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ABSTRACT 
Flooding is the most devastating hydro-meteorological disaster in Togo leading to death of people and destruction of socioecological sys-
tems each year, which calls for rainfall and return period analyses to help plan early warning systems. Hence, the foucus of this study was to 
examin the trend of rainfall in the basin and also estimate flood return periods, and the associated magnitude of river flow. The study em-
ployed Gumbel’s Generalized Extreme Value (GEV) and Goodrich Exponential Distribution in trend and flood frequency estimation. The pat-
tern of rainfall in the entire Mono Basin was considered due to the fact that the cause of flooding at the downstream is partly due to ex-
treme high rainfall in the upstream. The results revealed a significant decreasing trend in rainfall is observed at the station of Sokode (up-
stream), while an insignificant increase in rainfall is observed in the downstream (Atakpame, Sotouboua, Aklakou and Tabligbo). The results 
also show that the lower part of the Mono River Basin is likely to be mostly affected by 2-year and 5-year floods. The magnitudes of 2-year 
and 5-year floods are also found to be 567.4 m3/s and 847.1 m3/s respectively. Floods with annual return periods are also observed but are 
considered as the normal flow of the river with little or no impacts on the communities. 
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1. INTRODUCTION

Increasing intensity and frequency of extreme precipitation events projected as a consequence of global warming pose significant 
challenges ecosystems and human factors [1]. Floods affect thousands of people through property damage, fatalities and loss of live-
lihoods [2]. Communities have perceived that floods have become increasingly frequent, and it is unknown whether they are caused 
by an increasing frequency of heavy rainfall, consequent change in discharge magnitude, or changes in land use [ 3], [4], [1]. Climate 
change has led to increase in the frequency and impacts of hydro-meteorological hazards (e.g. floods & drought) in West Africa and if 
nothing is done to reduce the greenhouse gas emissions today, the negative impacts of climate change are likely to become more 
severe by 2050 [5].  

West Africa extremely vulnerable to the impacts of flooding due to a history of limited investment in infrastructure, high building 
vulnerability, settlement in flood zones and economic dependence on agriculture [6]. Recently, many countries in West Africa includ-
ing Ghana, Togo, Nigeria, Burkina Faso, Senegal, Benin and Cote d’Ivoire have suffered from impacts of devastating flooding in both 
major cities and in rural areas [2]. The extent of flood damage depends not only on the flood characteristics but also on the vulnera-
bility of the inundated area. For the same flood, in terms of intensity and exceedance probability, a more vulnerable area experiences 
higher flood damages. 

In 2007, as a result of flooding in Togo, over 127,880 people were affected, 13,764 people were displaced, and dozens were killed 
in areas located in the river basins in Togo. Again, in 2008, heavy rains caused severe floods in the downstream of the Mono River 
Basin, displacing about 20% of the people [7], [8]. After both flooding events, food security was threatened due to shortage in food 
production and inflation rates rose by 1% in 2007 to 9.1% in 2008 [9]. Approximately, 300 km of roads and 11 major bridges were 
destroyed, leading to an increase in transportation costs. Preliminary assessments of flooding indicated that in 2008, about 9% of the 
people had their cultivated lands destroyed, resulting in a serious loss of income for farmers [9]. The 2010 flooding had great nega-
tive impacts on human security as most communities were affected (over 8 communities in Togo) and resulted in total cost of dam-
ages and losses of over US$38 million [7], [8]. 

There is disagreement among regional climate models on projections of precipitation over the West African sub region. However, 
it has to be acknowledged that climate change affects the historical consistency of hazard, particularly due to the modification of the 
frequency and intensity of such hydro-meteorological hazards [10], [11].  

Flood return period is seen as the time period over which it is likely that a particular magnitude of flood will occur - thus, a 100–
year flood is defined as a flood that can occur on average of once every 100 years. In this illustration, 100 years is considered the re-
turn period. However, floods do not occur in exact cyclic events. That is, they do not occur at nicely spaced 100–year intervals. Also, 
25-year flood is defined as a flood that can occur on average once every 25 years. In this example, 25 years is considered the return 
period (1:25). That is, they do not occur at nicely spaced 25-year intervals as often presumed [12], [4]. 

