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 
Abstract: An exponential increase in the global population has 

seriously put pressure on land and water resources. It is projected 
that 33% of the worldwide people will be highly water-stressed by 
the 2050s if effective strategies are not developed. The study 
assessed urban domestic water demand and supply in Edo North 
senatorial district in Edo State, Nigeria. This is with the view of 
exploring some critical water resource variables to determine 
water security, distribution, and accessibility of safe drinking 
water in Edo North in Edo State in Nigeria. Integrated Water 
Resource Management Tools (IWRT) such as Water Poverty 
Index (WPI) and Water Accessibility Indicator (WAI) was applied. 
The results show that Auchi is highly water-stressed at the 
Estako-west area with MPI and WAI values of 0.24 and 0.33. 
Conversely, Okpella and Agenebode in Eskako central have MPI 
and WAI values 0.34 and 0.31, and 0.31 and 0.32. Sabo Gida Ora 
and Isobe in Owan East and West have better safe drinking water 
coverage and accessibility with the indicator values of 0.54, 0.53 
[WPI], and 0.61 and 0.59 [WAI]. It is generally observed that the 
supply of potable water in the Edo North is highly unsecured and 
unsustainable to meet the current and future demand. Valuable 
and economic time is wasted to gather water from an average 
closest distance of 1.3 km from home to some designated water 
taps. In conclusion, it is imperative to design a robust integrated 
water policy that should include Private-Public-Partnership 
(PPP) to invest in the provision of safe drinking water.  

 
Keywords: Water Poverty Index, Water stress, Safe drinking 
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I. INTRODUCTION 

Water is unarguably one of the most important resource to 

man. It’s importance to the existence of man and life in its 
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entirety cannot be overemphasized. Aside from food, shelter and 
clothing, availability of water is at the heart of man’s sustenance 

[1]. Water is acknowledged all around the earth as a vital natural 
resource that is key to the existence of man and that it is a chief 
factor that drives the progress of civilization [2]. In fact, 
sustaining life and biodiversity on earth is largely dependent on 
water, thus, effective and efficient management of this socially 
sensitive resource is crucial to its sustainability [3]. 

Accessibility, distribution, and affordability of safe drinking 
water are very important to socio-economic and human 
development index of any nation. According to Adedayo and 
Ifabiyi [4], the case of accessibility to potable water supply is 
that of fundamental human right. The quantity of this water 
resource that is needed for various levels of domestic use is 
regarded as “domestic water demand.” The amount of domestic 

water consumption varies depending on the standard of living 
the consumers in rural and urban areas. Water consumption for 
domestic purposes  are often in the form of drinking; preparation 
of food as well as cooking; dish washing, household laundry; 
cleaning the house and polishing vegetable gardening; rearing of 
domestic livestock among other uses. Consequently, the amount 
of water consumed by a household (domestic water demand) is 
greatly determined by the size of the family or the household 
size, the nature of water consuming appliances that are being 
utilized within the household and the amount of income earned 
by the household [5]. 

There is enormous quantity of water on the earth. In fact, 
research has shown that about 71% of the earth’s lithosphere is 
covered by approximately 360, 000,000 cubic kilometers of 
ocean water [5]. Apart from this, water exists in the atmosphere 
as moisture, in streams, rivers, lakes and even beneath the earth 
as underground water. Conversely, of this water mass available, 
only 3.1% is freshwaters [5]. More worrisome is the fact that the 
continuous rise in human population which results to more 
human activities and the quick depletion of natural resources 
amplifies the demand for potable water in the quest for survival. 
According to Al-Amin and Mahmud[2] there has been a hike in 
the extensive use of water on a global scale, however, the 
efficiency of the supply of water is questionable when matched 
with this increased demand resulting from the drastic hike in 
global population; advancement in technology and global 
economic growth. This is more so as the accelerated activity of 
the human population progressively pollutes the limited 
freshwater supplies, making the already critical state of water 
supply even more acute [6]. There is lack of uniformity as 
regards the demand of water and its supply in most countries 
around the world. This is because of its dependence on a host of 
human and environmental factors such as climate change, 
location, characteristics of the household and a lot of other 
socio-economic factors [4].  
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Water quantity and availability is a major challenge in 
developing nations; the issue of climate change further 
complicated the already complex situation. It has also been 
shown that the already gross imbalance between the 
availability of freshwater and its use could even become more 
intense by the activities of climate change [7]. In the last four 
decades, the world’s population has increased quadruple, and 

this development has also increased the demand for potable 
water globally. However, the investment on water supply does 
not commensurate with the reality on ground. This is because 
the hike in urban population is not accompanied with the 
upgrading of water supply services [4,8]. The investment in 
water supply does not commensurate with the growth in 
population [4]. This is accompanied with dramatic variations 
in infrastructure expenditure between cities in high and low 
income countries [8].  

