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Abstract

Observed rainfall data of the National Meteorological Service of Guinea
(NMS) exhibit that synoptic station usually records the largest rainfall amount
in Guinea. Only few studies have been done on this rainfall peak observed in
Conakry. This work better analyses the atmospheric dynamics leading to
rainfall particularity. Using NMS data from 1981 to 2010, the monthly con-
tribution and mean seasonal cycle of each station has been done. These find-
ings of the study show that between July and August (rainfall season peak),
the coastline particularly Conakry records the largest amount of rainfall. Us-
ing Era Interim data for the common period (1981-2010), we also investigate
the rainfall dynamics in the lower level (1000 hPa - 850 hPa) from precipit-
able water, divergence, and moisture flow transport. There is a west and
southwest moisture flow transport explained by a strong moisture conver-
gence in the coastal region (Lower-Guinea). Furthermore, values of precipit-
able water in the same region are found, in agreement with the high moisture
flow transport gradient. These incoming flow (west and south-west) undergo
a return by blocking’s Kakoulima range (foehn effect) and Fouta Djallon
massif to initiate convection clouds on the Guinean coast. These processes
enhance a convergence of moisture associated with orographic origin convec-
tion. This has an important effect by increasing the rainfall amount in Cona-
kry.
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Moisture Flow

1. Introduction

In West Africa, deep convection exhibits important variability by convective
mesoscale systems (squall lines), but also by local thunderstorms or smaller
convective systems [1]. It is often associated with East African Waves [2]. The
tropical convective clouds often evolve into organized clusters with anvils blend-
ing in a single mesoscale cloud [3]. They have a fundamental importance for the
earth’s climate especially for its radiative energy balance [4]. Its triggering also
depends of surface heat flow and soil moisture [5] [6]. The temporal evolution of
these sensible and latent heat flows is strongly marked by precipitating elements.
Mesoscale convective systems and squall lines are the most commonly observed
rainfall systems in Sudano Sahelian belt [7] [8]. Thus, rainfall comes largely from

water vapor condensation in the atmosphere [9].

1.1. West Africa Rainfall

The tropical Africa rainfall and Atlantic during the West African Monsoon come
from convective systems with a wide range of proprieties (stormy, squall lines).
Indeed, studies conducted by [10]; shows that in West Africa, there are two bi-
modal rainfall peaks in: the region including Guinean, Liberian, Sierra Leonean
so-called the Roberts FIR (Flight Information Region) and the region in Gulf of
Guinea. Figure 1 illustrates the rainfall in West Africa with the Climatic Re-
search Unit data (CRU) during the period 1951-2002.

1.2. West Africa Orography

Looking at a map of Africa’s current topography, two areas of high and low
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Figure 1. Annual rainfall average in West Africa from 12°S - 20°N to 20°W - 30°E (CRU,
1951-2002) [10].
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elevation are apparent [11]. The West African region is one of the African’s
areas where very high elevation is found. The West Africa is generally characte-
rized by a fairly simple relief, consisting of vast plains, trays low altitude (200 m
on average) and mountains [12]. The plains occupy littoral border over Senegal
and Gambia, while inside the continent, lowlands are dominant. Among the
most important mountain ranges, there are the Fouta Djallo mountains in the
South-West. Mount Loura, highest point of 1532 m and Mount Nimba, highest
point of 1752 m [12]. In the South-East, there are the Adamaouna massif,
Mountain Cameroon highest point of 4100 m. In the North-East, there are
Hoggar and Tibesti with highest point of 2900 and 3400 m respectively. Indeed,
West Africa topography is not the only aspect of the atmospheric circulation as-
sociated with the West African Monsoon as in Asia, it plays a crucial role at re-
gional and local scales [12]. The West Africa topography (Figure 2), shows that
these two regions with two bimodal rainfall peaks correspond to the coastal oro-
graphic area under the oceanic influence. This is consistent with the results of
Sall et al,, 1999 [13]; and Mathon and Laurent, 2001 [14] which showed that in
Africa, the main mountainous areas generally correspond to the cloud cover
maximum. In this work, we focus on Guinean area (Republic of Guinea) located
between 6°N - 13°N latitude and 15°W - 7°W longitude.

2. Area of Study

The area of study is shown in Figure 3, it is located between the latitudes 7°N -
13°N, and the longitudes 15°W - 7°W. The Republic of Guinea is a West African
country, with an estimated area of 245,857 km® It is subdivided into four (4)
geophysical regions: the Lower-Guinea (LG, hereafter), the Middle Guinea (MG,
hereafter), the Upper-Guinea (UG, hereafter) and the Forest-Guinea (FG, he-
reafter). Each geophysical region has three (3) synoptic weather stations. The
naming of the geophysical regions is in accordance with their climate and topo-
graphy [15].

