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Rainfall is the most important element that limits the productivity of crops. Proper analysis of rainfall 
trend and understanding of its relationship with land productivity may help in planning purposes. 
Accordingly, a study was conducted to assess the statistical behavior of monthly, seasonal and annual 
rainfall in south west Ethiopia (Arba Minch). Furthermore, correlation statistics was employed to explain 
the relationship between land productivity and the pattern of rainfall for two major crops (teff and 
maize). The analysis for recent rainfall data (2005 to 2016) showed that the mean annual total rainfall 
was 962 mm, where the highest was recorded in 2007 (1,141 mm), and the least was in 2009 (638 mm). 
Similarly, the mean total rainfall for the short and main rainy seasons were 373 and 417 mm, 
respectively. The main rainy season (June to October) covered nearly 42% of the total rainfall and 39% 
of the annual rainfall was recorded during the short rainy season (March to May). With respect to the 
variability of the rainfall record, the short rainy season was more unpredictable than both (which had 
34% coefficient of variation), the main rainy season and the total annual rainfall (26 and 15% in their 
respective orders). The nature of the variability is in agreement with the rest locations in the country, 
where in most cases, the total annual rainfall is expectable. The correlation analysis revealed that maize 
productivity had strong positive relationship with the rainfall record of the main and short rainy season, 
while teff negatively correlated with the distribution of the rainfall during 2011 and 2016. Similarly, 
rainfall during the month of June had high correlation (0.76) with the yield of teff, while for the same 
crop, the total rainfall for the month of September had equal negative correlation with the productivity 
(0.78). 
 
Key words: Coefficient of variation, correlation, land productivity, rainfall, trend. 

 
 
INTRODUCTION 
 
Food security endeavors are being challenged globally 
because of the threat posed by the ongoing climate 
change and global warming effects caused by the ever-
increasing population growth and its increased dependence 

on the limited availability of land resources. Extreme 
weather and climatic events such as drought, floods and 
pest infestation also directly affect agricultural production.  

The seasonal characteristic of  rainfall  is  an  important
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climatic element that affects the productivity and 
production potential of crops in the subsistence 
agricultural systems. With the current climate change 
threat, slight variabilities in the availability of rainfall can 
lead to a significant impact on crop yields (Velma, 2014). 

Availability of soil moisture is one of the major factors 
that play a significant role in the productivity of rainfed 
agriculture. In smallholder rainfed farms, seasonal rainfall 
variability will determine the productivity and production 
potential of land resources. The production capacity of 
crops will also be determined based on the availability of 
water in the soil from planting to the harvest stages of 
crops. In line with this, the soil type, temperature and 
nutrient availability together with other factors will also 
impact on rainfed and irrigated way of crop production at 
a considerable level as the natural capitals of our 
environment are interrelated to each other. The pattern 
and intensity of precipitation have a direct relationship 
with the growth and development of crops, pests and 
disease outbreaks that eventually affect the yield potential 
of crops (John et al., 1992). 

Higher amount of rainfall usually correlates with 
increased yield as well as lower variability in yield. A 
study conducted in sub-Saharan Africa, however, showed 
that there is a wide range of yield from the same amount 
of rainfall across locations, whereby 500 mm of rainfall 
yielded about 1.5 t ha

-1
 in East Shewa of Ethiopia, 

whereas the same amount of rainfall yielded about 10 t 
ha

-1
 in Kroonstad, South Africa. Hence, factors like soil 

texture and structure will influence the water holding 
capacity of the soil since clayey soils for instance will hold 
more water as compared to sandy soils (Harvest Choice, 
2010). 

Crop water requirement and growth stages also have 
an impact on the availability of soil moisture and 
productivity. Crops like chickpea are known to grow in 
moisture deficit areas, while maize requires a substantial 
amount of water if the production of the crop has to be 
maximized. Crops have different rate of water requirement 
across their growth stage, the highest demand being at 
the flowering and grain filling as compared to other 
vegetative growth stages. The availability of water during 
critical growth stages will have a direct impact on the 
production potential of a given area; therefore, under-
standing these factors will help to deploy appropriate land 
management practices that can help increase the 
productivity of an area if the effect of rainfall variability 
and droughts is to be minimized. 

In sub-Saharan Africa, agricultural activities play lead 
role in the overall growth and development of many 
nations. Ethiopia’s economy for instance, is largely 
dependent on agriculture. Agriculture is the main stay of 
livelihoods for more than 85% of the country’s population. 
The sector also accounts for 43% of the gross domestic 
product (GDP) and 90% of the country’s exports (USAID, 
2016). Ethiopia’s agriculture is heavily dependent on 
natural rainfall, with irrigated land accounting for less than 

 
 
 
 
1% of the total cultivated land (MEF, 2015). In Ghana, on 
the other hand, agriculture contributes 38% of the 
country’s GDP, accounts for about 75% of the export 
earnings, and provides over 90% for the food needs of 
the country (Francis and Tsunemi, 2013). 

