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Millions of deaths from air pollution, mostly in
I developing countries
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| And the inequality is getting worse
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I How do we inform policies to improve air
quality-related health? 5 steps:
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This step (air quality modeling)
IS the bottleneck, requiring time,
resources, expertise, and data

« Air quality modelling is implausible for some use-cases and some policy-makers
« Developing countries typically have worse air quality, but also typically have:
- Less institutional and social capital (collaboration networks with modelling teams, expertise
in air quality modelling)
- Fewer resources and data (e.g., funding, access to supercomputers)
- More difficulty setting up models (less data available, fewer models available!)



| InMAP: A Reduced Complexity Model

« INMAP is designed to estimate health impacts from changes in pollutant emissions (e.g., related to
policy decisions) in a low resource, expedient manner.

- It directly estimates annual average changes in PM, ; concentrations (including secondary PM, ;)
across space, with a variable resolution grid (1-48 km for the United States).

« To do this, it uses simplified physics and chemistry that leverage outputs from a more complex
model (WRF-Chem / GEOS-Chem).



| U.S. INMAP Resource Requirements

requirement Chemical
transport model
(WRF-Chem)
time weeks hours
resources supercomputer laptop computer
expertise Ph.D. level Undergrad/M.S.
level
data Emissions, A shapefile

meteorology, etc.
spatial resolution 12 x 12 km 1km in urban areas

... but it was only available for the U.S. (4% of global population; 2% of global air quality-related
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| From U.S. to Global InMAP
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RESEARCH ARTICLE Each year, millions of premature deaths worldwide are caused by exposure to outdoor air

G | 0 b a I' h i gh_ reso | uti ') n' re d uc ed -com p I exity pollution, especially fine particulate matter (PM. ). Designing policies to reduce these

deaths relies on air quality modeling for estimating changes in PM,, 5 concentrations from

a | r q u a I ity m O d e I i n g fo r- P M 2 ) 5 u Sl n g I n M AP many scenarios at high spatial resolution. However, air quality modeling typically has sub-

stantial requirements for computation and expertise, which limits policy design, especially in
(I nte rve nti on M 0O d e I fo r AI r P OI I uti 0 n) countries where most PM, -related deaths occur. Lower requirement reduced-complexity

models exist but are generally unavailable worldwide. Here, we adapt INMAP, a reduced-

complexity model originally developed for the United States, to simulate annual-average pri-

i .12 i 3 4,5
Su.m.ll K' Thakrar, =%, .Ch';'fto"her W. Tes:sum ; Joshua S. APt.,ea g g  Mary and secondary PM, s concentrations across a global-through-urban spatial domain:
Srinidhi Balasubramanian ™, Dylan B. Millet’, Spyros N. Pandis™", Julian D. Marshall’, .54 |nMAP”. Global INMAP uses a variable resolution grid, with horizontal grid cell

1
Jason D. Hill widths ranging from 500 km in remote locations to 4km in urban locations. We evaluate

Global INMAP performance against both measurements and a state-of-the-science chemi-
cal transport model, GEOS-Chem. Against measurements, INMAP predicts total PM, 5 con-
centrations with a normalized mean error of 62%, compared to 41% for GEOS-Chem. For
the emission scenarios considered, Global INMAP reproduced GEOS-Chem pollutant con-

httpS//dO| Org/1 O 5281/26 nOd 04641 947 centrations with a normalized mean bias of 59%—121%, which is sufficient for initial policy

assessment and scoping. Global INMAP can be run on a desktop computer; simulations
here took 2.6-8.4 hours. This work presents a global, open-source, reduced-complexity air
quality model to facilitate policy assessment worldwide, providing a screening tool for reduc-
ing air pollution-related deaths where they occur most.



| Global INMAP Resource Requirements

requirement Reduced complexity model traditional global model
(Global INMAP) (GEOS Chem)

time 4 hours 100 hours 96% faster
resources desktop computer supercomputer
expertise Undergrad/M.S. level Ph.D. level
data Just a shapefile Emissions, meteorology, etc.
spatial resolution 4km in urban areas 12 x 12 km 13x ground-leve
grid cells
pop-wtd. avg. grid cell area 1,000 km? 39,000 km?2



Global InMAP can resolve urban-scale
changes in pollutant concentrations
worldwide

