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1. Introduction

Maroua-Salak International Airport is an adequate infrastructure to effectively
intervene in risk management and emergencies. It is located in the municipality
of Maroua 1%, Diamaré Division, in the Far North Cameroon region and is lo-
cated between 10°27'05" North Latitude and 14°1526" Longitude East. The air-
port recorded an aircraft (the C130 aircraft) on 02 August 2020. This accident is
due to “a particularly difficult weather” [1].

African airports are often in a state of expanded decay. The landing tracks are

not always well maintained and signaling is often non-existent. Security at air-
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ports of seventeen African countries, including Cameroon, is ensured by the
Agency for Air Navigation Security in Africa and Madagascar (ASECNA). But
most of these airports are technically poorly equipped, with the absence of ra-
dars [2] [3]. However, the C130 type aircraft is equipped with a meteorological
radar. This article aims to analyze, focusing on the C130 aircraft accident of 02
August 2020, the weather conditions in relation with the aerial security and op-
timization in Maroua-Salak, a city characterized by its geographical position
particular and climatology of thunderstorms and electrical activities. It aims to
reduce the impacts of hazardous weather phenomena. To situate this work in
context, it seemed useful to deepen the output analysis of the numerical forecast
models (CFS, GFS and GEFS models) of time on the large scale and at the syn-
optic scale to determine the potentially stable and unstable areas. It also needed
us to develop the Alert Weather Bulletin (vigilance card) of the day. The study
focuses only on the Far North region of Cameroon; But, given its geographical
location, the presence of the Squall lines and the West African monsoon, it
seemed useful to examine the synoptic situation and analyze the average fields of

the various weather parameters in relation to Weather phenomena.

2. Study Area, Data and Methods
2.1. Study Area

Our study area is located in the Diamaré Division, Far North region of Came-
roon. This Division is one of six (6) Divisions that make up the Far North region
and is bounded to the north by Logone and Chari Division, north-west by the
Mayo Sava Division, west by the Mayo Tsanaga Division, east by Mayo-Danay
Division, and south by Mayo-Kani Division (see Figure 1). IL is located in the

| Ledgend
mm Maroua Salak Airport
Major road oldé Djoé
o Toponymy
»mm Stream
[ Maroua 1st Subdivision 6:,"
Doulda ¢ suame é'a

10.475
10.475

5
o
#

i ‘ 14.213 14.225 14.237 14.250 14.262 14.275
|
\
!
\

10.462
10.462

Palaocudi
ternational Airport

10.450
10.450

\

5 v oulmaré
2 / K

10.438 \
10.438

}ulmu

0 250 500 750 1000 m

14213 14.225 14.237 14250  14.262 14.275
Figure 1. Map of the study area.
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Diamaré plain, which rests in the West of the Mandara Mountains (1700 m) and
slopes gently (3%) in the east of the Chad basin. Its climate is Sudano-Sahelian
type characterized by two seasons: a rainy season (the rainfall is unevenly distri-
buted in time and space and usually lasts 4 to 5 months) and a dry season lasting
7 to 8 months. Its temperatures are around 25°C in cool season, from 30°C in
the rainy season and peak at 45°C in periods of high heat. The moisture content
is between 30% and 35%. But the more one goes to the north; over the climate is

harsh [4]. Its floors are very diverse.

2.2. Data and Methods

The CFS (Climate Forecast System) model is a seasonal model developed by the
National Centers for Environmental Prediction (NCEP) and NOAA. It takes in-
to account the situations of the past and statistics of evolution, El Nino, the Ni-
na, the North Atlantic oscillation or the evolution of the air masses of the last
weeks [5] [6]. The atmospheric data of the CFS model measured (ground sta-
tions, radiosonders, satellites) are irregularly distributed over time and space and
serve to generate the initial conditions. These data are assimilated by complex
calculations and thanks to super-computers on a virtual, three-dimensional,
regular time initialization grid t,, covering the entire earth and are analyzed 4
times a day at 00 Z, 06 Z, 12 Z and 18 Z [7]. Thanks to other super-computers,
GFS calculates and simulates the evolution of weather parameters (winds, tem-
peratures, pressures, humidity, cape, precipitation, etc.) taking into account the
laws of fluid physics. It finally produced the results for each point of the grid
distributed over the entire globe. The results are contained in available Grib files.

