Impact of the ITF relationship and the onset of
rainfall on precipitation in the Republic of Guinea

ABSTRACT

Republic of Guinea is one of the West African countries which share form a border
with the southern. The rainfall onset in this country is one of the major problems
that the farmers face. For it, we determined with more precision, the rainy season
onset in eight synoptic stations in Republic of Guinea: Boke, Conakry, Faranah,
Kankan, Koundara, Labe, Mamou and NZerekore. Then, we studied the
InterTropical Front (ITF) position compared to each station at the onset date. This
work better analyses the atmospheric dynamics leading to rainfall particularity. We
used the daily rainfall data provided by the National Meteorological Service of
Guinea for (1991-2020) years and the dekadal (10-day) ITF position data produced
by the National Oceanic and Atmospheric Administration (NOAA) for (1990-2021)
years. Using these daily rain of the eight stations and the ITF data, we calculated,
the dekadal, monthly and annual rain amount, then we established a relation
between the ITF position and the precipitation for each station. Results obtained
show that the rainy season begins on May 18th, April 20th, May 4th, May 14th,
June 8th, May 12th, April 28th and March 20th in Boké, Conakry, Faranah, Kankan,
Koundara, Labe, Mamou and NZerekore regions, respectively. Compared to these
dates, the ITF is located 2247.77 km north of Boke, 2136.13 km north of Conakry,
2121.24 km north of Faranah, 2136.13 km north of Kankan, 2236.61 km north of
Koundara, 2247.77 km north of Labe, 2236.61 km north of Mamou and 2136.13 km
north of NZerekore. The good correlation is obtained between the ITF position and
the monthly precipitations for eight regions. This study will allow farmers to know
with more precision the rainfall onset in Republic of Guinea.
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1. Introduction

In West African countries, the socio-economic sector is rain-fed agriculture driven
(Djossou 2017). Agriculture is the main source of income for people, and it depends
on water availability (Gupta 2022a). Most of the rivers are dried up in the non-
monsoon period due to climate change (Kumar 2021). The researchers have
indicated that global warming is one factor that highly influences rainfall patterns at
a regional scale and worldwide (Umakanth 2021). The rainfall is a major factor that
determines crop choice and yield (Mensah 2016). In tropical Africa and Atlantic
during the West African Monsoon, rainfall come from convective systems with a
wide range of proprieties (stormy, squall lines) (Kante 2020). Accorging to Dione
2013, deep convection in West Africa exhibits important variability by local
thunderstorms or smaller convective systems, but also by convective mesoscale
systems (squall lines). The planting (sowing) dates, crop growth, yield and food
production have been affect by the variability of rainfall onset and duration
(Amekudzi 2015, Owusu 2009). There is the need to investigate the variability of
the onset and duration of the rainfall season over the West African Climate
(Manzanas 2014). In Guinea Republic, as in other West African countries, the
knowledge on past and present onset and duration of the rainy season will inform
prediction and planning of appropriate interventions towards ensuring yield stability.
According to Djossou 2017, the farming which feeds the majority of the populations
in Africa, depends on the regularity of the rainfall during a season of the year, in the
most of the regions situated above of 7°N. Amekudzi 2015, over the country using
the rainfall amount and rainy days approach, extensively studied the variability of
rainfall onset, cessation and growing season. Without doubt, it is not necessary to
recall the importance of water for life, health and human activities. Water is a limiting
factor for development in the Sudano-Sahelian regions of West Africa. As
development basis in many African countries, this importance can only increase
with the priority now given to agriculture (Carbonnel 1992). The non-respect of the
rainfall onset can lower the harvests or to the best of the cases drive to the leakages
of seed totaling 25% (Marteau 2009). According to experts, global warming is one
element

that significantly impacts regional and global rainfall pattern (Cupta 2022b, 20214,
2021b). According to Omar 2023, Water scarcity is a pressing global issue
exacerbated by climate change and population growth. The available water, liable
to could become a resource, comes from precipitation, and these ones are ill-known
(Carbonnel 1992). Several researchers have also focused on the question of the
rainfall onset and methods of its determination have been proposed. Some criteria
have been developed by several researchers. According to Djossou et al., 2017
«the date from April 1st with collected at least 20 mm rain amount on 7 consecutive
days, without more than 7 days dry sequences in the 30 days that follow». In agro-
climatic study context, Laux et al., 2007 define the rainfall onset on different regions



