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Summary and Key Findings

>

Ambient air pollution (AAP) is a major cause of death
worldwide (5.5 millions in 2013).

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.

The trend of AAP deaths has doubled since 1990.

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.

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

» Pollution and deaths occurred

primarily in the Red River Delta,

HCMC and surrounding
provinces in the Mekong River

Delta.

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.

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

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

Much more work is needed to
improve the models, the data,
and assumptions.
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Environmental Impact Pathway of Pollution
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Typical Damages Considered in an Environmental Impact
Assessment

EXTERNAL COSTS OF ENERGY AND TRANSPORT:
IMPACT PATHWAYS OF HEALTH AND ENVIRONMENTAL EFFECTS INCLUDED IN THE ANALYSIS.
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Health impacts and deaths are
part of the total damage from a
standard EIA.

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

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).



Ambient Air Pollution and Associated Health Impacts

S0, La san phém cla qua trinh dot cac nhién liéu nhwe than, dau... Pay ciing la chat gop phén
gy lang dong axit. Thai gian ton tai trong méi trréing tir 20 phut dén 7 ngay.

CO: Phat tan vao méi trrérng do qua trinh dét khang hoan tean cac nhién liéu hiru co nhie than,
dau, gb cii... Théi gian Ieu trong khi quyén co thé dao déng tir 1 thang dén 2,7 nam.

NO,: La hén hop cda khi NO, va NO c6 mét déng th&i trong méi treérng, phat tan do qua trinh
dbt nhién ligu & nhiét dd cao tir hoat déng giao théng, nha may nhiét dién, 16 hoi cong nghiép. . Day
cling Ia mét trong nhitng nhan té gay ra 1dng dong axit, thréng cé théi gian tn tai tir 3 — 5 ngay trong
khi quyé&n.

0Q,: C6 hai loai khi 0z6n, trong d6 khi 0z6n tang binh Iru 1 loai khi gilp bdo vé bau khi quyén;
nguoc lai, ozén tAng mat (tAng déi lru) 13 loai khi & nhiém thir sinh, diroc hinh thanh tir phan (rng
quang hoa gira cac hop chat NO,, VOCs, cac hydrocarbon trong khéng khi. Thoi gian ton tai trong
méi trirdng tir 2 gid - 3 ngay.

Bui: Bui la tén chung cho cac hat chét rdn va hat 1éng c6 duong kinh nhé c& vai micrémét dén
nira milimét, tw Iang xuung theo trong lwong cda chang nhung vén co thé o lirng trong khong khi
mét thoi gian. Bui dé cap trong Churong nay gdm céc loai bui sau:

- Bui lo Ikng tdng s6 (TSP): la cac hat bui co dwéng kinh dong hoc <100pm
- Bui PM " 1a cac hat bui c6 durdng kinh déng hoc <10um

- Bui PM,_E: Ia cac hat bui c6 dwéng kinh dong hoc £2,5pm

- Bui PM,: la cac hat bui co dudng kinh dong hoc <1uym

Trong cac loai bui nay thi bui PM, . ¢4 kha nang di sau vao cac phé nang phéi, gay anh hwdng
trrc tiép dén hé hé hap hon ca.

Pb: C6 mét trong thanh phan khai xa tir déng co clia cac phrong tién giao théng (tnreng hop
nhién liéu c6 pha chi). Ngoai ra cé thé phat tan tir cac mé quing va cac nha may san xuét pin, héa
chét, son___ Théi gian liru trong khi quyén thudng dao déng tir 7,5 dén 11,5 ngay.

Ngudn: TCMT tdng hop, 2013
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Association between Ambient Air Pollution and Incidence
of Diseases

Ambient particulate matter pollution
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PM2.5 Concentration in 2000

41



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)

Global Burden of Air Pollution
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Percentage of Attributable Deaths by Risk Factor

Metabolic risks

Dietary risks

Tobacco smoke

Air pollution
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Low physical activity

Child and maternal malnutrition
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Unsale water, sanitation, and hand washing
Lead exposure

Occupational risks

Sexual abuse and violence
Residential radon

% of aftributable deaths

Source: Institute for Health Metrics and Evaluation
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Data Sources

» 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.

» Population at each grid of the GBD data.

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

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

» 10x10km (approx.) gridded

concentration of annual
average PM2.5 from 1990
to 2013 covering Vietnam.