Common return periods include the 2– 10– 25–50 and 100 years [12]. The recurrence interval or return period of floods of differ-
ent heights varies from catchment to catchment, depending on various factors such as the climate of the region, the width of the 
floodplain and the size of the channel. In a dry climate, the recurrence interval of a 3m-height flood might be much longer than in a 
region that gets regular heavy rainfall [13], [14]. herefore, the return period is specific to a particular river catchment.  

Flood frequency analyses enable predictions of possible flood magnitude over a certain time period and to estimate the frequen-
cy with which floods of a certain magnitude may occur [12], [13]. The flood frequency analysis is one of the important studies of river 
hydrology, which could be conducted based on maximum instantaneous flow [12], [ 15], [4].  

In the lower section of the Mono River Basin, there have been many studies on the dynamics of the river and extreme flows but 
estimation of flood return interval has not been given a comprehensive scientific attention.  As result, communities have perceived 
different return intervals of flood disaster, which varied between 2 and 5 years [1]. In some areas in the same basin, there is no 
agreement on the flood return intervals. These devastating floods call for improvement in hydrological forecasts to reduce the vul-
nerability of communities [2].  Therefore, the objectiveof this study was to examine the trend in rainfall and river flow, and to also 
estimate the flood return periods in the Lower Mono River Basin, using HYDRACCESS software package. 

2. STUDY AREA 
The study is conducted in the Lacs district in the lower part of Mono River Basin in Maritime region, Togo. As the largest river sys-

tem in Togo, Mono River occupies an area of 20,600 km2 and is 560 km long (Klassou, 1996). The targeted district is located in the 
downstream of the river below the Nangbeto Dam [16]. It is located (6° 22' N and 1° 40' E) at the immediate south of Bas Mono [3]. 
To the west is the Vo district and the eastern part is the Republic of Benin, while on the southern part lies the Bight of Benin and At-
lantic Ocean. It covers a land area of about 406 km2 with an average elevation of about 10 meters above sea level, which decreases 
towards the Atlantic Ocean [17]. 
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2.1. Climate and Vegetation 
The climate of Lower Mono River Basin is classi-

fied as tropical savannah with a subtropical forest 
biozone. The mean annual temperature ranges from 
22°C to 30°C and annual precipitation varies between 
800 mm and 1,210 mm (McSweeney et al., 2010). 
The area is influenced by two major winds: the warm 
and moist winds (Monsoon), and the cold and dry 
trade winds, which usually meet at a zone called In-
ter-Tropical Convergence Zone (ITCZ). The north and 
south movement of ITCZ influences the seasonal dis-
tribution of rainfall over the area. In a year, two rainy 
seasons are experienced but separated by a dry sea-
son [18]. The North-eastern part of the area is cov-
ered by shrubs, coconut and palm trees, and grasses, 
while south-eastern part is covered by scattered 
mangroves that rather serve as firewood for the sur-
rounding communities due to increasing demand for 
fuel wood [19], [3]. The study area is presented in fig. 
1. 

 
 

3. MATERIALS AND METHODS 

3.1. Data sources/Data collection 
The study was conducted using rainfall data from six synoptic and hydrological stations in the Mono River Basin in Togo based on 

data availability and instantaneous annual maximum river flow data. Data on flood history and distribution are obtained from Togo 
Red Cross. Also, rainfall data (1960-2013) are obtained from the National Meteorological service, Togo, while river flow data (1944 – 
2011) is obtained from National Hydrological Service of Benin. The analysis was done by dividing the Mono Basin into 3 section. The 
upper, the middle and the lower section of the basin since river flow at the lower course is a collection of water flow from the upper 
course of the river and its tributaries. Trend analysis in the rainfall and river flow are done, using Mann-Kendell test and Sen’s slope.  