Low level of modern technologies utilization, strong 
reliance on rainfall and low levels of productivity 
characterizes Ethiopia’s agricultural systems. As 
previously pointed out by Woldeamlak (2009) and 
Befekadu and Berhanu (2000), rainfall is the most 
important climatic variable which impact the growth and 
development of field crops since water serves as a 
medium for the transport of nutrients in crop growth and 
development. Hence, shortage of water supply can 
directly inhibit the growth of crops and productivity. Von 
(1991) mentioned that, a 10% decrease in seasonal 
rainfall amount could cause a 4.4% decrease in food 
production. 

Adugna (2005) attempted to show patterns of rainfall 
and provide insight which could help in the preparation of 
an early warning system in the country. The degree of 
total yield and productivity variability over time is not only 
caused by the amount of rainfall, but also by the pattern 
and frequency of rainfall cycle. Mean annual rainfall is 
often the only index of rainfall quoted for a place in view 
of rainfall-yield relationship analysis. For agriculture, 
however, the main issue is how often a given area 
receives too little, enough or too much of rain for a 
particular form of productive and sound crop production 
pattern. Station level rainfall data from 1954 to 1994 and 
agricultural production data of major cereal crops from 
1980 to 1994 for four provinces of Ethiopia were used. 
Time series analysis techniques, auto-regressive moving 
average (ARMA) and vector auto-regressive (VAR) models 
were used to show the pattern of rainfall and response of 
yield to rainfall as well as to previous yield shocks. 

The farming systems of south-western Ethiopia are 
largely dependent on short and erratic rainfalls that make 
the production systems and overall livelihoods of the 
community vulnerable for rainfall variability. Hence, any 
change in the rainfall amount and intensity is directly 
related to the survival of the people. 

In line with this, in the context of the south-west, 
statistical analysis of the relation/correlation of rainfall 
with the overall crop production system is very meager 
and has not been thoroughly explored. This article 
therefore, aimed to examine the monthly, seasonal and 
annual rainfall statistics with respect to the productivity of 
two major cereals in the south west of the country in Arba 
Minch District (AMZDOA, 2017). 

 
 
METHODOLOGY  

 
Description of the study area 

 
The study area, Arba Minch Zuriya district is situated in Gamo  Gofa  
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Figure 1. Location map of Arba Minch Zuriya district. 

 
 
 
zone of the Southern Nations and Nationalities Peoples’ Regional 
State of the Federal Democratic Republic of Ethiopia. The district is 
located 505 km south west of Addis Ababa and has a total of 29 
kebeles (the smallest administration unit in the country). Agro 
ecologically, 4 kebeles are highlands, 15 are at mid altitude and the 
remaining 10 are found in the low land zone. The district has a total 
population of 74,879 in Arba Minch City and 164,529 in Arba Minch 
Zuriya District (Figure 1). The altitude of the district ranges from 
1200 to 3300 masl with a rainfall amount of 800 to 1200 mm per 
annum while the temperature also ranges from 16 to 37°C. There 
are two cropping seasons, namely, Belg (short rainy season) and 
Meher (main rainy season). The short rainy season starts from 
March to May, while the main rainy season is from June to 
September. The district is also surrounded by the two Rift Valley 
lakes namely Chamo and Abaya that have a great economic as 
well as ecological value to the area (FDRE-PCC, 2008). 

 
 
Data collection and analysis 
 
Monthly total rainfall data for Arba Minch was obtained from the 
Meteorological Agency of Ethiopia (2005 to 2016). The statistical 
behaviours of the data were explained using simple statistical 
procedures and hence the average, standard deviation, kurtosis 
and skewness of the data were analysed. For the years between 
2012 and 2016, correlations statistics was developed for the 
productivity of two important crops (kg ha-1) with the rainfall record 
of the district, monthly total, short rainy season (March to May), 
main rainy season (June to October) and the total annual rainfall. 

RESULTS AND DISCUSSION 
 
The seasonal rainfall statistics of the rainy season is 
presented in Table 1. According to the analysis results for 
the period between 2005 and 2016, the mean annual 
total rainfall was 962 mm where the highest was recorded 
in 2007 (1,141 mm), and the least was in 2009 (638 mm). 
Similarly, the mean total rainfall for the short and main 
rainy seasons was 373 and 417 mm, respectively. The 
main rainy season (June to October) covered nearly 42% 
of the total rainfall while 39% of the annual rainfall was 
recorded during the short rainy season (March to May), 
according to the mean statistics of the ten years’ data. 
The remaining 18% might have been linked to 
intermittent rain days out of the cropping seasons in the 
study area. With respect to variability of the rainfall 
record, the short rainy season was more unpredictable 
than both (which had 34% coefficient of variation), the 
main rainy season and the total annual rainfall (26 and 
15% in their respective orders). The nature of the 
variability is in agreement with the rest of the locations in 
the country, where, in most cases, the total annual rainfall 
is expectable. 

