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Abstract:  Many studies have been conducted to illustrate changes in annual rainfall but not so often for the seasonal changes. 
With water harvesting often recommended as an effective adaptation strategy to cope with climate change, the 
seasonal changes of rainfall might reduce the efficiency of the facility if not well understood. The concern here is that 
rushing to develop water harvesting facilities as an adaptation strategy for climate change without considering the 
annual seasonal trend of rainfall might increase the risk of the already vulnerable people by reducing the greater 
benefit of water availability. This study focuses on evaluating trends in the annual seasonal rainfall data for the Far-
North region of Cameroon and to present another perception to consider when planning for water harvesting facilities. 
Annual data for the dry seasons and rainy seasons between the years of 1957 and 2006 were analysis by performing a 
Time Series Analysis and the Mann-Kendall test. The rainy season show a decreasing trend and the dry season an 
increasing trend in rainfall between 1957 and 2006. On the other, the Mann-Kendall test indicated a no statistical 
significant trend for both seasons. The null hypothesis for the Mann-Kendall test was accepted for both seasons. The 
study concluded that issues about climate change in the study area necessitates a fundamental rethink on the way 
water resources, and particularly for water harvesting facilities in the Far-North region, are planned and managed. 
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1. INTRODUCTION 

In recent time, water harvesting is often recommended as a possible source to supplement water 
supply in both arid and semi-arid regions of the world. According to Braune and Xu (2010), these 
interventions promote economic growth and help alleviate poverty by reducing risk and making 
water available when and where it is needed. This means that the amount of rainfall received is very 
important in determining the amount of water available to meet various demands, such as 
agricultural, domestic water supply, hydroelectric power generation etc. The uneven distribution of 
rainfall and the mismatch between water availability and demand has required large storage 
reservoirs to redistribute the natural flow in accordance with the requirements of specific regions. 
Increasing threat from climate change might likely worsen the situation in parts of the world that are 
already experiencing water scarcity.	

Climate change is a global problem. Future climate change trend might influence long-term 
rainfall patterns (duration, intensity and frequency) impacting the availability of water, along with 
the danger of increasing the occurrence of droughts and floods (Sharad and Vijay 2012). Global 
Climate Models (GCMs) e.g. General Circulation Models (GCMs) are the primary tools for 
projecting future changes in the hydrological cycle under GHGs forcing scenarios (Pascale et al. 
2014). General Circulation Models (GCMs) have predicted higher frequencies of extreme 
precipitation events, fewer rainy days, longer drought periods (IPCC 2007) without the concurrent 
change in total annual rainfall (Knapp et al. 2002). In the last thirty years, GCMs have undergone 
intense development but a precise representation of the hydrological cycle has not been achieved, 
particularly at the local and continental scales (Lucarini et al. 2008; Lin 2007; Hasson et al. 2014). 
This is partly because of the misrepresentation of small-scale hydro-climatic processes (Sabeerali et 
al. 2014) or the insufficiency in the representation of complex orography (Palazzi et al. 2013). In 
order to have a more complete description of the precipitation regimes under climate change, it is 
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important to take into account not only the mean total annual amount of precipitation but also more 
complex statistical properties of intense rainfall events (Sillmann et al. 2013; Mehran et al. 2014) 
and the seasonality of the annual rainfall (Feng et al. 2013) which often goes unexplored. 
Furthermore, in Africa, only little systematic analysis has been done on, (1) how climate change 
might affect existing water storage, (2) how water storage can increase resilience to climate change 
and (3) how to account for climate change in the planning and management of new water storage 
schemes (Boelee et al. 2013). 

