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➢ Sub-Saharan Africa (SSA) 
is the world's fastest 
urbanizing region (United 

Nations, 2019)

Source:  https://www.quora.com/Will-sub-Saharan-African-countries-ever-get-
a-chance-to-be-developed

STATEMENT OF THE PROBLEM – INCREASED IN URBANIZATION
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➢ Rapid increased in
Motorization in most
SSA's regions together with 
importation of 
more polluting vehicles

(Amegah and Agyei-Mensah, 2017; Marais et al., 

2019).

Source:  https://howwemadeitinafrica.com/urbanisation-in-sub-saharan-africa-city-master-plans/s

STATEMENT OF THE PROBLEM – INCREASED IN MOTORIZATION
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STATEMENT OF THE PROBLEM – Scarcity of Ground Sensors

➢ Dearth of ground 
monitoring stations for air 
quality in Africa

Source:https://aqicn.org/map/world/

25



➢ Availability of MODIS Terra 
and Aqua sensors across 
sub-Saharan Africa for air 
pollution assessment.
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AVAILABILITY OF SATELLITE DERIVED DATA

Source:https://aqicn.org/map/world/

➢ The need to apply 
satellite derived data to 

monitor air quality



PURPOSE AND GOAL OF THE STUDY

➢ Use  NASA MODIS level 2 10 km (combined 
dark target and deep blue algorithm) 
Aerosol Optical Depth (AOD) data on both 
Terra and Aqua satellites to assess the levels 
of aerosols over Ghana from 2013 to 2018.

➢ Evaluate the relationship between MODIS 
sensors and NASA Aerosol Robotic Network 
(AERONET) at 550 nm.

➢ Track the origins of aerosols over Ghana 
using the Hybrid Single Particle Lagrangian
Integrated Trajectory (HYSPLIT) Model.
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➢ The MODIS level 2 10 km collection 6.1 Terra and Aqua satellite sensor (10 am and 13 pm UTC) Aerosol 
Products was obtained from https://ladsweb.modaps.eosdis.nasa.gov/

DATA SOURCE

Source: https://ladsweb.modaps.eosdis.nasa.gov/
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NASA AEROSOL ROBOTIC NETWORK (AERONET) GROUND MONITORING 
STATIONS

Source: aeronet.gsfc.nasa.gov/cgi-bin/draw_map_display_aod_v3
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MODIS TERRA AND AQUA AOD MAPS FOR THE STUDY PERIOD 

➢ There were available 
AOD retrieval over 
Ghana on a scale of 
0.0 to 0.6 with peaks 
occurring in the 
middle and southern 
parts of Ghana.

➢ There were data void 
in some upper  and 
southern  regions of 
Ghana which can be 
due to cloud cover.
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MODIS TERRA AND AQUA  AOD MONTHLY BARPLOTS FOR THE STUDY PERIOD 

➢ There was an increase in AOD during 
the dry season from December to 
February. 

➢ Higher AOD was recorded in 2015 and 
2016.

MODIS AQUA (1 PM) SENSORMODIS TERRA (10 AM) SENSOR 

➢ Decrease in AOD was 
recorded during the 
wet season from May 
to November.

➢ Both Terra and Aqua sensors 
recorded different AOD 
episodes particularly in the 
wet season during study 
period. 211



MODIS TERRA AND AQUA RETRIEVED AOD ON 10 X10 KM SQUARE GRID

MODIS TERRA (10 AM) SENSOR MODIS AQUA (1 PM) SENSOR 
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ESTIMATION OF NASA AERONET AOD AT 550nm 

𝐴𝑛𝑔𝑠𝑡𝑟𝑜𝑚 𝐸𝑥𝑝𝑜𝑛𝑒𝑛𝑡 𝛼 = Ꞇ𝜆𝑜
𝜆

λo

−𝛼

= −
log

Ꞇ1
Ꞇ2

log
𝜆1
𝜆2
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➢ Where Ꞇ𝛼
0.440𝑛𝑚 and Ꞇ𝛼

0.870𝑛𝑚 are the AERONET derived Ꞇ𝛼 at 0.440nm and 0.870nm 

respectively.

(A)

(B)
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➢ Both MODIS Terra, Aqua and 
combined sensors underestimated 
the AOD with Relative Mean Bias 
(RMB) of 0.91, 0.83 and 0.87 
respectively over Ghana.

➢ MODIS Terra agrees better with NASA 
AERONET stationed data followed by the 
combined (Terra/Aqua) and Aqua sensor 
dataset.

