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Summary
What is already known about this topic?
Climate  change  and  air  pollution  are  two  important
environmental  issues  in  China.  It  is  important  to
investigate  particulate  matter  with  aerodynamic
diameter  less  than  2.5  μm  (PM2.5)-related  health
impacts from climate change and air pollution emission
control.
What is added by this report?
Deaths  and  years  of  life  lost  related  to  PM2.5  would
increase  in  climate  change scenario,  although emission
control  would  outweigh  the  influence  of  climate
change.
What  are  the  implications  for  public  health
practice?
More  targeted  actions  should  be  taken  to  meet
challenges  of  exacerbated  PM2.5  pollutions  and  its
health impacts related to climate change in the future.

 

Climate change and air pollution are two important
environmental  issues  in  China.  The  study  aimed  to
model  different  scenarios  to  assess  the  health  impacts
related to ambient particulate matter with aerodynamic
diameter  less  than  2.5  μm  (PM2.5)  from  climate
change and air pollution emission control in China. A
regional  meteorology-climate  model  was  used  to
simulate  the  ambient  PM2.5  concentrations  in  China
in  the  2010s  and  the  2040s  under  different  scenarios
(climate change scenario, air pollution emission control
scenario,  and  climate  change  and  emission  control
scenario). Furthermore, changes in mortality and years
of  life  lost  (YLLs),  an  indicator  which  considers  life
expectancy at  death,  were  adopted to  estimate  PM2.5-
related  health  impacts.  The  concentrations  of  PM2.5
were  estimated  to  slightly  increase  in  climate  change
scenario  but  decrease  in  emission  control  scenario  in
2040s. PM2.5-related health impacts would increase in
climate  change  scenario  in  the  2040s,  although
emission  control  would  outweigh  the  influence  of

climate change. The findings suggest that more targets
actions  should  be  taken  to  confront  challenges  of
exacerbated  PM2.5  pollutions  and  its  health  impacts
attributable to climate change in the future.

As  the  biggest  global  health  threat  of  the  21st
century,  tacking  climate  change  could  be  the  greatest
global  health  opportunity  (1–2).  There  are  multiple
linkages connecting climate change and air quality, and
climate  change  is  expected  to  degrade  air  quality  (3).
Considering  PM2.5  is  one  of  the  leading  contributors
to global disease burden (4), it is of great importance to
predict  future  ambient  PM2.5  concentrations  and  its
related  health  impacts  by  considering  both  the  near-
term changes in climate conditions and the changes in
anthropogenic  pollutant  emissions  in  China  on
interdecadal  timescales.  Nevertheless,  evidence
investigating the health impacts attributable to ambient
PM2.5  from  both  climate  change  and  air  pollution
emission  control  under  different  scenarios  in  China  is
still lacking.

In  order  to  assess  the  combined  effects  of
interdecadal  climate  change  and  anthropogenic
emission  reductions  on  ambient  PM2.5,  the  Flexible
Global Ocean-Atmosphere-Land System Model, Grid-
point  Version  2  (FGOALS-g2)  decadal  climate
prediction and a Multi-Resolution Emission Inventory
for  China  (MEIC)  were  used  to  drive  a  Weather
Research  Forecast  Model  Coupled  with  Chemistry
(WRF-Chem)  model  to  simulate  the  ambient  PM2.5
concentrations  in  China  during  the  2010s  and  the
2040s in the national level and different districts under
the  Representative  Concentration  Pathway  4.5
(RCP4.5)  scenario.  The  WRF-Chem  model  is  a
flexible  and  efficient  atmospheric  simulation  model,
the chemical module of this model mainly includes the
emission,  transport,  photolysis,  gaseous  chemical
reaction,  deposition,  aerosol  dynamics,  and  chemical
processes  of  air  pollutants.  It  was  used  to  simulate
PM2.5  concentrations  in  the  2010s,  which were  set  as
baseline;  and  PM2.5  concentrations  with  only  climate
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change  and  emission  control,  respectively,  and  under
both scenarios in the 2040s in this study (5).

