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q Introduction

« Air pollution has many negative impacts: health, acid rain, global
warming

« Link air pollution to source => policy to address source AND individual
behaviour

e CO and biomass burning

 As an example look at
— CO - biomass burning: vegetation fires and household combustion
— CO2 — car exhausts,

— NO2 - Car exhaust fumes (coal-fired power stations and other industry)

— SO02 - Emitted by power plants and other high-stacks (e.g. smelters at mines)

— NOZ2 + CO household combustion from semi-formal and informal settlements was
identified as the predominant source of NO2 and CO

 Models and ground stations not optimal in areas with poor coverage
(e.g. Edwards et al. 2006, Hyer et al. 2007, Ichoku et al. 2012, -
Ichoku & Ellison, 2013, Reuter et al. 2014, Lindermaier et al.
2014)

« Synergistic use of satellite products
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S Sample Data

A variety of instruments and satellites = resolutions and formats

CO
— Infrared Atmospheric Sounding Interferometer (IASI) on board MetOp-A/-B
— 1. Level 2 from LATMOS/Ether Atmospheric Chemistry Data Centre
— 2. NUCAPS from NOAA Comprehensive large array-data stewardship system (CLASS)

CO2
— Atmospheric Infrared Sounder (AIRS) on board NASA Aura
— AIRS/Aqua Level 3 8-day CO2 in the free troposphere (AIRS-only) (AIRS3C28)
— NASA Goddard Earth Sciences Data and Information Services Center (GES DISC) - Mirador

NO2

— Ozone Monitoring Instrument (OMI) on board NASA Aura
— GES DISC - Mirador

SO2

— Ozone Monitoring Instrument (OMI) on board NASA Aura

— OMIOMSO2e OMI/Aura Sulfur Dioxide (SO2) Total Column Daily L3 Best Pixel Global 0.25deg
Lat/Lon Grid (OMSQO2e)

— GES DISC - Mirador
Burned area — Giglio MODIS global product
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S Study Areas

Southern Africa

dge partner

Sour Grassland
Dry Woodland
| Moist Woodland
Mountain fynbos: above-average wet season,
15 yrold 4 - 9tonnes/ha
% 8/12to 20 tonnes/ha —almost only half the tonnage of fuel in
available fuel ent of Geography and Enviro fynbos, but spreads much faster - due to fine
' Forsyth et al. (2009) Studies fuel structure
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q Methods

o Geographically weighted regression of CO and BA

* Tracer gas species
— How do they differ across study areas?

* Graphs and maps of averages (std deviation):

e Lindenmaier et al. 2014

— ratio of the change in NO2, NOx, SO2, and CO to the
change in CO2

— E.g. ASO2/ ACOZ2 = unique tracer of power plants
« ACO/ ACO2 = biomass burning

— (A) is considered to be any enhancement compared with
the baseline that is observed during clean days.
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q Results

e CO and BA - summer
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q Results

e (CO and BA - winter
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q Results

« CO and BA — winter (2) Q
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q Results
e CO e

— Partlcularly biomass burning
— Longli , ' IXing, €.g. rds et

al. and others)
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Area burned (ha) - Western Cape

Total area burned = 803 125ha studies
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Q Results
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— Difference in NO2 from ‘background’:

«

— Car exhaust fumes (coal-fired power stations and other industry)
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Q Results
e« ANO2/ACO Q
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q Results

SO2

— Emitted by power plants
— Only lasts a few days

Giovanni: OMlI/Aura L2G Online Visualization and Analysis «BETA» Daily Level 2G

Global Binned Products
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E! Conclusions: RS providing
.2 information to decision makers

* Fine-scale dally/weekly maps of pollutants -
(change from background) to help identify source

 Huang: "ISEE Scenario = seen, investigated and
understood.... Pollution”

 Adams: “Policy often not linked to
science/research”

« CSPP/IMAPP potential to bring research more
clearly to view, sensu AFIS on social media.....
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Conclusions: RS providing
information to decision makers

Policy makers: e

- Transport (more trains to highly populated areas)
- Household heating - Green Accord (solar heaters
- Household cooking — electrification...
- Clean power solutions

Citizen behaviour
Public transport (reliability): takes time (although Gautraln)
Car pools

Cooking boxes

Link to budgets — annual sustainability reports and IDP’s
- What its costing

What it will cost to solve

Indicator linked to budget

Seelinger (2009): sustainability indictors
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Dashboard indicators
~ AFIS uptake by volunteer fire fighters

Department of Geography and Environmental
Studies




q References...

