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INTRODUCTION 

Chad consists mainly of a vast basin bordered by 

mountainous massifs. The Chadian territory can be 

subdivided into three bioclimatic zones: Sahara, Saheli-

an, and Sudanian (PANA, 2010). In the north, there is a 

Saharan zone which is characterized by very low rain-

fall and this zone is limited in the south by the 200 mm/

year isohyets. In the center, there is a Sahelian zone 

which is between 200 and 800 mm/year isohyets and in 

the south, there is a Sudanian zone which is character-

ized by high rainfall intensity and this zone is between 

800 and 1200 mm/year isohyets (Bedoum et al., 2017). 

Chad's rainfall regime is linked in summer to the sea-

sonal movement of the Inter-tropical Convergence 

Zone and the circulation of the West African monsoon. 

Indeed, the seasons follow one another according to 

the meridian movement of the tropical convergence 

zone, and rainfall is marked by a strong irregularity in 

its spatial and temporal distribution. On the other hand, 

the thermal regime is marked by a relatively cold period 

from December to February (11° to 22º C) and a hot 

period from March to June (39 to 45°C).The average 

minimum and maximum temperatures across the coun-

try range from 19 to 21°C and 34 to +37°C, respective-

ly (Strategie Nationale de Lutte contre les Change-

ments Climatiques SNLCC, 2017). 

Several meteorological parameters, including tempera-
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ture and rainfall, play a key role in climate change. Nu-

merous scientific studies on climate in the sub-region 

( Groupe d’experts Intergouvernemental sur l’Evolution 

du Climat GIEC, 2007a, b) ;(GIEC, 2014); Ly et al. 

(2013);  Alhassane et al. (2014),  Sarr et al. (2015) 

have made it possible to highlight the major current 

climate changes variations in rainfall marked by a sud-

den alternation of wet and dry years, an increase in 

temperature and an increase in extreme weather 

events (floods, droughts, heat waves, high winds, etc.) 

that have occurred in Africa, and more particularly in 

Chad. Climate changes over the last few decades in 

Chad showed, like in other African countries south of 

the Sahara. 

These meteorological phenomena are the main facts of 

climate change recorded over the last few decades in 

Chad (PANA, 2010; Mbaiguedem, 2012; Bedoum et al., 

2017). 

According to the (GIEC, 2014) conclusions and by tak-

ing into account the report of (OCHA, 2022), these phe-

nomena will become increasingly intense and frequent 

during this century. To cope with this situation, it is im-

portant to make a detailed study of these meteorologi-

cal parameters and to see their link with solar activity 

because most of the disturbances observed in the near-

Earth environment are attributed to the different varia-

tions of the sun’s solar activity and solar events Ouat-

tara et al. (2009); Zerbo, (2012a,b). 

The solar activity originates from a magnetic field inside 

the sun. This magnetic field passes through the photo-

sphere and into the chromospheres and corona. This 

solar magnetic field has two forms: i) A form not open to 

the interplanetary medium (toroidal field) responsible for 

sunspots, faculae, chromospheric eruptions, active cen-

tres, etc., ii) An open form (dipole field) on the interplan-

etary medium responsible for holes and coronal jets. 

Either form contributes to the observed events Ouattara 

F. Thesis (2009). 

Previous studies have shown a strong correlation be-

tween solar activity and meteorological parameters, as 

well in Africa, Europe, America and Asia     

(De Jager, 2008; Tsiropoula, 2003; Hiremath and Man-

di, 2004; Hiremath, 2006; Zerbo, 2013a; Nitka 

and Burnecki, 2019; Laurenz et al., 2019; Mohamed 

and El-Mahdy, 2021). Some studies have already 

shown that the sun influences the Earth's surface tem-

perature. For example, in the 17th century, no sunspot 

was observed for a period of 70 to 80 years. This de-

crease in solar activity coincided precisely with the "mini

-ice age" of the second half of the 17th century (Eddy, 

1976). Also, in 1991, Friis-Christensen and Lassen 

showed that the variation of the solar cycle length 

agrees remarkably well with the air temperature in the 

northern hemisphere over the last 130 years. The exist-

ence of a very good correlation between the geomag-

netic index aa and the solar wind has made it possible 

to classify geomagnetic activity into four categories. 

Each activity has a solar origin. The work of Ouattara et 

al. (2009); (Ouattara and Amory-Mazaudier, 2009); and 

Zerbo et al. (2011) was proof of this classification.  The 

present study aimed firstly to validate the classification 

of geomagnetic activity made by Legrand and Simon 

(1989), i.e. quiet activity, fluctuating activity, recurrent 

activity and shock activity and then to establish the so-

lar origin of these different geomagnetic activities by 

using the values of the geomagnetic indices aa and the 

sunspot numbers Rz existing since 1868.  