The  burden  attributable  to  PM2.5  under  the
scenarios  above  for  ischemic  heart  disease  (IHD),
stroke,  chronic  obstructive  pulmonary  disease
(COPD),  and  lung  cancer  was  estimated  using  the
integrated exposure–response functions (IER) for each
cause  of  death,  which  have  been  used  in  a  Global
Burden of Disease study (6) and are based on studies of
ambient  air  pollution,  household  air  pollution,  and
second-hand  smoke  exposure  and  active  smoking  (7).
Data  of  the  annual  average  population  size  were
collected from the China Statistical Yearbook, and the
city-level  proportions  of  different  age  groups  were
obtained  from the  2010  census.  Yearly  mortality  data
in  the  mainland  of  China  were  obtained  from  the
national death surveillance data, which originated from
China  CDC.  The  age-specific  and  cause-specific
mortality  rates  were  estimated  based  on  the  death
surveillance  points,  and  the  proportions  of  cause-

specific  mortality  in  different  districts  and  age  groups
were collected from the China Death Surveillance Data
set.  The  deaths  and  YLLs  attributable  to  ambient
PM2.5  were  then  calculated  by  applying  the  year-
specific,  location-specific,  and age-specific  population-
attributable  fractions  to  the  number  of  deaths  and
YLLs  (8).  Monte  Carlo  simulations  were  used  to
calculate the 95% confidence interval of death burden
of  PM2.5.  Because  the  data  used  in  the  study  were
collected  without  any  individual  identifiers,  the  study
was  exempted from the  Institutional  Review Board  of
Peking University Health Science Center in Beijing.

The national PM2.5 concentrations in the 2010s and
the  changes  of  its  predicted  concentrations  under
different scenarios in the 2040s in China are presented
in  Figure 1.  Climate  change  scenarios  increased  the
PM2.5  concentrations  in  most  regions,  while  emission
control  scenarios  would  decrease  the  PM2.5
concentrations  at  the  national  level.  With  the  impact
of  both  climate  change  and  emission  control,  the
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FIGURE 1. Baseline  PM2.5  concentration  in  the  2010s  and  the  changes  of  its  predicted  concentrations  under  different
scenarios in the 2040s in China. (A) Baseline PM2.5 concentrations in the 2010s; (B) Changes of PM2.5 concentrations under
climate change scenario in the 2040s; (C) Changes of PM2.5 concentrations under emission control scenario in the 2040s;
(D) Changes of PM2.5 concentrations under both climate change and emission control scenarios in the 2040s.
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PM2.5  concentrations  at  the  national  level  would
decrease  from  28.05  μg/m3  in  the  2010s  to  18.75
μg/m3  in  the  2040s,  with  a  reduction  percentage  of
33.16%.

Climate  change  scenario  under  RCP4.5  would
aggravate  the  health  impacts  of  PM2.5  pollutions  on
death  and  YLLs,  while  the  emission  control  scenario
would alleviate the health influence of PM2.5 from the
2010s  to  the  2040s  in  the  national  level.  The
attributable  number  of  deaths  related  to  ambient
PM2.5 pollutions was estimated to be 1,278,734 in the
national  level  in  the  2010s,  which  comprised  of
371,939,  610,694,  177,455,  and  118,646  cases  from
IHD, stroke, COPD, and lung cancer, respectively. In
the  2040s,  the  estimate  would  increase  by  0.96%
under  the  climate  change  scenario,  while  it  would
decrease  by  32.20%  under  the  emission  control
scenario. Considering both the impact of both climate
change  and  emission  control,  there  were  an  estimated
385,004  fewer  deaths,  with  a  reduction  percentage  of
30.11%.  The  corresponding  YLL  would  increase  by
0.85%  under  the  climate  change  scenario,  while  it
would decrease by 31.06% under the emission control
scenario.  The  attributable  YLLs  would  decrease  from
16,328,977  in  the  2010s  to  11,577,480  in  the  2040s
considering both scenarios. There would be 4,751,497
fewer  YLL  at  the  national  level,  with  a  reduction
percentage of 29.10%. The largest reduction number is
stroke among the four major diseases (Figure 2).

Table 1  showed the  prediction  of  deaths  and  YLLs
from  main  types  of  diseases  associated  with  ambient
PM2.5 pollutions in different  districts  of  China in the

2040s.  Generally,  the  attributable  deaths  and  YLLs
from  major  diseases  would  increase  in  most  of  the
districts in the climate change scenario, with the largest
increasing  percentage  in  the  east  region.  While
considering both climate  change and emission control
scenarios,  the  attributable  deaths  and  YLLs  would
decrease  in  the  2040s  compared  with  the  2010s,  with
the largest percentage change in the Northeast. 

