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Abstract
A Weather Research and Forecasting (WRF) model at a horizontal resolution of 12 km has been analysed
for the month of July 2018 over the North region of Cameroon. For the �rst time, a high-resolution WRF
version 3.7 is being run operationally over this part of the country for wet weather forecast. In such a
study, detailed validation of the WRF model is crucial. Therefore, the validation of mean parameters
including wind distribution, relative humidity and rainfall, over the entire region within all the forecast lead
time, is essential. Validation is done by comparing WRF outputs to ERA5, ARC2 and observed upper air
data. It is found that the model captures accurately relative humidity and low level wind events with
su�ciently shorter lead times (3 days), while the same performance is observed for extreme precipitable
water and rainfall but at longer lead time as well as the diurnal variability of these parameters associated
with wet season at all lead times. Furthermore, the accuracy of WRF in predicting spatiotemporal
changes of some atmospheric variables decreases with increase in lead time.

1. Introduction
The northern regions of Cameroon are recurrently affected by �oods which cause lot of damages (Igri et
al. 2018). Particularly, the Far North region of the country in recent years has suffered from extreme
events, which push the populations to relocate in unsuitable habitat. These displaced people faced
several health problems, especially the spread of epidemics as water-borne diseases reported by United
Nation O�ce for the Coordination of Humanitarian Affairs (UNOCHA), 2021. Among these disasters, the
most grievous one was recorded in Logone-and-Chari and Mayo-Danay Divisions on 22–23 July 2018
(Igri et al. 2015). The economic losses were estimated at several million dollars and 12 people were killed.
During the wet season (June–July–August-September), the westerly winds originated from the Atlantic
Ocean dominated the region (Kaissassou et al. 2015a-b) as the monsoon �ow is well established at this
period. The Harmattan wind is pushed northward above 12° N. North-Cameroon has over 8 million
inhabitants. This Region undergoes very hot and dry climate for almost 8 months within which rain
scarcity is observed (Issa et al. 2010). The month of May is proved to be the real beginning of the
monsoon period corresponding to the rainy season which ends in October.

The WRF model was implemented to serve as a tool in weather forecasting and speci�cally for the
forecasting of dangerous events. In numerical model, especially in Africa, precipitation is considered as
one of the most signi�cant outputs (Kaissassou et al. 2020; Tanessong et al. 2017). So, most modelling
researchers focus their efforts on understanding and improving on their knowledge in rain variability at
various space time scales. Rainfall, wind and humidity have been chosen for the purpose as they are
among the most important parameters affecting socio-economic activities in this region.

In the past few years, researchers explored the meteorological conditions that favour the occurrence of
extreme �oods and at which time they happen over the world (Kim et al. 2018; Joseph et al. 2018).
Investigations were undertaken with Weather Research and Forecasting (WRF) model to capture
convection and extreme rainfall worldwide. For instance, in India, Sinh et al. (2008) analysed the extreme



Page 3/24

rainfall with Mesoscale Model. In the same view, Kumar et al. (2008) simulated convection and heavy
rain with WRF. Some studies, aimed at monitoring heavy rainfall events through mesoscale models, have
been done. Indeed, Vondou et al. (2021) analysed trends and interannual variability of extreme rainfall
indices over Cameroon. Mugume et al. (2017) tested the �delity of the WRF model to capture rainfall over
Western Uganda.

In spite of some weather forecasts provided, for the whole Cameroonian territory, by the Direction of
National Meteorology (DNM), the demand is still stronger as regards the quality forecast in due time over
the country. This demand is particularly high in the study area in which extreme events become more and
more recurrent. Thus, the investigation of �oods outbreak due to extreme rainfall (Nandargi et al. 2015;
Xiangrui et al. 2019) over most northern Cameroon cities is the �rst concern of this paper. Seeking
requirement for quality and useful forecast over these regions would enhance and improve on weather
service supply and afterwards allow extending the study to the whole country.