The LG includes the synoptic weather stations of Boke, Conakry and Kindia,

it is also called Maritime-Guinea due to its coastal position. It is the coastal belt
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Figure 2. West Africa topography showing the orographic areas delineated in magenta.
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Figure 3. Synoptic stations of Guinea with its four (4) geophysical regions: Lower-Guinea
(Boke, Conakry, Kindia), Middle-Guinea (Koundara, Labe, Mamou), Upper-Guinea (Fa-
ranah, Kankan, Siguiri) and Forest-Guinea (Kissidou, Nzerekore, Macenta).

between Guinea-Bissau in the north and Sierra Leone in the south (around 300
km), about 100 to 150 km wide. It covers around 15% of the country’s total area.
The marine marshes occupy around 360,000 ha, including 260,000 ha of man-
groves, the largest in West Africa [16]. It has a wet tropical climate, with a rain-
fall reaching its maximum in August and can exceed 4000 mm/year in Conakry
[15].

The MG region includes the synoptic stations of Koundara, Labe and Mamou.
It covers around 26% of the country’s total area [16]. Fouta Djallon massif oc-
cupy around 80,000 km® around and its highest point is Mount Loura (1532 m),
including the most mountainous region of Guinea. Its soil consists mainly of
stepped uplands over 1000 m wave by valleys, dominating plains and depres-
sions with an altitude exceeding 750 and can exceed 1200 m in some places [15].
It is in this region where many rivers and streams of West Africa take their
sources: Senegal and Gambia rivers in the north, Koliba, Rio Grande, Fatala and
Konkoure rivers in the west. The Kaba rivers, Kolente to the south, and Niger to
the east. Its climate is marked by a relatively high daytime thermal amplitude of
up to 19°C in Labe [16]. The rainy season can range from five (5) to eight
months between Koundara and Mamou with an amount rainfall less than 1300
mm to the north [15].

The UG region includes the synoptic stations of Faranah, Kankan and Siguiri
covers about 39% of country’s total area. It is located between Guinea-Forest and
Fouta Djallon on the western edge of the Niger’s vast basin. This region, with an
average altitude of 500 m, has a slight relief which explains the rivers spreading
[16]. It has a Sudanese climate with annual rainfall ranging between 1600 mm in
the south and 1200 mm in the north [15]. It represents the arid and Sahelian
area of Guinea due to the similarity of Sahelian climate. Its grassy savanna with

plateaus and river plains (River Milo) is favorable for agriculture. Temperatures
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can vary from 14°C during the rainy season to 37°C during the dry season.

The FG region includes the synoptic weather stations of Kissidou, Macenta
and Nzerekore. This region corresponds to the southern part of Guinea and
covers 20% of the area total of country. Its relief presents two mountains namely
the Mount Simandou and Mount Nimba (highest point of 1752 m). The Mount
Nimba Strict Nature Reserve is a UNESCO World Heritage Site and covers most
of the ecotope, where more than 200 endemic species. Duikers, lions and leo-
pards, civets, and two species of viviparous amphibians etc. can be found [16].
This region also has a climate characterized by a long rainy season (between 7 to
9 months) [15]. More than 1300 species of plants and more than 500 species
animals can be found in the Ziama Massif Biosphere Reserve [16].

The meteorological observation data and Monthly Climatological Tables of
Guinea show that Conakry rainfall varies on average between 3300 and 4000
mm/year or more. Some authors are interested in this maximum rainfall such as
Sall et al, (2007) [17] and Beavogui ef al, (2011) [18] who explained it by attri-
buting this maximum to orographic effect due to the existence of Kakoulima
mountain (1007 m) located in 50 km in the east of Conakry. In addition Jenkins
et al., (2008) [19] indicated a vortex presence over the Guinean coast almost sta-
tionary creating a return of rainfall systems in Conakry. In these previous stu-
dies, rainfall dynamics in Guinea were not discussed to better analyze this max-
imum rainfall in Conakry hence the interest of this work. The main objective of
this study is to analyze the rainfall regime dynamics of Guinea and the maxi-

mum rainfall origin recorded in Conakry.

3. Data and Methods
3.1. Data

The recorded observation data by the National Meteorological Service of Gui-
nea, Climatic Research Unit Data (CRU) and re-analysis Era Interim data are

used.

