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Overview of Current HAQAST Project



« Why We're Doing This?
- Not enough tools to measure serious air pollution in
many African Countries/Cities
- Existing tools are limited

- Clear, trusted data is needed for better health and
policy decisions

* Vision Statement
- AAQE (African Air Quality Explorer)

- An Easy-to-use online tool powered by NASA data
that brings together:

1) Historical air pollution tfrends

2) Near real-time satellite imagery

3) Air quality forecasts

4) Local and satellite data in one place
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Population weighted annual PM2.5 exposures in
Africa [Health Effects Institute (HEI), 2022]



Technical Plan & Capabilities

. AAQE Features
Historical data (2000-present) data and interpretation
- Near real-time (NRT) satellite products (RGB, AOD, fires, etc.)
- PM2.5 forecast for next 72 hours
- Downloadable time-series for ~800 cities > 100,000 population
- Various data: MERRA2-ML, GEOS-FP-ML, VIIRS, FCI, AERONET, OpenAQ), etc.
° Deploymen‘l‘ ) Resources i Afri:m Air Q'Ez:lity Explorer (AAQE) Users/Applications
- Cloud-hosted (scalable and customizable) A - | L %
- Open-source s

trend analysts

- r‘:’./t)‘.::f‘
- - + Decision makers
Air quality map - Governments (national/local)
«A) EARTHDATA Pattern analys{s - Global organizations
Powered by EOSDIS - Air quality agencies

'Tlme -series analysis

& ﬁ 3 + Public
ST By - General public
ill 3 P
dil & | « g lh]% - Sensitive health group
“{f/j:;‘,r’.;,‘z{,:f - Outdoor workers/recreations

Inter-comparison *  Media

v - Public broadcast

- Internet content providers

- Social network service (SNS)

« Engagement
- End-user training
(ARSET, webinar, and local workshops)
- Feedback-driven improvements to AAQE
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*  Research community

SERT EET FILIIII | | 2 "\ n Near real time ﬁre - Air quality scientist
MERRA-2 ML PM2.5 (or pollution) tracking - Air quality regulators
GEOS-FP ML PM2.5 Community forum & - Field measurement studies

training and practice

Model maintenance and framework updates
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Air Quality Forecasting: Previous HAQAST and
SNWG Efforts



Goddard Earth Observing System (GEQOS)
Earth System Model

GEOS-FP

DoSAir/OpenAQ -
Measurements

Once per day
3-hour forecasts
for next 72 hours

Wput  Medd  Output

Machine Learning
Algorithms ‘

Localized PM2.5

forecasts

Status: Operational
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Decision Making

Web A Mobile Application

Location
Iraq: Baghdad
U.S. Emb: laghdad
an 7:00 PM E:

Primary Location

USA: Washington D.C.
River Terrace
Thu, 23 Jan © 12:00 PM EST

All Locations
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https://aeronet.gsfc.nasa.gov/new_web/aeronet_aqg/

Abidjan: lvory Coast N
U.S. Embassy Abidjan UNHEAL

hitps://zephair.stategdi.cloud/ OGRS

q
a PYIE—Y e § 83F @ 84% = Tmph . SSW Details P Jan 24,2025 Jan 25, 2024
° Wil - rioderate About AQI Forecast
- Abu Dhabi: United Arab Emi o
oo as At Fsoast provids IR o avrag At o o et 0 Gy,  profctd A emding for every  hwrs over h next e
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g e S 0 = alled rorecas
< 5 ooy 1:00 PM, EST finsn]
® it oot Onn Roe O oD Bes re i) ed about the air quality
A
oy, Note: orcass e updatd kS EST nd et curs with our AQI Forecast
Abuja: Nigeria
U.S. Embassy Abuja oraraT
= 12:00 PM, EST
PM25 ®  0Ozone Per 1t: f ey
Air Quality Index Air Quality Index L e o 2oz oz v2. 2024 & 90°F @ 21% = d4mph Y S
Hours
AQl AQl
oz ) . S Accra; Ghana
Concentration Concentration U.S. Embassy Accra ND .
X — 1:00 PM, EST 08 PM 08 AM
oMz PR (L rert oe Toaoe | Jan 22 Jan 24
— e ———— § 83°F @ 89% =>10mph \ SSW »
Daily Forecast
Map Locations Lear Profile Map Locations Leam Profile
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https://zephair.stategdi.cloud/locations
https://aeronet.gsfc.nasa.gov/new_web/aeronet_aq/

Unhealthy Very unhealthy  Hazardous

56-150 151-250 251+

TR IR

Air Quality Forecast
Zoom Level: 2

Reset View

Model Initialization

10/23/2025

Forecast Date

Day 1 (Fallback)

Time
13:30 UTC
Type
PM 2.5
Enabled Forecast
DoS Missions AERONET

Open AQ African AQE

i

ADI ratuirnad: Nn data availahla

- The operational PM2.5 forecasts are provided for:

- 1000+ AERONET Stations
- 5000+ OpenAQ locations

G®DDARD

EARTH SCIENCES

270 US Missions (Embassies/Consulates)

800+ Cities in Africa (Current HAQAST)
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OTHER PUBLICATIONS POLICIES