of Ghana and Burkina Faso, while taking into account the physiological aspects of
plants. from climatic criteria, other authors define the beginning of the rainfall onset
from the first rainy event indicating the apparition of an organized conversion. The
rainfall onset is based on a frequently criteria and corresponds to the date or 80%
of the stations in a location of 300 km register a significant rain (>1 mm) on 2
consecutive days (Balme 2005).

The seasons in West Africa are schematically determined by the position of the
Intertropical Convergence Zone (ITCZ), the surface formed by the convergence of
Saharan and oceanic air masses (Akpo 2015 and Yoboue 2005). The ITF is a
fundamental characteristic of atmospheric circulation in West Africa (Lélé 2010).
The wet season starts when the position of the Intertropical Front reaches rather
high latitudes (Lebel 2009). It allows the south air masses, loaded with moisture of
Atlantic Ocean, to move northward and push the Saharan hot and dry air masses.
This moisture transport is a key factor for the monsoon system in West Africa (Lebel
2009). Many researchers reported on these processes. According to Lele 2010,
Lothon 2008 and Hall 2006, when in December the ITF is located near Atlantic
Ocean, all West Africa is covered by Saharian dry air masses. The Long Dry
Season settles. The Northward motion of ITF further cloud formations and
precipitations follow in the moving direction of ITF. The onset of rainy season is
also progress from lower lattitudes in the South, Northward. It is known that the ITF,
during the year migrates from the Atlantic Ocean in January and reaches its most
northerly position which is around of the latitude 20°N towards August (Djossou
2017). The convergence zone between the Harmattan and monsoon flows on the
continent constitutes a frontal zone called InterTropical Convergence Zone (ITCZ)
or ITF. In West Africa, the ITCZ position allows to define the climate type observed
(Sultan 2003). The movement of the ITCZ conducted of along with that of the
different air masses (harmattan and monsoon flows), implies strong seasonal
climatic variations, inducing the dry season and the wet season (Akpo 2015 and
Sultan 2003). The ITF is a quasi-stationary front that is to say that its movements
are slow (Djossou 2017). In this context of rainfall onset in West Africa, the joining
between the ITF seasonal movement and the implementation of African Easterly
Jet (AEJ) has been well documented (Omotosho 1992, Citeau 1989). According to
Freon 1988, the North-West African coastal is subject to the influence of three air
masses. Two of these air masses, of boreal origin, are separated from the third, of
southern origin, by intertropical front, surface of discontinuity in wind, temperature
and humidity. The intertropical front (ITF) is discontinuity surface between two air
masses with very different characteristics: tropical, continental, warm and dry air of
harmattan and the tropical, maritime, cool and humid air of the monsoon (Suraud,
1954). In January, the ITF occupies her southernmost position. Its average position
passes a little to the North of CONAKRY, then extends parallel to the coast of the
Gulf of Guinea (Suraud, 1954).



However, the Impact of the ITF relationship and the onset of rainfall on precipitation
is not yet studied in Republic of Guinea. It is in this perspective, that we performed
a climatological approach by studying this relationship between Inter-Tropical Front
and Rainy Season Onset in Guinea by considering at least one synoptic station in
each geophysical region.

For this purpose, we propose to base our research work on the rainfall data of the
whole regions (Lower-Guinea, Middle Guinea, Upper Guinea and the Forest-
Guinea) of Guinea. As part of this work, we consider eight synoptic stations (Boke,
Conakry, Faranah, Kankan, Koundara, Labe, Mamou and NZerekore) of Guinea
from four geophysical regions. Each geophysical region has at least one synoptic
weather stations. For it, our research work is based on the rainfall data of the eight
synoptic stations of the years (1991-2020) and the ITF position data (1990-2021)
produced by NOAA to:

1- study the variability of rainfall from in Guinea Republic from the monthly and
decadal scales;

2- study the average decadal latitudinal position of ITF;

3- determine the average distance of ITF at the rainfall onset for the different
synoptic stations;

4- find the correlation between precipitation and the ITF position.