Precipitation changes and how the changes will propagate to various terrestrial ecosystems 
remain unclear. In the Far-North region of Cameroon, the uneven rainfall pattern naturally creates 
highly variable flows over time and space causing uncertainty in water availability for both 
domestic users and farmers (Ngounou et al. 2008). Furthermore, rainfall seasonality, the related 
drought and flood risks makes agricultural activities and the sustainable management of water 
resources very challenging for local communities. The availability of water over the year depends 
on the seasonal peaks of rainfall, river flow and lake level that succeed each other from July to 
January (Ngounou, 2009). Local water management interventions are often based on very little 
understanding of the local hydrological regimes, which govern the potential supplies of water for 
harvesting. For example, the Maga dam in the Far-North region of Cameroon has reduced the flow 
of the Logone River and seasonal inundation of the Yaere floodplain (Ngounou, 2009). Many of the 
traditional water harvesting systems are no more in used (Agarwal and Narain 1997), or have lost 
their relevance in the modern day context due to their inability to satisfy the needs of communities 
because their designed are often based on the assumption that climatic conditions are static (Kumar 
et al. 2008).  

For runoff harvesting, rainfall has to exceed a certain threshold to generate runoff, however 
thresholds varies greatly with the nature of the soil and land cover of the area (Kumar et al. 2008). 
For examples, observation in the Hathmati sub-basin of the Sabarmati basin shows that for runoff to 
cross 100 mm, the minimum rainfall required is 682 mm whereas in the case of the Kabani sub-
basin of the Cauvery Basin, runoff starts when the rainfall crosses 366 mm (Kumar et al. 2008). 
Changes in rainfall as a result of climate change will influence the hydrological cycle, the pattern of 
stream-flows and demands (e.g. in agriculture) and this will require the review of hydrologic 
designs and management practices of communities (Sharad and Vijay 2012).  

Water harvesting has a vital role to play in the management of water variability, ensuring global 
food security and building resilience for adaptation to climate change (Smakhtin et al. 2014). 
However, open water storage facilities such as reservoirs, ponds, and tanks might also provide ideal 
breeding conditions for mosquitoes, flies, or snails (Keiser et al. 2005; Steinmann et al. 2006) which 
are health risk to the local population. To meet the Sustainable Development Goals (SDGs), 
countries with low per-capita water storage, especially those in sub-Saharan Africa, will have to 
invest in new water storage facilities (Smakhtin et al. 2014). According to Mbomba (2010), to 
determine the volume of the required storage tanks to ensure sufficient water supply to the set 
population is dependent on the duration of the water-stressed period, the targeted per capita 
consumption during that period and finally, a suitable turnover rate that guarantee a steady renewal 
of the stored water within the tanks. 

Water resources in drier climates are more sensitive to climate change due to increasing 
temperature resulting to high evaporation, low river flow, a decline in lakes and groundwater levels 
(Philander 2008). Majority of the local population in the Far-North region are made up of poor rural 
households, who survive on subsistence farming. According to Deutsche Gesellschaft für 
Internationale Zusammenarbeit (GIZ) GmbH (2015), climate change has an acute impact on crop 
production, cattle farming and fisheries in the region. The high level of rainfall variability poses a 
risk to crop production on land that is traditionally farmed through rain fed agriculture, irrigation 
and flood recession farming, as well as from pastureland and fishing (GIZ 2015). Changes in 
climatic conditions result in increased food insecurity, social tensions and poverty, and cause a rise 
in the number of refugees among the affected population (GIZ 2015). This study is focus on 
evaluating trends in the annual seasonal rainfall data so as to provide insights into the potential 
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climate change impacts on the seasonal water supply and demand. The study also seeks to present 
another perception to be considered when planning for water harvesting facilities which will help to 
enhance the resilience of the already vulnerable population against climate change. 

2. MATERIAL AND METHODS  

2.1 Site description 

The Far-North region is located within the coordinates of latitude 10o 34´55´´North and 
longitude 14o 19´39´´East (Cheo et al. 2014). This region has a Sahel type tropical climate	(Neba 
1987) with temperature ranging between 28°C and 45°C. The climatic condition greatly varies 
according to the different months of the year, with some months being very hot (January to May) 
and others being cooler (June to September) with reasonable rainfall. Rainfall and 
evapotranspiration data indicate that there is a water deficit in the region during the early and late 
months of the rainy season (Fonteh and Nji 2001). The region has two main seasons (dry and wet 
seasons) and only for three months that rainfall exceeds evapotranspiration (Fonteh and Nji 2001). 
Annual rainfall in the region ranges between 300 mm to about 1200 mm (WorldClim-Global 
Climate Data: Credits: Hijmans et al. 2005). The region has a total surface area of about 34 263 km2 
and shares international boundaries with Chad and Nigeria located in the east and west respectively. 
Maroua is the capital of the region. Figure 1 shows a map of the region and some physical 
characteristics.  