3.2. Mann-Kendell Test and Theil-Sen’s slope Estimation 
The Mann-Kendell test is most widely used in non-parametric test for trends in hydrological analysis due to its relative robustness 

[20]. According to this test, the null hypothesis (𝐻0) assumes that there is no trend in the data series, while the alternative hypoth-
esis (𝐻𝑎) assumes that there is a trend. The null hypothesis is tested at a confidence level of 95% and a significance level of 5% for 
both rainfall and river flow time series. In the case where a linear trend was present in the time series data, the slope is estimated by 
using a simple non-parametric estimation procedure developed by Sen (1968). This was done by using the linear model 𝑓 (𝑡) , 
which is given in (1);  

 
    𝑓 (𝑡)  =  𝑄𝑡  + 𝐾 ………… (1) 
 
where 𝑄 is the slope and 𝐾 is the constant. Mann-Kendall test is suitable for cases with monotonous trends and with no seasonal 

or other cycles in the data (Motiee et al., 2009). One advantage of this test is that the data need not conform to any particular distri-
bution [21]. The statistical procedures for the Mann-Kendell test and the Sen’s slope estimator are integrated in Anddinsoft (XLSTAT 
2015) software, which was used for this study. The test interpretation was done by accepting 𝐻0 for no trend in the rainfall time se-
ries and rejected for the (𝐻𝑎) when a trend is found in the time series. The statistical summaries are given in table 1 and 2.  

 

 

 

Fig. 1. Map of the study area  
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 Table 1. Statistical summary of rainfall time series 

Station name Minimum Maximum Mean Std. deviation 

Sokode 872.400 2087.000 1332.765 231.722 

Sotouboua 863.500 1661.400 1310.712 194.790 

Aklakou 396.800 1531.000 815.948 262.512 

Atakpame 767.300 1850.100 1338.400 250.342 

Tabligbo 674.000 1341.500 1018.135 176.243 

Kougnowou 895.850 1679.500 1318.765 199.811 

Table 2. Mann-Kendall test for Rainfall and River flow 

Station M-Kendell (S) Kendell's tau Sen's slope P-value (two-tailed) Alpha Test interpretation 

Atakpame 61.000 0.068 2.16 0.532 0.05 Accept H0 
Sokode -314.000 -0.220 -4.523 0.020 0.05 Reject H0 
Sotouboua 117.000 0.346 1.579 0.173 0.05 Accept H0 
Tabligbo 95.000 0.105 1.907 0.327 0.05 Accept H0 
Kougnowou -40.000 -0.092 -2.471 0.486 0.05 Accept H0 
Aklakou 33.000 0.076 3.31 0.572 0.05 Accept H0 
Athieme* -498.000 -0.219 -3.94 0.009 0.05 Reject H0 

Note: (*) = Mono River flow at Athieme, Benin 

3.3. Flood frequency Estimation and Analysis 

The flood frequency analysis is one of the important studies of river hydrology, which could be conducted based on maximum dai-
ly instantaneous flow by Gumbel and Weibull (GEV1) distribution [15]. Flood frequency or return period is often done in most flood 
risk zones in Europe and South-East Asia, using different methods. According USGS [12],the annual maximum flood series is the max-
imum river flow rate passing a particular location (typically a gauging station) during a storm event. This can be measured in m3/sec, 
and is calculated using the formula given in (2); 
 
   𝑇𝑟 =  (𝑁 +  1)/ 𝑀 ………. (2) 

  
where 𝑇𝑟 = Return Period of flood; 𝑁 = annual river peak flow; and 𝑀 = rank, according to order of maximum flow. Where a 

number of tributaries exist within the catchment of interest, methods of gauging flows on each watercourse may be necessary. In 
this study, the Gumbel’s distribution (Doubly exponential) and Goodrich generalized exponential laws are used in IRD HYDRACCESS 
software. 

