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Background: Main Sources Air pollution Africa

EDGARV4.3.2 Anthropogenic

Road transportation Agricultural waste burning Oll refineries and Transformation Energy industry

Combustion in manufacturing Fuel exploitation Residential and other sectors



Backgrouna: Air pollution impacts

J Health

() Radiative transfer J Semi-direct Effect J Indirect Effect



Backgrouna: Air pollution impacts

] Earth atmosphere chemical processes

- Agricultural production

Agro-economic, food security, socio-economic.....



Backgrouna: Air pollution impacts

J Energy efficiency

J Built Environment



Background: Air Pollution Measurements and Modelling

Ground-based observations

v Provide detailed and more accurate information about air pollutant physico-chemical and optical properties

v Vital for satellite and model validation

v Laboratory studies of air pollutant formation and evolution processes are crucial for representing aerosols in

models

X Confined In temporal and/or spatial coverage

Space-borne observations

v Provide air pollutant concentration, physico-optical properties with better temporal and spatial coverage

X There exist accuracy limitation



Background: Air Pollution Measurements and Modelling

Interactively coupled climate-chemistry model

4-D [space (V and H) and time resolved] information:

! Primarily air pollutant emission

! Secondary air pollutant formation

! Mass distribution, optical and physico-chemical properties
! Transport and physico-chemical transformation

-l Removal process

-l Essential to fill spatio-temporally resolving gaps of field measurements

and composition identification limitations of satellite observations

! Itis important in situations difficult to observe by measurements
! Provide phenomenal information about various climatic and

environmental effects of air pollutants

! It is crucial tools for estimating past and projecting their future

distribution and climatic/environmental roles
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Regionally optimized climate—chemistry coupled modeling system

-l which can provide air quality forecast and alerts, as well as air quality related forecast products to the

general public and air quality management bodies

! Interlinked modeling systems, such as epidemiological, Agro., energy and environment — in order to
generate new sectorial/public products that assist the public as well as decision makers In making

scientifically informed resource management strategies and policies

- scientific research on multiphase and diversified impacts of air pollution on: Earth climate system,

environment and natural balance of the ecosystem



South African Weather Service W Research

J Operational

J Services
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SAWS-AQ

Research activities in developing

optimal parametrization
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J Dynamical core: MM5 hydrostatic & non-hydrostatic

] Radiation: CCM3.6, RRTM

. Cumulus Convection: Grell (1993) with Frits. & Chapp., Kuo (1977), Emanuel (1991), Tiedtke (1996)
. Boundary Layer: Holtslag (1990), UW PBL (Bretherton and McCaa, 2004)

J Land Surface: BATS, CLMA4.5

- Moisture scheme: Explicit moisture (SUBEX; Pal et al., 2000)/Tompkins

J Large-Scale Clouds & Precipitation: SUBEX (Pal et al., 2000)

. Ocean Fluxes: Zeng et al. (1998), BATS1le Monin-Obukhov, Coare bulk flux algorithm

J Anthrop. & BB: Solmon et al. (2006), Qian et al. (2001)

J Dust—4 & Dust—12 bins: Zakey et al. (2006), Kok et al. (2011)

J Sea Salt—2 bins: Zakey et al. (2008)

. Gas-Phase Chemistry: Shalaby et al. (2012)

Gas-phase chemistry: CBM-Z

Solver: Radical balance method

Photolysis rates: Tropospheric Ultraviolet-Visible Model with cloud cover

Dry deposition of gaseous species: Stomata and non-stomata multiple resistance model with aerodynamic, guasi-laminar layer and

the uptake surface resistance for vegetation, soil, water, snow, Iice,.....



SAWS AQ Research
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Post-processing

\—Y—’

Simulation

Pre-processing
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J Land—Atmosphere interactions

BATS CLM

 Biosphere-Atmosphere Transfer Scheme(BATS)

J Community Land Model (CLMA4.5)
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J Radiative transfer

200-245nm  245-2650m  265-275nm  275-2850m  285-295nm  295-3050m  305-350nm  350-640nm  640-700nm  >700

Aerosol optical depth

---------------




Mineral Dust
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J Natural dust emission module regional localization

J Climate models and remote sensing retrievals use
spatially invariant generic mineral dust emission coefficients

and optical properties such as complex refractive index
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Natural dust emission module regional localization

LISA (Laboratoire Interuniversitaire des Systemes Atmospherigues) and other collaborating institutions

! Field observations and in-situ measurements of dust
p UV/visible/IR optical properties
> Soil mineralogy,
» Size distribution

p» Atmospheric ageing

Di Biagio et al. (2017); Caponi et al. (2017)
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CESAM simulation chamber

Di Biagio et al. (2017); Caponi et al. (2017)
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Dust SW refractive index Dust LW refractive index

Di Biagio et al. (2017)
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J Natural dust emission module regional localization
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J Natural dust emission module regional localization
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J Natural dust emission module regional localization

f(w): threshold friction velocity
W: volumetric soil moisture

a and b: constants

Wr: threshold soil moisture

Kang et al. (2011); Gherboudj et al. (2016)
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_J Southern Africa Domain
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J Natural dust emission module regional localization
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J RCM-Chem evaluation
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J RCM-Chem evaluation
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Temporal correlation ~ 0.6  bias in simulated meteorological fields

] biases that propagate from interpolation scheme
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J RCM-Chem evaluation
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J RCM-Chem evaluation
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J RCM-Chem evaluation
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J RCM-Chem evaluation

Kliprivier

— CO-Obs
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- Simulation Domains

Africa Southern Africa
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J AQF: 7 — 9 October
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J AQF: 7 — 9 October
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J Africadomain: Dust storm forecast
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-l Africa domain: Air quality forecast

NOx: Mon, Aug—21-2017 (O0AM)
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-l Simulation Outputs MODIS AOD
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J AQF: 7 — 9 October

Excellent
Very Good
Good

Fair

Poor

VI (m2/s)
>22500
15000 - 22499
9000 - 14999
6000 - 8999

<6000
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] Services

South African Air Quality Information Systems (SAAQIS)

Centralized air quality information: DEA & SAWS

1000
10.4

AQHI = ( )x[(eaxNOx_l)_l_ (ebx03 _1)_|_ (echOZ _1)_|_ (edxCO_l) + (eexPMz_5 _1)]
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] Services
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] Services
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AHydrology:
ANAHR
e.g., AWVMR, ACC and ACLWP
AATM-F
AATM-P AW
ASBF .,
ASR-F AST ASSHF  ASLH ASTR ASP AW

ACDT
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] Services: National Burden of Disease

» 90721 population polygons

» Area weighted centroid matrix: > 98.7% transformation accuracy
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] Services: National Burden of Disease
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] Services: Scenario based AQMP

J AQ management and planning
] Cost benefit analysis

J Stakeholder engagement
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] Services: Scenario based AQMP

Status Quo
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] Services: Scenario based AQMP

Climatology
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] Services: Scenario based AQMP

Sectorial emission climatology
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] Services: Scenario based AQMP
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-l Services: Air pollutant impact on plant
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-l Services: PV Energy

PV system energy output reduction
-180

-360

-940

-7120 o0,
-900 . .

kWh/an
i
o

1080 R <
1260

-1440

16 18 20 22 24 26 28 30 32 34
Longitude