3.1.1. Observation Data
Guinea’s meteorological observation network has a very low density due to ob-
solete meteorological logistics and lack of performing weather observers [15].
Many of these stations (radio-sounding, synoptic, pluviometric and agronomic)
have several data gaps, which sometimes complicate the use of these data. For
this purpose, twelve (12) synoptic stations (Figure 3) are selected for this study
in which observation network is regular, and its data are trustworthy [15]. In this
purpose, we have considered 30-years climatological series recommended by
World Meteorology Organization (WMO), which are the monthly cumulative
data. These are monthly rainfall data for the common period from 1981 to 2010
(Table 1).

Using these observations data (rainfall), we calculate the mean seasonal cycle

of rainfall and monthly contributions of each geophysical region. This study

DOI: 10.4236/acs.2020.101001

5 Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2020.101001

I. K. Kante et al.

Table 1. Summary of available observation data.

Stations Latitudes Longitudes Altitudes Parameters Time

(Nord) (West) (m) (monthly) period
Boké 10°56 -14°18 69 Rainfall 1981-2010
Lower-Guinea Conakry 09°64 —-13°58 46 Rainfall 1981-2010
Kindia 10°04 -12°86 458 Rainfall 1981-2010
Koundara 12°34 -13°31 90 Rainfall 1981-2010
Middle-Guinea Labé 11°19 -12°29 1050 Rainfall 1981-2010
Mamou 10°38 —-10°08 782 Rainfall 1981-2010
Faranah 10°26 —-10°80 358 Rainfall 1981-2010
Upper-Guinea Kankan 10°12 -9°55 376 Rainfall 1981-2010
Siguiri 11°74 -9°37 361 Rainfall 1981-2010
Kissidou 09°19 -10°11 524 Rainfall 1981-2010
Forest-Guinea Macenta 08°32 -9°28 542 Rainfall 1981-2010
Nzerekore 07°75 -8°83 467 Rainfall 1981-2010

compares stations within the same region order to exhibit the one with largest

amount of rainfall to overall in Guinea.

3.1.2. Climatic Research Unit Data (CRU)

Except our observation data, CRU data from 1981-2010 showed the climatologi-
cal distribution of rainfall over West Africa. The CRU is a research unit from the
University of East Anglia in England, which studies natural and anthropogenic
climate change. These data archived in monthly period 1901-2002 are different
sources of stations data following interpolation methods and homogenization,
where the missing data are estimated from the reference period 1961-1990 [20].
In order to provide the scientist with reliable data, the CRU carries out perma-
nent updates. The work of Mitchell et al, (2005) [20] and Harris et al, (2014)
[21] provide further details on this update. In our work, we used CRUTS2.1
from the rainfall variable, which is the enhanced version of CRUTS2.0 [20]. This
is the data covering the continental surface on a global scale on a 0.5° x 0.5° grid.
In this study, these data were considered on a window covering West and Equa-
torial Africa. This can permit us to present our area study and Gulf of Guinea

region.

3.1.3. Re-analyzes Data (Era Interim)

In recent years, several improved global atmospheric reanalysis data of the satel-
lite period has been produced since 1979, allowing new applications of offline
terrestrial surface simulations [22]. These include the Era Interim reanalysis of
European Center for Medium-Range Weather Forecasts [23], and the retrospec-
tive analysis of the modern era of the National Aeronautics and Space Adminis-
tration (NASA) for research and applications [24]. The work of Simmons ef al,
(2010) [25] has demonstrated the quality of Era Interim’s near surface fields by

comparing them with single observation climate data records. The products are
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intertwined with corrected models and supplemented by the following observa-
tions: Relative humidity (Rh), wind (u, v), Temperature (Ta), Specific humidity
(q), Pressure (Pa) etc. They have a resolution of 0.75° x 0.75°. The data we use in
this work are monthly data JJASO (June-October) season with four times (00 h,
06 h, 12 h, 18 h) of observation and cover a 30 years period (1981-2010). Other-
wise, an extension from 1979 to 1989 is currently available. The work of Berris-
ford et al, (2009) [26] detailed description of archived Era Interim products.
These data are part of the rainfall dynamics study which consists of calculating
in lower level (1000 hPa - 850 hPa): Precipitable water (Equation (1)), Moisture
flow divergence (Equation (2)) and Moisture flow transport (Equation (3)) for

rainfall analysis purposes.