The highest mean monthly total rainfall was recorded in 
April (167 mm) and the minimum in March (67 mm) for
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Table 1. Rainfall statistics for the rainy seasons. 
 

Year Short rainy season (mm) Main rainy season (mm) Annual (mm) 

2005 599.6 265.4 933.1 

2006 382.5 427.3 1128.4 

2007 339.7 641 1141.1 

2008 243.6 515.6 850.5 

2009 236.4 236 638.7 

2010 591.1 395.3 1068.1 

2011 146.6 402.2 845.8 

2012 418.1 480.2 1021.2 

2013 439.7 492.8 1061.1 

2014 349.9 402.6 866.2 

2015 357 436.9 1121.3 

2016 377.9 311.8 868.5 

Mean (mm) 373.51 417.26 962 

SD (mm) 127.17 107.18 146.89 

CV (%) 0.34 0.26 0.15 

Kurtosis 0.102 0.365 -0.024 

Skewness 0.27 0.17 -0.66 

 
 
 
Table 2. Statistical behavior of the mean monthly total rainfall of the rainy seasons. 
 

Statistical parameter March April May June July August September October Annual 

Mean 67.13 168.66 137.73 78.62 33.36 48.38 118.57 138.33 962.00 

CV (%) 73.66 54.25 44.47 44.43 78.76 60.57 54.98 34.56 15.27 

SD 49.45 91.50 61.24 34.93 26.27 29.30 65.19 47.81 146.89 

Skewness  1.49 0.45 0.10 -0.49 2.33 0.27 0.63 0.78 -0.66 

Kurtosis 2.09 -1.06 -1.64 0.01 6.84 -1.36 -0.86 0.60 -0.02 

 
 
 
the short rainy season (Table 2). During the main rainy 
season (June to October), October appeared to have the 
highest mean total monthly rainfall of 138 mm with a 
corresponding minimum mean rainfall of 33 mm recorded 
in July. As in other parts of the country, the monthly 
rainfall of the short rainy season varies more as 
compared to the corresponding main one. The extent of 
its variability ranged from 44% in May to 76% in March. In 
the main rainy season, the rainfall in July was less 
predictable than the rest of the months (78% of 
coefficient of variation) followed by August (60%) and 
September (55%). In a more variable rainfall pattern, 
planning for agricultural practices could be a problem. 
Hence, proper preparations should be done, for instance 
in setting the planting dates of crops. Moreover, if water 
saving practices can be exercised, the impact of temporal 
rainfall variability can be minimized to a certain extent. 
For this particular area, the two rainy seasons seem to 
merge, and if one can conserve soil moisture from the 
short rainy season, planting as early as June or July can 
help in obtaining good crop yield and the moisture during 
the   late   season   could  help  in  growing  pastures   for  

feeding animals that may be kept in the farm. 
A selected trend in the rainfall record of the rainy 

seasons is presented in Figures 1 and 2. Analysis of the 
results showed that there was a decreasing trend in total 
rainfall for the two seasons and the annual total as well. 
The highest declining trend was for short rainy season, 
followed by the main rainy season and the total annual, 
respectively. As the study area is in the low land parts of 
the country where a decreasing trend of rainfall has also 
been observed, it can be linked to one of the effects of 
climate change in recent years. 

A selected trend in the rainfall record of the rainy 
seasons is presented in Figures 2 and 3. Analysis of the 
results showed that there is a decreasing trend in total 
rainfall for the two seasons and the annual total as well. 
The highest declining trend was for short rainy season 
followed by the main rainy season and the total annual, 
respectively. 

As shown in Figure 3, the rainfall trend for the months 
of short rainy season showed that only the month of April 
had an increase in trend, while the two months (March 
and May) showed declining  trend.  The  rainfall  peak  for
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Figure 2. Rainfall trend during the rainy seasons (2005-2016). 

 
 
 

 
 

Figure 3. Rainfall trends of the short rainy seasons (2005-2016). 

 
 
 
April was observed in 2012 (319 mm), and the least in 
2014 (30 mm). In the period between 2006 and 2010, the 
temporal rainfall distribution for this particular month was 
more uniform than the rest of the periods. Agricultural 
planning during these years might not have been affected 
as the rainfall occurred in a more stable way. In the year 
2012, there was a sharp increase to 319 from only 30 
mm in 2012. It again sharply decreased the following 
year (2013) to 70 mm in 2014, and increased to 272 mm 
in 2016. 

Similarly, the rainfall trend for the months of the main 
rainy season showed that all months except August and 
September had an increasing trend (Figure 4). In the 
month of June when the main rainy season  is  commonly 

expected to start, the highest peak rainfall was recorded 
in 2006 (126 mm) and the lowest was in the previous 
year (22 mm). Again, the rainfall trend for this month had 
a stable pattern during 2010 and 2014 which could allow 
smooth planting of common crops in the area. 