The present study is performed by using the WRF model, aiming to provide an understanding of the effect
of lead time in forecasting over the Northern Cameroon, improve on predictability of extreme events and
suggest how future disasters in this part of the country might be better anticipated, as demands increase
at Direction of Civil Protection (DCP). One particular peak spell of heavy rainfall that occurred on 22–23
July 2018 over the northern regions of Cameroon is considered for the current research work. The paper is
structured as follows: Synoptic conditions during 22–23 July 2018 is described in Section. 2. NWP model
details are provided in Section. 3. Section 4 is about the data sources. The model results are compared to
observations in Section. 5. Then conclusions are drawn in the �nal section.

2. Synoptic Conditions During 22 – 23 July 2018
During the July-August-September (JAS) season in 2018, the northern regions of Cameroon (Hatched
area in Fig. 1) underwent several rainfall episodes with the highest impact recorded on 22 –23 July.

Figure 2 shows the daily total rainfall recorded at Ngaoundere weather station on 22, 23 and 24 July
2018.The amount of rainfall recorded during 22–23 July, was higher than 85 mm. The prominent feature
depicted in Fig. 2 is the occurrence of a maximum noticed on July 23 with accumulated rainfall around
60 mm. Figures 3 illustrates the radiosoundings performed at Ngaoundere airport’s weather station on 18,
19, 20 and 23 July 2018. The instability of the atmosphere which favours cloud formation and
development is usually detected by radiosounding. These �gures present different parameters: Plcl and
Tlcl represent the pressure and the temperature values at the lifting condensation level respectively. Plcl
indicates that the cloud base was near the surface at 900 hPa (890 hPa) for the radiosounding of day-3
day- 4 (day-5). The temperature at 900 hPa was around 23 ◦C for these different days but values dropped
to 21 ◦C on July 23. Showater index (Shox) is an important input to forecast clouds taking into account
different parameters involved in the formation of storms. When the value for soundings is zero, that
indicates probable presence of thunderstorms during this moment. The amount of precipitable water
(Pwat) is the Vertical Integral of Water Vapour. For all the radiosoundings, the Pwat is worth about 57
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mm. This value indicates the occurrence of intense storms. CAPE denotes the Convective Available
Potential Energy. The CAPE is a convection index related to the theory of buoyancy of an air parcel.
Convective Available Potential energy measures conditional convective instability and storms strength
(Embolo et al. 2015; Abhik et al. 2017). There was a persistent instability in the northern regions of
Cameroon during this period as demonstrated clearly by the values obtained for both soundings. The
value of CAPE reaches 1643 J/kg on July 22, 2018 at 1200 UTC implying severe unstable atmosphere
conditions which might lead to severe storm. On July 23 at 0000 UTC, the CAPE is 814 J/kg, which is
associated to almost stable conditions.

4. Data Sources

Station data
Climatology data of North regions of Cameroon were collected from observations of Vaisala RS-80
sondes located at Ngaoundere (13.5°E, 7.3°N and 1104 m above sea level airport (Fig.1), which provided
every 10 s a high vertical resolution (about 5 m height). These Data are also used since 1961 by the
National Meteorological Service (MNS) of Cameroon.   

ARC2 data
The new, operational African Rainfall Climatology Version 2 (ARC2) dataset consists of daily, gridded 0.1°
X 0.1° rainfall estimates with a spatial domain from 40° S to 40° N in latitude, and 20° W to 55° E in
longitude encompassing the African continent (Nicholas et al. 2013) from 1 January, 1983 to present and
forward into the future. 

ERA 5 data
ERA5 is a reanalysis dataset available with a global horizontal coverage, and recording in real-time. ERA5
can be downloaded from the ECMWF database with full horizontal resolution of 0.25° x 0.25°
(atmosphere) and 0.5° x 0.5° (ocean waves)(Kaissassou et al. 2021). Temporal coverage since 1979 to
present, hourly resolution and are updated daily.

3. Nwp Model Details
In the past few years, signi�cant progress has been made in terms of the improvement of numerical
weather prediction models. It is proven that the enhancement of the model resolution increases the model
quality.