 

Figure 1: The map of the Far North Region (adapted from Ngounou et al. 2007) 

The region has a population of about 3.5 million inhabitants which makes it the most populated 
region in the country (Cheo et al. 2014). High poverty rate in the region has reduces accessibility to 
the services of the national water distribution company. And this is more severe in rural 
communities. To meet water demand, communities are forced to rely on traditional methods such as 
wells, rainwater, direct extraction from streams and during the dry season, sand bed are dug to 
harvest water. Sometime these water sources are unsafe and not well protection from animals or 
contaminants. According Cameroon’s Minister of Public Health, “poor sanitation and limited access 
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to good drinking water are the main causes of recurrent cholera outbreak in the Far North (Nfor, 
2014). Environmental risk factors have also contributed to the outbreak, particularly the rainy 
season and the increase in flooding along lakes and rivers (Djomassi et al. 2013). This raises the 
concern of climate change and the increasing occurrence of floods and how water storage facilities 
are protected or constructed. 

Water availability and climate variability poses a major problem in agriculture and domestic 
water supply. About 80% of the population depends on agriculture for subsistence with little or no 
surplus for marketing. Crops grown in the Far-North region are short duration crops or drought 
tolerant crops. The most cultivated crops include Sorghum, millet, maize, rice and cotton. The 
region is characterized by low soil moisture, which tends to make irrigation and water harvesting 
technologies very important adaptation strategies. Most often the costs, resources and the 
construction methods tend to determine the capacities of the water harvesting facility rather than the 
roof area or needs of consumers. Nji and Fonteh (2002) identified six successful water harvesting 
technologies in the region. Table 1 gives a brief description of the six identified water harvesting 
technologies in the Far-North region.  
 

Table 1: Identified water harvesting technologies in the Far-North region, Cameroon  
(adapted from Nji and Fonteh, 2002) 

Types / Local Names Description of the technology Purpose 
1. Flood Diversion or 
Water Spreading 
(Locally called 
Guimelther) 

It consists of diverting water from ephemeral streams into cultivated basins 
enclosed by a permeable dry stone wall. The stone wall never exceeds 30 cm and 
it’s determined by flow rate during floods. Width and length vary from 1-3 m 
(Van Oostrum, 1994) 

Agricultural 
production 

2. Mini Dams (Locally 
called Bief) 

A small dam designed to reduce the speed of water flow in small ephemeral 
streams. By reducing velocity, water is retained temporarily for infiltration and 
groundwater recharges (Damien, 1990). Wells are then constructed downstream 
where the harvested water empties. It requires mostly local materials (stone, 
labour) for construction.  

Domestic 
consumption 

3. Micro Sand Dams It consists of water-tight stone/mortar or concrete walls built across the rivers or 
mayos on relatively flat section of a waterway. The target is to reduce the flow 
rate, increase infiltration for water storage in the sand so as reduces evaporation. 
They are similar to the biefs described above, except that the structures are larger 
and backfilled with sand. 

Domestic 
consumption and 
sometime for 
agricultural use 

4. Water Ponds (Locally 
called mares) 

Water ponds are large holes, dug 4-6m deep into the ground to collect and hold 
surface runoff during the rainy season for use in the dry season. They are 
constructed in the path of runoff flow with clayish soils so as to reduce 
percolation. A sedimentation basin is constructed at the entrance of the pond to 
reduce silting.  

