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Motivation

«  First-time combination of in-situ air quality data, remote sensing satellite data, and backward trajectory modeling.
« ldentify sources of PM, : and the column amounts of six trace gases (NO,, SO,, CH,, HCHO, C,H,0, and O,)

«  Factors influencing local emissions and long-range transport of PM, ..
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Data

Temporal/Spatial Resolution

Sources

Particulate Matter (PM, c); surface in-situ

Hourly, point measurement

https://pk.usembassy.gov/embassy-consulates/air-quality-

data/

Nitrogen Dioxide (NO,)
Column Amount - TROPOMI (L3_NO,)

Daily, (3.5 x 5.5 km?)

https://developers.google.com/earth-
engine/datasets/catalog/COPERNICUS S5P NRTI L3 NO2

Sulphur Dioxide (SO,)
Column Amount - TROPOMI (L3_SO0,)

Daily, (3.5 x 5.5 km?)

https://developers.google.com/earth-
engine/datasets/catalog/COPERNICUS S5P NRTI L3 SO2

Glyoxal (C,H,0,)
(VCD) GLYRETRO (GLYoxal Retrievals from
TROPOMI)

Daily, 3.5 x 5.5 km?

https://glyretro.aeronomie.be/index.php

Methane (CH,)
Copernicus Atmosphere Monitoring Service

Daily, 7° x 7°

https://eccad3.sedoo.fr/

Formaldehyde (HCHO)
Column Amount-TROPOMI (L3_HCHO)

Daily, (3.5 x 5.5 km?)

https://developers.google.com/earth-
engine/datasets/catalog/COPERNICUS S5P NRTI L3 HCHO

Ozone (O;) Dailv 1° x 1° https://cds.climate.copernicus.eu/cdsapp#!/dataset/satellite-
6 km ozone column concentration-IASI(L3-0;) Y ozone-vl?tab=overview
A | Optical Depth (AOD .

erosol Optical Depth ( ) Daily, 1° x 1° https://Ipdaac.usgs.gov

(MODOS8 D3 v6.1)
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_ COVID 19 - lock down timelines, Lahore Pakistan -

« Office hours: 09:00 - 14:00

Semi Lockdown (SLD) + Commercial markets/business activities close by 20:00
1/1/2021 to 2/28/2021 » Public transport occupancy limited to 50%, industrial activities
exempted

» Ref-SLD defined pre-pandemic
* No restrictions on business, commercial, and routine activities
“Business-as-usual”

Reference Semi Lockdown (Ref-SLD)
1/1/2020 to 2/29/ 2020

* Business and commercial activities closed
« Complete ban on public transport and gatherings
« Ban on commercial and industrial activities

Lockdown (LD)
3/24/2020 to 5/31/2020

« Commercial activities and markets closed by 18:00 on weekdays

Reference to Lockdown (Ref-LD)  Complete closure on weekends

3/24/2021 to 5/31/2021 * 50% office staff to work from home; industrial activities
exempted

Ramadhan in LD 2020 (R-LD) « Same as LD. Government allowed prayer congregations of up to

4/23/2020 to 5/23/2020 five people.

Reference Period for Ramadhan LD (Ref-R-LD):
4/12/ 2021 to 5/12/2021

AMS 2024
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AERONET — Aerosol Optical Depth (AOD)

AQOD levels during LD Period
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Aerosol Optical Depth

(b)

(c)

Combined Dark Target and Deep Blue AOD at 0.55 micron for land and ocean: Mean ()
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NO2 (mol/m*2) S02 (mol/m*2)
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Methane Formaldehyde

HCHO (pmol/m?)
Emissions of CH4 for sum sector (kg m-2 s-1) [ =
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Glyoxal

Monthly Mean glyoxal VCD (molecules cm-2)
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HYSPLIT
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Conclusion

. Lockdown Impact:
Significant (38%) PM2.5 reduction in Lahore during COVID-19 lockdown.

. Chemical Regime Shifts:
Varied responses in trace gases; notable declines in NO,, CH,, and O,

. HYSPLIT: Reveals stable regional flows in lockdown and reference periods.

1. Local and Regional Impact: Lower altitudes show local emissions and eastward transport.
2. Altitude Influence: Higher altitudes experience limited impact and westerly flows

. Future Outlook:
Emphasize need for emission control, technical solutions without stringent personal restrictions.
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