MATERIALS AND METHODS 

Data  

The data used in this study were three meteorological 

parameters, namely temperature, rainfall and solar in-

dex Rz. The period of study was 1950 -2020. 

The temperature and rainfall database was retrieved 

from Chad's ANAM (National Agency of Meteorology). 

It concerns two geographically distinct cities in Chad: 

Moundou and Ndjamena, belonging respectively to a 

Sudanian and a Sahelian zone. 

Data on sunspot numbers Rz are currently available in 

daily, monthly and annual averages, and systematically 

distributed on the NOAA (National Oceanic and Atmos-

pheric Administration) websites (https://www.ngdc. no-

aa.gov/stp/space-weather/solar-data/solar-indices/

sunspotnumbers/american/tables/). 

 

Methods 

The Nicholson index was used to study the inter-annual 

variability of rainfall. This index is expressed as follows:  

ISP=                                                      Eq. 1 

where 

ISP: Standardized Rainfall Index 

Pi: Cumulative rainfall in year i (in mm), 

: Average rainfall over the study period (in mm), 

σ:  Standard deviation of rainfall over the study period. 

Thus when: 

ISP < -1: The year is dry 

-1 ≤ ISP ≤ 1: The year is normal 

ISP> 1: The year is wet 

 

Determination of the sunspot number Rz 

The relative sunspot number, known as the "Wolf num-

ber" Rz is defined as follows: Rz = k (10g +f)  where k 

denotes the weighting coefficient which depends on the 

instrument used by the observer for counting sunspots 

and their subdivision into groups; g is the number of 

sunspot groups; and f represents the total number of 

sunspots. 

The Sunspots number Rz makes it possible to deter-
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mine the different phases of the solar cycle. Thus, solar 

cycle phases are determined by considering the criteria 

of the following conditions from Doua et al. (2013):  

1) Minimum phase: Rz < 20, where Rz is the annual 

average value of the sunspot number; 

 2) Ascending phase: 20 ≤ Rz ≤ 100 and Rz greater 

than the value of the previous year; 3) Maximum 

phase: Rz > 100. For solar cycles where the maximum 

Rz (Rzmax) is smaller than 100, the maximum phase is 

obtained by considering Rz > 0.8 Rzmax; 

4) Descending phase: 100 ≥ Rz ≥ 20 and Rz smaller 

than the previous year's value.  

RESULTS AND DISCUSSION 

The rainfall in Chad from 1950 to 2020 in two different 

climatic zones is presented in Fig.1. Panel a) concerns 

the city of N'Djamena and panel b) deals with the city of 

Moundou.  

Fig.1 (a) deals with the city of N'Djamena recording the 

year 1959 as the wettest year of this period. On the 

other hand, the driest year was the year 1984. The pe-

riod from 1950 to 1961 was the wettest period in the 

present study (Maharana et al., 2018; Pattnayak et al., 

2019). However, the period from 1979 to 1987 was the 

driest.  And everywhere else, an alternation of wet and 

dry years was noticed. This figure shows an overall 

decreasing trend in rainfall over the study period. This 

result corroborates the work carried out by Bedoum et 

al. (2017) during their study from 1960 à 2008 and by 

Maharana et al. (2018); Pattnayak et al. (2019) in 

Chad. In panel b), which concerns the Sudanian zone, 

the wettest year was 1951 and the driest was 1998. 

The wettest period was from 1958 to 1965. On the oth-

er hand, the dryest period started from 1980 to 1990 

(Maharana et al., 2018; Pattnayak et al., 2019).  

Elsewhere, alternating wet and dry years during our 

study period were in the south of the country. Overall, 

the rainfall trend is declining in this area, as it is for the 

town of N’djamena (Djeko and Seingué, 2017). 

Fig. 2 deals with the average temperature from 1950 to 

2020 in two different climate zones. Panel a) concerns 

the city of N'Djamena and b) deals with the city of 

Moundou.  

In Fig. 2 of panel a), which corresponds to the city of 

N'Djamena, the curves showed the following hottest 

years: 1973, 1982, 1990, 2005, 2010 and 2013 with 

mean temperature values above 29°C. The warmest 

Fig. 1. Inter-annual rainfall variation from 1950 to 2020 in Chad: a) N'Djamena and b) Moundou. 

a 

b 
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year was 2010 with an average temperature of  

30.06°C. However, the coldest years were 1959, 1961, 

1977, and 1988.The coldest year during that study peri-

od was 1988°C, with an average temperature of 27.39°

C.  Overall, there is an increasing trend in the average 

temperature in the Sahelian zone. The same result was 

found by Bedoum et al. (2017) during their study from 

1960 to 2008 in Chad and by Maharana et al. (2018; 

Pattnayak et al. (2019). 

Fig. 2 (b) shows the inter-annual mean temperature for 

1950-2020 in Moundou. 

The years 1952 and 1997 were the warmest years of 

this period, with mean temperature values of 27.9°C 

and 28.9°C, respectively. The years 1989 (26.1°C) and 

1962 (26.3°C) were the least warm years in present 

study period. 