This information will serve a guide to the farmers and other people in different
sectors of the national economy in Guinea Republic.

2. METHODOLOGY
2.1 Site Descriptions

Republic of Guinea, country situated in the southwest of West Africa covers an area
of 245,857 kmz?, is located between latitudes 7°05 and 12°51 and longitudes 7°30
et 15°10. Itis limited in the West by the Atlantic Ocean, in the South by Sierra Leone
and Liberia; in the East by Ivory Coast and Mali; and in the North by Guinea Bissau,
Senegal and Mali (Fig.1). The eight synoptic stations stand as follow: Boke (latitude
10° 55 53' North, longitude 14° 17 21' West and 156 m altitude) ; Conakry (latitude
9° 32 53' North, longitude 13° 40 14" West and 146 m altitude) ; Faranah (latitude
10° 02' 00" North, longitude 10° 44' 00' West and 456 m altitude) ; Kankan (latitude 10°
23 North, longitude 9° 18 West and 250 m altitude); Koundara (latitude 12° 29’
00" North, longitude 13° 18' 00" West and 260 m altitude) ; Labe (latitude 11° 19
North, longitude 12° 17 West and 1025 m altitude) ; Mamou (latitude 10°22'31.66"
North, longitude 12° 05 00" West and 746 m altitude) ; and NZerekore (latitude
between 7°32 and 8°22 North, longitude 9°04 West and 560 m altitude) (Fig.1).
The observations of these stations are representative of the climate of these
zones. The climate type on the different stations is wet tropical in Boke,



tropical in Conakry, dry winter savannah (Aw) in Faranah, Sub-Sudanese in
Kankan, tropical, hot and dry in Koundara, tropical savannah with dry winter in
Labe, wet and dry tropical in Mamou, and Equatorial guinean in NZerekore (Kante
2019). According to Kante et al., 2020, the naming of geophysical regions is
consistent with their climate and topography.
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Fig. 1. Location of the stations of Boke, Conakry, Faranah, Kankan,
Koundara, Labe, Mamou and N’'Zerekore.

2.2. Data

Two types of data have been used in thisstudy:

- the daily rain data for each station have been collected on 30 years (1991-
2020). These data have been supplied by the National Meteorological
Service of Guinea;

- the ITF data are those produced by NOAA, and are available on the site
www.cpc.ncep.noaa.gov (ftp.cpc.ncep.noaa.gov/fews/itcz) from 1990 to
2021. These data are dekadal (10-day) from Avril to October. The data from
November to March are notavailable on the site, but they have been obtained
by extrapolation to themeridians of interval 10°W. Since Guinea is situated
between 7° and 15°W, we calculated the average of longitudes 5° and 15°W
from 1990 to 2021.

2.3 Methods of Data Analysis
The methods and data processing used in this study are the same as those used
in Djossou 2017. We calculated the dekadal (10-day), monthly and annual



cumulative as well as theirs average, using the daily rain data for eight stations in
Guinea Republic. We also calculated cumulative, average and standard deviation.

The cumulative X is obtained by the arthimetical sum of X;

X =Yt X;, nwhole,n 2 1;
The average : X= " Y"X ;
v 1

The standard deviation o(x) reveals the dispersion of the values around of

the average. It is equivalent to the square root of the variance
T=x*
o(x)=VV =Vi— —;

The ITF distance D is determined by:
D =L. a;where L is the latitude and a =1°=111.319 km.

2.4. Rainfall Onset Criteria

The detection method should be based on the mechanisms of general circulation
of the atmosphere in West African region. We worked here specifically on the
displacement in latitude of monsoon system, not on the modulation of its
precipitating intensity. For this, we used databases from different stations. Some
characteristic variables beyond rainfall within the study regions are identified,
namely the rainfall onset in different stations as well as the averages of pluviometric
cumulative (annual, monthly, dekadal) of whole Guinea Republic on the period
1991-2020. In this study, the new criterion used is one elabored by Djossou 2017:
«the date from April 1% with collected at least 20 mm rain amount on 7 consecutive
days, without more than 7 days dry sequences in the 30 days that follow». Then,
we determined the date of Rainy Season Onset in each city. The results obtained

are presented in section 3.2.