In order to ful�l the lack of information in the �eld of forecast in Northern Cameroon, a very high-
resolution version 3.7 of advanced research WRF (ARW) dynamical core for simulations with the National
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Centers for Environmental Prediction NCEP-GFS (spectral resolution about 12 km) with 64 vertical levels
and sea surface temperature (SST) with 1° horizontal resolution have been implemented as boundary
and initial conditions for operational forecast in the model.  

The WRF model is run for 9 days and the output data is recorded every 3 hours. This work analyses
simultaneously diurnal and daily simulate data from July, 14 to July, 23, 2018. WRF is being run at the
Laboratory for Environmental Modelling of Atmospheric Physics (LEMAP) at the University of Yaoundé 1.

To validate the model forecast, the radiosoundings and very high resolution rainfall data ARC2 have been
used in the present work within the same period for this purpose. These data combined in-situ measures
and latest high quality research one provided by satellite (Mahakur et al. 2013). A detailed description of
these data is provided in the next section.  

In addition to radiosoundings and satellite data, re-analyses data have also been used to evaluate
accurately the performance of the model. Thus, ERA5 wind and relative humidity database is used to
further monitoring model forecast for the month of July 2018.

The diurnal and daily rainfall temporal series is calculated by adding 3 hourly data. The WRF model is
initiated on 14, 18, 19, 20 and 22 July 2018 at 0000UTC, for day-9, day-5, day-3 and day-1 forecast lead
times respectively. The spatial distribution of each parameter could be seen in different �gures. The
diurnal cycle of different parameters is computed for a 3-hour time series for the model output and also
for the observation.  

To improve the synoptic circulations, mesoscale features, and to capture heavy rainfall over Northern
regions of Cameroon (Fig. 1), domain grids with a horizontal grid spacing of 12 km was provided.  

5. Results

5.1 Precipitable water
Figures 4-7 show the precipitable water provided by the WRF model output, and that provided by ERA5
data at 0000 UTC, 0600 UTC, 1200 UTC and 1800 UTC for different lead times in July 2018. The
precipitable water is a crucial indicator in meteorology as it gives valuable information on areas of
potential instability in the troposphere particularly when its value exceeds 60 mm. these high values are
also a good input to predict �ooding hazards. Around Lake Chad basin, high precipitable water values are
observed. Both simulated and ERA5 precipitable water amount exceed 55 mm in this area. High values
indicate a large quantity of tropospheric water vapour as observed in the troposphere of the northern
regions of Cameroon on July 23 and 24, 2018. As depicted on Figures 4-7, WRF model simulates and
predicts precipitable water successfully in north regions of Cameroon on July 23 and 24 2018 compared
to observations.
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The water vapour supply is a crucial parameter in extreme rainfall occurrence. At 0000 UTC on July 22th,
water vapour extended from South to North of Cameroon, due to monsoon �ow, and lead to convergence
of moist air over northern regions as indicate in Figs. 4-7. Notably, the vertical movement created
favourable conditions for extreme rainfall event.

5.2 Wind speed and Relative humidity
In Figures 8-11 we noticed WRF simulated data (for domain 12 km), ERA5 data, wind velocity (m/s),
relative humidity (% shaded) at 0000 UTC, 0600 UTC, 1200 UTC and 1800 UTC for all the lead times at
the surface and 850 hPa, respectively.

At 0000 UTC, the relative humidity was up to 80% throughout Lake Chad basin; the prevailing wind
blowing from South to North regions of Cameroon. This wind, charged with water vapour, supplies
moisture to the region under our study. The surface wind magnitude was around 8 m/s. At 0600 UTC,
1200 UTC and 1800 UTC, the conditions were similar except from a slight decrease of relative humidity. It
shows that low level air was saturated in the Northern regions of Cameroon owing to the presence of
enough water vapour in the atmosphere.