3.2. Methods

The methodology adopted is the following: the first section deals with the mean
seasonal cycle Guinea’s rainfall. We focus in on each geophysical region of Gui-
nea to carry out intra-regional studies to see the rainfall evolution in each sta-
tion. The second section contains the monthly rainfall contributions (%) analysis
of the stations in each region considered. This makes it possible to identify
among the twelve synoptic stations those that observe country’s rainfall maxima
and minima. That study also makes it possible to determine months during
which these rainfall maxima or minima are recorded in Guinea and particularly
in Conakry (LG).

Considering the two sus-mentioned, we consider the JJASO season third sec-
tion, we focus on precipitable water vapor (Pwv) during the JJASO season. Sev-
eral studies have been done to determine the water vapor amount on a global
scale using measurements by satellite-based instruments such as POLDER and
MODIS for the solar radiation reflected by the earth’s surface [27]. It is given in
the form of a thickness or surface mass of liquid water (1 mm = 1 kg-m™ of wa-
ter). It can be converted in a liquid water mass whose density is assumed to be 1,
then becomes the water level expressed in same unit order (kg-m™). Its distribu-
tion in the troposphere and its variability are still poorly investigated [29], but
this work will estimate it. The precipitable water varies between a few millimeter
for the polar regions and more than 50 mm for the tropical regions [28]. It is
calculated integrating the specific humidity on atmosphere vertical column by
the equation below (Equation (1)). In our study, we calculate it in the lower level
(1000 hPa - 850 hPa), because the precipitable water maximum mark the maxi-
mum of potential rains, namely the location of the Inter-Tropical Convection
Zone (ITCZ), and vice versa. The water vapor distribution results from the equi-
librium between the sources (surface evaporation and evapo-transpiration) and
wells (rainfall and clouds) as well as transport between them [9]. These elements
are related to the atmospheric water cycle. The precipitable water permits to
represent the water level (expressed in mm). It is a very useful tool for assessing

the precipitating potential of fronts and convective triggers (showers and thun-
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derstorms). Naturally, the more the air is humid, the higher is the precipitable
water. In addition, the spatial distribution and seasonal evolution of precipitable
water and rainfall are highly correlated [30], which is why Pwv enters in the
study of the rainfall dynamics. They appear to be a threshold relationship be-
tween the two variables [31], with low or high rainfall amount corresponding to
those of Pwv.

Pwv = éj;/ qdp (1)
where:

Pwv is Precipitable Water Vapor [kg-m™] and P, is pressure at the lower lev-
el [1000 hPa].

P, is the pressure at the upper level limit of the lower level [850 hPa]. g is
specific humidity [g/kg] et gis gravity acceleration [m-s™].

The fourth section includes the moisture flow divergence calculated in the
lower level (1000 hPa - 850 hPa). This parameter permits to determine the area
where the divergence flow (subsidence) or convergent (convection or advection)
[32]. That is, it indicates where moisture tends to accumulate or become rare;
the equation below (Equation (2)) is used for this purpose. When Q values is
negative, it is called convergent and divergent when it is positive. The divergence
and convergence of the moisture flows can be interpreted respectively as source

and wells of moisture [30].
1,71 (cn
o==, g(L’h v. qudp)dt @)

With:

Q is divergence of the moisture flow [kg:m™s7'] and ¢ is specific humidity
[g/kg]. u is the zonal wind [m-s™'], Tis the mean time considered [jr] and g ac-
celeration of gravity [m-s™].

P, is ground pressure [1000 hPa] and P,

op 18 the pressure at upper limit of

lower level [850 hPa] and V is the divergence.

In this fifth section, we focus on moisture flow transport (Equation (3)), cal-
culated in the lower level and to indicate the flow direction. The moisture trans-
port on the continent plays an important role in triggering convection [1]. It is
one of the determining factors behind the deep convection formation areas on
the continent during the rainy season onset, when soil evaporation is almost
none. The work of Cadet et al, (1984) [34], provides further details on moisture
flow transport.

1cr 17
F :?J.O _E(L’b qudp)dt (3)

where:

F, is moisture flow transport [mm-day '] and T'is the average time considered
[day]. gis acceleration of gravity [m-s™]. P, is ground pressure [1000 hPa] et P,
is the pressure at upper limit of lower level [850 hPa]. g is specific humidity

[g/kg], uis zonal wind [m-s™'].