3. RESULTS AND DISCUSSION

3.1 Variability of the Rainfall from Different Stations of Benin

Rainfall variability was analyzed using daily rainfall data in Guinea republic on the
period 1991-2020. Fig. 2 shows the average monthly precipitation cycles of the
eight stations (Boke, Conakry, Faranah, Kankan, Koundara, Labe, Mamou and
NZerekore) from 1991 to 2020. Monthly cumulative averages vary from 0.9 to
930.437 mm in Boke, 2.07 to 1713.08 mm in Conakry, 3.48 to 561.317 mm in
Faranah, 0.08 to 507.9 mm in Kankan, 0 to 530.995 mm in Koundara, 1.77 to
590.935 mm in Labe, 3.523 to 674.694 mm in Mamou and 21.33 to 480.55 mm in
NZerekore.



The peak rainfall month over Boke, Conakry, Faranah, Kankan, Koundara, Labe,
Mamou and NZerekore are August, August, September, August, August, August,
August and August months, respectively. In eight region, the precipitation curve
shows one season. On the eight stations, the monthly precipitation curves show
the same unimodal shape with the peaks of precipitation in September at Faranah,
in August at Boke, Conakry, Kankan, Koundara, Labe, Mamou and NZerekore.
These different analyses allow us to say that NZerekore city knows a long rainy
season and short dry season while Boke, Conakry, Faranah, Kankan, Koundara,
Labe and Mamou cities know a long rainy season and a long dry season. The
results obtained on the rainy and dry season are in accordance with those obtained
by Chavance 1999.

The table 1 below presents the season types observed and the annual cumulative
of pluviometric. This annual average rain amount is 3599.183 mm at Boke,
5594.715 mm at Conakry, 2459.347 mm at Faranah, 2157.495 mm at Kankan,
1742.026 mm at Koundara, 2357.850 mm at Labe, 2834.634 mm at Mamou and
2848.695 mm at NZerekore. The results obtained in these different regions of the
Republic of Guinea confirm what has been highlighted in these cities by Kante et
al., 2020.

Table 1. Season types observed and the annual cumulative of pluviometric

in each city.

Cities Rainy season Dry Season Annual
cumulative of
pluviometric
Bobe May to October November to April 3599.183 mm
Conakry May to October November to April 5594.715 mm
Faranah June to October November to May 2459.347 mm
Kankan May to October November to April 2157.495 mm
Koundara June to October Nonember to May 1742.026 mm
Labe May to October November to April 2357.850 mm
Mamou April to October November to 2834.634 mm

March

NZerekore March to November to 2848.695 mm

November March
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Fig.2 Average cycle of the monthly precipitation in Boke, Conakry, Faranah,
Kankan, Koundara, Labe, Mamou and NZerekore regions on the period
1991-2020.

The table.1 shows equally the evolution of the annual cumulative of pluviometric on
the different stations. Conakry and Boke have the highest rain amount (5594.715
mm and 3599.183 mm, respectively) and Koundara the lowest (1742.026 mm). At
NZerekore, Mamou, Faranah, Labe and Kankan, one record 2848.695 mm,
2834.634 mm, 2459.347 mm, 2357.850 mm and 2157.495 mm respectively. We
also plotted the North-South gradient (Fig. 3). We oberved a precipitation decrease
from Conakry to Koundara via Boke. This figure shows well the existence of North-
South gradient of the precipitation.
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Fig. 3. Annual rainfall in the Conakry, Boke and Koundara stations from
1991 to 2020.



3.2 Determination of Rainfall Onset

According to Omotosho 2000, the most important problems associated with rainfall
variability as a result of changes in moisture availability are : the highly variable
dates of onset of the rainy season at one station and from one station to another;
the temporal (monthly and annual) distribution of the precipitation at each station
or over a small area ; and the cessation and length of the rainy/growing season.