Economic Development Department “Green Economy Accord”. Pretoria, Economic Development
Department, 2011. Available from http://www.economic.gov.za/communications/publications/green-
economy-accord

D. P. Edwards, G. Pe’tron, P. C. Novelli, L. K. Emmons, J. C. Gille and and J. R. Drummond, “Southern
Hemisphere carbon monoxide interannual variability observed by Terra/Measurement of Pollution in the
Troposphere (MOPITT),” J. Geophys. Res., vol. 111, no. D16303, 2006.

E. J. Hyer, E. S. Kasischke, and D. J. Allen, “Effects of source temporal resolution on transport simulations
of boreal fire emissions,” J. Geophys. Res., vol. 112, no. D1, p. D01302, Jan. 2007.

C. Ichoku, R. Kahn, and M. Chin, “Satellite contributions to the quantitative characterization of biomass
burning for climate modeling,” Atmos. Res., vol. 111, pp. 1-28, Jul. 2012.

C. Ichoku and L. Ellison, “Global top-down smoke aerosol emissions estimation using satellite fire radiative
power measurements,” 2013.

R. Lindenmaier, M. K. Dubey, B. G. Henderson, Z. T. Butterfield, J. R. Herman, T. Rahn, and S.-H. Lee,
“Multiscale observations of CO2, 13C0O2, and pollutants at Four Corners for emission verification and
attribution.,” Proc. Natl. Acad. Sci. U. S. A,, vol. 111, no. 23, pp. 8386-91, Jun. 2014.

M. Reuter, M. Buchwitz, A. Hilboll, A. Richter, O. Schneising, M. Hilker, J. Heymann, H. Bovensmann, and
J. P. Burrows, “Decreasing emissions of NO x relative to CO 2 in East Asia inferred from satellite
observations,” no. x, pp. 2-5, 2014.

L. Seeliger and | Turok. “Human Sciences Research Council Review: The Green Economy: Progress and
Prospects”. www.hsrc.ac.za/en/review/hsrc-review-november-2013/green-ec

A. D. Venter, V. Vakkari, J. P. Beukes, P. G. Van Zyl, H. Laakso, D. Mabaso, P. Tiitta, M. Josipovic, M.

Kulmala, J. J. Pienaar, L. Laakso, C. Sciences, S. Africa, R. Local, and F. Meteorological, “An air quality
assessment in the industrialised western Bushveld Igneous Complex , South Africa,” vol. 108, pp. 1-10,
2012.

your knowledge partner

Department of Geography and Environmental 19
Studies


http://www.economic.gov.za/communications/publications/green-economy-accord
http://www.economic.gov.za/communications/publications/green-economy-accord
http://www.hsrc.ac.za/en/review/hsrc-review-november-2013/green-ec
http://www.hsrc.ac.za/en/review/hsrc-review-november-2013/green-ec
http://www.hsrc.ac.za/en/review/hsrc-review-november-2013/green-ec
http://www.hsrc.ac.za/en/review/hsrc-review-november-2013/green-ec
http://www.hsrc.ac.za/en/review/hsrc-review-november-2013/green-ec
http://www.hsrc.ac.za/en/review/hsrc-review-november-2013/green-ec
http://www.hsrc.ac.za/en/review/hsrc-review-november-2013/green-ec
http://www.hsrc.ac.za/en/review/hsrc-review-november-2013/green-ec
http://www.hsrc.ac.za/en/review/hsrc-review-november-2013/green-ec

your knowledge partner

S Thanks for your time

Department of Geography and Environmental
Studies

|

20



S
)
c
—
.
©
Q
)
o
T
)
=
o
c
¢
| -
)
o
>

Department of Geography and Environmental
Studies

21



A variety of instruments and satellites = resolutions and formats
« CO

C'C’ — Infrared Atmospheric Sounding Interferometer (IASI) CO is flying on board
+— MetOp-A

E — from LATMOS/Ether Atmospheric Chemistry Data Centre

N © CO2

o — Atmospheric Infrared Sounder (AIRS) on board NASA Aura

8 — AIRS/Aqua Level 3 8-day CO2 in the free troposphere (AIRS-only) (AIRS3C28)
— — Mirador

=

<+ NO2

i — Ozone Monitoring Instrument (OMI) on board NASA Aura

“ — Mirador

>

. SO2

PN

— Ozone Monitoring Instrument (OMI) on board NASA Aura

— OMIOMSO2e OMI/Aura Sulfur Dioxide (SO2) Total Column Daily L3 Best Pixel
Global 0.25deg Lat/Lon Grid (OMSQO2e)

— Mirador
— Total SO2 (vertisaheetBR:BrlrbBseRH ks Vil foh PEma69 1016 29

molecules/cm?2), Studies
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Background values

e CO =41.0 (Just below the mean for April ~18)
e CO2

« NOZ2 = (range *15-30)

« SO2
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