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Summary and Key Findings
I Ambient air pollution (AAP) is a major cause of death

worldwide (5.5 millions in 2013).
I Conservative estimates show that more than 40,000 deaths

are attributable to PM2.5 pollution in Vietnam in 2013, about
three-to-four times the number of traffic deaths. In HCMC,
the number is over 3,000. These are bottom-up
epidemiological estimates using established disease incidence
rates worldwide.

I The trend of AAP deaths has doubled since 1990.
I Private economic cost is significant, from 5-7 percent GDP

in 2013 based on VSL. A lower value of 0.9-1.4% GDP is
calculated based on forgone outputs.

I Immediate policy actions to reduce exposure and reduce AAP
are required. Alternative scenarios show large health benefits
from meeting more stringent air quality standards. One
quarter of the current deaths could be reduced with the
current PM2.5 requirement if properly enforced.
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Summary and Key Findings

I Pollution and deaths occurred
primarily in the Red River Delta,
HCMC and surrounding
provinces in the Mekong River

Delta.

I The current AA quality standard
adopted by the GoV is low,
however recommendation for
more stringent standard is not
as important as enforcement of
the existing one.

I Incorporating health cost to the
environmental benefit of public
infrastructure projects such as
urban transits.

I The hidden cost of AAP in
producing cheap energy (coal) is
significant. Diversification and
incentives to move to clean
energy is warranted.

I Much more work is needed to
improve the models, the data,
and assumptions.
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Environmental Impact Pathway of Pollution

I Groundwater

I Terrestrial ecosystems

I Underwater ecosystems

I Air pollutions (PM2.5, PM10,
SPM, O3, NOx, SOx)

I Climate change

I Landscape

I Noise

I Social and livelihood risks

I Cultural heritages

I Transport

I Land use

I Infrastructure

I Tourism

I Agriculture
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Typical Damages Considered in an Environmental Impact
Assessment

I Health impacts and deaths are
part of the total damage from a
standard EIA.

I Deaths and assigned economic
values are the largest component
of total health cost.

I This study estimates deaths as
the endpoint of five diseases
including Chronic Obstructive
Pulmonary Disease (COPD),
Lung Cancer (LNC), Lower
Respiratory Infection (LRI),
Ischemic Heart Disease (IHD),
and Stroke (STR).
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Ambient Air Pollution and Associated Health Impacts
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Association between Ambient Air Pollution and Incidence
of Diseases

Source: Institute for Health Metrics and Evaluation
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PM2.5 Concentration in 2000
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PM2.5 Concentration in 2005
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PM2.5 Concentration in 2010
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Worldwide PM2.5 Concentration Trend (population
weighted, WB 2016)
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Global Burden of Disease (World Bank 2016)
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Percentage of Attributable Deaths by Risk Factor

Source: Institute for Health Metrics and Evaluation
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Data Sources

I Global Burden of Disease (GBD)’s remote sensing data of
PM2.5 at a 0.1x0.1 degree resolution (approximately 10km in
Vietnam). This data has been validated by ground monitoring
data to provide a consistent global coverage.

I Population at each grid of the GBD data.

I Relative risk table produced by Apte et al (2016) for five
mortality related diseases.

I Value of Statistical Life, and forgone outputs derived from
World Bank reports.
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Data Structure

I 10x10km (approx.) gridded
concentration of annual
average PM2.5 from 1990
to 2013 covering Vietnam.

I Population count in each
grid.

I Relative risk to PM2.5
concentration levels derived
by Apte et al (2015) for the
five diseases with mortality
endpoint including COPD,
LNC, LRI, IHD, and STR.

2
16 / 41



Air Pollution in Vietnam

I PM2.5 concentration
increases in almost all
locations

I Urban areas are subject to
a greater increase in
absolute value.

I More people are exposed to
AAP due to migration and
increasing concentration in
small areas.
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Vietnam PM2.5 Concentration Trend (population
weighted)
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PM2.5 Concentration Distribution in Vietnam

as a per cent of the land area:

19 / 41



HCMC Data Grids, Location Designations, and Monitoring
Data
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Methods used in Estimating Health Impacts and Economic
Valuation

I Direct measurement (epidemiology): good to understand the
mechanism of impact in a case-control situation.

I Indirect measurements (mostly economics): randomization,
natural experiments, WTP, travel cost method (TCM),
defensive behavior, hedonic valuation of real estates, benefit
transfer (meta-analysis). Often difficult to establish causality.
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Impact Pathway Approach Method

I Emissions

I Dispersions and exposure

I Dose-response function and
health impact

I Monetization of damages
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Exposure, Disease Incidence, and Mortality Pyramid
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Exposure - Risk Function

I Used to connect from exposure to incidence of disease via the
Relative Risk coefficient, RR = Psuccess

1−Psuccess , measured at the
concentration the person is exposed to:

RR(C ) = 1 + α[1− e−γ(C−C0)σ ] for C ≥ C0

RR = 1 for C < C0

I C0 is the minimum concentration above which there is a risk
to health due to exposure. The theoretical limit is between
5-8 µg m−3.

I RR = 1 happens when exposure does not change the
incidence of disease.
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Relative Risk Estimates based on Epidemiological Studies

RR is numerically derived so there is no functional form! RR is
provided at each level of PM2.5 exposure up to 410 µg/m−3.

25 / 41



From Risk to Health Impact Function

To link exposure to health impacts (number of deaths):

H = RR−1
RR × B × POP

I RR−1
RR is the attributable fraction (AF) due to increased risk to

exposure.

I B is the baseline incidence. RR > 1 → increases health
impact above the baseline due to exposure.