The Global Forecast System Ensemble (GEES) is one of the most important
components of NOAA’s Operational Environmental Forecast Operational Sys-
tems since its implementation in 1993. The GEFS forecasting competence has
been significantly improved since then, benefiting from bets level of the initial
disturbance generation of the set, a higher resolution of the model and larger
size of the set [8]. The horizontal resolution of the GEFS passes between about
52 km for the first 8 days of the forecast and about 70 km for the next 8 days at
around 34 km and 52 km, respectively [9].

3. Results and Discussions
3.1. Analysis of CFS, GFS and GEFS Models

3.1.1. Analysis of Large-Scale Weather Parameters

1) Sea Surface Temperature

Figure 2 presents the forecast of the sea surface temperature for the week of
July 27 to 02 August 2020 by the CFS model. It shows that the temperature in-
creases on the African coast in the last observations. This means, we can get
along with possible convective precipitation.

2) Equatorial Waves

For the week of July 27 to August 02, 2020, the CFS model provided for the
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presence of different waves on the Central Africa sub region. On this model exit,
the presence of a tropical depression (low) covers the Far North region of Ca-
meroon, southern Chad and the center of Sudan; it is also the Rossby wave
Equatorial which governs northern Sudan and also the presence of the MJO on
Chad and East of Niger (Figure 3).

For that day, in addition to the waves that have been observing, we notice that

there has been the appearance of a Kelvin wave.
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Figure 2. Forecasting the SST by the CFS model (NCICS.org).
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Figure 3. Planned and observed waves (NCICS.org).
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3.1.2. Analysis of Synoptic Weather Parameters

1) Pressure field

The model has provided a low-pressure being in the Sahel-Saharan area
(Figure 4). From 12 UTC onwards, the center of action which is north of Chad
amplify while that of the DRC weakens.

2) Wind flow

The wind flow distribution provided at 850 hPa by the model reveals the cyc-
lonic configurations for the four days in advance of the day of 02 August 2020.
In Figure 5(a), at 00 UTC, one identifies theses configurations in western Sudan
with strong penetration of the southern trade winds as the days approach. In ad-
dition, we also note the birth vortex cyclone in the center of Niger. At 06 UTC,
the confluence line in the center of Chad intensifies and the disturbance is
growing (Figure 5(b)). At 12 UTC, the system multiplies and the confluence line
intensifies southern Chad (Figure 5(c)). At 18 UTC, the new system comes into
play and the former ends (Figure 5(d)).

The model has provided a displacement of the wind flow from 700HPA to 00
UTC and 06 UTC (Figure 6(a) and Figure 6(b)). In Figure 6(a) and Figure
6(b), we note that at this level the flow is not laminar; it is which marks the
presence of an east wave and the Talweg along with South Chad. This wave de-
fines the trajectory of the East-West system. At 12 UTC to 18 UTC, the conflu-
ence line at this level is strengthened (Figure 6(c) and Figure 6(d)).

3) Moisture

Figure 7(a) shows that the moisture provided by the model in the layer
850_500 to 00 UTC is 70% to 80% which can maintain the system, and the
maximum of the humidity is found in eastern Chad more precisely in the area
where we have been located our disturbance (80%). It is noted that moisture in
the 850_500 HPA layer at 06 UTC has undergone an increase in the layer
(Figure 7(b)). The model also shows that an increase in humidity in the layer at
12 UTC of which a large amount of humidity is at least 80% (Figure 7(c)) and a
decrease to 18 UTC in some areas (Figure 7(d)).

Figure 8(a) shows that at the 700 hPa level at 00 UTC, the maximum humidity
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Figure 4. Reduced sea level pressure for the day of 02 August 2020.
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850hPa, 20200730+03 at 00UTC
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Figure 5. Wind flow at 850 HPA level at 00 UTC (a), 06 UTC (b), 12 UTC (c) and 18 UTC (d).
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Figure 7. Moisture in layer 850_500 hPa at 00 UTC (a), 06 UTC (b), 12 UTC(c) and 18 UTC (d).

