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Abstract

:

In some parts of Africa, rainfall variability has resulted in widespread droughts and floods, thus posing a substantial challenge to water availability in rural areas, especially drinking water. Therefore, due to increasing water demands, increases in the population, and economic development, water supply systems are under constant stress. One of the critical uncertainties surrounding the effects of rainfall variability in Africa is the significant impact that it imposes on rural water supply services. The present study analyzes the trends in annual and seasonal rainfall time series in the Wami River Basin to see if there have been any significant changes in the patterns during the period 1983–2017 and how they affect the access to water supply services in rural areas. The study analyzes the trends of rainfall series of three stations using simple regression, Mann–Kendal Test and Sen’s Slope Estimator. The water point mapping datasets were analyzed considering seasonal variation. The analysis showed a statistically significant positive trend in annual rainfall at Kongwa and March–April–May (MAM) seasonal rainfall at Dakawa. The maximum increase in annual rainfall occurred at Kongwa (5.3 mm year−1) and for MAM seasonal data at Dakawa (4.1 mm year−1). Water points were found to be significantly affected by seasonal changes, both in terms of availability and quality of water. There also exists a strong relationship between rural water services and seasons.
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1. Introduction


Rainfall is the most critical meteorological phenomenon on earth for the natural environment and human life, making it the most vital ecological factor [1]. In several parts of Africa, rainfall variability has resulted in widespread droughts and floods, thus posing a substantial challenge to water availability [2]. Though water supply systems are under constant stress due to growing water demands, economic development, and increases in the population [3], one of the critical concerns surrounding the effects of rainfall variability in Africa is the significant impact that it imposes on rural water supply services [4]. Water is a requirement for human existence and changes in its supply can potentially have significant consequences, mainly in rural areas, where the population depends on local rivers for their water supply [5].



Rainfall is directly connected with global climate change and is subject to variability. Therefore, rainfall trend analysis at different temporal and spatial scales is a vital concern [6,7]. Worldwide climate change has evident wide-ranging impacts on natural resources, including freshwater ecosystems [8]. Its devastating impacts are agreed upon among researchers and policy-makers worldwide but the extent of exposure to different regions of the biosphere differs [9]. According to the Intergovernmental Panel on Climate Change (IPCC) Report [6], the rural underprivileged in developing countries are the most exposed to the effects of climate change. Climate change will cause an intensification of rainfall variability, thus resulting in river flow fluctuations and a higher frequency of droughts or floods [10,11,12,13,14,15,16]. The increased or decreased annual rainfall in various areas affects the annual and seasonal runoff and hence, water quality, water supply, and flood hazards [17].



Previous studies have highlighted the connection between rainfall variability and water access, as well as demand and quality. According to Calow et al. [18], during the drought season, access to safe drinking water can be a critical problem because of water access, availability, and limitations and control of water usage. Seasonal variations in rainfall affect the availability of water, while eco-social processes may affect access [19]. Moreover, some studies demonstrate that contamination varies with season and a clear trend for fecal contamination appears to be more common during the wet season [20]. Several studies on the influence of rainfall variability on water resources in Africa (e.g., [21,22,23,24,25,26]) have been conducted, so far, information on the effects of seasonal and annual rainfall variability in rural water supply services is still lacking.



Rainfall variability plays a significant role in several disciplines. For example, in engineering, variability in time and magnitude influence the designing of structures for different uses including hydropower, irrigation, and water supply [27]. Water supply comprises the provision of drinking water, domestic use, and irrigation while its availability is controlled by universal water distribution [28]. Water managers have to continuously deal with annual, seasonal, and daily changes in rainfall, lake levels, stream flows, and other features of the water cycle [29,30]. Their ability to adapt to the predictability of climatic variability is a crucial factor contributing to their achievement [31]. Therefore, an evaluation of historical trends on rainfall inconsistency at a local scale is essential for managing water supply services [32], especially in the Wami River Basin.