The nature and extent of dependence of the crop 
productivity of the study area on the total rainfall was also 
investigated. The results of the correlation analysis 
showed that maize productivity had strong positive 
relationship with the rainfall record of the main and short 
rainy season, while teff negatively correlated with the 
distribution of the rainfall that occurred during 2011 and 
2016 (Table 3). Similarly, the rainfall during the month of 
June had high correlation (0.76) with the yield of teff while  
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Figure 4. Rainfall trends of the main rainy season. 

 
 
 

Table 3. Correlations statistics between land productivity (yield kg ha-1) and rainfall (short and main rainy season and monthly). 
 

 Crop Short Main Annual 
Month 

March April May June July August September October 

Maize  0.64 0.80 0.43 -0.19 0.48 -0.32 -0.46 0.43 0.47 0.85 0.10 

Teff -0.70 -0.73 -0.14 -0.08 -0.39 0.25 0.76 -0.53 -0.66 -0.78 -0.09 

 
 
 
for the same crop, the total rainfall for the month 
of September had equal negative correlation with 
the productivity (0.78). As shown in Figure 2, the 
total rainfall showed an increasing trend for June; 
the positive correlation between the yield of maize 

and rainfall might be due to the event and the 
reverse may be true for September (the rainfall 
declined). As mentioned by Von (1991), a 10% 
decrease in seasonal rainfall amount could cause 
a   4.4%   decrease   in  food  production.  Further, 

rainfall is the most important climatic variable 
which impacts the growth and development of 
field crops since water serves as a medium for the 
transport of nutrients in crop growth and 
development (Woldeamlak, 2009;  Adugna,  2005;
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Befekadu and Berhanu, 2000). The negative correlation 
of teff productivity with increasing rainfall can be due to 
the fact that the amount may be surplus to its 
requirement, if other growth factors have not already 
affected the productivity. Researchers of this paper 
suggest that further investigation be done for better 
understanding of the negative correlation between the 
increasing rainfall and productivity of teff in the study 
area, for instance, use of improved varieties, planting 
dates and other agronomic practices that the farmers 
used during those periods. 
 
 
Conclusion 
 
The trend analysis of the recent climate (2005 to 2016) 
showed that the mean annual rainfall record of the study 
area was 962 mm, while the short and main rainy season 
had 373 and 417 mm, respectively. The annual and two 
rainy seasons showed a general decreasing trend while 
three months (June, July and September) from the main 
rainy season and April from the short rainy season had 
an increasing trend. With respect to the relation of the 
productivity of the crops included in this study, maize had 
strong positive relationship with the rainfall record of the 
main and short rainy season, while teff negatively 
correlated with the distribution of rainfall during 2011 and 
2016. Similarly, the rainfall during the month of June had 
high correlation (0.76) with the yield of teff while for the 
same crop, the total rainfall for the month of September 
had equal negative correlation with the productivity 
(0.78). The positive correlation between the yield of 
maize and rainfall might due to this event and the reverse 
be true for September (the rainfall declined), while 
negative correlation of the productivity of teff with the 
increasing rainfall can be due to the fact that the amount 
may be surplus to its requirement, if other growth factors 
have not already affected the productivity. Furthermore, 
critical analysis of the temporal distribution of rainfall 
record on daily or weekly basis is highly recommended in 
order to understand the relationship between productivity 
of this crop (Teff) and rainfall behaviour of the study area. 
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This work aimed to contribute to knowledge improvement of the great Lake ecosystems of Chad, 
precisely that of the Lakes of Ounianga using bathymetric statements on water levels and the in situ 
analysis of physicochemical parameters of the lake’s waters. Bathymetric surveys facilitated 
characterization of the morphology of the bottom of the lakes with depths that vary from 0 to -27 m and 
0 to -5.7 m for Yoan and Teli Lakes, respectively. With regards to water physio-chemistry, the 
temperature of the Teli Lake water measuring up to 0.5 m varied from 20.8 to 36°C, while that of Lake 
Yoan varied from 10.50 to 32.90°C, with an average of 22 and 27°C. The conductivity values oscillated 
between 69 and 111,700 μS/cm for the Lake Teli and 100 to 64,000 μS/cm for the Lake Yoan. This 
document illustrates the techniques used in the investigation of a lake whose study constitutes a wide 
field of continental hydrology. 
 
Key words: Ecosystem, lakes, bathymetry, physio-chemistry, Ounianga, Chad. 

