
1

Impacts of COVID-19 lock-down measures on air 
quality over the Highveld: Initial assessment

Eloïse Marais
School of Physics and Astronomy, University of Leicester, UK

Rebecca Garland, Mogesh Naidoo, Juanette John, Ngwako Kwatala, Seneca Naidoo
Climate and Air Quality Modelling Group, CSIR, South Africa

Joint DEFF/ NACA online seminar: “COVID-19 and air quality in South Africa”
21 July 2020



2 2

Building Evidence Across Multiple Platforms

3D ATMOSPHERIC 

CHEMISTRY MODEL

SATELLITES
SURFACE NETWORK

Global coverage

Consistent record

Mechanistic information

Discern emissions and 

meteorology

High time resolution

Close to sources

Combine data from multiple platforms to 

mitigate shortcomings of a single platform
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The Space-Based Perspective

Source: ESA
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The Space-Based Perspective

Atmosphere layer

> 10 km

Pollution layer (1-2 km)

The satellite sees the whole atmospheric column, not just the polluted surface layer
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The Space-Based Perspective

Satellites pass over the same 

location at the same time 

once a day

All miss the timing of morning 

and evening traffic

[adapted from

Lourens et al., SAJS, 2012]
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The Space-Based Perspective

Behaviour of NO2 as observed from space in a normal year (2019)

Data source: https://s5phub.copernicus.eu/dhus/#/home

19% more than March 73% more than March

https://s5phub.copernicus.eu/dhus/#/home
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The Space-Based Perspective

Detectable decline in the satellite observations of NO2 during the lockdown

Data source: https://s5phub.copernicus.eu/dhus/#/home

20% less than March 62% more than March

https://s5phub.copernicus.eu/dhus/#/home
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The Space-Based Perspective

Should also expect decline in SO2 from power plants and industry, but SO2 data has issues

Data source: https://s5phub.copernicus.eu/dhus/#/home

https://s5phub.copernicus.eu/dhus/#/home
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Ground-based perspective

• NO2 does impact health and ecosystems – it is regulated. 
What are we exposed to on the ground? 

• Ground-based measurements of NO2 do not show this “hot-
spot region” on the ground

• Ground-level NO2 generally higher at traffic impacted sites –
for example, we see the “weekend effect”

• Ambient (outdoor) concentrations increasing autumn → winter
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The ground-based perspective

• Preliminary analysis focusing on NO2 and SO2

• Data from SAAQIS 1 January  2020 – 13 July 2020

– Analysis of data on-going. Not showing sites in these 
networks without data.

• Johannesburg

• Tshwane

• Vaal Triangle Airshed Priority Area

• Highveld Priority Area

• Comparing with historical data that we had analysed.

• Ground-based dates

– 18 March 2020 – schools close 

– 27 March 2020 – lockdown level 5 starts in morning at 
midnight

– 1 May 2020 – level 4

– 1 June – level 3
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The ground-based perspective: ground-level NO2

• aaaa
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The ground-based perspective: ground-level SO2
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The ground-based perspective: Monthly NO2
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The ground-based perspective: Is this different from previous 

years? 

• Many aspects impact ambient concentration

• Using historical data to understand “normal” variability

• Working to expand this with analysis of meteorology
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The ground-based perspective: Is this different from previous 

years? 
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The model perspective: Model set-up

• Chemical Transport Model (CAMx) will help to 
unravel drivers

• Met (2020): WRF v3.8: 
– Domains: 27km, 9km and 3km
– Forced by NCEP CFSv2: Year 2020, 6 hourly, 50km 

resolution (25km for surface variables). Will use ERA5 
going forward.

• Ozone column (for initial photolysis rates): 
– Year 2020 data from the Ozone Mapper and Profiler Suite 

(OMPS) on Suomi NPP. Near real time. 

• Initial and boundary conditions:
– Year 2016 MOZART4. Will use WACCM (Whole Atmosphere 

Community Climate Model) going forward. 

• Emissions inventory:
– Currently for year 2016

• Use for perturbation experiments 

– Speciated for Carbon Bond 6
– Will update as data becomes available

• Long-term study on quantifying emission changes and 
impacts (data intensive)
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The model perspective: First look results at column NO2

• CAMx run for March at 

3km resolution 

compared to TropOMI

10km

• Output NO2 integrated 

from surface to model 

top (~10km)

• Mean includes days 15th

– 26th March and 12:00 

– 15:00 to coincide with 

satellite overpass for 

“pre-lockdown”

• Spatial distribution 
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Changes in emissions

• Expect industrial and transport emissions to decrease during 
lockdown – may prove difficult to quantify (long-term 
research)

• How do domestic burning and other community based 
sources change? 

– Impact of economic stress on fuel use and fuel stacking

– Service delivery: waste burning

• Potential added stress to low-income communities

Census 2011

Hersey et al., ACP, 2015
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Summary: Air quality considerations for South Africa during 

COVID-19

• Air quality impacts from lockdown – natural experiment to quantify changes in emissions to impacts on 
ambient and health. 
– Use the knowledge we gain from these temporary changes help us to improve air quality in a sustained manner
– Interesting problem as we have diverse sources and many are not well-quantified → Need multiple data streams
– Decreases in NO2 in April 2020, especially, are seen. Further work needed to better understand drivers → impacts.

• Changes in fuel use and air quality in low-income settlements
– Important to track and understand trends in air quality and fuel use during COVD-19 

• Air quality and COVID-19 links
– Through partnerships with health researchers, these environmental data can be used with COVID-19 data to elucidate linkages 

between exposure to air pollution and COVID-19 in South Africa
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International activities

• WMO/GAW Coordinated study to analyse impacts of 

COVID-19 measures on air quality and exposure

– The aim of the study is to understand how air quality and related 
population exposure has changed in cities as a result of measures 
implemented to control the spread of the COVID-19 virus (SARS-
COV-2). Contributions from all sources and scales affecting air 
quality in cities will be considered. 

– CSIR, NWU, and SAWS GAW researchers have been involved. 

• WMO and AGU Workshop on COVID-19 

– registration open, 
https://public.wmo.int/en/events/meetings/covid-19-symposium

– South African research community was a driving force in this 
symposium

– Twitter: @CovEnvSymp