3.4. Estimation of return period in IRD HYDRACCESS software. 
 

HYDRACCESS is an extensive, homogenous and user friendly software, which allows importation and management of various kind 
of hydrological data. It was developed by a French Research Institute for Development (IRD) in the year 2000. HYDRACCESS makes an 
extensive use of Microsoft Office database (ACCESS) and EXCEL spreadsheet [22]. As a result of many functions, it creates Excel 
workbooks, allowing the user to obtain data tables and elaborated graphs, that can be customized and directly included in reports.   

HYDRACCESS is suited for data processing from micro watershed to large rivers. For small catchment areas, analyses of rainfall – 
discharge events and storm intensities are possible. For the purpose of this paper, 68 years (1944-2011) annual maximum river flow 
data of Mono River for Athieme station was used. Estimation of return periods of flood disaster was done by using HYDRACCESS. This 
software package was designed for hydrological events such as discharge and rainfall measurements and modelling of extreme 
events such as droughts and floods. The annual maximum river flow data was entered into the HYDRACCESS software and the Gum-
bel and Goodrich distribution laws are selected. Also, both the lower limit and the threshold are defined and finally the resultant 
fitting positions for exceedance probability and return periods (2-5-10-20-50-100-year) are generated.  
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  Fig. 2. HYDRACCESS working environment 

From fig.2 above, the utility option was selected and the functions given are regional Vector, average values on a catchment area 
and frequency analysis. The frequency analysis was selected and a new window was displayed for setting up the parameters. The 
yellow-highlighted areas show the parameters that were selected. Regarding data entry, the annual series of river peak river flow in 
the excel spreadsheet (1 row of header) was imported into IRD HYDRACCESS (version 4.6). Selecting the various probability distribu-
tion laws, the option (Laws without truncation) was chosen because the data set does not contain zero values (HYDRACCESS Contex-
tual Help, 2000). Fitting to a sample of annual maximum river flow followed the Gumbel Generalized Extreme Value and Goodrich 
Exponential distribution laws. The default value (-1000) for lower limit was accepted and finally, clicked on the fitting option to gen-
erate the results as given in fig.3. The results (sample, law parameters, Fractals, Graft Fitting and Label-grids) are displayed in excel 
spreadsheet.  

3.3.1. Fitting to sample values of annual maximum river flow, using IRD HYDRACCESS 
 

Fitting of sample values was done with the HYDRACCESS hydrological software. The Gumbel Generalized Extreme Value (GEV1) 
and Goodrich exponential distribution, which are integrated into the HYDRACCESS software, are used for the fittings.  Using the 
GEV1, the variate 𝑋 (maximum river flow) with a recurrence interval 𝑇 is given by (3); 

     sKxx TT += ……… (3)  

  The accuracy of the results is tested on the coefficient of variation between 0 and 1. When the coefficient of variation is equal to 
or less than 0.5, it shows good correlation. However, a higher coefficient of variation above 0.5 indicates a bad correlation.   Coeffi-
cient of variation above 0.5 indicates a bad correlation.  Figure 3 below gives a pictorial summary of the HYDRACCESS processes. 
 



International Journal of Advance Research, IJOAR .org                                                                                        
ISSN xxxx-xxxx 
 

IJOAR© 2016 
http://www.ijoar.org  

 
  Fig. 3. Setting up the law parameters in HYDRACCESS 

The tool is very useful but one of its limitation is that one needs a strong statistical background of the distribution laws because these 
laws are integrated into the software and could not be viewed or modified. Also, to accept a 10% error margin, at least 90-year river 
flow data is needed, which most synoptic stations in West Africa do not have due to insufficient equipment. 

4. RESULTS AND DISCUSSION 
Analysis of the pattern and trend of rainfall and river flow, and estimation of flood return period estimation are presented.  

