
Air Pollution and Health:  Developments in 
China, India, and Mongolia

Kirk R. Smith
Professor of Global Environmental Health

School of Public Health, UC Berkeley

Collaborative Clean Air Policy Centre
India Habitat Centre, New Delhi

AGU-CAS Joint Meeting
Atmospheric PM2.5 in China: Change, Impact, 

Mitigation, and Global Perspective
Xi’an, China; Oct 20, 2018



Road Map

• NIMBY versus MIMBY
• Getting it wrong, but getting it done

– China
– India

• Mongolia may be able to do it right



NIMBY versus MIMBY
• NIMBY: “Not in my backyard”, a common 

problem in placement of polluting facilities
– Everyone thinks there should be garbage dumps, 

but no one wants to live next to one
– Is why it is said that the first fundamental function 

of public health is zoning
• MIMBY: “Must be in my backyard”, the 

desire to see research done locally
– Natural desire and there can be some differences 

related to local factors
– Not a reason for inaction, however.



Problems with MIMBY
• Not possible to reproduce good research in all 

areas of the world, but still need to take action
• In the end, international guidelines do not 

differentiate by area or population – no 
separate values to protect Brazilian children 
and Chinese children from pollutants (sex and 
age, however, are differentiated)

• People react more or less the same way
• Certainly no evidence that some groups are 

immune, as some have said in India and China



One way to test: short-term studies
• Have been no long-term cohort studies in Asia, like those in 

North America and Europe (“West”)
• These are best for determining full risks
• Expensive, long, and difficult
• Short-term (time series) studies are much easier and 

quicker, but do not determine full risk
• Conduct short-term studies in Asia to see if they are 

different from those in West
• If similar, supportive of same kind of long-term results



Comparability of Effects Estimates  from AAP studies from the region
(Short-term effects : GBD related health endpoints)



Specifics related to air pollution
• We understand some critical issues that change 

the vulnerability to air pollution
• Age and sex, which is adjusted in normal 

estimates
• Nutrition – not currently adjusted, but thought 

to make Asians more susceptible to pollution, 
not less

• Access to medical care, similar to nutrition
• Lung function, lower in Asia and thus likely 

greater impact of AP



% change in AAP attributable mortality (1990-2015) 

Cohen 2017



Air pollution is only of health interest if 
it is breathed by 
the population

– exposure is what counts



What about Exposure?
• Ambient air pollution networks do not measure 

exposure, but indicate outdoor levels over wide areas
• In the West, people actually breathe mostly what 

comes from outdoors, although less on average due to 
being partly blocked by housing

• In India and much of China, however, most people 
live in well-ventilated housing, meaning they breath 
closer to ambient levels

• In addition, unlike rich countries, Asians are affected 
more by local sources, sometimes heavily, meaning 
that their real exposures are higher than what is 
indicated by the ambient monitors.



Summary

• That until good local studies are done well, most evidence 
would indicate that Asians are substantially more vulnerable 
to ambient pollution than populations in the West.

• Not less!
• First good, but partial (male only), ambient cohort study in 

China seems to show this result. 



Burnett et al., 2014



Burnett et al. 2014; Forouzanfar et al. 2015; Cohen et al. 2017

GBD- PM 2.5 Integrated  Exposure Response Functions



National Center for Chronic Noncommunicable Disease Control and Prevention, Chinese
Center for Disease Control and Prevention, Beijing, China



Methods
• We conducted a prospective cohort study of 189,793 men 40 y old 

or older from 45 areas in China. Annual average PM2:5 levels were 
estimated for each cohort location using a combination of satellite-
based estimates, chemical transport model simulations, and ground-
level measurements.

• We also assessed the shape of the concentration–response 
relationship and compared the risk estimates with those predicted by 
Integrated Exposure-Response (IER) function, which incorporated 
estimates of mortality risk from previous cohort studies in western 
Europe and North America. 



Results

• The mean level of PM2:5 exposure during 2000–2005 was 
43:7 ug/m3 (ranging from 4.2 to 83:8 ug/m3). 

• Mortality increases per 10 ug/m3 increase in PM2:5 were 
1.09 (1.08, 1.09) for non-accidental causes; 1.09 (1.08, 
1.10) for CVD, 1.12 (1.10, 1.13) for COPD; and 1.12 (1.07, 
1.14) for lung cancer. 

• The estimate from our cohort was consistently higher than 
IER predictions.



Comparability of Effects Estimates  from AAP studies

Comparison of cause-specific hazard ratio (HR) estimates, from Yin et al 2017.  Hazard ratios are 
calculated based on exposures at the 5th (15.5 ug/m3) and 95th (77.1 ug/m3) percentile using three 
methods / data sources: Yin et al, 2017 (blue lines with diamonds), IERs (Cohen et al, 2017; green 
lines with circles), and previous meta-analyses (red lines with squares)



Conclusions

• “Long-term exposure to PM2.5 was associated with non-
accidental, CVD, lung cancer, and COPD mortality in 
China. 