The challenge of accessing safe drinking water has been a 
huge issue in the region before the advent of population 
explosion. According to WHO/UNICEF[9] 1.1 billion people 
lack access to improved water supply. In the same vein, the 
data released by the Nigeria Bureau of Statistics in 2006 
confirmed that only 51.4% of Nigerian have access to safe 
water with only 43.4% having access to all year round supply. 
This situation is often more intense in the urban areas. One of 
the most important problems of urbanization across the world 
is that of water supply, because of its role in natural health and 
economic development. According to Ifabiyi and Ahmed 
[10], it was confirmed that in 1990, 71.1 million Nigerians 
lived in urban areas, in 1995 it increased to 96.1 million, by 
2003 this percentage had gone to 136 million people, 
indicating a serious stress in water supply in Nigerian cities.  

Findings from several studies has indicated that the poor 
and marginalised groups are faced with higher risk of not only 
inadequacies in water supply but also consuming 
contaminated water from such sources as surface water and 
unprotected wells. Also, the Central Bank of Nigeria CBN 
(2004) reported that 51% and 41% of Nigerians are women 
and children respectively. This suggests that a greater 
percentage of the population of Nigeria remain vulnerable to 
water related health issues. This is also supported by the 
report of Annad[11] which opined that despite the fact that 
water crisis is seen to be a general problem embattling 
developing nations, the greatest burden is born by women 
who by the reason of their social gendered roles which 
includes collecting water needed for the sustenance of the 
household. This often involves trekking long distances to 
collect water for domestic uses. According to the standards of 
the WHO[12], areas whose source of water supply is farther 
than 1000m or more than 30min uses of the total collection 
time pose a great threat to human health. They are also 
compelled to purchase informally-vented water at higher 
prices and rely on time-demanding approaches for collecting 
water, such as hand pumps or stand posts [5,7,8]. 

Understanding the quantity of household water demand is 
an important aspect of urban water supply [3]. However, this 
is a complex phenomenon as water demand varies widely on 
the basis of socio-economic factors [10] The study of water  
supply and demand in Nigeria becomes imperative in various 
respects. Having noticed that accessibility and affordability of 
safe drinking water is moving out of reach in Edo North, 
Nigeria, this study investigates the coverage of the safe 
drinking water in response to the growing population using 
integrated water resource indicators such as WAI and WPI. 

The outputs of the study are expected to be used in 
formulating integrated water resource framework useful to 
address water insecurity in Edo North, Nigeria.   

II. MATERIALS AND METHODS 

A. Study Area 

Edo North is one of the three senatorial districts in Edo 
State, Nigeria. The district has six (6) local government areas 
(Etsako west, Estako central, Estako east, Owan south, Owan 
central and Owan east). The inhabitants of these communities 
are people who engage in farming and trading as a source of 
livelihood coupled with civil/public servants. The study area 
is relatively characterised by low to medium population 
density communities, however, auchi town which is the local 
government headquarter of Etsako West local government 
area has a high population density. This is due to the influx of 
people as a result of its strong educational and links. This is so 
as Auchi town is the seat of a renowned federal polytechnic 
which has encouraged the influx of people to the area for both 
commercial and educational activities. In addition, Edo North 
is positioned between latitude 06° 07’N and 07° 06’N of the 

Equator and between longitude 05°07’E and 06°08’E of the 

Greenwich meridian as shown in figure 1. Edo North covers a 
total land mass of about 6169km/sq [17]; home to a total 
population of 955791 persons. According to the 2006 
population census, the female population of Edo North is put 
at 483000 persons while the male population is put at 
472791persons [17]. Edo State in general is bounded by Delta 
State to the south, Ondo State to the west; Kogi State to the 
North and Anambra State to the east. See Fig.1 showing 
Nigeria, Edo State and Edo north which is the study area.  

 

 
Fig. 1: Nigeria showing Edo state and Edo North (study 

area) 
Source: Author’s GIS Lab, 2021. 
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B. Water Poverty Index  

WPI is the simplest indicator to measure the accessibility 
of safe drinking water in a given region or community. The 
main variables used for inputs are the time (t) spent to gather a 
given volume (V) of potable water. However, factors such as 
cost (c) of water, storage facility (SF), and seasonal variation 
(SV) are also embedded to estimate the water poverty index. 
Region WPI can be calculated using equation (1) 

         (1) 

  

C. Water Accessibility Index 

      The WAI would be formulated using a set of variables that 
will portray the core of the data being assessed. This is 
achievable by utilizing the national scale data (a top to bottom 
approach). This can also be done at a local level through 
locally determined variables and factors (a bottom to top 
approach). Using the composite index approach, the WAI 
could comprise various elements, such as: 
(i) availability of water, 
(ii) accessibility of safe water, 
(iii) cleanliness and sanitation, and 
(iv) time used to get water for domestic purpose [6]. WPI can 
be estimated using equation (2): 
 

       (2) 
 

Where, wa, ws and wt represents weights attributed to 
individual component of the WAI (such that wa + ws + wt = 1) 
[13,14]. 

