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Abstract:- Nigeria is endowed with natural water 

resources abundantly, the country has substantial 

annual rainfall, large water bodies such as rivers, 

streams, lakes etc. and abundant groundwater 

reservoirs which are least developed and utilized which 

resulted in economic, social, environmental and health 

costs, such as a high rate of premature mortality and 

morbidity resulting from contamination of 

consumption, pollution of environmental and 

environmental resources, pollution and overexploitation 

of ground and surface water resources and low income 

and productivity. Therefore, enabling citizens with 

access to potable water is paramount. Although 

conjugate or integral water management or monitoring 

inhabited with limited studies even in Nigeria where 

over 57% of the population rely on groundwater source 

the management approaches is practically scanty while 

integral water use studied extensively, the study 

recognized the integrated water resources managements 

(IWRM), internationally recognized principles to 

support the effort of ensuring robust policy framework 

and appropriate investments in Nigeria’s fresh water 

resources to enable the citizens with unlimited access to 

portable water. 
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I. INTRODUCTION 

 

Water is crucial for supporting livelihoods, improving 

standard of living and achieving sustainable development 

such as safeguarding health of the citizens, food and 
nutrition security provision, securing and ensures 

environmental sustainability, and promotes industrial and 

economic development [1-7]. However, the immensity of 

fresh water supply variability and fluctuation timing and 

durations are not predictable thereby causing unreliability 

of the resources thus posing great challenges to the water 

resources managers and to the citizens as a whole [8]. In 

addition to that, water quantity is water quality or pollution 

of water sources is also a major problems putting users and 

natural ecosystems at stakes. Although, some countries 

have taken a giant stride artificially to overcome the 
variability of natural water resources with supply-side 

infrastructure to ensure sustainable and reliable portable 

water supply, the supply-side solution alone viewed 

inadequate by the developed and least developed countries 

to address the demographic factors resulted in the increase 

in water demands, economy and climate pressures [8]. 

However, measures to counter the challenges of inadequate 

supply such as waste-water treatment and recycling, and 

management are being introduced [8] in form of Integrated 

Water Resources Management (IWRM) a Global Water 

Partnership [8] an empirical concept developed from 

practitioners’ experience, is a process which promotes 
ecological friendly comprehensive initiatives of integrating 

multiple water sources and management to improve 

economy, standard of living in the country and maintaining 

the integrity of the natural environment [8]. 

 

Nigeria is endowed with natural water resources 

abundantly, the country has substantial annual rainfall, 

large water bodies such as rivers, streams, lakes etc. and 

abundant groundwater reservoirs which are least developed 

and utilized [9] to enable citizens with access to portable 

water by the relevant authorities. The inability to supply 
portable water to the urban, peri-urban, and rural areas have 

resulted in economic, social, environmental and health 

costs [10], such as a high rate of premature mortality and 

morbidity resulting from contamination of consumption, 

pollution of environmental and environmental resources, 

pollution and overexploitation of ground and surface water 

resources and low income and productivity [11-12]. This 

gap in Nigeria water demand is attributed to unsustainable 

initiative, lack of innovative approach and planning and 

development, and poor management and maintenance 

culture [13] thereby making the population to largely, about 

60% to depend on groundwater sources [14-15] self-supply 
[16] which usually resulted to abuse and chaos if not 

properly planned and regulated [14, 16]. Furthermore, 

situations where residential settings and industries are close 

to each other as a result of improper town planning [17] 

hydrogeological state of the aquifer, geochemical retorts, 

lithology, soil-rock water boundaries, salt water intrusion, 

agricultural activities, inadvertent rural development, land 

use changes, inappropriate disposal and management of 

solid and liquid wastes, pumping groundwater, proximity 

and leaching of potential sinks such as poorly designed 

landfills, and drainage system and pit latrines [4, 18-27] 
have a great impact on groundwater quality [28-33] thus, 

putting human lives at stake [28]. While the major sources 
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of drinking water are in rural or remoteness area consumed 

without treatment which have great impact on peoples’ 
health are groundwater from shallow wells, springs and 

boreholes [34-35]. Contaminants in groundwater vary from 

one place to another and include different types of 

microorganisms, organic and inorganic substances, anions, 

cations, substantial metals and minerals [10]. However, 

studies have made known that the water in some wells in 

Nigeria is contaminated with chemicals and microbial with 

a negative impact on human health and the environment, 

respectively [35, 36-44]. Even though the water samples 

seem clean to the bare eye, chemical and mycobacterial 

analyzes suggest otherwise. Therefore, proper management 

of wastewater effluents, maintenance of water supply 
facilities and regular monitoring of water quality are 

essential to protect public health. 