4.1. Statistical analysis of rainfall trend in the Mono River Basin 
Though, the study focused on the Lower Mono River Basin in the Lacs District but it is good to recall that trend analysis covered the 
entire basin because flooding in the lower part of the basin is partly due to extreme high rainfall in the upstream. As a result, two 
rainfall stations each are selected in the upper part (Sokode, Sotouboua), middle section (Atakpame, Kougnowou) and the lower part 
of the basin (Aklakou and Tabligbo), based on data availability and consistency. The annual rainfall plots for the selected stations in 
the upper course are given in fig. 4 below. To make the trend analysis easier, a second order polynomial line was added to the rainfall 
plots.  The statistical summary of the maximum, minimum, mean and standard deviations for the selected stations are given in Table 
1 (above). 

Click here to 
generate results 
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Fig. 4. Annual rainfall at “A”, Sokode station (1961-2011) and “B”, Sotouboua Station (1961-2014) 

The H0 was rejected for the station of Sokode (A), which means there is a is significant decreasing trend in the rainfall because the P-
value (0.020) is lower than the significant level of 0.05.  In contrast, at station of Sotouboua (B), Kendell’s test shows that P-value 
(0.173) is greater than the significant level (0.05), hence the H0 was accepted: there is no trend. This was further explained by the 
Sen’s slope (1.579), which shows an increase in rainfall which is not significant. Obviously, the pattern of rainfall is marked by high 
variability. It is obvious that the general low rainfall over West Africa in the early 1980s, affected the area as observed in 1980, 1981, 
1982 and 1983.  
Higher variation in rainfall with extreme events may have serious impacts on the livelihood activities of the people in the communi-
ties through drought and flooding [23]. Alternating droughts and floods have great impacts on food and environmental security [23], 
[19].  

  
Fig.5. Annual Rainfall observed at Atakpame (1972-2014) and Kougnowou (1981-2010) 

From fig.5, the P-values for Atakpame (C) and Kougnowou (D) are 0.532 and 0.486 with Sen’s slope (change in rainfall/time) being 
2.16 and -2.471 m3/year respectively. The null hypothesis was accepted in both cases, that is there is no trend in time series (see Ta-
ble 2). There has been an increase in rainfall at Atakpame but a decrease in rainfall was observed at Kougnowou. The increase in rain-
fall at Atakpame and the decrease in rainfall at Kougnowou are both not significant at the given P-values and a significant level of 5%. 
The slight increase in the rainfall at Atakpame may be explained by the topography of the place as it is located on the mountain rang-
es. The follows the finds of [24] that Mountains, at times, aid in orographic lifting of air and thus most often, formation of rainfall. 
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Fig.5. Annual Rainfall observed at Aklakou and Tabligbo, the lower section of the basin 

The null hypothesis is accepted for both stations given the P-values of 0.572 and 0.327 for Aklakou (E) and Tabligbo (F) in that the P-
values are greater than the significant level (0.05). Statistically, no trend is found in both stations. Sen’s slopes (3.31 m3/year, 1.907 
m3/year) showed an increase in rainfall at the two stations but not significant because the P-values are greater than the significant 
level (0.05). Both stations are located in the coastal plains, which relatively record lower values of annual rainfall, which confirms the 
findings of [19]. 

4.2. Trend analysis of river flow  

Flooding as a hydrological hazard is of concern as a result of its internal characteristics. Since flooding in the lower basin of Mono is 
due to both heavy rainfall and the opening of the Nangbeto Dam, changes in the instantaneous river flow is very important. The 
highest instantaneous annual maximum river flow between 1944 and 2011 is 951 m3/s, which was recorded in 1999, while the mini-
mum value of 95 m3/s was observed in 2009. The mean annual river flow is 602.39 m3/s and the coefficient of variation is 0.491 
(49.1%). On running the Mann-Kendell test, the result depicted that the P-value (0.009) is lower than the alpha (0.05), hence the null 
hypothesis is rejected: there is a positive trend. The Sen’s slope (-3.94 m3/year) shows a decreasing trend in river flow and the rate of 
decrease is significant since the P-value (0.009) is less than the significant level (0.05). Consider fig.6 (below). 
   