(>80%) is found in southern Chad and in the Far North region of Cameroon, it
is found with a humidity of 70%. At 06 UTC, the model has provided a moisture
growth in the north of the Far North region of Cameroon (Figure 8(b)). The
humidity is increasing and rising from 70% to 80% towards the South of the Far
North from 12 UTC (Figure 8(c)) to 18 UTC (Figure 8(d))

4) Convective Available Potential Energy (CAPE)

Figure 9 presents a low available convection energy provided by the model
to be able to generate convections in the period between 00 UTC and 06 UTC
(Figure 9(a) and Figure 9(b)). In the Far North region, this energy is less
than 500 J/Kg. At 12 UTC, this energy increases slightly up to 18 UTC and
expects a value of 800 J/Kg at 18 UTC towards the South-East (Figure 9(c)
and Figure 9(d)).

5) Precipitable Water (PWAT)

Figure 10 illustrates a large quantity of precipitable water (PWAT) between
00 UTC and 06 UTC which is located in central Chad (>55 Kg/m’ significant
threshold) this that is provided by the model. In the Far North, this quantity va-
ries from 45 to 50 kg/m* from South to North.

Figure 11 shows Precipitable Water (PWAT) between 12 UTC and 18 UTC,
there is an increase in the amount of precipitable water in the region and covers
part of the Far North region of Cameroon whose figures have increased has
reached 55 Kg/m’.

For the day of August 2, 2020, heavy rains are forecast by the model in eastern
Chad (100 mm), the average covers central Chad (>50 mm) and weak towards
the Far North of Cameroon (1 to 13 mm) and variable in the Far North region
(Figure 12).

Figure 13 shows the total precipitation forecast by the model up to 00 + 1
UTC for the day of August 02. The maximum is found in eastern Chad (100

mm) and an average towards western Cameroon (50 mm).

DOI: 10.4236/acs.2022.121012 180 Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2022.121012

D. Augustin et al.

RH(%)700hPa, 20200729+04 at 00UTC

(@)

20°N -

10°N

10°S

20°S

5E  10°E

15E 20°E  25°E  30°E

(b) RH(%)700hPa, 20200729+04 at 06UTC

20°N 95
90
80
10°N
75
70
o
. 65
60
10°S 50
40
r
20°S —
5B 10°E 15E 20°E  25E  30°E
(c) RH(%)700hPa, 20200729+04 at 12UTC
20°N 95
90
80
10N
75
70
o
. 65
60
10°S 50
40
20°S - - - 1
SE 10E 15E 20°E 25°E  30°E

RH(%)700hPa, 20200730+03 at 00UTC

20°N - 95
90
80
10°N ~
75
70
o
. 65
60
10°
s ‘so
40
20°s -} . .
SE 10°E  15E  20°E  25°E  30°E
RH(%)700hPa, 20200730+03 at 06UTC
20°N 95
90
80
10°N
75
70
o
' 65
60
10°S %
40
20°S T - . —
SE 10E  15E 20°E 25°E  30°E
RH(%)700hPa, 20200730+03 at 12UTC
20°N 95
90
80
10°N
75
70
0 -
' 65
60
10°S
—Jso
40
r
20°S -
5E 10°'E  15E 20°E 25°E  30°E