At 850 hPa pressure level, the relative humidity remained higher in the study area for both simulated data
and ERA5 reanalyses (Mukhopadhyay et al. 2019). Westerly winds dominate the North region of
Cameroon at 850 hPa, blowing from the South to the North of the region. This observation indicates that
at this pressure level, the wind was charged with moisture.

The high values of relative humidity simulated and derived from ERA5 data, at low level on July 22th
2018 indicate that cloud formation process is taking place at ground level. The North region of Cameroon
is subject to particular climate with permanent cloud occurrence during rainy season. Cumulonimbus
which is source of extreme weather conditions is also present among them. We notice that the WRF
model well simulates relative humidity and wind in the North of Cameroon than ERA5.

5.3 Soundings
Figure 12 displays the soundings generated by the 12 km WRF output for the lead times day-5, day-4, day-
3 and day-1 of July 2018 in the North region of Cameroon. Soundings parameters provide key indications
of atmospheric instability (Yaru et al. 2020).

Skew-P/Log-p shows dew point and temperature. The temperature of air parcel during its motion from the
ground is indicated in dashed red curves. In soundings, the temperature curve follows the pseudo
saturated wet adiabatic. It indicates that the air has been saturated in North regions of Cameroon on July
23, 2018. During the motion of air from ground to 750 hPa level, air temperature and dew point
temperature are very close showing cooling which can lead to condensation and formation of clouds in
the northern regions of Cameroon on this day. The simulated values of pressure at the lifting
condensation level (Plcl) are 957, 991, 960 hPa on day-1, day-3 and day-5 respectively. Compare to in situ
values on those days which are 974 hPa on day-0 (23 July 2018), 1000 hPa on day-1 and 977 hPa on
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day-3 of July 2018, the simulated values are well correlated (Table1 and Table 2). The observed values of
temperature at the lifting condensation point level (Tlcl) are analogous to the simulated one. Figures 3
and 12 display temperature values from model simulation and observed values. That is 23°C on day-1
(observed value 24°C), 23°C on day-3 (observed value 24°C) and 22°C day-5 (observed value 23°C). The
Showater indices from model output have almost same values as in situ measurements except on day-0
(23July 2018) where the model value is 0 for the observed. Furthermore, precipitable water model‘s values
are very close to the observed one. CAPE values generated by the model (1643 J, 1395 J and 912 J) are
higher compared to the observed values (1243 J, 812 J and 162 J respectively). Except from the CAPE
which is not well correlated, others parameters like Tlcl, Plcl, Shox, precipitable water are well simulated.
WRF model is able to provide key information which could help stakeholders to sensitize people about
extreme events like �ooding recorded in North regions of Cameroon on 22-23 July 2018.

Table 1
Parameters value derived from Soundings launching at

different lead times
Parameters Day - 0 Day - 3 Day - 5 Day - 7

Plcl (hPa) 974 1000 977 952

Tlcl (0C) 18 19 18 20

Shox 0 0 0 4

Pwat (cm) 5 5 5 5

Cape (J/kg) 162 1243 712 36

 
Table 2

Parameters value derived from WRF simulation at
different lead times

Parameters Day - 1 Day - 3 Day - 5 Day - 7

Plcl (hPa) 957 991 960 942

Tlcl (0C) 15 17 15 19

Shox 0 0 0 3

Pwat (cm) 6 5 3 6

Cape (J/kg) 1643 1359 912 874

5.4 Rainfall
The current section carried out the model simulation for different lead times amount extreme rainfall for
the studied period started at lead-9 to lead-0 for the month of July 2018 for the 12 km domain (Fig. 13).
ARC2 data are compared with these simulated one. Figures 8 and 11 present for different leads amount
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rainfall simulated by WRF model and ERA5. For extreme rainfall at longer lead time (leads 9 and 7) as
shown in �gure 13, model is able to predict accurately and accuracy increases with increase in lead time.
We notice also a huge turbulence area on entire Lake Chad Basin for the considering period. The great
amount of precipitation could be seen as a result of a strong convective activity which prevail over this
region cause by the presence of monsoon during this period. In north- Cameroon, the lower tropospheric
layers receive an important quantity of energy by evaporation and sensible heat �ux. This leads air to
rapidly reach the lifting condensation level. The condensation process starts with a moist convection
which transfer latent energy of ground level layer to upper layers in term of potential energy. When the
monsoon reaches it most dominant period, as seen in forecasts, severe storms conditions may occur.