Earth and Space Science

Research Article (&) OpenAccess @ @ @

PM2.5 Forecasting at U.S. Embassies and Consulates
Worldwide Using NASA Model Powered by Machine
Learning

Junhyeon Seo sz« Algamah Sayeed, Seohui Park, John Kerekes, Stephanie M. Christel,
Mary T. Tran, Pawan Gupta

First published: 07 June 2025 | https://doi.org/10.1029/2025EA004210

This article was corrected on 20 JUN 2025. See the end of the full text for details.
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Publication

(global scaling is supported by

NASA SNWG)



PM2.5 Monitoring



Hourly PM2.5 Mapping

G o E s - E a St - Air ::::teyrs:ai:e::t:m:: rz:ess
AirNow <

PM,. 5 Concentration (ng/m?3)

26 May 2022 19:30Z NESDISISTAR GOES-West GEOCOLOR

Jenny Bratburd, Pawan Gupta, et al., Incorporating Satellite Data Updates into AirNow, EM Plus

Sayeed, A., Gupta, P., Henderson, B., Kondragunta, S., Zhang, H., & Liu, Y. (2025). GOES-R PM25 evaluation and
bias correction: A deep learning approach. Earth and Space Science, 12,
€2024EA004012. https://doi.org/10.1029/2024EA 004012



https://haqast.org/wp-content/uploads/sites/91/2022/09/emplusq322_bratburd-final.pdf
https://doi.org/10.1029/2024EA004012

Transfer Learning and New Geostationary Satellite over Africa

Hourly PM, ; Mapping over Africa using Cross-Sensor Calibration and
Advanced Transfer Learning

Ahmed Kh

Objective: Our goal is to produce operational PM,  product over Africa using geostationary satellite observations.
25 monitoring sta u , Uimiting air quality p
Approach: ning dapting a deep neural network trained on GOE! FCI (Atrica) via cal

1.PM, ; ESTIMATION OVER CONUS

2. CROSS SENSOR CALIBRATION

TRANSFER
4 LEARNING

1.1Data & Coverage

21
+Targot: 1,236 AltNow PM,., monitors; ful-year 2023 daylight retrievals.

d 2.2 Collocation Methodology
masking applied
Product: Continuous PM fields beyond point monitors.

loud-free coincident scene over Brazil, 2025-01-29, 14:10 UTC.
1.2Model Architecture & Training
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1.3Validation Results CO4-NIR 13 (1.370vs 1.380pm)  2km/1kme2km 0473 “0213 0198 ABI CO1 [0.47 ) n MTG- FCI VIS 04

+Random 10-fold CV 10 = 0.81, RMSE = (G4 o 28,025 4301
614 pg/m’, (RMSE = 66.34%. 2.3Viewing Geometry Effects
+Spatial 10-fold CV: I0A = 0.89, RMSE =
661 pg/m?, RMSE = 72.14%. FCIVZA; Re-0.687 vs ABI VZA In Band 1)
+Tomporal 10-fold CV : I0A = 085, RMSE 4 Band 1(0.47 ym)
=850 pg/m?, IRMSE = 89.68%. s sensitvty

(R=0.339) and higher agreement (R=0.724)
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3.PM,  ESTIMATION OVER AFRICA (Ongoing Work)
3.1 Transfer Learning Approach
+Rational
| P %

opnaq 32 Domain Adaptation Strategy
Torottaton

FoIL

The graphic is produced using ChatGPT

3.3 Fine-Tuning Protocol
“Stage: ot

3.4 Expected Outcomes
ty PM,

Al Qualty Applied Sciences Tear (HAQAST) and Satelit
AR, &Gupta, P. (2025). Hour by hour PM2.5 mappingusi
65

Working Group (SNWG)
stationary satelltes. ACS

Reforonce: Park. ., 5o
ESAT AY, 29), 1816-1830. doL0rg/10.1021/acs

eohui Park, Algamah Sayeed, Junhyeon Seo, Barron H. Henderson, Aaron R. Naeger, and Pawan Gupta, Hour by Hour PM, 5 Mapping Using
Geostationary Satellites, ACS ES&T Air 2025 2 (9), 1816-1830 DOI: 10.1021/acsestair.4c00365



Low-cost PM2.5 Sensor Network in Africa

* Pilot Study Overview
- Deploy low-cost sensors at AERONET stations for 1-1.5 years
- Collect simultaneous surface PM2.5 and aerosol column (AOD) measurements

- Key Research Goals
- Investigate surface and column aerosol relationships
- Analyze spatiotemporal variability, including diurnal cycles
- Address gaps in collocated AOD-PM2.5 measurements N

Available Resources | Bridging Model | a
E o oo <:> @ <:>
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== - F ® Clarity Node Collocation
Mn N 1 @ Potential
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Validation 0 PurpleAir
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ET sensor Monitor Ref.
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Expanding Ground Monitoring

All Sites Inactive

+

AERONET-Clarity Site Information

40+ clarity nodes
50+ Purple Air
10 AERONET (embassies)

Chiba, Japan

Supported by AERONET-SNWG-DoS Collaboration

True PM2.5 (Testing)
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Thank youl!
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