I POP is the total population exposed to risk.

I This study did not decompose exposed population by age due
to lack of data.
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Economic Valuation of Health Impact

I Welfare-based approach: monetize increased risks of death
from air pollution based on the Willingness to Pay (WTP).

I Measure the full cost of premature deaths, including leisure,
consumption, good health.

I Neither the value of any specific person’s life, nor a social
judgment of what it should be.

I Income-based approach: measure forgone lifetime earnings
due to premature deaths.

I Make more sense from a standpoint of a nation as a whole, as
death is disinvestment in human capital.

I Both has advantages and disadvantages.
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Willingness to Pay Approach: the Value of Statistical Life

I Often used in developed countries. The VSL estimated in the
US is about US$5-10m. The World Bank use US$3.83m.

I Difficult to estimate in developing countries. Must use a
benefit transfer approach to infer the value.

I VSL is highly influenced by income.

VSLVNM = VSLOECD ×
[
YVNM

YOECD

]γ
γ is the elasticity of VSL to income. The World Bank
recommends to use 1.2 for low- and middle-income countries.

I Calculated VSL in Vietnam range from a low value of
US$241,128 to a high value of US$304,583.
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Forgone Earnings due to Premature Deaths

I Assume that death occurs at 30, 40, and 50 years old on
average, and the average life expectancy (remain working) is
70, then the number of years of lost earnings is 40, 30, and 20
years.

I The present value of lost earnings for T years is calculated as:

PV = Y0 ×
T∑
j=1

(1 + g)j

(1 + r)j

with Y0 is the annual average earning per person in the labor
force. g and r are the income growth rate, and discount rate.

I g=3% and r=6% as per a WB recommendation.

I Y2013 = GDP2013
POP×pRate = 171∗109

89.71∗106∗.777 = US$2, 453.
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Results
PM2.5 concentration in 1990 vs 2013

1990 2013
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Death-by-Cause Trend

Deaths by causes in Vietnam due to AAP
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Death-by-Cause Trend

Deaths by causes in HCMC due to AAP
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Number of Deaths in 1990 vs 2013

1990 2013
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Economic Cost from Premature Deaths in Vietnam in 2013

I Cost is US$9.86bn and
US$12.45bn in 2013 based
on the WTP approach,
using low and high VSL
estimates, equivalent to
5.77 and 7.28% of GDP in
2013.

I Based on forgone output,
the loss is US$1.55,
US$2.05, and US$2.42bn,
respectively. In GDP range:
0.9 to 1.42%.

2

34 / 41



Estimates of Deaths and Economic Cost in Ho Chi Minh
City in 2013

I US$.75-.94bn (2.06-2.6%
of HCMC 2013 GDP of
US$36.2bn) based on
WTP.

I US$117-183m (0.32-0.51%
of HCMC 2013 GDP of
US$36.2bn) based on
forgone earnings.

2
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Comparison with Health Impact and Economic Cost in
Other Regions (World Bank report, 2016)
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Health and Economic Benefit from Air Quality
Attainments to Alternative Standards

I Scenario 1: all locations exceeding the current national PM2.5
standard (25µg/m−3 per year) will meet the standard.
Total deaths = 32,465 (COPD 3,437 LNC 4,195 LRI 4,334
IHD 12,645 ST 7,854), down from 40,882 in 2013.

I Scenario 2: Lowering the national standard to 20 µg/m−3.
Total deaths = 30,170 (COPD 3,041 LNC 3,684 LRI 3,515
IHD 11,987 ST 7,943).

I Scenario 3: Lowering the national standard to 15 µg/m−3.
Total deaths = 25,079 (COPD 2,388 LNC 2,836 LRI 2,342
IHD 10,720 ST 6,794).
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Conclusion

I Air pollution deaths are about three-to-four times of traffic
deaths.

I The increasing trend has been for over 20 years and will
remain in a foreseeable future. Doubling the number of deaths
to 100k or even higher is predictable by 2035.

I Deaths occurred in the Red River Delta, around HCMC and
the upper Mekong River Delta.

I Annual economic loss is 5-7% of GDP (WTP) or 1% (loss of
output/earnings).
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Policy Implications

I More stringent air quality standards (if properly enforced)
would be very beneficial – The established result here suggests
that the greatest marginal benefit of enforcing the current
standard (25µg/m−3). Stricter air quality (to 20 and
15µg/m−3) save lives, but by a lesser magnitude.

I Establish an early warning system to send information to
citizens living around the areas of elevated concentration.

I Inclusion of health deaths and economic cost to project
appraisals.

I Diversification of energy generation portfolio, shifting away
from coal-burnt power plants; giving incentives to cleaner
sources such as power, solar, energy efficiency appliances, and
public transport projects.
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Limitations

The result reported here was dependent on many factors, unknown
and uncertain to a great extent. These factors are summarized as
follows:

I Poor data.

I Incomprehensive understanding of the disease epidemiology.

I Modeling process.

I Choice of subjective parameters.

I Valuation of non-market goods.

I Source of uncertainty.
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Future Extensions

I Access to high resolution data, especially monitor data, if
anyone knows the contact, or have access to the data, could
recommend and connect. The current model underestimates
the actual impact, for example, on hospital admissions due to
home treatments, or self-defense expenditure. It also did not
control for the composition of the pollution (NOx, O3 etc)
due to different emission sources.

I Policy to cut back emissions: need further work to decompose
emission sources which is not available at this moment. We
need to trace from sources to diffusion models to exposure
and impacts. Future attempts should incorporate air pollution
sources and modeling air dispersion using atmospheric models.

I Automated system to allow remote users access and monitor
impacts.
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