The quantity or availability of water for various purposes is very much dependent on the amount of rain. Furthermore, water supply depends on the accessibility of source and amount of water, which directly depends on rainfall variability and processes that include when and where the rain will fall. There is inadequate evidence signifying the extent of the impact on the rural water supply services, as well as the essential movements to be considered to deal with the impact. Moreover, the available evidence about the level of impact and essential adaptation measures is limited and inconclusive. Hence, the current study analyzes the trends in annual and seasonal rainfall time series in the Wami River Basin of Northern Tanzania to find out if there have been any significant changes in the patterns during the period 1983–2017 and if so, how they have affected access to rural water supply services.




2. Methods and Data


2.1. Study Area


The Wami River Basin (Figure 1) is located between 5° to 7° S and 36° to 39° E. It covers the semi-arid areas in central Tanzania via the humid inland swamps in east-central Tanzania to the Indian Ocean and spans an area of 41,167 km2. The relief of the Wami River Basin ranges from sea level 2 m to 2370 m. The average rainfall in the basin ranges from 550 mm to 1000 mm per annum. There are two rainfall regions in the basin [33]:




	
The unimodal rainfall region covers the western and south-western parts [one wet period lasts November–December–January–February–March–April (NDJFMA)] and;



	
The bimodal rainfall region includes the eastern and north-eastern part of the basin [two wet periods: October–November–December (OND) and March–April–May (MAM)].








The population of the Wami/Ruvu Basin is estimated to amount to 9.9 million based on the 2012 national population census. According to the inventory survey conducted within a project of the Japan International Cooperation Agency (JICA) [34], the total population in the Wami/Ruvu Basin in 2035 is forecasted to be 12.58 million, of which 7.39 million (59%) will be urban, and 5.20 million (41%) will be rural residents.




2.2. Data and Methods


The total monthly rainfall data series (1983–2017) of Kongwa, Dakawa, and Mandera were obtained from the Tanzania Meteorological Agency. The data were used to compute the annual and seasonal rainfall trends. The present study analyzes the trends of rainfall series of each station using simple regression, Mann–Kendal Test, and Sen’s Slope Estimator. Parametric and non-parametric approaches are commonly used to study trends in datasets. For this study, Sen’s Slope Estimator [35] was used to examine the extent of the trend in the time series, while the Mann–Kendall (MK) test [36,37] was used to analyze the significance of the trend in the seasonal and annual rainfall data series. All statistical analyses of annual and seasonal rainfall data were carried out using XLSTAT software and an Excel spreadsheet.



Data from the Water Point Mapping System (WPMS) (http://wpm.maji.go.tz/), which is managed by the Ministry of Water, Tanzania, were used to analyze the seasonal variation of water points in the Wami River Basin. The data were downloaded on August 2016. Information regarding three typologies of water points was selected. These include water point functionality, water quantity, and water quality. Only water points whose sources are from surface water were considered. Water point data exported from the WPMS to a spreadsheet were subsequently saved as a comma-separated value (CSV) file. During fieldwork in both the dry (August to September 2016) and wet seasons (March to April 2017), a total of 356 water points were verified. Then, an analysis of Water Point Mapping (WPM) data considering the aspects of water quality, water quantity, and status was performed using Quantum Geographical Information System (QGIS) software.



Primary data were collected from different sources using questionnaires, oral interviews, and personal observations. A total of 60 surveys were randomly distributed over the water-points. All 60 questionnaires were filled out by the respondents. Oral interviews were conducted with officials of the local government who had a historical understanding of the subject matter, including those who could not read or write. The data obtained were presented in the tables of frequencies and percentage. Secondary data, such as the amount of water supplied from the intake and other appropriate information, were collected from the Local Government Authorities (Kongwa and Chalinze) and literature.