Animal grazing 
(e.g cattle, goats 
and sheep) 

5. Rooftop Rainwater 
Harvesting 

Rainwater is collected from the tinned roof into specially designed reservoirs 
mounted above the ground or in underground storage tanks. It is an old practice 
in the Mandara Mountains by household with tin roofs. 

Domestic 
purposes 

6. Rock Bed Rainwater 
Harvesting 

It consist of a large flat rock which serve as a rock bed catchment with a 40cm 
retaining wall of cement and mortar constructed at the edges of the rock. The 
rainwater harvested is canalled into a rectangular stone-wall tank constructed 
below. 

Domestic 
consumption 
(especially as 
drinking water) 

 
According to Nji and Fonteh (2002), these technologies have achieved success because of their 

efficiency, affordability and their acceptability by the poor inhabitants. An erratic variation in 
rainfall will impact the efficiency of these technologies. For example, with flood diversion or water 
spreading technology, an unprepared increase in rainfall might be catastrophic given that the height 
of walls are determine by the flow rate during flood. Another example is the rock bed rainwater 
harvesting technology. An increasing rainfall will also require an increasing storage tank or else 
water will overflow and this might cause erosion or destroy properties. 

2.2 Data quality control and time series analysis 

Temperature and rainfall data were obtained from the University Cooperation for Atmospheric 
Research (UCAR) East Anglia. The dataset obtained were observed daily data measured between 
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1957 and 2006 in the Maroua Salak Station, Cameroon. The dataset was assumed to represent the 
Far-North region given that other dataset were not available. Data quality control was done by using 
ClimDex Version 1.3 software developed by Byron Gleason from NCDC/NOAA, U.S.A. The 
software assists users to identify common gross errors that might exist within daily station data. The 
observed daily data was then sum-up to have the monthly dataset which was further separated into 
dry seasons and wet seasons for the different years. 

A time series analysis was computed using Microsoft Excel program. Trend lines were generated 
on the graphs to depict trends in the existing data. XLSTAT software was employed to perform the 
Mann-Kendall (M-K) test. M-K test statistically assess whether the time-ordered data set exhibits an 
increasing or decreasing trend, within a predetermined level of significance. According to M-K test, 
rejecting the null hypothesis (Ho) means that the result is said to be statistically significant and 
accepting the null hypothesis (Ho) means there is no trend in the time series data. Mann-Kendall 
statistics (S) is one of non-parametric statistical test used for detecting trends of climatic variables. 

3. RESULTS AND DISCUSSION 

Long term observation of average annual rainfall and average annual temperatures showed a 
downward trend for rainfall and no significant change in temperature as illustrated in Figure 2 and 
Figure 3 respectively. Even though a downward trend was observed in Figure 2, the amount of 
rainfall is still quite significant if properly managed (Cheo et al. 2014).  

 

Figure 2: Annual average rainfall in Maroua (Cheo et al. 2013; 2014) 

 

Figure 3: Average annual maximum temperature (Cheo et al. 2013; 2014) 
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The seasonal observation of long term rainfall data for the two main seasons in the region 
produced contrasting results. Figure 4 shows the annual wet season rainfall for 49 years. Maximum 
rainfall occurred in the year 1960 and has an annual rainfall of approximately 1250 mm. Minimum 
rainfall occurred around the years of 1996 and 1998 with a total rainfall of about 460 mm. The trend 
line shows a decreasing trend which was interpreted as a decrease in the quantity of rainfall with 
time. On the contrary, annual average wet season temperature witness a slight increase as 
demonstrated in Figure 5. 

 

Figure 4: Maroua annual average wet season rainfall 

 

Figure 5: Wet season annual average temperature for Maroua 

Performing the Mann-Kendall test for the annual average wet season precipitation revealed that 
the computed p-value is greater than the significance level alpha=0.05. This means that the null 
hypothesis (Ho) cannot be rejected. Accepting the null hypothesis means that the result is not 
statistically significant. The risk to reject the null hypothesis (Ho) while it is true is 12.79%. Table 2 
shows the results of the Mann-Kendall test for both seasons. 