• The IER estimator may underestimate the excess relative 
risk of cause-specific mortality due to long-term exposure 
to PM2.5 over the exposure range experienced in China and 
other low- and middle-income countries.”



Proceedings National Academy of Sciences (2016), 114: 4887–4892.





Proceedings National Academy of Sciences (2017), 113:7756-61.







Proceedings National Academy Sciences (2018, accepted) 



IPWE = PWEAAP + PWEHAP

where PWEAAP is the population-weighted 
exposure to AAP and PWEHAP is the additional 
population-weighted exposure to HAP. 
(excluding any contribution from AAP) 

i = county                     j = urban/rural
k – fuel type















Satellite-based ambient PM2.5

van Donkelaar et al, EHP 2010

32



China Burden of 
Disease 2016



Space heating



China Burden of Disease
2016



China Burden of Disease
2016





GBD MAPs Study, Jan 2018







India Burden of Disease, 2017



Indian Burden of Disease
2017



Indian Burden of Disease
2017



Indian Burden of Disease
2017

Remaining if
households
use clean fuels



Satellite-based ambient PM2.5

van Donkelaar et al, EHP 2010

45

About 30% from households in India and in
China based on ~10 independent estimates



China recently 
• Reduced household solid-fuel consumption 

was the leading contributor to the decrease 
in national exposure to PM2.5 pollution 
(2005-2015)  -- 90% of reduction

• Even though there was no explicit 
household control policy.

• In contrast, the emission reductions from 
power plants, industry, and transportation 
contributed less to the decrease of exposure 
during this period – 10%. 



China today
• Clean household fuels has become part of recent air 

pollution control policies in northern China – wide area 
around Beijing – BTH region

• With a requirement for 70-80% reduction in use of 
household solid fuels in three years

• 4 million households by 2017
• Should be part of national policies
• Ironically, being done not because it helps the villagers, but 

because it helps reduce outdoor air pollution in cities 
• “Type I error”



Scaling up LPG Use in India • In 2015, 15 million new LPG 
connections were provided (6 million to 
poor households)

• Starting in 2016, target to provide 100 
million new LPG connections in 3 years 
(80 million for poor households) 

• Connections given only to poor women 
beneficiaries

• 10,000 new LPG distributorships to be 
commissioned primarily in rural areas 

• National LPG coverage to increase 
significantly from 61% in 2015 to over 
95%



India, cont.
• LPG program has reached 60 million poor households so 

far, and is only factor seen in recent shifts in pollution
• Cost-effective was to deal with ambient, as well as 

household pollution
• Focus on household benefits, but so far ignored in national 

air pollution policy
• Household fuels policy needs to be included as part of 

national air pollution control strategies
• “Type II error”



Ulaanbaatar,
Mongolia

Worst
wintertime
pollution in
the world



Modelled Stove Contributions to PM2.5
Winter Months: Ulaanbaatar

Percentage

Guttikunda, 2014

~66% of annual total exposure due to household 
heating with coal



COP: Normal Heat Pump



Benefits of Double Compression Heat Pumps

Coefficient of Performance

Gree Corp of Zhuhai



Improvement by changing compressor

Traditional 
single stage 
compressor
(one cylinder)

Improved double stage 
enthalpy-added compressor

Two cylinders

Three cylinders

 Enhanced capacity in cold 
ambient conditions

 COP is up to 2.0+ at the 
outdoor temperature of 
-20℃

 Can run normally at the outdoor 
temperature of -35℃

 Includes automatic defrost

 Working fluid is R-32, 
Difluoromethane (HFC-32); 
ODP=zero



Winter 
2018 Pilot 
Study

Mongolian U of Sci & Tech,
Tsinghua U, UC Berkeley,
Gree Corp of Zhuhai



Note: models were run for only 2014 and 2024 and a linear change
is assumed between the two results (Hill et al., PLOS One, 2017)



Ulaanbaatar (UB)

• Indoor or outdoor, all bad
• Total exposure evaluation is clearly needed
• Serious improvement across sectors driven by 

electrification
• Could make UB one of cleanest cities in Asia
• Is achievable, but not without major household 

interventions with zero emissions.



Guofeng et al., EHP. 2018



China and India

• Embarked on industrialization while still having large 
traditional sectors – mixed pollution sources today

• Not the case in the West
• Need to get rid of dirty household fuels soon, while dealing 

with modern sources
• Getting it wrong now (Type I and II errors) but starting to 

get it done
• Would greatly improve efficiency if the framing was fixed



Not all sources are equally important

Best to google “Kirk R. Smith” to
find my website with publications

Thanks to 
many
colleagues in

China,
India,
Mongolia,
Norway,
and the USA 
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