2.2.1. Statistical Test for Trend Analysis


Trend analysis is a very useful and essential tool for projecting and managing water resources. Trend investigation of hydrological variables, such as precipitation and discharge offer evidence for the possibility of variation of the variables in the future [38]. In the current study, simple regression (parametric) and non-parametric methods (Sen’s Slope Estimator and Mann–Kendall) were used to analyze the trends in annual and seasonal rainfall. The advantages of non-parametric testing include the following [39]:




	
These statistics are considered to work with a dataset that has more substantial variances;



	
They can be useful for interval, ordinal, nominal, and ratio data;



	
The test is not affected, even if the deviation of the dataset is extreme;



	
The test can be successfully applied to the skewed dataset.








Simple Linear Regression


The simple linear regression model is one of the most suitable parametric models to detect the trend. The approach of linear regression involves an assumption of constant variance, normality of residuals and accurate linearity of relationship [40]. The simple linear regression model can be defined as follow:


  Y = a t + b  



(1)




where t is time (year), a is slope coefficient, and b is the least-squares estimate of the intercept.



The slope coefficient shows the yearly average rate of variation in the hydrologic characteristic. When the slope is significantly changed from zero, statistically, it is rational to interpret that there is a real variation happening over time. The symbol of the slope describes the direction of the trend of the variable, decreasing if the sign is negative and increasing if the sign is positive.




Significance of Trend


The Mann–Kendall (MK) test is a non-parametric test [36,37] which has been identified as one of the unique approaches to study monotonic trends in hydrological variables. The MK test tests the monotonic significance (increasing or decreasing) trends in hydrological variables and is frequently used to study trends in time series dataset [41]. It is one of the most appropriate ways to evaluate rainfall trend and one advantage is that it does not need normally distributed dataset [41,42]. The MK statistics (S) can be defined as follows:


    ∑   k − 1   n − 1     ∑   j = k + 1  n  s i g n  (  − X k  )   



(2)




where n represents the sample size, Xj and Xk are consecutive data for kth and jth terms, and




    S i g n  (   X j  −  X k   )    =  {      + 1 ,   i f   x j − x k > 1       0 ,   i f   x j − x k = 0       − 1 ,   i f   x j − x k < 1          



(3)





The statistic S is treated as normally distributed when n ≥ 18 with zero mean and variance   V a r  ( S )    is given by:


  V a r  ( S )  =   n  (  n − 1  )   (  2 n + 5  )    18    



(4)







When there are bonds in the data, the Var(S) is calculated as follows:


  V a r  ( S )  =    1  18    [  n  (  n − 1 )  (  2 n + 5  )    −   ∑   k = 1  n  t k  (  t k − 1  )   (  2 t k + 5  )   ]   



(5)




where n represents the number of tied groups and represents the sum of all dataset in the kth tied group with a similar value. The standardized Z-statistics is computed as:


   Z  m k   =  {        s − 1     v a r  ( s )      … i f   s > 0       0 … i f   s = 0         s + 1     v a r  ( s )      … i f   s > 0        



(6)








Magnitude of Trend


For the analysis, the trend magnitude present in the hydrological time series data, the slope estimator (β) explained by [35,43] was used. If the computed value of β is positive, it shows an increasing trend, while a negative value indicates a decreasing trend [44,45]. For all the dataset, the slope (Ti) was computed as follows:


   T i  =   x j − x k   j − k     f o r   i = 1 , 2 , … . ,   N  



(7)




where   x j   and   x k   represent the dataset values at time  j  and   k  (  j > k  )   , respectively.



The median of this  N  value of    T i    is Sen’s Slope Estimator, which is calculated as follows:


   Q  m e d i a n   =      (   T   N 2    +  T    N + 2  2     )   2      … i f   N   i s   e v e n  












    Q  m e d i a n   =  T     (  n + 1  )   2    … i f   N   i s   o d d   









The computed value of    Q  m e d i a n     is studied by a two-sided test at the   100  (  1 − α  )  %   confidence interval. When the value    Q  m e d i a n     is positive, then it shows an increasing trend, and a negative value indicates a decreasing trend.