CORRELATION and BARPLOTS BETWEEN MODIS TERRA, AQUA AND AERONET AOD 
AT 550nm 
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Terra (10 am) AOD

10km

Aqua (1 pm) AOD

10km

Combined Terra/Aqua 

AOD

N 53 42 95

Slope 0.54 0.45 0.50

Intercept 0.45 0.52 0.48

MAE 0.25 0.30 0.27

R 0.65 0.46 0.57

RMSE 0.38 0.46 0.42

MBias -0.11 -0.23 -0.16

RMB 0.91 0.83 0.87
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STATISTICS OF COMPARISON BETWEEN AERONET AND MODIS TERRA, AQUA AND COMBINED 
AOD FOR THE STUDY PERIOD 
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EQUATIONS USED TO CALCULATE THE STATISTICAL METRICS

𝑀𝑒𝑎𝑛 𝑏𝑖𝑎𝑠 (𝑀𝐵𝑖𝑎𝑠) =
1

𝑁
෍ 𝑀𝑜𝑑𝑖𝑠 𝐴𝑂𝐷 − 𝐴𝐸𝑅𝑂𝑁𝐸𝑇 𝐴𝑂𝐷

𝑅𝑜𝑜𝑡 𝑀𝑒𝑎𝑛 𝑆𝑞𝑢𝑎𝑟𝑒 𝐸𝑟𝑟𝑜𝑟 (𝑅𝑀𝑆𝐸) =
1

𝑁
෍ 𝑀𝑜𝑑𝑖𝑠 𝐴𝑂𝐷 − 𝐴𝐸𝑅𝑂𝑁𝐸𝑇 𝐴𝑂𝐷 2

𝑀𝑒𝑎𝑛 𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝐸𝑟𝑟𝑜𝑟 (𝑀𝐴𝐸) =
1

𝑁
෍ 𝑀𝑜𝑑𝑖𝑠 𝐴𝑂𝐷 − 𝐴𝐸𝑅𝑂𝑁𝐸𝑇 𝐴𝑂𝐷

𝑅 = 1 −
σ𝑖=1
1 𝑀𝑂𝐷𝐼𝑆 𝐴𝑂𝐷 𝑖 − 𝐴𝐸𝑅𝑂𝑁𝐸𝑇 𝐴𝑂𝐷 𝑖 2

σ𝑖=1
1 𝑀𝑂𝐷𝐼𝑆 𝐴𝑂𝐷 𝑖 − 𝜇𝑀𝑂𝐷𝐼𝑆 𝐴𝑂𝐷 2

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑀𝑒𝑎𝑛 𝐵𝑖𝑎𝑠 (𝑅𝑀𝐵) =
𝜇 𝐴𝑂𝐷 𝑜𝑓 𝑀𝑜𝑑𝑖𝑠 𝑑𝑎𝑡𝑎

𝜇 𝐴𝑂𝐷 𝑜𝑓 𝑁𝐴𝑆𝐴 𝐴𝐸𝑅𝑂𝑁𝐸𝑇 𝑑𝑎𝑡𝑎

𝑤ℎ𝑒𝑟𝑒 𝜇 = 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑀𝑒𝑎𝑛

(C)

(D)

(E)

(F)

(G)



➢ The origin of aerosols over Ghana were traced on (21st of January, 2016 at 10:00  UTC) using the Hybrid 
Single Particle Lagrangian Integrated Trajectory (HYSPLIT) Model 

BACKWARD TRAJECTORIES OF AEROSOLS OVER GHANA 

218



➢ Backward trajectories over
Ashanti, Upper West, Upper East 
and Northern regions of Ghana.

BACKWARD TRAJECTORIES OF AEROSOLS OVER GHANA 
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➢ Backward trajectories over 
Eastern, Volta, Central and 
Greater Accra regions of Ghana.

BACKWARD TRAJECTORIES OF AEROSOLS OVER GHANA 
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➢A decreasing trend of AOD was observed for both Terra and Aqua sensors during the study period. 
However, peaks of AOD occurred in the middle and southern parts of Ghana.

➢MODIS Terra and Aqua sensors underestimated the AOD over Ghana.

➢Different AOD episodes occurred for both Terra and Aqua sensors during the wet season as 
compared to the dry season.

➢Origins of aerosols over Ghana during the peak of the dry season can be traced from the sea, 
Saharan desert, within and neighbouring countries.

➢Above all, there is the need for collaboration for further research in terms of satellite sensor data 
correction over African regions.

CONCLUSION
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