 
 
INTRODUCTION 
 
Bathymetry is defined as measurement of the depth of a 
water body through survey and processing of the 
corresponding data in order to determine the 
configuration of its base. It is a factor which determines 
the operation and quality of the lake ecosystems (Demers 
and Arvisais, 2011; Ostendorp, 2004). Indeed, the 
morphological characteristics of the lakes determine the 
thermal mode of stratification and thus indirectly 
determine the circulation of water, the  suspended  matter 

and the nutriments (Bragg et al., 2003; De Bortoli and 
Argillier, 2006). The variation in depth influences the 
availability of habitats while acting on the relative surface 
of the littoral zone and the availability of light for the 
process of stratification. Furthermore, it gives information 
on the distribution of sediments. More generally, 
bathymetry contributes to the apprehension of factors 
which determines the distribution of the aquatic 
communities: depths, pressures, temperatures, effects on
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the currents. 

It is probably due to all these reasons that the French 
co-operation via its project Great Lake Ecosystems of 
Chad (GELT) aims at including/understanding the 
diversity of Chad ecosystem, which indeed contributes to 
the richness of the country. This system studies five 
Lakes, of which some are at the heart of the desert; as is 
the case with the Lakes of Ounianga. Although located in 
a tourist area, recognized as a United Nations 
Educational, Scientific and Cultural Organization 
(UNESCO) world heritage site, Ounianga Lakes were not 
the subject of systematic studies for many years. 
However, these Lakes are of a great scientific, tourist and 
economic interest together with their specificity of 
operation within the great Lakes ecosystems of Chad. 
Capot-Rey (1961) and Tubiana (1997) worked on the 
determination of the vegetation cover of Ounianga and 
Sérir Lakes. Kuper and Kröpelin (2006), Kröpelin (2007a, 
b), and Kröpelin et al. (2008) studied the sediments 
deposits of the Lake Yoan, which are of great interests in 
the reconstitution and evolution of the climatic and 
environmental conditions on a worldwide scale, while 
Burgis and Symoens (1987) described and gave brief 
overview of all the Lakes existing in the Sahara. 

This paper is the first investigation of continental 
hydrology in the study zone which consists of 11,224 
inhabitants on a surface of 62.408 ha with tourism, 
agriculture and breeding as principal economic activities 
(INSEED, 2012). It aims at contributing to the knowledge 
improvement of the great lake ecosystems of Chad, 
precisely that of Lakes of Ounianga, in order to better 
understand: (i) their structure, (ii) variation of the lakes 
depth, and (iii) physical properties of the lakes waters. 
Bathymetric measurements make it possible to partly 
answer the elements required in the last two points, 
which are the depth and lakes structure. Bathymetry is 
thus a criterion impossible to circumvent for description of 
morphology of the water levels by means of data 
collection during the Ounianga mission (project GELT). A 
bathymetric survey involves the use of bathymetric 
charts, consideration of current volume and use of 
hypsometric profiles to determine the bathymetric 
provinces. The in situ analysis of the physicochemical 
parameters will as a result include charts of space 
distribution of the temperature and conductivity according 
to the depth. This document shows the techniques of 
investigation in the case of a lake whose study 
constitutes a wide field of continental hydrology. 
 
 
STUDY AREA AND METHODOLOGY 

 
Localization, geological and climatic tallies 

 
Located in the north-east of Chad, between Ennedi and Tibesti 
(Figure 1), the Lakes of Ounianga, which are a series of Lakes, 
ponds and marshes, are grouped into two sets known as: Ounianga 
Kebir and Ounianga Seghr/Serir. The distance between the two 
sets  is  about  sixty  kilometers  by  road  (approximately  40 km  on  
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space, between Lake Yoan and Lake Teli). The two groups of 
lakes, Ounianga Kebir and Ounianga Serir, consist of a total of 
eighteen lakes of which four are Ounianga Kebir and fourteen are 
Ounianga Serir. The first group of lakes (Figure 1B), Ounianga 
Kebir, consists of four lakes (Yoan, Uma, Mioji and Forodone) of 
which the principal lake, known as Yoan, extends on a surface from 
358 ha (approximately 3.58 km2). The second group of lakes 
(Figure 1C), Ounianga Serir, consists of fourteen lakes (Ardjou, 
Abromé, Agouta, Bedrim, Boukou, Boul, Hogou, Edem, Melekoui, 
Dierké, Djara, Tarem, Teli, Tibitchei) separated by dunes. They are 
staged from 359 to 345 m of altitude, covering a surface of less 
than 10 km2, within the center of the basin is the widest Lake Teli 
which is low and around 4.4 km2. This present document is limited 
to the two principal lakes which are the Lakes Yoan and Teli. 