2.2.2. Water Point Mapping System


The Water Point Mapping (WPM) approach was designed by the international NGO Water Aid to measure access indicators for improved water points in a specific area [46]. This method has been widely used in Africa by many Non-Governmental Organisations (NGO) in many countries (i.e., Tanzania, Malawi, Ethiopia) for some years. WPM is defined as a process whereby the physical positions of all improved water points (WP) in a zone are collected including technical, management, and demographical information. This data was collected using global positioning system (GPS) and a survey located at any improved water point. The dataset was entered into a geographical information system and then linked with the available administrative, demographic, and physical data. Later using digital maps, the information was displayed [47].



According to the Ministry of Water Tanzania, water point mapping is the process of tracing water infrastructure and gathering related data using any existing technology, the data that is collected later is available to different users [48]. The dataset is entered into a geographic database and then linked with all available administrative, demographic, and physical data (Table 1). In contrast, the Water Point Mapping System is an integration of software, hardware, data, methodologies, processes, and users devoted to gathering, storing, processing and analyzing the water-related dataset and giving results for public use.



The surveys were done using local company expertise in land surveying, geographic information systems (GIS), and database development. The personnel of the company communicated the district, which allocated one person for the execution of the water point survey. The mapping team presented itself to the ward, then the subdistrict managerial level, from whom he/she obtained direction to contact village executive officers, for the survey of all improved water points in the village. The method involved taking a digital image of all surveyed water points [47].






3. Results


For the understanding and clarification of the detected trends, seasonal, and annual data for each station were calculated. Additionally, these datasets were plotted against time and trend were studied by fitting the linear regression line. The linear trend values signified by the slope of the simple least square regression providing the rate of increase/decrease in the variables. After that, the Mann–Kendall (MK) test was used to analyze the trend of statistical significance. Sen’s Slope Estimator was used to examine the extent of the trend in the time series and to verify the results of the simple regression analysis. The results of the analysis are presented in the table and graph.



3.1. The Trend of Annual and Seasonal Rainfall Data


The annual and seasonal rainfall trends were examined for the three stations in the study. Figure 2 and Figure 3 show the outcome of the regression model of the seasonal and annual rainfall of the Wami River Basin for the study period. The figure shows the results of the parametric method, which displays that there is an increasing trend in all three stations. It is visible that the annual and seasonal rainfall series followed an increasing trend in all three stations.




3.2. Magnitude and Significance of Trend Analysis 1983–2017


For the analysis of a trend in the time series dataset, Sen’s Slope Estimator and the Mann–Kendall (MK) test were used in this study. A trend analysis was performed for Kongwa, Dakawa, and Mandera stations for the period from 1983 to 2017 using annual and seasonal rainfall data. The results of the p-value and Sen’s Slope Estimator were attained from analyzing the rainfall dataset for annual and seasonal rainfall of Wami River Basin (Table 2). The results of the MK test carried out for the time-series data showed positive trends for both annual and seasonal rainfall time series at a 5% significance level. The annual rainfall showed a statistically significant positive trend (p < 0.05) for Kongwa, while the yearly rainfall showed a statistically insignificant positive trend (p > 0.05) at Dakawa and Mandera stations. The seasonal rainfall showed a statistically significant positive trend (p < 0.05) for Dakawa station, while an insignificant statistical positive trend was observed for the Kongwa and Mandera station rainfall dataset.



The Mann–Kendall (Z-statistics) results for an annual and seasonal dataset for 1983–2017 are presented in Table 2. The negative and positive values of Z-statistics show increasing and decreasing trends, respectively. Only the annual rainfall at Kongwa and the MAM seasonal rainfall at Dakawa showed a significant positive trend, while the rest of the annual and seasonal rainfall showed an insignificant positive trend. In the seasonal rainfall series, the values of Z-statistics were 0.993 NDJFMA at Kongwa, 0.229 MAM and 0.019 OND at Dakawa, and 0.494 MAM and 0.017 OND at Mandera. Annual rainfall at Mandera showed the highest positive value of 0.804 for the Z-statistics, whereas, at Dakawa, the minimum positive value of 0.038 occurred.