 

Furthermore, climate change such as increasing 

temperatures, varying rainfall, rising sea levels more 

frequent flooding, dearth and desertification, land 

degradation and extreme weather events in Nigeria have 

affected freshwater resources and loss of biodiversity [45-

47]. The increase in rainfall durations and intensities lead to 

the large runoffs and flooding in Nigeria [48]. The rainfall 

variation is expected to increase as a result of climate 
change which will lead to the increase of precipitation by 

approximately 5%-20% thus raising the sea levels thereby 

exacerbating flooding and coastal lands submersion [46, 

49-50] while in Northern Nigeria drought becomes constant 

and expected to continue as result of rise in temperature 

and decline in precipitation [50-51] thereby Lake Chad and 

other lakes in the region are threatened to dry off with time 

[45, 52]. 

 

The Federal Ministry for the Environment [53] has 

predicted that the sea level will rise to around 0.1 m and 0.2 

m by 2020 and 2050 respectively at low and 0.3 m and 1 m 
d 'by 2020 and 2050 high due to climate change. It is 

predicted that a sea level rise of around 1 m will cause part 

of the land in the Niger Delta to submerge [51, 53]. It was 

further estimated that a rise in sea level to around 95 cm by 

2100 of submersion of coastal states such as Lagos and 

other small towns along the coast [46]. Inundation is also 

expected to occur in the northern region as a result of a 

decline in precipitation and temperature rising [51]. The 

impacts of climate change on water resources and 

hydrological systems in Nigeria is evident and expected to 

be adverse and extensive, and the environmental and socio-
economic problems that would be associated with the 

potential impacts may prove to be among the major 

problems facing the country. Therefore, the intent of this 

research is to extensively explore different Nigerian water 

resources potential and usage in order to help the relevant 

authorities in making inform-decision with essential and 

holistic integrated water resources management approach on 

the uncertainty creating by climate change about the future 

of Nigerian water availability, rainwater and surface water 
wastage and susceptibility to contamination, and 

demographic drive factors which made traditional 

fragmental water resources management approach in 

Nigeria no longer a viable option.minimum pit latrine 

design and sitting standard requirement for Northern 

Nigeria. 

 

II. INTEGRATED WATER RESOURCES 

MANAGEMENT 

 

Integrated Water Resources Management (IWRM), a 

Global Water Partnership [8] an empirical concept 
developed from practitioners’ experience, is a process 

which promotes ecological friendly comprehensive 

initiatives of integrating multiple water sources and 

management to improve economy, standard of living in the 

country and maintaining the integrity of the natural 

environment [8]. The importance of IWRM is the 

conjunctive use and management of surface and 

groundwater [54] to meet the ever-increasing water 

demands of different water users, to address the problems 

of surface water scarcity, and to monitor and coordinate the 
use of both groundwater and surface water sources [55] 

because of the interconnectedness between the two 

systems. Therefore, both will enable the optimal 

groundwater and surface water use by improving water 

supply reliability water supply security enhancement and 

environmental sustainability [56-58]. 

 

Although, implementation of conjugative management 

approaches is practically scanty, efforts have been made to 

improve the South Chad Irrigation Project by implementing 

the groundwater recharge assessment and hydrological 

monitoring in Chad Basin [59]. Similar attempted have 
been made through the Orange-Senqu River Commission 

(ORASCOM) and Southern African Development 

Community (SADC) to manage the Stampriet Aquifer 

together with the basin’s surface water [60]. However, 

many transboundary challenges and risks has been raised as 

a result of failure to take conjunctive approaches [55] such 

as recently discovered nitrate pollution by pit latrine 

Ramotswa Aquifer transboundary of Limpopo Basin where 

focused was mainly on surface water [61]. Groundwater 

abstraction for irrigation in Southern African rivers causes 

the river water to deplete is another challenge in Limpopo 
Basin thereby affecting Mozambique adversely [62]. 

Furthermore, the agricultural land salinization in Indus 

Basin caused by excessive abstraction of groundwater [63]. 

 

A lot of models (Table 1) has been developed to 

effectively allocate water resources as irrigation and 

increasing water demand and providing a decision support. 
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Models Purpose Country 

Optimization models [5, 64] developed for cropping patterns and irrigation water 

managements planning 

 

Single period inventory control  

model [65] 

Combined use of groundwater and surface water for a 

multiple storage system with a stochastic flow to the main 

reservoir and the demand for irrigation water. 

 

Conjunctive management model 

[66] 

  

Optimization model selection for 

simulation-based programming 

approaches [67] 

Planning and management of connective surface and 

groundwater. 

Iran 

The  use of a conjunctive macro-

level planning model [68] 

Allocation of surface and groundwater in the delta regions  

Incorporated management model for 

surface water and groundwater [69] 

To satisfy the demand of water in the urban areas of Jakarta 

region 

 

Indonesia 

Model of linear programming [70] For joint use of surface water and groundwater sources 

management in the Sapon irrigation control area. The net 
benefits of farming activities have been maximized given the 

demand and supply of water 

Indonesia 

Integrated hydrological and 

economic optimization model [71] 

Identify the optimal functioning of the water system and the 

water allocation options to exploit the net economic benefits. 