The climate of this zone is hyper arid which is marked by long 
periods of dryness and the absence of a rainy season. 
Precipitations are always lower than 25 mm with sometimes several 
consecutive years without any precipitation. An extraordinary 
intensity of evaporation of 7,800 mm per annum, a very strong 
thermal amplitude (the difference in temperature between the 
hottest month (May) and the coldest month (January) which is 
higher than 30°C with extreme amplitudes reaching up to 47°C, are 
all characteristics of this zone (Capot-Rey, 1961). Lastly, most of 
the year, this region sometimes undergoes violent winds of north-
eastern direction, which generates a displacement of barchans and 
various stranding. The various lake sets of Ounianga occupy the 
depressions of tectonic origin, dug and modelled by old river 
erosions and wind mills (Krôpelin, 2007b). Although they are no 
longer connected to a hydrographic network, these lakes still exist 
under this extreme climate thanks to the great number of sources, 
with diffused flow, which feed them along their banks. These 
sources correspond to resurgences of the fossil sheet of water of 
the vast aquifer of the continental interlayer. They ensure that water 
levels of the lakes are nearly constant, with fluctuations of 
approximately 0.5 m according to the seasons, while for the Lake 
Yoan, a maximum water level in March and April and a minimum in 
September and October is evident (Capot-Rey, 1961; 
Jungraithmayr et al., 1997). The whole of the Lakes Ounianga 
Sérir, located in a clay origin of broad depression 10 km, is of 
hydrological characteristics (Krôpelin, 2007b; UNESCO, 2011). 
With the exception of the Lake Teli, which is particularly dirty, all 
other surrounding lakes have fresh water or brackish (Van Bocxlaer 
et al., 2011), and are partly or completely covered with reeds 
(Eragrostis bipmnata). Finally, contrary to the water discharge 
system of the close lakes, the water of Lake Teli is particularly 
salted because of the intense evaporation to which it is subjected. 

The geological make-up of the zone under study shows that 
majority of the formations belong to the Continental guide, also 
called Grès of Nubie (Hissene, 1986). The lakes are located in a 
monotonous formation of white likings similar to kaolin, which are 
finely light and strongly fractured, called Lake formation of which 
the thickness recognized by drilling is about 120 m for Lake 
Ounianga Kébir. The argillaceous sandstones and sandstones 
cover this series, which levels primarily in the depressed zones; this 
is the formation of Ounianga, recognizable from its pink color. The 
formation of the lakes and that of Ounianga are probably of 
Jurassic age (Wolff, 1964; Hissene, 1986). 

The sandstones of Nubie contain a general aquifer drained on 
the one hand towards the North (zone of the palm plantations of 
Koufra) and on the other hand, towards the lowest altitude of Chad. 
The hydraulic load is such that it provides artesian water in the 
topographic depressions: Koufra and Faya. The water is naturally 
soft, are salted (the common facies is carbonated sodic) in the 
sectors where the surface of the tangent tablecloth surface of the 
ground, particularly in the low depth and deep water as detected in 
drillings undertaken at Faya-Largeau (4 drillings carried out in 1961 
- 1962 between 155 and 350 m) and the surveys conducted with 
Ounianga. 
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Figure 1. Chart of Northern Africa exchange (A) with localization of the zone of Ounianga in the North-
East of Chad located between the mountainous solid mass of Tibesti and Ennedi (Van Bocxlaer et al., 
2011); the satellite image of the spot assembling (B) Ounianga Kebbir and (C) Serir. 

 
 
 
Ground data 
 
Surveys and bathymetric treatments of probes 
 
The bathymetric data of the Lakes Yoan (Ounianga Kebir) and Teli 
(Ounianga to Serir) were collected via bathymetric  surveys,  carried 

out using an electronic echo sensor of Garmin type, series 70, 
coupled with a system of localization by saTelite simultaneously 
(Global positioning system - GPS). The transducer (left transmitting 
the sonar) is fixed to the back of the boat such that it is constantly 
immersed in water. The bathymetric surveys were carried out by 
making turns or circle initially to the periphery (Figure 2) of the Lake  
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Figure 2. Localization of the points of measurements (way carried out). 

 
 
 
and while evolving gradually to the center, the acquisition of the 
data is automatic on a step of regular time (each 10 s). This 
resolution was applied to the unit of the Lake. Thereafter, the 
bathymetric data were analyzed and transcribed with the aim of 
establishing the isobaths of depth of the water level. The depths 
obtained thus represent measurement between the position of the 
transducer of the echo sensor and the water-sediment interface. No 
correction of data was made in order to determine the real depth at 
each point, since the water of the lakes was not disturbed. 
However, despite all the precautions taken on the ground, the echo 
sensor does not measure depth lower than 0.6 m. To mitigate the 
null bathymetric data (0 m) which is perhaps also due to a boiling of 
the outboard motor and the bad alignment of probe etc, this 
vacuum was filled using the in situ inspections and a graduated 
pole of a value of 0.5 m and a value of zero was imposed for the 
contour of the Lake. More than 9,069 points for the Yoan Lakes and 
7,049 points for Teli of echosondeur were thus collected. Each one 
of these points is composed of co-ordinates X (longitude), Y 
(latitude) and Z (altitude or depth in this case). The bathymetric 
chart was generated thanks to the Surfer modeling software of 
surface with the method of Krieger. This is based on techniques of 
geostatistics used to calculate the autocorrelation that enters points 
of measurement. The advantage of this method is that it takes into 
account the specific space behavior of the studied variable 
(Alleaum et al., 2010). Lastly, these data made it possible to 
calculate the surface of the zone, its relative importance (%), total 
volume (m3), the maximum depth (Zmax), the average depth 
(Zavrg) and the Zavrg/Zmax report/ratio. 