DOI: 10.4236/acs.2020.101001

8 Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2020.101001

I. K. Kante et al.

4. Results
4.1. West Africa Climatological Rainfall with the CRU Data

The annual rainfall climatology over the period 1981-2010 in West Africa shown
in Figure 4 highlights two regions with high rainfall. The first region is the Ro-
berts FIR where our study area is located (Republic of Guinea) and the second is
the Gulf of Guinea. We note that the annual rainfall in these areas varies be-
tween 3000 mm/year and 4500 mm/year. Regarding the Roberts FIR region, Li-
beria and Sierra Leone have a high rainfall than Guinea. However, despite the
difference between climatological periods used, our results are in perfect har-
mony with work of (Manetsa et a/, 2011) [10].

4.2. Guinea Climatological Rainfall

In FIR Roberts area, by a focus on the Republic of Guinea, climatological rainfall
data over period 1981-2010 indicate that maxima rang between 3000 mm/year
and 4500 mm/year. Among the 12 synoptic stations of Guinea, Figure 5 high-
lights Conakry and Macenta stations which record the highest rainfall in the
country. These results confirm the provided information by the National Me-

teorological Service and monthly climatological tables.
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Figure 4. Average annual rainfall in West Africa regions (CRU, 1981-2010). The regions
delineated in magenta represent the areas where rainfall maxima are observed.
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parts show areas with maximum rainfall.
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4.3. Mean Seasonal Cycle of Rainfall in Guinea

This section shows the mean seasonal cycle of rainfall in each Guinea’s geophys-
ical region (Figure 6). The mean seasonal cycle study of rainfall permits to iden-
tify the onset and offset of the rainy season. It also helps to understand the rain-
fall regime of each region through their stations.

In LG, Figure 6(a) presents a unimodal regime in these three (3) synoptic sta-
tions with a common peak in August. It also shows that the Conakry rainfall re-
gime is different from those of the stations of its region (Kindia, Boke). This
Conakry station has two exceptional rainfall peaks in July and August with 1050
mm/month and 1100 mm/month respectively. Figure 6(a) also indicates that
the largest amount of rainfall in Conakry is recorded between June to Septem-
ber. The mean seasonal cycles of Boke and Kindia show similarity in the regime
although the Boke rainfall exceeds that of Kindia from July to September. The
peaks observed in August in Boke and Kindia are respectively 550 mm/month
and 500 mm/month. It should also be reminded that in LG, rainfall starts in
April at Kindia, in May at Conakry and Boke, and end in the same month (No-
vember).

In Fouta Djallon region (MG), the Figure 6(b) presents a unimodal cycle in
its stations namely: Koundara, Labe and Mamou. It also shows a similarity of re-
gime in their evolutions during all the period with a peak in August, but it is in
Mamou that the rainfall peak is observed (400 mm/month). The rainfall starts in
April and ends in November at the same time in these three stations. The station
with largest rainfall amount is of the Mamou with 400 mm/month and the least
watered is that of Koundara with 350 mm/month where the rainfall season starts

in May.
1200 LOWER-GUINEA 1200 MIDDLE-GUINEA
—KOUNDARA
1000 1000 N
_ 800 _ 800 —MAMOU
£ £
R S
400 400
200 200
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J FMAM)] J] ASOND JFMAM]) J ASOND
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Figure 6. Mean seasonal cycle of rainfall by Guinea synoptic stations during 1981-2010
period. (a) Lower-Guinea (Boke, Conakry, Kindia); (b) Middle-Guinea (Koundara, Labe,
Mamou); (c) Upper-Guinea (Faranah, Kankan, Siguiri); (d) Forest-Guinea (Kissidou,
Macenta, Nzerekore). The x-axis and y-axis are respectively the months and rainfall
heights.
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In UG in the semi-arid region of Guinea, composed of Faranah, Kankan and
Siguiri, Figure 6(c) presents a unimodal rainfall regime. The rainfall peaks of
these stations are observed in August with rainfall amount of 350 mm/month.
The rainfall starts in this region in April and ends in November in each station.
Compared to other regions, it the region where less rainfall total is recorded, this
is due to its geographical position and the late onset as well as the rapid with-
drawal of ITCZ. The Siguiri station, located further in the north records less
rainfall and the wettest stations are Faranah and Kankan.

The stations of FG (Figure 6(d)) also exhibit a unimodal regime similar to
those of other regions (UG, MG and UG) with a peak in August. In this region,
the rainfall peak is observed in Macenta at 550 mm/month, followed by Kissidou
with 390 mm/month. The rainfall starts very early in February and ends late in
November. This situation is explained by the very early ITCZ position in the
southern Guinea part and its late withdraw. Kissidou and Nzerekore stations
have two remarkable rainfall peaks, in August and the other in September re-
spectively. Nzerekore station, meanwhile, is the with recording less rainfall amount

370 mm/month.