The magnitude of the rainfall trends was analyzed using Sen’s Slope Estimator and is shown in Table 2. Seasonal and annual rainfall shows a rising rate. The maximum increase in the magnitude of rain was observed for annual rainfall with 5.3 mm per year at Kongwa and Mandera showed the least increased annual rainfall, with 3.082 mm per year. Moreover, the maximum increase in the magnitude of seasonal rainfall was observed for seasonal rainfall NDJFMA with 5.3 mm per year for Kongwa, and at Mandera, the least increased seasonal rainfall is exhibited, with 0.758 mm per year.




3.3. Dry and Wet Seasonal Variation and Use of Water Points


Table 3 highlights the percentage of distribution of water access, source of income, and primary water uses during the dry and wet seasons. About 38% of the respondents said they have access to tap water, while 62% have no access to tap water, and they depend on water from vendors and rivers. Furthermore, during the wet season, 68% of the population have access to tap water, while 32% have no access, and they obtain water from rain harvesting. The respondents were asked if water access influences their source of income and the water use pattern across the season. The result (Table 3) shows that during the dry season, farmers (66%) and pastoralists (85%) are most affected. Moreover, all main water uses show significant changes during the dry season, with 78%, 95%, and 98% for domestic use, livestock, and house gardening, respectively. During this period, most of the pastoralists with many cattle move from the village to other areas with enough water, while house gardening is not practiced due to water scarcity.



3.3.1. Dry and Wet Seasonal Variation of Water Point Status


Waterpoint status was found to be substantially affected by seasonal changes (Figure 4 and Figure 5). The results show that 67% of the water points are not functioning during the dry season, while only 33% function. However, during the wet season, only 51% function, while 49% are not operating, with many water points changing from the non-functional during the dry season to functional during the wet season (Table 4). Additionally, 18% of the water points change from being functional to non-functional and vice versa, seasonally.




3.3.2. Dry and Wet Seasonal Variation of Water Quantity at Water Points


The results show that sufficient water is available at the water points during the wet season (Figure 6 and Figure 7), with a significant number of water points changing from providing an insufficient amount during the dry season to providing a sufficient amount during the wet season. Moreover, 67% of the population receive adequate water from water points, and 15% of the water points do not provide a sufficient amount, while 18% are dry. There is a significant decrease in the quantity of water available during the dry season, whereby 43% of the water points provide adequate water, while 39% of the water points provide an insufficient amount, and 18% are dry. Additionally, 24% of the water points change seasonally from providing a sufficient to an insufficient amount of water and vice versa (Table 5).




3.3.3. Seasonal Variation of Water Quality at Water Points


The analysis reveals that rainfall has a stronger negative impact on water quality (Figure 8 and Figure 9). The results show that 56% of water points reported poor quality and only 44% a good quality during the rainy season. The situation improves during the dry season and only 32% of all water points report poor quality and 68% good quality, with a substantial number of water points changing from poor quality in the wet season to good quality in the dry season. Furthermore, 24% of water points change from good quality to poor quality and vice versa, seasonally (Table 6).