 
 
The physio-chemical measurement of the lakes water 
parameters 
 
At the time of the inventory, the physicochemical parameters for 
water of the lakes were measured at a depth of 0.5 m using a 
continuous multiSonde WTW MPP-350. The data relating to the 
temperature and conductivity at the time of the bathymetric survey 
was synchronized with GPS Map Garmin.  Thereafter,  using  probe 

WTW, the pH, the temperature and conductivity were measured for 
the whole of the Lakes Ounianga Kebbir and Serir, as well as the 
surrounding sources. 

 
 
RESULTS AND DISCUSSION 
 
Bathymetry and morphometry 
 
The detailed examination of the bathymetry of the Lake 
Yoan and Teli reveals a relatively complex basic 
morphology (Figure 3). The range of colors and the 
values of the isobaths highlight different provinces from 
the Lakes. For the Lake Yoan, three morphological types 
were identified: (a) the channel type (of direction -so) 
which meets in the zones of significant current 
sedimentation and corresponds to a depression located 
at the center of the lake with a maximum depth of 27.5 m. 
In this zone, the contribution of sedimentation is 
supposed to be significant; (b) the beach, whose slope is 
located in zones of current sedimentary contributions and 
(c) between these two bathymetric profiles is observed 
intermediate morphological types that presents significant 
changes of inclines corresponding to the beach - 
rock'n'rolls. As a whole, the depth decreases from the 
center towards the periphery of the lake. However, the 
highest depths (28 m) are observed mainly on level NNE 
of the lake and two other sections. 

The Lake Téli, of rather lengthened form, which shows 
reliefs immersed in the form of hillock, testifies and 
presents five arms with small islands in the middle of the 
lake. The isobathic chart of the Lake Téli (Figure 3B) 
shows that the depths vary from  0 to 5.6 m.  The  lowest 
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Figure 3. Bathymetry of (A) Lake Yoan and (B) Teli. Source of Data : GELT-2016 
 
 
 

Table 1. Morphometric characteristics of the Lake Yoan and Teli 
 

Parameter Lake Yoan Lake Teli 

Surface area (km
2
) 3.58 4.4 

Total volume in (m
3
) 53822631.144 10262248.367 

Z=0 m
3
 m

3
 

Average depth (m) 11.70 2.74 

Maximum depth (m) 27.51 5.55 

relation Zavrg/Zm ax 0.42 0.49 

 
 
 

depths are observed on the parts of lake where they 
reach 5.6 m and the maximum depth located at the East 
of the lake is 5.6 m (Figure 3). 

From morphological point of view, the difference 
between these two lakes is well marked initially by the 
form of which the first is conical and the other is 
lengthened. The lake Yoan is much deeper than that of 
Teli whose depth varies from 0 to 5.6 m. The volume of 
water for the Lake Yoan is estimated as 53,822,631 m

3
 

and for the Lake Teli as 10262248 m
3
 (Table 1 and 

Figures 4 and 5). 
 
 
Physio-chemistry of the lake water 
 
The various physicochemical parameters are also 
important when an evaluation of the quality of a water 
level is carried out in order to determine if it is favorable 
for a particular species. The water temperature influences 

the quantity of energy available for the biological 
productivity and the chemical processes in the lakes, 
including the quantity of dissolved oxygen which is 
essential for the maintenance of the aquatic life 
(Environnement Canada, 2011). Moreover, the thermal 
structure of the water of a lake can be conferred with 
increase in ecosystemic diversity. Certain species prefer 
hot water of the surface layer of the lake such as millers 
and the mudfish (Demers and Arvisais, 2011) while 
others prefer deeper cold water such as the burbots and 
salmonides. The temperature of the water of the Lake 
Teli measuring up to 0.5 m varies from 20.8 to 36°C and 
for the Lake Yoan it varies from 16.50 to 32.9°C (Figure 
6). Water conductivity is a measurement of the resistance 
of an aqueous solution to an electric flux (Wetzel, 2001). 
It is a good indicator of the abundance of ions in water. 
The measurements of conductivity taken at the time of 
the bathymetric survey only deal with surface lakes. The 
chart   of  space   distribution   of    conductivity     is    not
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Figure 4. Digital elevation model of (A) Lake Yoan and (B) Teli. 

