacob DJ, Rind D, Streets DG. Effects of 2000—
2050 changes in climate and emissions on global tropospheric
ozone and the policy-relevant background surface ozone in the
United States. ] Geophys Res Atmos. 2008;113(D18):D18312.
Cheng ], Tong D, Zhang Q, et al. Pathways of China’s PM2. 5 air
quality 2015-2060 in the context of carbon neutrality. Natl Sci Rev.
2021;8(12):nwab078.

Li K, Jacob DJ, Liao H, et al. A two-pollutant strategy for improving
ozone and particulate air quality in China. Nat Geosci.
2019;12(11):906-910.

Wang Y, Gao W, Wang S, et al. Contrasting trends of PM2. 5 and
surface-ozone concentrations in China from 2013 to 2017. Natl Sci
Rev. 2020;7(8):1331-1339.

Wang F, Qiu X, Cao J, et al. Policy-driven changes in the health risk
of PM2. 5 and O3 exposure in China during 2013-2018. Sci Total
Environ. 2021;757:143775.

Zhao H, Chen K, Liu Z, et al. Coordinated control of PM2. 5 and
03 is urgently needed in China after implementation of the “Air
pollution prevention and control action plan”. Chemosphere.
2021;270:129441.


https://zjj.ankang.gov.cn/Content-2020939.html
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref78
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref78
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref78
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref79
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref79
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref79
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref80
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref80
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref81
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref81
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref81
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref82
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref82
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref82
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref83
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref83
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref84
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref84
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref85
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref85
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref85
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref86
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref86
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref86
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref87
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref87
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref88
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref88
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref88
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref89
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref89
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref90
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref90
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref90
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref91
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref91
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref91
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref92
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref92
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref92
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref93
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref93
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref93
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref93
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref94
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref94
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref94
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref95
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref95
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref95
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref96
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref96
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref96
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref97
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref97
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref98
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref98
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref98
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref99
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref99
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref99
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref100
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref100
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref100
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref101
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref101
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref101
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref102
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref102
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref102
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref103
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref103
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref103
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref104
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref104
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref104
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref104
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref105
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref105
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref105
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref106
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref106
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref106
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref107
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref107
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref107
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref107
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref108
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref108
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref109
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref109
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref109
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref110
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref110
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref111
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref111
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref111
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref112
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref112
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref112
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref113
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref113
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref113
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref114
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref114
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref114
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref115
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref115
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref115
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref115
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref116
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref116
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref116
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref117
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref117
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref117
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref118
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref118
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref118
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref119
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref119
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref119
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref120
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref120
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref120
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref121
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref121
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref122
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref122
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref122
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref123
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref123
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref123
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref124
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref124
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref124
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref124
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref125
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref125
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref125
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref126
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref126
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref126
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref127
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref127
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref127
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref128
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref128
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref128
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref129
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref129
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref129
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref129
www.thelancet.com/digital-health

Series

20

130

131

132

133

134

135

136

137

Ma ], Hung H, Macdonald RW. The influence of global climate
change on the environmental fate of persistent organic pollutants: a
review with emphasis on the Northern Hemisphere and the Arctic
as a receptor. Glob Planet Change. 2016;146:89-108.

Nadal M, Marques M, Mari M. Climate change and environmental
concentrations of POPs: a review. Environ Res. 2015;143:177-185.

Wang X, Sun D, Yao T. Climate change and global cycling of
persistent organic pollutants: a critical review. Sci China Earth Sci.
2016;59:1899-1911.

Richardson SD, Kimura SY. Emerging environmental contami-
nants: challenges facing our next generation and potential engi-
neering solutions. Environ Technol Innov. 2017;8:40-56.

Dincer I. Renewable energy and sustainable development: a crucial
review. Renew Sustain Energy Rev. 2000;4(2):157-175.