4.4. Monthly Rainfall Contribution of Guinea’s Synoptic Stations

In this section, we show the monthly rainfall contribution of the stations in each
Guinea geophysical region (Figure 7).

In the coastal region (LG), at the season start (April-May), Figure 7(a) shows
that Kindia station (in yellow) receives more rainfall compared to Conakry and
Boke. Conakry’s station (in green) has the higher contribution than Kindia and
Boke in June, July, August and September. However, two exceptional peaks are
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Figure 7. Monthly rainfall contribution of each station into its corresponding region. (a)
Lower-Guinea (Boke, Conakry, Kindia); (b) Middle-Guinea (Koundara, Labe, Mamou);
(c) Upper-Guinea (Faranah, Kankan, Siguiri); (d) Forest-Guinea (Kissidou, Macenta,
Nzerekore).
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observed respectively in July and August. Boke’s station (in blue) has a greater
rainfall contribution than Conakry in July, August, September and October. It is
noted that Conakry rainfall high contribution could be explained not only by the
coastal influence but also by orography (Kakoulima Mountain Range).

In Fouta Djallon region (Figure 7(b)), in the begining season (March-April)
and in the full season (July-Octobre), Mamou’s station (in yellow) has higher
rainfall contributions than other stations in this region. However, Labe (in green)
and Mamou stations are the wettest in the MG region. Koundara’s has a less
contributions (in blue). However, they have a similar rainfall variability in all
seasons with substantially similar contributions. This similar rainfall pattern is
due to the influence Fouta Djallon massifs on these three stations.

The UG region is considered as the arid Guinea area due to its hot and dry
climate like in the Sahel. Figure 7(c) indicates that different stations in this re-
gion have a similar regime from the season start and the season end. The rainfall
contributions of Faranah station (in blue) are slightly higher than the others
during May to November. Kankan contribution (in green) is higher only during
August and September. In Siguiri station (in red), the rainfall contribution of
this station is less important in region.

The Guinea forest region (FG) is the area where it can rain during all the year.
Figure 7(d) shows that Macenta’s station (green) has the strongest rainfall con-
tributions as compared to other stations of its region. This is consistent with [17]
results, which showed rainy days to be higher than Macenta and FG compared
to other parts of the country. After this station, that of Kissidou (blue) take the
second place whose rainfall exceeds that of Nzerekore (yellow). However, the
rainfall contributions of Nzerekore station are less significant compared to the
others. Macenta station case is explained by the existence of classified forests of

Ziama and certain orographic areas.

4.5. Precipitable Water over Guinea

This section concerns the precipitable water amount calculated in the lower level
(Figure 8). Tropospheric water vapor enters the water cycle and comes mainly
from evaporation. It is a major component in the clouds formation and rainfall
to predict weather on a large scale. The precipitable water is all water vapor con-
tained in the air column that can precipitate, its related to the specific humidity.
It is also important in meteorology, evolution in time and space with the at-
mosphere movement.

In Guinea, during June (Figure 8(a)), rainfall amount ranges between 30
kg'm™ to 40 kg-m™> at the coast (Conakry) and south (Macenta, Nzerekore)
showing the rainfall onset in these areas. In Koundara (MG) north and Siguiri
(UG), the weak gradients are observed with values ranging between 10 kg-m™
and 20 kg:m™. The rainfall onset corresponds to the ITCZ position over Guinea
accompanied by a strong activity of the stormy convective systems.

In July (Figure 8(b)), August (Figure 8(c)) and September (Figure 8(d)), the
gradients notably increase over Conakry except during October (Figure 8(e))
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Figure 8. Precipitable water calculated in lower level (1000 hPa - 850 hPa) over Guinea
from 1981-2010 during the JJASO season, expressed in kg-m™. The white dots are the
twelve synoptic stations of Guinea. (a) June; (b) July; (c) August; (d) September; (e) Oc-
tober.

where the strong gradients are further in the south and are not interest this sta-
tion. This situation on Conakry during July, August and September months is in
perfect agreement with what has been shown on the monthly rainfall contribu-
tion (Figure 7).

During September (Figure 8(d)), the maximum rainfall is particularly found
in the coastal area and Fouta Djallon reliefs, this is due to local convective sys-
tems implied by orographic origin. This confirm during the rainy season, rainfall
maxima are recorded in the coastline and around Conakry.