DISCUSSION

In  this  study,  the  ambient  PM2.5  in  the  2010s  and
the  2040s  in  China  was  simulated.  The  changes  of
PM2.5 under the scenarios of climate change, emission
control, and both climate change and emission control
in  the  2040s  were  evaluated.  Furthermore,  the  deaths
and  YLLs  attributable  to  PM2.5  were  also  assessed.
Climate  change  would  aggravate  PM2.5 pollution  and
cause  adverse  health  effects,  while  emission  control
would  reduce  PM2.5  concentration  and  alleviate
adverse  health  effects  of  PM2.5  to  some  degree.  The
health benefits would be noticeable under the scenario
of  climate  change  with  emission  control.  The  results
were  similar  to  a  modelling  study conducted in  Great
Britain which assessed the public health impacts of the
air  quality  changes  arising  from  climate  change
interventions  and  indicated  that  mitigation  policies
have the potential  to  generate  dramatic  improvements
in  public  health  through  the  improvement  in  air
quality (9). The findings suggest that emission control
may  mitigate  PM2.5-related  impacts  attributable  to
climate  change  and  may  inform  policymaking
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FIGURE 2. Deaths and years of life lost from main types of diseases associated with ambient PM2.5 pollution in the national
level in the 2010s (baseline) and different scenarios in the 2040s. (A) Deaths associated with PM2.5 (in thousands). (B) Years
of life lost associated with PM2.5 (in thousands).
Abbreviations: COPD=chronic obstructive pulmonary disease; IHD=ischemic heart disease.
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decisions  of  emission  control  to  confront  climate
change.

PM2.5 concentrations show an increasing trend with
climate  change  in  this  study.  Climate  change  is
expected  to  degrade  air  quality  by  changing  air
pollution  meteorology,  precipitation,  and  other
removal  processes  and  by  triggering  some  amplifying
responses  in  atmospheric  chemistry  and  in
anthropogenic and natural sources, which would shape
distributions  and  extreme  episodes  of  particulate
matter  (3).  Following  higher  PM2.5  concentrations
triggered  by  climate  change,  the  attributable  deaths
and  YLLs  related  to  PM2.5  would  increase  in  most
districts. The largest increasing percentage would be in
the  east  region  considering  high  increment  in  PM2.5
concentrations  in  this  region  under  climate  change
scenario.  Making  policies  to  rival  climate  change
considering the severe health effects and the burden of
diseases  caused  by  it  is  of  vital  importance.  In  this
modelling  study,  the  measure  of  emission  control
could  counteract  the  health  impacts  attributable  to
PM2.5 generated by climate change due to reduction of
PM2.5  concentrations.  Among  the  main  types  of
diseases, stroke had the most noticeable health benefits.
The  evidence  emphasizes  the  necessity  of  evaluating
the  effects  of  mitigation  policies  such  as  emission
control on health impacts triggered by climate change,
which  could  verify  the  effectiveness  and  evaluate  the
benefits  of  the  policies  and,  in  turn,  inform
policymaking decisions.

For different districts, the health benefits of avoiding
attributable  deaths  and  YLLs  from  main  types  of
diseases  associated  with  ambient  PM2.5  pollution
varied.  The  deaths  and  YLLs  from  main  types  of
diseases  experienced  the  largest  decreasing  percentage
in the Northeast region under both the climate change
and emission control scenarios, which may result from
the large reduction percentage of PM2.5 concentration
in this region.

This  study  was  the  first  to  estimate  the  health
impacts  related  to  ambient  PM2.5  from  both  climate
change  and  air  pollution  emission  control  under
different  scenarios  in  China,  and it  provided  evidence
for  policymaking  related  to  climate  change  and
emission  control.  However,  the  study  was  subject  to
some  limitations.  First,  the  emission  control  scenario
was designed based on RCP4.5, which only stands for
a  moderate  level  of  greenhouse gas  emissions.  Second,
accounting  for  some  factors,  such  as  population
structure,  would  affect  the  climate-related  health
burden  in  the  future  (10),  and  assuming  that  the

PM2.5-mortality  association,  mortality  rate,  and
population structure were constant at  the 2010s levels
might  lead  to  some  deviations.  Further  exploration
should be performed if data are available.

In  summary,  the  findings  suggest  the  ambient
PM2.5-related  health  benefits  from  air  pollution
emission  control  outweighed  the  influence  of  climate
change. The health impacts of PM2.5 related to climate
change should be prioritized in the future.
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