A Emissions Global InMAP GEOS-Chem
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Global INMAP can estimate high-resolution
changes in mortality
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Global InMAP can predict total pollutant
concentrations
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Global InMAP can predict total pollutant
concentrations __
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Global InMAP can predict total pollutant
concentrations __
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Total PM,, predictions against measurements (N = 1,706)
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Global INMAP performance varies by region
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I Global INMAP performance varies by region
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Global INMAP performance varies by region
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InMAP GEOS-Chem INMAP - GEOS-Chem

Global InMAP can
estimate changes in
pollutant
concentrations
comparably to a
traditional model

Scenarios involve increasing:

« NO, emissions from transportation

ApSO, from SO, sensitivity APNH, from NH, sensitivity ApNO, from NO, sensitivity

* NH; emissions from agriculture - —— e —
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Some Uses & Developments: South &
Southeast Asia

Global INnMAP has been used to estimate air  Inequality in air pollution mortality from power generation in India
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Some Uses & Developments: South &
Southeast Asia

Global InMAP is also being used to estimate
the individual health harms of all 7,000+

brick kilns in Bangladesh (Thakrar et al., In Brick Kiln Tracker
Preparation).
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Some Uses & Developments: South &
Southeast Asia- o owver move @

i =,USAID +:NREL

Quantifying the Impacts of Renewables Deployment on Air Quality and Human Health in
Southeast Asia

Basic Training on the Global InMAP Model

Introduction

This basic training on the Global INMAP model is designed to apply University of Minnesota’s (UM)
Global Intervention Model for Air Pollution (Global InMAP) air quality model to Southeast Asian
context to demonstrate for planners and govemment staff a publicly available, user-friendly tool that
can quantify the air-quality benefits of renewables deployment scenarios. Generally, this training aims
to improve technical capacity and knowledge of the linkages between air quality, human health
outcomes, and renewables deployment in Southeast Asian countries. Audiences for this effort is
specified to members of Heads of ASEAN Power Utilities (HAPUA) who specialize in environmental
impacts of the electricity system.

To meet the learning objective, the course is structured in 2 modules:

e  Module 1: Introduction to Global InMAP and model set-up
e  Module 2: Applying Global InNMAP in the region using a test case

Each module will have the following basic structure:

* A presentation giving an overview of how to use the model,
* A software tutorial class and interactive online session,
* Time for questions and support.

Taretwin) ENERGY

Advanced Energy Partnership for Asia

Quantifying Impacts of Renewable Electricity
Deployment on Air Quality and Human Health in
Southeast Asia Based on AIMS Il Scenarios

a Base scenario b. Change in mortality relative to 2040 Base scenario
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Figure 4. (3a) Annual excess mortality attributable to total projected power generation emissions in
the Base scenario, broken down by ASEAN member country in which mortality occurs (b) Change
in excess maortality in 2040 (relative to the Base scenario) for the ASEAN RE Target, High RE Target,
and Optimum RE scenarios, broken down by ASEAN mem&er country in which mortality occurs




Air quality health impact assessment is more difficult in a
developing country

‘ Typical developed country Typical developing country Democratizing tools?
>N * A nationally compiled « Often have to use global « Satellite data can
‘Q\ emission inventory emission inventories constrain emission
omre « Appropriate emission « Emission factors are often inventories or identify hot
1. emissions factors and data old or inappropriate spots
Q  Awide variety of models  + Often hard to use regional <+ Reduced-complexity tools
m //’ available (global, regional, models (so one resorts to like Global INMAP

_ urban-scale, policy tools) global models)
2. concentrations

» Good cohort studies * Risk curves may be
Good demographic data, extrapolated out of range
underlying mortality risks « Poor demographic data
are well-characterized

3. exposure & mortality

o » Use the Value of * It's not always clear how
E Statistical Life, to value mortality risk
_ « Easy to estimate social appropriately
« Dense and distributed » Often there are no high » Low-cost sensors

monitoring network guality ground

5. measurements measurements



| Conclusions

« EXxposure to air pollution is associated with millions of deaths each year, mostly in
developing countries

« Designing policy solutions to reduce air quality-related deaths relies on scientific tools
(e.g., models, measurements)

« The countries with the worst air quality also are the least equipped with the scientific
tools needed to inform policy

« “Democratizing” tools (such as global, reduced complexity air quality models) can help
bridge the gap between available tools and policy needs, especially in countries where
expertise, resources, or existing tools are in short supply



Thank you
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