 
Table 2: Results of the Mann-Kendall test 

Maroua Season Mann-Kendall Statistics (S) P-value alpha Test interpretation 
Wet Season -183 0.128 0.05 Accept Ho 
Dry Season 94 0.437 0.05 Accept Ho 
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During the dry season (between years of 1957 to 2006) an increasing trend was observed for the 
annual average dry season rainfall. Figure 6 shows a graph for the annual average dry season 
rainfall for 49 years in the Far-North region. Maximum rainfall of about 310mm occurred around 
1978 whereas the minimum rainfall of about 0 mm occurred around 1984. The Mann-Kendall test 
revealed that the computed p-value is greater than the significance level alpha=0.05. This means 
that the null hypothesis (Ho) cannot be rejected (see Table 2). The risk to reject the null hypothesis 
(Ho) while it is true is 43.66%. This implies there is no trend and this is contrary to the result 
obtained for the time series analysis. The annual average dry season temperature showed a slight 
decrease for the same period as presented in Figure 7.  

 

Figure 6: Maroua annual average dry season rainfall 

 

Figure 7: Dry season annual average temperature for Maroua 

The water cycle is a delicate balance among precipitation, evaporation and all the steps in 
between. The time-ordered data set for both seasons did not exhibit any significance increase or 
decrease in trend within a predetermined level as illustrated by the M-K test. However, the annual 
seasonal variation for both precipitation and temperature cannot be ignored. Warmer temperature 
increases the rate of evaporation and also the holding capacity of water vapor in the atmosphere. 
The steady increase in temperature during the wet season might have warm the atmosphere thus 
increasing the holding capacity of water vapor that later falls as rainfall with an increasing trend as 
demonstrated during the dry season. 

The decreasing wet season rainfall trend implies an overall reduction in the available water for 
harvesting. This also can be interpreted as an increase in water demand for crop production, in the 
case where irrigation was being practice. On the other hand, the increasing trend for rainfall during 
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the dry season might imply an increase in rainwater for harvesting and a lower proportion of crop 
water that need to be satisfied by irrigation. The presented phenomenon might have a beneficial 
effect for the study area. It is important that climate change projections and scenarios are used to 
improve planning for water harvesting in the Far-North region. More efficient storage facilities are 
also recommended. Water harvesting facilities with surface reservoirs can result in large-scale water 
loss, given that evaporation rates are very high in the region. Past experience has shown that well-
planned storage can bring significant benefits in terms of food security, health and income and 
prevent a waste of scarce financial resources (McCartney and Smakhtin 2010). 

4. CONCLUSIONS 

The time series analysis generated valuable information regarding seasonal variation of rainfall 
with time in the Far North region. Details of climate change are unknown, so planning for water 
harvesting and water storage must allow for greater uncertainty. To better plan water harvesting 
facilities, current and future needs of water should be determined. After that the appropriate choice 
should be made from the available options based on their effectiveness and suitability. Currently, in 
the Far-North region, there is scarcity of information regarding performance and suitability of water 
harvesting options at a regional scale. 

Future water harvesting and water storage facilities for the region must be reliable, resilient and 
less vulnerable. The identified water harvesting options have strong comparative advantage under 
specific conditions of time and place. Planning under a changing climatic condition needs 
integration across levels and scales with much consideration of exploiting all possible options given 
that the region is a water scarce area. In order to maximize the benefits and minimize the cost for 
water harvesting and storage options, a wide range of complex and interrelated hydrological, social, 
economic and environmental factors are required. Understanding seasonal trends of rainfall from 
past data is just one of the basic and important requirements needed to improve planning and 
management of water harvesting for a particular region. 

Africa has been predicted in many studies as a continent to experience the greatest negative 
impacts of climate change because of insufficient capacity and the high poverty rate. By making 
water available through water harvesting and water storage during period of natural scarcity can 
significantly increase agricultural and economic productivity and enhance the well-being of the 
local population. 
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