4. Discussion


Measuring rural water service availability constraints is a challenge due to the complex variety of results associated. This discussion is focused on the questions: What are the current seasonal and annual rainfall variabilities in the study area? Moreover, how are the current seasonal and annual rainfall variabilities going to impact the water access and what are the foreseen outcomes of those impacts? Our study uses annual and seasonal rainfall for assessing rainfall effects on rural water supply services. Our findings described in this paper aim to provide a proper understanding of the magnitude of the seasonal and annual rainfall variability challenge related to rural water supply services. As indicated above, rural water supply services are significantly affected by annual and seasonal rainfall variability. Rainfall seasonality affects water access in terms of both quality and availability, as well as water point functionality. Several studies have discovered that in rural areas of developing countries, water supply services are hardly sufficient [49,50,51]. These are mainly a result of seasonal variation [23,52,53,54] and implies that an increase in demand for drinking water seasonally will potentially occur. Furthermore, the vulnerability to rainfall variability varies broadly [55,56]. Thus, it is not surprising that the influences of rainfall variability are experienced differently in different environments [57,58,59]. Some rural water supply services are facing pressures from population growth and constraints on their ability to secure further water sources; in many areas, rainfall variability is expected to worsen the circumstances [60,61]. Areas other than the studied one are served from abundant water sources and the impact of rainfall variability is more on water quality than on water amount [62].



By addressing queries like these, a greater understanding of the challenges connected with rainfall variability can be developed and more suitable strategies can be planned [63]. These proofs alone support the importance of taking justification related circumstances to produce broad-scale adaptation approaches. They require not only an investigation of causes but also analytical skills, which may be beyond the knowledge of the experts [64,65,66]. These have severe implications for decision-making since infrastructural investments are difficult to reverse and might not be able to provide adequate or appropriate adjustment to the environment or situation [67,68].



Any variations in rainfall amounts and variability will have a substantial impact on water supply services and hence affect livelihoods [69,70]. For the rural population to benefit from reliable and safe drinking water, thus improving wellbeing and reducing poverty, the water supply must meet several requirements [4]: The water should be of adequate amount to meet all domestic desires; consumption must not pose a health risk; and the supply should be consistent between seasons and over the years [4]. Rainfall varies over time and space, as does water availability, which determines the variation in sanitation and development of people all over the world [71]. However, rainfall variability is not the only consideration. The question is whether a water point is not functioning because of seasonal weather conditions or whether its functionality is affected by another factor [72,73,74,75]. Over time, service levels can vary in unpredictable ways [53].



Water supply schemes in rural areas typically have less technical, financial, and managerial capacity [65]. Therefore, in schemes that will experience the effects of rainfall variability, broad-scale adaptation strategies are needed to address a threat [76,77]. However, for this purpose, further assessments are vital which can also analyze the potential influence of other climate variables (e.g., temperature), additional variables, such as population growth, the standard of water supply infrastructure, and management practices [23]. The presentation of the complexity of rural water supply services to multiple stakeholders, many of whom are primarily driven by local perspectives and experiences and have an inadequate understanding of science, represents a significant challenge for planning adaptation [78]. Once functional relationships from a scientific standpoint are understood, then approaches for managing rural water services can account for synergies and trade-offs among services, for example, when they include encouraging one service at the cost of another seasonally [67,68]. There are many factors, such as the water source, network distribution, and management practice associated with functional water points, that support experts identify prospects to improve service delivery [73,79]. Therefore, consideration must be focused on capacity building in order to adapt to rainfall variability, thus demands a broad view of the structure and capacity needs to be developed including water services based on modeling future rainfall scenarios.




5. Conclusions


The present study intended to analyze the trends of annual and seasonal rainfall time series in the Wami River Basin to see if any significant changes in the patterns occurred for 35 years and how they affect the access to rural water supply services. The study showed that in the Wami River Basin, both, annual and seasonal rainfall increased from 1983 to 2017. It also revealed that there exists a strong relationship between rural water services and seasons in the study area. Any change in rainfall profoundly influences rural water services. The magnitude of changes in rural water service accessibility due to the season is significantly different, depending on several factors, including functionality, water quantity, and water quality. The results indicate the importance of detailed investigations of seasonal individualities to clarify the seasonal impacts of rainfall variability on rural water supply services. Furthermore, knowledge about the influence of seasonal rainfall variability can inform water engineers about the critical periods in rural water supply and the future potential of rural water service access.