RH(%)700hPa, 20200731+02 at 00UTC

r

20°S )
5SE 10°E

T T
15°E  20°E 25°E  30°E

RH(%)700hPa, 20200731+02 at 06UTC

20°N 95

90
80
10°N
75
70

'ﬂ 65

60

10°S 50

40

20°S -

T T
SE 10°E  15°E 20°E 25°E  30°E

RH(%)700hPa, 20200731402 at 12UTC

r

T
25°E  30°E

5E  10°E  15°E 20°E

DOI: 10.4236/acs.2022.121012

181

Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2022.121012

D. Augustin et al.

(d) RH(%)700hPa, 20200729+04 at 18UTC
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Figure 8. Humidity at 700 hPa level at 00 UTC (a), 06 UTC (b), 12 UTC (c) and 18 UTC (d).
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(GFS)EPCD(J/Kg), 20200729+04 at 12UTC
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Figure 10. Precipitable water at 00 UTC (a) and 06 UTC (b).
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Figure 11. Precipitable water at 12 UTC (a) and 18 UTC (b).
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Daily Precipitation of 20200729+04 Daily Precipitation of 20200730+03 Daily Precipitation of 20200731+02
20°N- 100 20°N - 100 20'N - 100
50 50 50
10°N 10°N 10°N
25 25 25
45 45 45
0° l 0 . 0 l
10 10 10
3 5 5
10°S 10°S 10°S
1 1 1
20°S T T T | — 20°S T T T T 20°S T T T T
5E 10°E 15°E 20°E 25°E 30°E 5E 10°E 15°E 20°E 25°E 30°E 5E 10°E 15°E 20°E 25°E 30°E
Figure 12. Daily precipitation of the day.
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Figure 13. Total precipitation up to 00 +1 UTC.

3.2. Rainfall Vigilance Map for the Day of August 2, 2020 in the Far
North Region (Maroua-Salak) of Cameroon

The results from the re-analyzes of model outputs are presented on the rainfall
vigilance maps for the day of August 2, 2020 in the Far North region (Maroua-
Salak) of Cameroon. In view of these results, it emerges that the Far North re-
gion has been warned from the point of view of hydrometeorological phenome-
na. These dangerous weather phenomena (more or less strong impact) which
generally originate in Eastern Africa, have a high impact on the Sahelian and
Sudano-Sahelian zone compared to the phenomena or systems that can arise on
a scale aerological or local. For this day, Figure 14 shows the Probability of oc-
currence and the impact of hydrometeorological phenomena on this day which

varies from one spatio-temporal scale to another.
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Figure 14. Rainfall vigilance map for August 02, 2020 in the Far North region of Cameroon (Maroua-Salak), valid from 00 UTC

to 00 +1 UTC.

3.3. Comparative Study of the Cumul Rainfall Obtained by the CFS,
GFS and GEFS Models and by the Satellites

In addition to their assimilation into the models, satellite data is used in the form
of images. Figure 15 shows the rainfall data observed for the day of August 2,
2020 in the Far North region (Maroua-Salak) of Cameroon, estimated by 04 dif-
ferent satellites (IMERG Satellite, ARC2 Satellite, ERA5 Satellite and TAMSAT
Satellite).

According to Figure 15, Satellite IMERG estimated the amount of precipita-
tion to vary between 10 and 25 mm; Satellite ARC2 in turn saw a cumul rainfall
of between 05 and 20 mm; Satellite ERA5 records a cumul rainfall of 05 to 10
mm and in the TAMSAT Satellite, the observed cumul amount is 05 to 10 mm of
precipitation with a resolution of 0.03° x 0.03° including about 03 km on the
side.

As for the analysis of the outputs of CFS, GFS and GEFS models, the cumul
rainfall provided is 05 and 10 mm (Figure 14).

In view of all the above, it can be seen that the result obtained by the
re-analysis of the GFS and GEFS models gives an cumul rainfall which is in the
interval between 10 and 25 mm excluded. Compared to that observed by these
04 different satellites, the majority of which confirmed the values between 05
and 10 mm.

It is concluded that the GFS and GEFS model with a resolution of 50 km was
able to observe what a 03 km high resolution satellite (TAMSAT) saw. As a re-
sult, the GFS model and the TAMSAT satellite are suitable tools that can allow
the prediction of this type of disaster.
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Satellite IMERG: Cumul du 02 Aout 2020 (mm) Satellite ARC2: Cumul du 02 Aout 2020 (mm)
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Figure 15. Precipitation observed by the satellites: IMERG Satellite (top left), ARC2 Satellite (top right), ERA5 Satellite (bottom
left) and TAMSAT Satellite (bottom right).

4. Conclusion

The work focused on the plane crash that occurred at Maroua-Salak airport on
August 2, 2020. To do this, it was a question of analyzing the weather conditions
of the day using the outputs of the models (CFS, GFS and GEFS) to see if the

event was foreseeable. However, the evaluation of today’s weather forecast bulle-
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tin shows the presence of a hydrometeorological phenomenon (precipitation)
which is a limiting factor for aeronautical activities. However, several observa-
tion methods such as Satellite IMERG, Satellite ARC2, Satellite ERA5 and Satel-
lite TAMSAT have been used to capture this phenomenon. The use of GFS and
GEFS models is better suited for predicting this type of disaster.
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