Sanchez W, Egea E. Health and environmental risks associated
with emerging pollutants and novel green processes. Environ Sci
Pollut Control Ser. 2018;25(7):6085-6086.

Xu Y, et al. Global status of recycling waste solar panels: a review.
Waste Manag. 2018;75:450—458.

Laohalidanond K, Chaiyawong P, Kerdsuwan S. Municipal solid
waste characteristics and green and clean energy recovery in Asian
megacities. Energy Proc. 2015;79:391-396.

138

139
140

141

142

143

144

145

Tian H, Gao J, Hao J, et al. Atmospheric pollution problems and
control proposals associated with solid waste management in
China: a review. | Hazard Mater. 2013;252:142-154.

Tangri NV. Waste incinerators undermine clean energy goals. 2021.
Hanaki DK. Improvement of urban thermal environment by
managing heat discharge sources and surface modification in
Tokyo. Energy Build. 2002;34:13-23.

Memon RA, Leung DY, Chunho L. A review on the generation,
determination and mitigation of urban heat island. ] Environ Sci
(China). 2008;20(1):120-128.

Silva HR, Phelan PE, Golden JS. Modeling effects of urban heat
island mitigation strategies on heat-related morbidity: a case
study for Phoenix, Arizona, USA. Int | Biometeorol. 2010;54(1):
13-22.

Stone B Jr, Vargo J, Liu P, et al. Avoided heat-related mortality
through climate adaptation strategies in three US cities. PLoS One.
2014;9(6):e100852.

Koop SHA, Van Leeuwen CJ. The challenges of water, waste and
climate change in cities. Environ Dev Sustain. 2017;19(2):385-418.
Rathore MM, Ahmad A, Paul A, Rho S. Urban planning and
building smart cities based on the Internet of Things using Big
Data analytics. Comput Netw. 2016;101(C):63-80.

www.thelancet.com Vol = m, 2023


http://refhub.elsevier.com/S2666-6065(23)00283-3/sref130
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref130
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref130
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref130
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref131
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref131
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref132
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref132
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref132
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref133
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref133
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref133
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref134
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref134
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref135
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref135
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref135
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref136
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref136
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref137
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref137
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref137
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref138
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref138
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref138
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref139
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref140
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref140
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref140
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref141
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref141
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref141
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref142
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref142
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref142
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref142
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref143
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref143
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref143
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref144
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref144
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref145
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref145
http://refhub.elsevier.com/S2666-6065(23)00283-3/sref145
www.thelancet.com/digital-health

	China’s public health initiatives for climate change adaptation
	Introduction of climate change and health in China
	China’s geographical and population diversity in the context of adaptation
	Mitigation and adaptation commitments under the UNFCCC framework
	National Strategy for Climate Change Adaptation 2035
	Climate adaptation in public health strategies

	Climate risks and health impacts in China
	Compound events
	Deforestation and sandstorms
	Particulate matter, nitrogen oxides, ozone, and heat waves
	Cyclones, flood and disaster management
	Climate-sensitive chronic diseases
	One Health
	Mosquito-borne infectious diseases
	Rodent-borne diseases
	Water-borne diseases
	Climate change impacts on health via labor productivity impacts
	Climate and food system impacts

	Climate change adaptation initiatives in China
	Adaptation initiative 1: carbon neutrality and health co-benefits
	Adaptation initiative 2: improved early warning systems
	High-temperature early warning system in China
	Adaptation initiative 3: cities and spatial planning as protection against extreme weather events
	Adaptation initiative 4: optimize indoor environments
	Adaptation initiative 5: natural vegetation, green space, and cooling infrastructure
	Adaptation initiative 6: raise public awareness and protecting vulnerable populations from climate-related risks
	Adaptation initiative 7: environmental engineering technologies for health
	Adaptation initiative 8: government academic partnership in science, technology, and policy

	Conclusion
	Author contributionJohn S. Ji led the study with contributions in conceptualization, data curation, funding acquisition, in ...
	Editor noteThe Lancet Group takes a neutral position with respect to territorial claims in published maps and institutional ...
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References