The results show a significant correlation between the source of income and the pattern of water use across the seasons. The analyzed data show that water point mapping can be used as an indicator of water-point improvement and the acquisition of reliable information on seasonal water access. They offer evidence about the actual access to water in difficult times and are relevant to areas which rely on vulnerable sources. Moreover, our approach based on detailed large-area field data can be used to identify seasonal variations in the spatial distribution of the water points regarding quality and quantity to a reasonable degree of accuracy. Hence, it presents an excellent possibility to provide relevant information about water points in response to seasonal variability. However, due to the lack of up-to-date information, it does not cover other essential access aspects concerning, e.g., seasonal variation of the water quality or the vulnerability of the water point services, which are considered to function all year round.
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Figure 1. Location of the study area of the Wami River Basin. 
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Figure 2. The 1983–2017 variation of annual total rainfall (in mm) recorded at Kongwa, Dakawa, and Mandera stations. 
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Figure 3. The 1983–2017 variation of total seasonal rainfall (in mm) recorded at Kongwa, Dakawa, and Mandera stations (NDJFMA—November–December–January–February–March–April; MAM—March–April–May; OND—October–November–December). 
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Figure 4. Spatial distribution of water points and their status during the dry season (August to September 2016) and wet season (March to April 2017) in the Wami River Basin. 
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Figure 5. Spatial distribution of water points and their status changing from the dry season (August to September 2016) to wet season (March to April 2017) the Wami River Basin. 
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Figure 6. Spatial distribution of water quantity received at the water points during the dry season (August to September 2016) and wet season (March to April 2017) in the Wami River Basin. 
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Figure 7. Spatial distribution of water quantity received at water points changing between the dry season (August to September 2016) and wet season (March to April 2017) in the Wami River Basin. 
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Figure 8. Spatial distribution of water quality at the water points during the dry season (August to September 2016) and wet season (March to April 2017). 
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Figure 9. Spatial distribution of water quality at the water points changing between the dry season (August to September 2016) and wet season (March to April 2017) in the Wami River Basin. 
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Table 1. Description of simple querying in the water point mapping system.
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	Querying
	Description





	Functional
	Reference to the functionality of a water point indicating that it yields water regularly and is used daily



	Non-Functional
	Reference to the functionality of a water point indicating that it does not yield water for any reason (hardware problem, dry source, or poor management)



	Sufficient
	A dimensionless quantity to which no physical dimension is applicable and where the amount of water satisfies human needs (based on user perspective)



	Insufficient
	A dimensionless quantity to which no physical dimension is applicable and where the amount of water does not satisfy human needs



	Dry
	Waterpoint characterized by an absence of water



	Good water quality
	A qualitative statement on the condition of water relative to the desires of human needs based on user perspective referred to as clear water which does not taste salty



	Poor water quality
	A qualitative statement on the condition of water relative to the desires of human needs based on user perspective referred to as salty, colored, and/or fluoride water
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Table 2. Result of the trend analysis for annual and seasonal and rainfall of Wami River Basin (1983–2017).
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Station

	
Seasonal/

Annual

	
Z-Statistics

	
Sen’s Slope

(mm/year)

	
p-Value

	
Trend






	
Kongwa

	
NDJFMA

	
0.993

	
3.97

	
0.080

	
Increasing




	
Annual

	
0.568

	
5.3

	
0.028

	
Increasing




	
Dakawa

	
MAM

	
0.229

	
4.1

	
0.004

	
Increasing




	
OND

	
0.019

	
0.758

	
0.468

	
Increasing




	
Annual

	
0.038

	
5.2

	
0.080

	
Increasing




	
Mandera

	
MAM

	
0.494

	
1.662

	
0.495

	
Increasing




	
OND

	
0.017

	
1.268

	
0.406

	
Increasing




	
Annual

	
0.804

	
3.082

	
0.236

	
Increasing








NDJFMA—November–December–January–February–March–April; MAM—March–April–May; OND—October–November–December.
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