As the onset dates are the most critical, we analyzed in this work, three criteria
allowing us to know the rainy season onset in Guinea Republic. These criteria are:

- the three or four first precipitations registered of at least 10 mm no separated of
more than 7 days (Omotosho 2000).

- the rainfall onset in the Saharian and Sudanian regions as date from May 1st
collecting a water height of at least 20 mm on 3 consecutive days, without any dry
sequences of more than 7 days in the 30 days that follow (Sivakumar 1988).

- the date from April 1st with collected at least 20 mm rain amount on 7 consecutives
days, without more than 7 days dry sequences in the 30 days that follow (Djossou
2017).

After this comparative analysis, we noticed that the standards deviations of the
definite criterion in Djossou 2017 are lower than those obtained in the two other.
This great uncertainty between the three criteria, shows that the methods of
Omotosho 2000 and Sivakumar 1988 does not suit to the regions studied.

Using the onset of rainy season criterion as definite by Djossou 2017, the starting
dates for each year were obtained on the eight stations. This allowed us to
determine the average rainfall onset on the study period. The results obtained for
each station were presented in the table 2. However, the criterion allow to the
farmers to know with precision the rainfall onset of each region. This criterion will
therefore be retained in our study zone.

Table 2. Onset of rainy season

Criterion of Djossou 2017.

Stations Date Standard Deviation (Day)
Boke May 18" 10

Conakry April 20™ 18

Faranah May 4™ 15

Kankan May 14" 22

Koundara June 8" 14

Labe May 12" 13

Mamou April 28" 21

NZerekore March 20" 27




3.3 Variability of the ITF Position

3.3.1 Variability of the ITF position to the dekadalscale on 10°W (1990-
2020)

We analyzed the monthly variability of the ITF position. For this, we used the ITF
dekadal data. The Fig. 4 shows the dekadal latitudinal position of ITF on the period
1991-2020. From latitude 7.5°N to 16.6°N, the graph illustrating the average
position of ITF presents a slight growth of ITF from January to first dekad of June.
From the late June to the first dekad of October, we observed a slight increase of
ITF. From second dekad of October to December, we observe a rapid decline of
ITF from 15°N to 9.5°N. According to Lebel 2009, Intertropical Front (ITF) has
annual cycle in West Africa; its position is located Southern at latitudes (5-6) °
North, near Atlantic Ocean in December and, after, it slowly moves northward to
(18°-20°) N and then retreates back.
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Fig. 4. Average dekadal latitudinal position of ITF on longitude 8°W (1990-
2021)

3.3.2. ITF distance of the different sites to the rainfall onset (Monsoon
period)

The ITF position in relation to the rainfall onset for each station was determined
over the period 1991-2020. It consists to determine the latitudinal position of ITF to
these dates, after wards to determine its position in relation to the different stations
and finally to calculate the distance which separates the ITF of these sites taking
into account the fact that 1 ° =111.319 km to the equator (Djossou 2017). These
positions are summarized in the Table 3. According to Lebel 2009, the wet season
starts when the position of the Intertropical Front reaches rather high latitudes.
Which allows the south air masses, loaded with moisture of Atlantic Ocean, to move
northward and push the Saharan hot and dry air masses. This moisture transport
is a key factor for the monsoon system in West Africa. All West Africa is covered



by Saharian dry air masses, when in December the ITF is located near Atlantic
Ocean (Lele 2010, Lothon 2008, Hall 2006). Which also explains the progression
the onset of rainy season from lower lattitudes in the South, Northward. These
results obtained in this study are near of those that have been obtained by Many
researchers on the the ITF distance and the rainfall onset in West Africa.