 
  

Fig.6. Trend analysis of River peak flow at the Athieme Station (1944-2011)   
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4.3. Flood return periods estimation 

The frequency of occurrence of an extreme flood event is inversely related to the magnitude of river flow. The return periods (2-5-
10-20-100-200-500-year), are inversely related to their corresponding magnitude. The result of Gumbel and Goodrich distributions 
(fig.7) show that the devastating flooding in 2010 in the downstream of the basin has a return period of 5 years with a magnitude of 
847.1 m3/s and an exceedance probability of 20%. The return period estimation is statistically tested to be reliable since the coeffi-
cient of variation is 49.1%.  The findings of both distribution laws are relevant but Gumbel distribution is highly suitable for predicting 
the occurrence of hydrological extreme events like flooding. 
 

 
 

Fig.8. Flood return period estimation with Gumbel and Goodrich distributions 

Estimating the magnitude of flooding in the basin, for instance a 2-year flood, the corresponding values for river flow could be read 
from Fig.8. A 5-year flood corresponds to 847.1 m3/s, while a 100-year flood results into 1612.2 m3/s by Gumbel distribution with an 
exceedance probability of 20%. Flooding with a 2-year return period has a 50% exceedance probability of occurring at least once in 
every 2 years. In contrast, Goodrich distribution gave a relative lowe magnitudes of 630.4 m3/s and 799.6 m3/s. the findings of this 
study goes in line with finding of [25], where Gumbel distribution estimated higher magnitudes. This study relies on the estimates of 
the Gumbel distribution because its findings are relatively reliable when dealing with extreme events like flooding. Construction of 
structural measures for mitigating flooding would not be underestimated.  
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Table 3. Summary of Flood Return Period Estimation 

Exceedance prob. (%) Return Period Std.  Normal Variate Gumbel Estimates (m3/s) Goodrich Estimates (m3/s) 
50.0 2 0.000 567.4 630.4 
20.0 5 0.841 847.1 799.6 
10.0 10 1.282 1032.3 876.8 
5.0 20 1.645 1209.9 935.5 
2.0 50 2.054 1439.9 997.0 
1.0 100 2.327 1612.2 1035.6 
0.5 200 2.576 1783.9 1069.3 
0.2 500 2.879 2010.4 1108.4 
0.1 1000 3.091 2181.6 1134.7 
0.0 2000 3.291 2352.7 1158.7 
0.0 10000 3.719 2749.9 1207.9 

From Table 3, the exceedance probability of flooding is inversely related to magnitudes of river flow by the estimates of both Gumbel 
and Goodrich Laws. similarly, flood return period of 2 years has an exceedance probability of 50% while a 100-year has an exceed-
ance probability of 1%.  A 20-year flood is the one that has a 5% probability of occurring at least once in every 20 years. These return 
periods are very useful in planning and constructing structural measures as means of mitigating the occurrence of flooding and to 
help reduce the impacts of flood disaster risk in the area. 

 
 
5. CONCLUSION 
In the upper part of the Mono River Basin, rainfall has decreased significantly over the past 30 years at Sokode, while an insignificant 
increase at Sotouboua station was observed. In the middle section of the basin, at Atakpame, there has been a slight increase in rain-
fall but a decrease in rainfall was observed at Kougnowou. The study demonstrated an insignificant increase in rainfall at the lower 
section of the basin. Also, communities in the lower part of the Mono River Basin stand the chance of being frequently affected by a 
2-year and a 5-year floods with corresponding magnitudes of 847 m3/s and 567.4 m3/s by Gumbel distribution. The magnitudes of a 
2-year and 5-year floods are relatively lower than that of a 100-year flood (1612.2 m3/s), which has lower exceedance probability. 
The 2010 flooding, which hit most part of the country, has a return period of 5 years with a magnitude of 847 m3/s and an exceed-
ance probability of 20%. Flood frequency analysis is very crucial in planning and building structural measures to mitigate flood disas-
ter in the Mono River Basin. This studies will also aid in the designing flood early warning sysytems in the basin. 
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