In October (Figure 8(e)), the maximum rainfall is observed in the forest re-
gion (Macenta, Nzerekore) corresponding to the withdrawal of the ITCZ. It is
the region with largest rainy days number [17], due to the late withdrawal of the
ITCZ. All of these analyzes on precipitable water explain a favorable structure
for the cloud.

4.6. Moisture Flow Divergence over Guinea

This part is devoted to the moisture flow divergence over the Guinea it indicates
where the humidity contribution is important on the territory (Figure 9).

In June (Figure 9(a)), strong gradients of moisture convergence (negative di-
vergence or advection) are observed in the southwest around Mount Kakoulima,
especially between Kindia and around. In the same month, other strong gra-
dients are visible in the north of Guinea around Fouta Djallon massifs. This ex-
plains the existence of deep convection in these region in June, characterizing
the onset monsoon in Guinea with the ITCZ position. At the extern eastern of
Guinea (UG) and the north-west (LG), a subsidence (positive divergence) is ob-
served.

In the monsoon season, from July (Figure 9(b)) to August (Figure 9(c)), the
existence of a moisture convergence band in the coast (around Conakry) with a

very strong gradient identified, this is associated with the orographic effect and
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Figure 9. Moisture flow divergence calculated in the lower level (1000 hPa - 850 hPa)
over Guinea from 1981-2010 during the JJASO season, expressed in kg-ms™". The white

dots represents the twelve synoptic stations of Guinea. (a) June; (b) July; (c) August; (d)
September; (e) October.

the oceanic proximity. This is consistent with the mean seasonal cycle (Figure
6(a)), monthly rainfall contribution (Figure 7(a)) and precipitable water (Figure
8(b) and Figure 8(c)). There is also a strong moisture convergence gradient in
the north upstream of the Fouta Djallon massifs. This strip continues to the
southwest around Kissidou, Macenta and Nzerekore where the Simandou Mas-
sifs and Mount Nimba are located with deep convection areas. These results are
in agreement with those the work of Meynadier et al, (2010) [30] which states
that over the ocean, moisture flow are essentially divergence near of high pres-
sure (they export humidity) and converge the ITCZ position (the import humid-
ity).

At the end of the season, from September (Figure 9(d)) to October (Figure
9(e)), a decrease in moisture gradient is observed towards the south, at the coast
and around the Fouta Djallon massifs. This movement is related to the ITCZ po-
sition, which corresponds in this case to its withdrawal, ending the monsoon ac-

tivities in Guinea.

4.7. Moisture Flow Transport over Guinea

This section highlights the moisture flow transport in the lower level throughout
the season JJASO (Figure 10). Indeed, water vapor evaporated over the Atlantic
Ocean is transported in lower level by the monsoon flow (South-West) which
penetrates more clearly on the African continent (West). It then directly feeds
deep convection in ITCZ, which is starting to generate rainfall in the southern
part of West Africa [30].

In Guinea, the coastal region (LG) and Fouta Djallon massifs (MG) are areas
concerned by the western flow maximum, highlighting the Guinea’s rainfall dis-
tribution by region. In lower atmospheric layers, monsoon flow (southwest) is

the dominant support for moisture transport over the continent (West Africa).
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Figure 10. Moisture flow transport on Guinea calculated in lower level (1000 hPa - 850
hPa) from 1981-2010 during the JJASO season, expressed in kg-m’2~s’1. The red dots are
the twelve synoptic stations of Guinea. (a) June; (b) July; (c) August; (d) September; (e)
October.

This flow direction is almost that of the wind but its intensity also depends on
the humidity in lower level (exceeding 50 kg-m™>s™").

In June (Figure 10(a)) the moisture flow transport is from west, south and
south-west, so a homogeneous distribution of moisture flow across the country.
However, in July (Figure 10(b)) and August (Figure 10(c)), moistures flow is
dominated especially by those from west corresponding to the rainfall maxima
recorded at the coast (Conakry). This confirms what the average rainfall cycle
showed (Figure 6(a)), monthly rainfall contributions (Figure 7(a)), precipitable
water (Figure 8(b) and Figure 8(c)) and moisture flow divergence (Figure 9(b)
and Figure 9(c)). In September (Figure 10(d)) and October (Figure 10(e)), the
flows transports are respectively southwest and south, and therefore very varia-
ble. In the other hand, on the continent, the moisture flows are East flow, thus
dominated by altitude jets: mainly East African Jet [33], this is observed on a

small-scale on Guinea in the month of October.