 
 
 

 
 

Figure 5. Digital elevation model of (A) Lake Yoan and (B) Teli. 
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Figure 6. Variations in temperature of surface water of the Lakes Yoan and Teli. 
 
 
 

Table 2. Physicochemical parameters of the Lakes of Ounianga, October 2016. 
 

Zone   Lake 
Localisation Conductivity 

(µS/CM) 
Surface 

temperature (°C) 
O2 (mg/l) pH Altitude (m) 

Latitude Longitude 

O. Kebir 

Yoan 19.802°N 20.5554°E 64000 26.36 9.84 9.92 
 

Miodji 19.01097°N 20.51655°E 72000 22.1 7.37 10.10 373 

Uma 19.01143°N 20.51597°E 172000 24.3 4.32 9.72 373 

Forodone 19.0051°N 20.51597°E 12860 21.5 0.03 9.56 
 

Teli 19.93333°N 20.86667°E 112100 25 3.80 9.74 
 

Djabou 19.0051°N 20.5307°E 165600 30.9 6.06 9.79 365 
         

O. Serir 

Os bokou 18.91546°N 20.91156°E 326 23.3 6.43 7.77 356 

Bedrim 18.91711°N 20.90246°E 737 19.4 0.74 8.03 352 

Djara 18.91792°N 20.89266°E 1343 23.1 3.02 7.9 349 

Agouta 19.12202°N 20.88825°E 1807 23.6 6.23 8.33 422 

Hogou 18.92628°N 20.88106°E 1883 24.9 5.44 8.16 
 

Ayou 18.92958°N 20.86019°E 2880 22.5 4.32 8.74 300 

Edem (Petit) 18.93094°N 20.85452°E 896 22.2 5.48 8.49 322 

Edem (Grand) 18.93029°N 20.85097°E 678 23.7 5.91 8.60 345 
         

 
Source 

       

Lake Yoan 

Source  A1 (OuroulI) 19.10604°N 20.49286°E 344 31.2 2.52 6.98 
 

SourceA2 (Ourouli) 19.10604°N 20.49286°E 403 31.2 2.19 6.88 
 

Source B 19.05329°N 20.51059°E 223 26.4 
 

7.34 414 

Source C 19.05994°N 20.49671°E 378 31.1 2.30 7.02 
 

Source D 19.05909°N 20.49629°E 313 31 2.54 7.59 375 

Source E (Hoye) 19.06838°N 20.51174°E 340 31.6 1.77 7.03 370 

Source F (Mogie) 19.01015°N 20.51649°E 340 29.8 2.93 6.6 373 

Souece G (Yaki) 19.05878°N 20.52065°E 215 24.1 2.44 7.59 373 
 
 
 

represented here because of their homogeneity on the 
whole of surface of the lakes. However, the result of in 
situ analysis shows that the highest conductivity is that of 
the Lake Teli with 111700 μS/cm followed by  Lake  UMA 

and Yoan with values 172000 and 64,000 μS/cm, 
respectively. The pH varies from 6.6 to 10 and dissolved 
oxygen varies from 0.03 to 9.92. The results are 
consigned in Table 2. 
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Conclusion 
 
This study on the Lakes of Ounianga (Kébbir and Serir) 
could highlight morphology of the bottom of the Lakes 
(Yoan and Teli) and the physicochemical characteristics 
of the lakes water. The data from the bathymetric lifting 
was increased for the Lake Yoan, with three 
morphological standards: (a) the channel type (of 
direction - so), which corresponds to a depression 
located at the center of the lake where the contribution of 
sedimentation is supposed to be significant; (b) the  
beach, whose slope is relatively constant, located in 
zones of current sedimentary contributions and (c) 
between these two bathymetric profiles, with observed 
intermediate morphological types which presents 
significant changes of incline corresponding to the beach 
- rock'n'rolls. The Lake Teli is of rather lengthened form, 
with a relatively low depth than that of the Lake Yoan. 
This Lake shows the presence of several islands 
immersed under water with stiff slopes. 

The in situ analyses of the physico-chemical 
parameters of the lakes water and sources show that the 
Lake Teli is more salted with a conductivity of 112100 
µS/Cm followed by Lake Uma and Yoan, respectively 
with conductivities of 172000 and 64000 µS/Cm, 
respectively. The chart of space distribution of the 
temperature is less heterogeneous. The temperature of 
the water of the Lake Teli measuring up to 0.5 m varies 
from 20.8 with 36°C, while for the Lake Yoan, it varies 
from 10.50 to 32.90°C, with an average of 22.27°C. The 
water pH of the Lakes Yoan and Teli is basic which is 
similar to the surrounding lakes. 

This study contributes to improvement of knowledge of 
the great Lake ecosystems of Chad, precisely the Lakes 
of Ounianga. Bathymetric measurements made it 
possible to answer the questions of structure and depth 
variation of the lakes. However, for a better interpretation 
these data must be associated with the sedimentological 
data. 
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