Table 3. ITF Position compared to the rainfall onset

Station Latitude of Latitude of ITF Position of FIT
station (°N) (°N) (km)
Boke 10.93 14.80 491.45
Conakry 9.33 13.30 441.21
Faranah 10.02 13.20 368.43
Kankan 10.23 14.30 459.60
Koundara 12.29 13.00 57.68
Labe 11.19 11.90 132.11
Mamou 10.28 12.90 338.65
NZerekore 7.32 10.20 312.60

3.3.3. ITF distance to the different sites for each dekad and the
Correlation between precipitation and ITF position

The latitudes of the stations and the data produced by NOAA were used to
determine the ITF distance in relation to each station for all dekad. On the eight
stations, the maximal height of dekadal rain amount for the rainy seasons are
measured during the dekad on Augustn10" in Boke, August 20" in Conakry,
September 20" in Faranah, August 20" in Kankan, August 30" in Koundara,
August 10™ in Labe, August 30" in Mamou and August 20" in NZerekore,
respectively. During these dates, the ITF situates at 2247.77 km from Boke, at
2136.13 km from Conakry, at 2121.24 km from Faranah, at 2136.13 km from
Kankan, at 2236.61 km from Koundara, at 2247.77 km from Labe, at 2236.61 km
from Mamou and at 2136.13 km from NZerekore. The ITF position is counted
positively when the ITF is in the North of site and negatively when it is located in
the South of site.

In this study, the relation between the ITF position and the monthly cumulatives of
precipitation for each station was established. For it, we associated to the monthly
position of ITF compared to each station, to the monthly cumulatives of
precipitation, in order to seek a correlation between the ITF position and the
precipitations registered (Fig.5). The correlation is 0.93 in Boke, 0.76 in Conakry,
0.96 in Faranah, 0.97 in Kankan, 0.87 in Koundara, 0.87 in Labe, 0.95 in Mamou
and 0.95 in NZerekore, respectively. These value observed show a good
correlation between these two greatness. For the eight sites, the correlations are
very raised. Which reveals that the pluviometric regime in Guinea Republic is due
to the ITF position. These results are near of those that have been obtained by Lélé



2010 on the ITF variability and the rain amount of precipitation in Sudano-Sahelian
zones in West Africa.
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Fig. 5. Monthly precipitations in relation with the position of the ITF in
accordance with the eight station: Boke, Conakry, Faranah, Kankan,
Koundara, Labe, Mamou and NZerekore

Conclusion

In this study, we elaborated the Relation between the Inter-Tropical Front and Rainy
Season Onset in Guinea Republic. For it, we have chosen at least one synotic
station representative in each region: Forest-Guinea (Nzerekore), Upper-Guinea
(Faranah, Kankan), Middle-Guinea (Koundara, Labe, Mamou) and Lower-Guinea
(Boke, Conakry), of this Republic. Then, we studied the rainfall variability of each
station on the period1991-2020. Finally, we found a correlation between the
monthly position of ITF and monthly precipitation for each station. The results from
this work show that:

The annual average rainfall calculated during the study period (1991-2020)
is 5594.715 mm for Conakry, 3599.183 mm for Bokeé, 2459.347 mm for
Faranah, 2157.495 mm for Kankan, 1742.026 mm for Koundara, 2357.850
mm for Labe, 2834.634 mm for Mamou and 2848.695 mm for NZerekore.
The existence of North-South precipitation gradient is noticed for Conakry,
Koundara and Boke ;

The rainy season starts on May 18", April 20", May 4™, May 14", June 8",
May 12", April 28" and March 20™ in Boke, Conakry, Faranah, Kankan,
Koundara, Labe, Mamou and NZerekore regions, respectively ;

On these dates the ITF is located 2247.77 km north of Boke, 2136.13 km
north of Conakry, 2121.24 km north of Faranah, 2136.13 km north of
Kankan, 2236.61 km north of Koundara, 2247.77 km north of Labe, 2236.61
km north of Mamou and 2136.13 km north of NZerekore, respectively ;



There is a good correlation between the ITF position and the monthly
precipitation in Boké (0.93), Conakry (0.76), Faranah (0.96), Kankan (0.97),
Koundara (0.87), Labe (0.87), Mamou (0.95) and NZerekore (0.95) regions.

This study will allow farmers to know with more precision the rainfall onset in the
Republic of Guinea.
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