5. Discussions and Conclusions

5.1. Discussions

The analysis of rainfall climatology on West Africa over the period 1981-2010
are consistent with the work of Manetsa et al,, (2011) [10] which make over the
1951-2002. Our results on the mean seasonal cycle of rainfall and the monthly
rainfall contributions in the forest region with Macenta station are in agreement
with the work of Beavogui ef a/, (2011) [17]. The analysis of the moisture flow
divergence shows strong gradients of moisture convergence in the orographic
areas. These confirm the studies of Sall er a/, (1999) [13] and Mathon et al,
(2001) [14] which showed that in Africa, the main mountainous areas generally
correspond to the cloud cover maximum. They are also consistent with the work

of Meynadier et al, (2010) [30] which were strong convergence gradients are
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observed representing moisture wells that are favorable to convection and rain-
fall.

The strong gradients of moisture convergence observed in Guinea’s forest area
are in agreement with the work of GarciaCarreras et al, (2011) [36]. These find-
ings state that the area with moisture convergence created by the heterogeneities
between crops and forests implies favorable conditions for the convection initia-
tion during the afternoon. However, with the moisture flow transport found in
our study, at small-scale on Guinea in October, is in agreement with the works
of Long et al, (2000) [35]. These works show that on the continent’s moistures
flow are east fow, dominated by East African Jet.

We believe that this analysis method could be useful for other similar areas in

West Africa or anywhere in the work.

5.2. Conclusions

The analysis of the mean rainfall seasonal cycle of Guinea shows unimodal va-
riability in geophysical regions in general and particularly in the stations. The
rainfall onset in April and offset in November in the LB, MG and the UG. In FG
region rainfall onset very early in February and ends lately in November. This
difference is due to the geographical position of each region in relation to ITCZ
movement. Southern Guinea is the region with a long rainy period 10 months,
e.g. February-November. Therefore, the presence of the Ziama’s classified fo-
rests, mountain ranges like Nimba Mountains and Simandou contribute is an
important aspect. In Conakry station, two exceptional peaks are exhibited, one
in July and the other in August. We have also identified in descending order the
wettest synoptic stations of Guinea as follows: Conakry, Macenta, Mamou and
Faranah.

The monthly rainfall contribution study in the different synoptic stations of
Guinea permits to indicate the spatial distribution on the monthly scales. The
finding of this study showed that Guinea’s rainfall maxima are observed in the
coastal area (LG) more specifically in Conakry ranging between 3300 and 4500
mm/year with two peaks in July and August. In LG, Kindia station recorded an
important rainfall contribution at the beginning of the season compared to Co-
nakry and Boke. The Conakry station, shows a rainfall contribution higher than
Kindia and Boke in June, July, August and September where two main peaks are
observed (July and August). In Fouta Djallon region (MG), at the start (March,
April, May) and in the full season (July, August, September), the Mamou rainfall
contribution is higher than in other stations in his region. On the other hand,
Koundara contribution is lower than those of other MG stations. In UG, Fara-
nah’s monthly rainfall contributions are slightly higher than the other stations
from May to July and from October to November. In southern Guinea (FG),
Macenta station has a higher contribution rainfall than other stations in its re-
gion. However, Kissidou station comes in second position whose rainfall exceeds
that of Nzerekore.
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The precipitable water analysis in the lower level, shows that the maximum
values are observed over coast (Conakry) and in south (Macenta, Nzerekore)
almost during JJAS season. In October, they are observed south, corresponding
to the ITCZ withdrawal indicating the appearance of very pronounced humidity
in these areas favorable to deep convection. As a result, we are in favorable con-
ditions for initiation of convection and rainfall, illustrating that atmospheric
moisture is driving monsoon rainfall in the tropics [30].

From the moisture flow divergence, at the beginning of the season (June), the
strong gradients of moisture convergence are observed in Fouta Djallon massifs,
favorable to deep convection. Between July and August, the appearance of a
strong convergence gradient of moisture over Conakry and about is also noticed,
which is associated with the orographic effect (foehn) and oceanic influence.
This season also coincides with the maximum precipitable water and rainfall
observed at the coast (Conakry). During the end of season, we also observed a
very marked moisture convergence gradient in orographic areas of Guinea: at
Fouta Djallon and in the forest.

The moisture flow transport has a very pronounced variability as a function to
the seasons. At onset season, the moisture flow observed are very variable be-
tween west, south and southwest. But during the monsoon, they are dominated
especially by those of west and south-west confirming the rains maxima record-
ed in Conakry.
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