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INTRODUCTION
MOTIVATION

 Exposure to fine particulate matter
(PM, ) is associated with high
mortality rates in South Asia (1).
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* |nadequate understanding of PM, .

source contribution to mortality based
on sectors and fuel types in South Asia.

STUDY OBJECTIVE

Use satellite remote sensing and GEOS-
Chem High Performance (GCHP) model
to quantify the source sector and fuel
type contributions to PM, - mass and the
associated disease burden, to improve
public health in South Asia.

STUDY APPROACH

1) Use the Community Emissions Data
System (CEDS-GBDMAPS) as base

emissions and CEDS v2021-06 for 2019
and 2017 to develop updated
anthropogenic emissions for 2019.

2) Use the stretched grid capability (2) of
3D GCHP v13.4.3 model to simulate
surface-level PM, . concentrations.

3) Downscale sensitivity simulations
with a hybrid satellite derived PM, .
product which combines multiple AOD
datasets and observation-based
predictor variables at a 1 km resolution.

4)Obtain fractional contribution of
sector and fuel types to PM, . mass and
attributable mortality

NOVELTY COMPARED TO
PAST WORK

Previous air quality and health burden
studies in South Asia have not extensively
addressed the impact of regional air
quality contributions to public health.

Previous modeling studies in South Asia
used satellite AOD, emission datasets,
simulations, and diseases burden from
2017 or older.

We use emission datasets, simulations,

satellite AOD and diseases burden for 2019
using an advanced modeling capability not

used before.
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CEDS GBD-MAPS emission inventory for atmospheric
pollutants from sectors and fuel specific sources, includes

1.EMISSIONS in South

Asia for 2019 . . .

| regional inventory for India (SmoG)
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"« SMoG provides publicly available dataset on air pollutants, including OC,
SO, , CH,, CO, ozone precursors NOy, NMVOCs), short lived climate
pollutants (SLCPs) including BC, O; and green houses gases (GHGs) like CO,,
N,O for India.

Percent Difference (%):

CEDS - EDGAR or GAINS
Hoesly

Scaling CEDS GBDMAPS to 2019 :
* We obtained the emissions ratios of 31 different species from CEDS v2021-06 for 2019 and 2017.

» We use the emission ratios as scaling factors to obtain updated emissions for 2019 which includes the GBD-MAPS
regional emissions information.

FinalEmissions 2019 = Base Emissions X
Scale Factors

CEDS 2019
CEDS 2017

Base Emissions : CEDS
GBD-MAPS (2017)

Scale Factors=

GCHP is an offline implementation of GEOS-Chem, a chemical transport model
driven by NASA Goddard Earth Observing System (GEOS) meteorological data
for parallel simulations (3), detailed in Martin et al., (2022)

2. GEOS-Chem High
Performance (GCHP)

GCHP advantages:

1. Stretched-grid capability for higher resolution to resolve nonlinearities in user-selected regions with two-way
coupling for long range transport.

2. Better parallelization using MPI to enable simulation on thousands of cores

3. MODEL BASE, SENSITIVITY SIMULATION,

EVALUATION & SECTORAL CONTRIBUTION

YRS S

GES -Chem High Performance (v13.4.3)

Simulations Parameters

Horizontal Resolution: C60

Stretch Factor: 3.0

Chemistry: Full chemistry mechanism

Meteorology: MERRA-2

Downscaling & Evaluation

Base simulations from GCHP scaled to
fine resolution at 1 km using hybrid
satellite- derived estimates of surface
PM, c mass from van Donkelaar et al. (4)

* retains simulated fractional speciation

and seasonality

* improves observational agreement
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Simulation length: 2019 full year

Stretched grid simulations of PM, . mass are
conducted with the GEOS-Chem High Performance
model, downscaled to hybrid satellite product
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5. SECTOR AND FUEL CONTRIBUTIONS TO Simulation results and mortality burden estimate for
PM, . ASSOCIATED DISEASE BURDEN IN sectoral contributions to PM, : disease burden

South Asia Pakistan Northern Region Nepal and Bhutan | Eastern Region
60.1 pg/m3 1023362 deaths 58.4 pg/m? | 92486 deaths 75.7 ng/m? | 321596 deaths 43.4 ng/m3 | 16191 deaths| 67.4 ng/m3 | 130774 deaths
[777722 - 1268973] [70219 - 114663] [244413 - 398779] [12331 - 20060]
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Central Region
59.4 pg/m?3 | 50690 deaths
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North-eastern Region

38.5 pg/m? | 12539 deaths
[9530 - 15548]
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Western Region Southern Region Sri Lanka Myanmar Bangladesh
46.3 pg/m? | 139683 deaths|29.8 ug/m? | 147853 deaths 24.0 ng/m® | 7582 deaths 35.5 ng/m3 | 24151 deaths | 70.8 pg/m* | 79812 deaths
[106159 - 173207] [112372 - 183344] [5764 - 9412] [18385 -29977] [60697 - 98987]
*Residential combustion, industry and power generation and biofuel are major source-
6. CONCLUSION . o .
based and fuel-based contributors to mortality in South Asia.
*High PM,  concentrations in North and Eastern India is associated with about 50 % of
total mortality in South Asia.
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4. SENSITIVITY SIMULATIONS
FOR SECTORS, FUEL TYPES AND
SPECIES RESULTS
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Gridded sectoral contributions to PM, . mass are obtained
using emission sensitivity stretched grid simulations in GCHP

to understand sectoral contribution to

Chemical composition of PM, ¢ provides information on
mean concentrations of chemical components attributable
to each sector particularly important for developing
control and mitigation strategies.

Attributed PM2 5 concentration (pgm'3)

Attributed PM2 5 concentration (pgm'3)

Biofuel sector can reduce overall PM, ; mass by

~10ug/m3.

10

=2}

(=2}

IS

N

o

Particulate Matter Speciation
I I I I

I
I Ammonium
ENitrate
Il Black Carbon
= [JPrimary Organic
[ IDust
Bl sulfate

Bl seasalt
= _ [ IsOA

JLD_IIH“II_lHJIIIJH IIIIJH ol 1l

| | | | | | | | |
Agriculture Open fires Industry PowerGen Resi-Comb Transport  AFCID Waste Others

Particulate Matter Speciation
I

I
B Ammonium
I Nitrate

Il BIack Carbon
[ Primary Organic
[ IDust
Bl sulfate
Bl seasalt
[ JsoA

I

Total Dust and Fires Others Sources

QOil and Gas

Biofuel

(1)McDuffie et al., Source Sector and Fuel Contributions to Ambient PM2.5 and Attributable Mortality across Multiple Spatial Scales. Nat. Commun. 2021, 12 (1), 1-12.

(2)Bindle, L. et al. Grid-stretching capability for the GEOS-Chem 13.0.0 atmospheric chemistry model. Geosci. Model Dev. 14, 5977-5997 (2021).

(3)Martin et al., Improved Advection, Resolution, Performance, and Community Access in the New Generation (Version 13) of the High Performance GEOS-Chem Global Atmospheric
Chemistry Model (GCHP), Preprint, GMDD, (2022)

(4)van Donkelaar et al., Monthly Global Estimates of Fine Particulate Matter and Their Uncertainty. Environ. Sci. Technol. 2021, 55 (22), 15287-15300.