6. Conclusion
The Northern areas of Cameroon suffered from an unusual extreme rainfall event during 22–23 July
2018. The amount of rainfall recorded for the two days, exceeded 90 mm/day and caused �ash �oods,
loss of life and several others damages in this region. In this study, model’s ability to predict extreme
rainfall, relative humidity, precipitable water and wind in North - Cameroon region is investigated. Using
WRF model over this domain with horizontal resolutions of 12 km, outputs data produced are compared
to ERA5 and ARC2 data. As for precipitable water, relative humidity, low level wind (850 hPa).
Radiosoundings from Ngaoundere airport indicate that this extreme was combined with the downfalls,
thunderstorms and high values of Vertical Integral of relative humidity indicating the presence of intense
pouring rain. Convective Available Potential Energy values obtained by computing radiosoundings plainly
show that there was a ceaseless instability in Northern regions of Cameroon on the target day at all the
lead times. This episode is well simulated by WRF model, bounded and initialized for Environmental
Prediction Global Forecasting System 3 h products. It is found that model is able to predict extreme
relative humidity and low level wind events accurately with su�ciently short lead time (3 days). For
extreme precipitable water and rainfall at longer lead time, model is able to predict accurately and
accuracy increases with increase in lead time. The WRF got the ability to generate crucial meteorological
variables associated with this extreme, as successful simulation of the Vertical Integral of Water Vapour
with the magnitude like that produced from radiosoundings (Chien and Chiu, 2021). Furthermore,
simulate data forecast and observations are more correlated when the forecast is released on the target
day. Thus, Forecasters might pay attention to lead time effect when analysing WRF model outputs in
order to have a successful prediction of extreme events. Although WRF has a reasonable skills in
predicting the spatiotemporal parameters of the atmosphere, further improvement is necessary to
enhance the �delity of capture severe rainfall episode with a larger lead time.
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Figure 1

Map of Cameroon and its northern regions.
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Figure 2

The temporal distribution of daily rainfall starting from 0000 UTC 22 July 2018. The x-axis represents the
hours after 0000 UTC 22 July.
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Figure 3

Radiosoundings from the Ngaoundere Airport on day-5, day-4, day-3 and 23 July 2018 Plcl and Tlcl the
pressure (hPa) and the temperature (°C) at the lifting condensation level, Shox Showater index, Pwat the
amount of precipitable water, Cape the convective available potential energy (J)
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Figure 4

Comparison of WRF simulated precipitable water with ERA5 precipitable water at 0000 UTC for lead time
9, 7, 5, 3 and 0.
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Figure 5

Same as Fig. 4, but at 0600 UTC.
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Figure 6

Same as Fig.4, but at 1200 UTC.



Page 18/24

Figure 7

Same as Fig.4, but at 1800 UTC.
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Figure 8

Comparison of WRF simulated data with ERA5 data wind vector (m/s) and relative humidity (% shaded)
at the surface, at  0000 UTC for lead time 9, 7, 5, 3 and 0.
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Figure 9

Same as Fig. 8, but at 0600 UTC.
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Figure 10

Same as Fig. 8, but at 1200 UTC.

Figure 11
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Same as Fig. 8, but at 1800 UTC.

Figure 12



Page 23/24

Target day (23 July 2018), Plcl and Tlcl the pressure (hPa) and the temperature (°C) at the lifting
condensation level, Shox Showater index, Pwat the amount of precipitable water, Cape the convective
available potential energy (J) for the lead times day-5, day-4, day-3 and day-1. 

Figure 13

Accumulated rainfall (mm): WRF model simulated and ARC2; recorded for lead time 9, 7, 5, 3 and 0.
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