III. RESULT AND DISCUSSION 

A. Water Demand and Supply 

       Figure 2 presents the relationship between the volume 
of household water demand and supply over the study region. 
The result Figure 2a indicates that Estako west local 
government area (LGA) has the least values of R2=0.276, this 
indicates that there is a rather poor relationship between the 
household water demand and supply in Etsako west LGA of 
Edo state. Conversely, this is not the case in Akoko Edo LGA 
of Edo State as the result in figure 2b shows an R2 of 0.488 
indicating a fair relationship between the water demand and 
supply in Akoko Edo region. Most of the people living in 
these communities are low income earners whose average 
daily living falls below 2USD. Consequently, all their water 
sources are not sustainable, they are seasonal and weather 
driven. To achieve consistency in WPI across countries, 
international coordination is required [13]. There is need for 
some global effort towards capacity building, this is needed 
both to help in extending local capacities as well as training to 
enable continued surveys without support from external 
bodies [13]. 
 

 
Fig.2a                     Fig.2b 

Fig. 2: Relationship between water demand and supply in 
Estako-West (a) and Akoko Edo (b) 

B. Performance of Integrated Water Resources 
Management (IWRM) indicators 

Table 1 presents the Water Poverty Index and Water 
Accessibility Index for all the Local Government Areas that 
constitute the study. The result presented in Table 1 indicates 
that that Estako West LGA has the highest WPI and WAI of 
0.80 min/l and 0.84 using a base rate of 100 litres during the 
dry season. Whereas Akoko Edo LGA recorded the least WPI 
and WAI at 0.55 min/l and 0.58 respectively. The higher the 
WPI and WAI values, the lower the access to safe drinking 
water. The measurement range of each of the IMWT is from 
0.00 to 1.00. The value 0.00-0.30 indicates very high-water 
accessibility, 0.31-0.50 is high, 0.51-0.60 is fair, 0.61-0.80 is 
water stressed, and 0.81-1.00 is highly water stressed. From 
this categorization, it showed that Estako Central, Estako 
East, Owan West and Owan East are water stressed, while 
Estako West is highly water stressed, Akoko Edo has fair 
water accessibility and coverage [Table 1, Fig. 3]. 
Conversely, the presence of Ojirami multipurpose dam 
depressed the water-stress condition of Akoko-Edo. The 
finding is in agreement with the study of Komives[14] which 
reported that that the most water-stressed region in Ondo 
State followed by Ilaje, while water stress was considered 
minimal at OndoWest and Ose LGA through wet and dry 
seasons. It is vital to measure water stress using different 
indicators, compare the observation and determine urban 
water security level. Johnstone[13] andMerrett[15]reported 
that some data on availability and use of water can be found in 
some countries, widespread datasets are quite rare [16]. 
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Table 1. WPI and WAI values for all the local government 
areas in Edo North, Nigeria- 

 
S/N L.G.A TT 

(min) 
TV 
(liters) 

WPI WAI 

1 Estako 
West 

80 100 0.8 0.84 

2 Estako 
Central 

73 100 0.73 0.75 

3 Estako 
East 

75 100 0.75 0.77 

4 Owan 
West 

70 100 0.7 0.72 

5 Owan 
East 

78 100 0.78 0.81 

6 Akoko 
Edo 

55 100 0.55 0.58 

IV. CONCLUSION 

     The study applied to Integrated Water Resources Tools 
such as WPI and WAI to measure water security in Edo 
North, Edo State. The indicators showed that five out of six 
local government areas in the Edo North region are highly 
water-stressed. Estako-West is the most water-stressed region 
with an index of 0.80 (WPI) and 0.84 (WAI). At the same 
time, Akoko Edo has fair water coverage with 0.55 and 0.58 
index values. It is well-intentioned to understand that for a 
region to be water secured, the least indicator values fall 
between 0.00-0.45 under any of the two applied indicators. 
The current water security of the study area is highly 
threatened. Conversely, it is crucial to address the situation 
before it is entirely out of hand. Some of the strategies to 
adopt in handling the case are for the government at every 
level to invest in water resources provision and management 
through the introduction of Public-Private-Partnership (PPP). 
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