In the Sudanian zone, the average temperature trend 

was slightly increasing (Djeko and Seingué, 2017; Ma-

harana et al., 2018; Pattnayak et al., 2019). 

Fig. 3 shows the superposition of rainfall and sunspot 

number Rz for 1950-2020.  Panel a) deals with the city 

of N'Djamena, and panel b) corresponds to the city of 

Moundou. 

The curves of Fig. 3 (a) show that the solar minimums 

of the different cycles of the study period (1954, 1964, 

1976, 1986, 1996 and 2008) corresponded to the rain-

fall peaks and the solar maximums of these different 

cycles coincided with the lowest rainfall values except-

ed for the solar maximum 2000.These results corrobo-

rate the work of Zerbo et al. (2013b) and Hiremath 

(2006), which concerned the Sahelian zone. This result 

also corresponded with the work carried out by Obieg-

buna et al. (2023) in Nigeria (Sokoto and Port Harcourt) 

and by Mohamed and El-Mahdy (2021) in Sudan and 

Sudan South. In their study on the annual rainfall varia-

tion, these two authors and several sunspots Rz in Ni-

geria and Sudan obtained a negative correlation. This-

This means that the maxima of precipitations can corre-

spond at least to the sunspots’ numbers Rz and sharp-

poured. 

The same is true for the Sudanian zone for the solar 

maximums, but there was an exception for the solar 

a 

b 

Fig. 2. Evolution of the average temperature over the period 1950-2020 in Chad: a) N'Djamena and b) Moundou 
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minimums 1996 and 2008, which coincided with the low 

values of the pluviometry of the corresponding year. 

Fig. 4 shows the superposition of Rz Sunspot Numbers 

and temperatures in two different cities in Chad: panel 

a) deals with the city of N'Djamena and panel b) corre-

sponds to the city of Moundou. 

The curves of the two panels through the data show 

that at solar minima of different cycles in the present 

study period (1954, 1964, 1976, 1986, 1996 and 2008), 

temperatures decreased in both study cities, except for 

the solar minimums 1996 of the data for N'Djamena city 

and 2008 in Moundou. However, at solar maximums, 

temperatures fluctuated in N'Djamena (Sahelian zone). 

These results corroborate the work of Zerbo et al. 

(2013b). In Moundou (Sudanian zone), it was noticed 

that the maximum temperatures coincide with the solar 

maximums during this phase, except for the solar maxi-

mum in 2014. 

During the increasing phase, rainfall decreases in the 

two zones studied, but temperatures increase during 

this period. This result corroborates Zerbo et al. 

(2013b) work in West Africa (Burkina Faso). In the de-

creasing phase, rainfall decreases, and temperature 

increases in the Sahelian zone. This is consistent with 

Zerbo et al. (2013b) work realized in Burkina-Faso 

(Sahelian zone).  However, in the Sudanian zone the 

present study recorded a decrease in temperature dur-

ing this phase. 

The analysis of the long series of data available for the 

Aa geomagnetic indices makes it to understand that in 

the context of the sunspot cycle, the different classes of 

activity have different occurrences throughout the phas-

es of the sunspot cycle. Thus, the quiet day activity, 

which was caused by the slow solar winds coming from 

the heliosheet, occurred mostly during the phase mini-

mum, while the shock activity, which was due to the 

coronal mass injections or CMEs, was preponderant 

during the solar maximum as reported by Zerbo et al. 

(2011). 

Considering these previous works, it was revealed that 

Fig. 3. Profiles of rainfall and sunspot number Rz from 1950 to 2020 in Chad: a) N'Djamena and b) Moundou 

a 

b 

1296 



 

Nour, A. M. et al. / J. Appl. & Nat. Sci. 15(3), 1292 - 1298 (2023) 

the increase in precipitation during minimum phases 

could be due to slow solar winds coming from the heli-

osheet. Coronal mass ejections cause a decrease in 

precipitation. 

Conclusion 

The study of climatic variability in Chad in two different 

bioclimatic zones leads to the conclusion that the maxi-

mum values of cumulative rainfall and mean tempera-

ture vary from one zone to another. However, the over-

all trends during that period for these two parameters 

were the same for both zones. From 1950 to 2020, for 

both zones concerned, there was a decreasing trend in 

rainfall and an increasing trend in mean temperature. 

The study of the sunspot number index (Rz) with pre-

cipitation leads to the conclusion that a quiet period of 

solar activity corresponds to high rainfall; however, at 

the peak of solar activity, low rainfall was recorded. The 

study showed that an active sun is associated with less 

cloudy weather and that a calm sun leads to overcast 

skies and rainfall. This study in Chad confirmed the link 

between solar activity and the climate in the lower at-

mosphere. Therefore, solar activity plays an important 

role in studying climate change. 
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