Population count in each
grid.

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.
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Air Pollution in Vietnam

Bang 3.1. Gia tri gi¢i han cac théng s co ban trong
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Vietnam PM2.5 Concentration Trend (population

weighted)
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PM?2.5 Concentration Distribution in Vietnam

as a per cent of the land area:
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HCMC Data Grids, Location Designations, and Monitoring

Data

—_

Location pm1930

Can Gio 8.7
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Methods used in Estimating Health Impacts and Economic
Valuation

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

» 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
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Exposure, Disease Incidence, and Mortality Pyramid

A “Pyramid of Effects’’ from Air Pollution

Mfa.gmtuie >90% of the
of impacts — monetized benefits

Thousands
ER visits,
Hospital
admissions,

Tens of Heart attacks
Thousands Severity of

School Effects
absences, Lost work
days

Respiratory symptoms,
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rons Asthma attacks
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Exposure - Risk Function

» Used to connect from exposure to incidence of disease via the
1 1 11 — Psuccess
Relative Risk coefficient, RR = - pacess | measured at the

concentration the person is exposed to:

RR(C) =14 o[l — e (%)) for C > G
RR =1 for C < G

» (o is the minimum concentration above which there is a risk
to health due to exposure. The theoretical limit is between
5-8 ug m3.

» RR =1 happens when exposure does not change the
incidence of disease.
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Relative Risk Estimates based on Epidemiological Studies
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RR is numerically derived so there is no functional form! RR is
provided at each level of PM2.5 exposure up to 410 pug/m=3.
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From Risk to Health Impact Function

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

H:RglglexPOP

» BR=L is the attributable fraction (AF) due to increased risk to
exposure.

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

» POP is the total population exposed to risk.

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

» Welfare-based approach: monetize increased risks of death
from air pollution based on the Willingness to Pay (WTP).
» Measure the full cost of premature deaths, including leisure,
consumption, good health.
> Neither the value of any specific person's life, nor a social
judgment of what it should be.

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

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

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

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

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

» VSL is highly influenced by income.

Y, v
VSLynm = VSLoecp % [ M ]
Yoecp

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

» 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

» 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.

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

(1+gy
(

PV =Y .
0 1+ry

-
J=1

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

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

_ GDPy13 171%10° _
> Y2013 = BOPxpRate — 89711065777 — US$2,453.
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Results

PM2.5 concentration in 1990 vs 2013
1990
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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

Economic impact
(million USD/100km2)

o High £ 394.192

B Low 00043383

» 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.

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%.
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Estimates of Deaths and Economic Cost in Ho Chi Minh

City in 2013

Deaths per 100km2

. <50

® 50100
100-300

@ 300500

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

> US$117-183m (0.32-0.51%
of HCMC 2013 GDP of
US$36.2bn) based on
forgone earnings.
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Comparison with Health Impact and Economic Cost in
Other Regions (World Bank report, 2016)

FIGURE 3.1 Welfare Losses Due to Air Pollution by Region, 2013

Percent of GDP equivalent

EastAsia & = Europe & Latin Middle North South Asia ~ Sub-Saharan
Pacific ~ Central Asia ~ America & East & America Africa
Caribbean  North Africa

M Total air poliution (] Ambient PM,, Il Household PM,, Il Ambient ozone

FIGURE 3.2 Forgone Labor Output Due to Air Pollution by Region,
2013

Percentof GDP equivalent

EastAsia & = Europe & Latin Middle North South Asia ~ Sub-Saharan
Pacific ~ Central Asia  America & East & America Africa
Caribbean  North Africa

Ml Total air pollution (] AmbientPM,; Il Household PM,, Bl Ambient ozone
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Health and Economic Benefit from Air Quality
Attainments to Alternative Standards

» Scenario 1: all locations exceeding the current national PM2.5
standard (25ug/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.

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

» Scenario 3: Lowering the national standard to 15 ug/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

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

> 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.

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

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

» 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 (25ug/m—3). Stricter air quality (to 20 and
15ug/m~3) save lives, but by a lesser magnitude.

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

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

» 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:

v

Poor data.

v

Incomprehensive understanding of the disease epidemiology.

v

Modeling process.

v

Choice of subjective parameters.

v

Valuation of non-market goods.

v

Source of uncertainty.
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Future Extensions

> 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.

» 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.

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