 

Advanced linear programming 

model [72] 

Optimizing the joint use of surface and groundwater for 

irrigation development 

Taiwan 

Integrated multi-purpose planning 

model [73] 

Conjunctive management of surface water and groundwater 

in Taiwan by considering several objectives of simultaneous 

minimization of fixed and operating costs 

Taiwan 

Nonlinear programming model tool 

[74] 

Development of irrigation water through optimal distribution 

of surface and groundwater to a maximum net benefits. 

 

Simulation-optimization method 

[75] 

Adequate utilization of surface and groundwater at basin level Iran 

System dynamics [76] Surveying the performance of creating alternatives to the 
common use of surface and groundwater, and assess the long-

term effects of these alternatives on reducing the risk of water 

scarcity 

 

Developed a fuzzy inference system 
[77] 

Conjunctive management of  the use of surface and 
groundwater by incorporating specialized knowledge and 

operational policies into fuzzy rules 

 

Simulation-optimization model [78] Utilizing the use of surface and groundwater in the 

Zayandehrood river basin in Iran. The substitution models 

were established using support vector machines to replace the 

surface water and groundwater recreation models in the 
optimization management model with the aim of minimizing 

water scarcity to satisfy the 'irrigation 

 

Table 1:- Water Resource Conjugation Use 

 

III. RESULT NIGERIA WATER RESOURCES 

POTENTIAL 

 

A. Rainfall 

Nigeria is a tropical climate, the northern region is 

semi-arid and rainier in the south. The rainy season is longer 

and more intense due to the African monsoon. The average 
annual rainfall is 1200mm (47.2 in) for the whole country 

[79] (Figure 1). Over 80% of the rain, falls within the six 

wet months in the country, ranging from April to September 

every passing year [79] only negligible amount of this rain 

is utilized or provides Nigerians with a sources of portable 

water used for household activities which is usually 

collected from roofs of houses and kept in different storing 

systems. While the substantial amount rainwater percolated 

to the ground and the bulk amount however, flows as runoff 

into surface water bodies which is henceforth evaporated to 

the atmosphere through vegetation. An estimate of up to 

76% of the rain that falls yearly in Nigeria, evaporates and 
leaves about 24% amount of both surface and subsurface 

runoffs [80]. 
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Fig 1:- Nigerian Average Annual Rainfall [81] 

 

B. Surface Sources 

Surface sources include the rivers, watercourses and 

canals, lagoons and tarns providing Web-based drainage 

basins nationwide (Figure 2) [79]. Major surface water 

sources are the two major Rivers, River Niger and River 

Benue including Cross River, Imo River, Sokoto Rivers, 

Ogun River, Anambra River, Kaduna Rivers, etc. however 

runoff quantities from basins varies which is depend on the 
factors such as rainfall intensity and intensity, climate and 

vegetation and topography [79]. About 320 billion cubic 

meters of freshwater are lost to the Atlantic Ocean annually 

by discharges from the two major rivers Niger and Benue 

[82]. 

 

 
Fig 2:- Surface Water Distribution in Nigeria [83] 

 

C. Ground Water Resources  

Nigeria lies on two main rock formations widely 

distributed all over the country [79], the Basement Complex 

(precambrian and palaeozoic rocks, and jurassic granite) 

deposited in Jos area and postcambrian deposits 

(Sedimentary strata). The numerous groundwater reserves 

existing within these two geological formations [79] 

although the quantity varies however, estimated 30 times the 

surface water levels [84]. The Basement Complex is the 
main sources of tributary stream (headwaters) of a rivers 

and groundwater recharge zone [79] while sedimentary 

strata hypothetically contain both surface and ground water. 
 

The sedimentary strata have both surface water and 

ground water of immense economic interest. The Basement 

Complex serves chiefly as a source for headwaters of 

various rivers and recharge ground water areas. 

 

Nigeria is divided into nine distinctive hydrological 

provinces (Figure 3) Chad Basin, Iullemmeden Basin, 

Basement Complex areas, Benue Basin, Nsukka-Awgu, 

Aiyetoro-Ijebu Ode-Fugar, Ameki-Ogwashi-Asaba, Imo 

River Basin and Coastal Plains [85]. However, there are 

limited data on the Nigeria’s groundwater reserves 
regarding the aquifers performance under pumping 

conditions in all Nigerian hydrological provinces except the 

Chad Basin province which studied extensively [86]. The 

country’s rainfall helped in replenishing the groundwater 

levels despite huge reliance on it. 

 

 
Fig 3:- Nigeria’s Hydrological Provinces [85]. 

 

IV. DISCUSSION 

 

Nigeria’s water usage varies from region to region, 

based on the 6 geopolitical zone according to the MICS 

2016-17 [87] the water sources divided into two, improved 

and unimproved water sources. Improved water sources 
include pipped into dwelling and yard/compound/plot, and 

to neighbor and public tap/stand-piped, tube-well borehole, 

protected well, protected spring, rainwater collection, bottle 

water and satchet water while unimproved sources of water 

include unprotected well, unprotected spring, tanker truck, 

art with tank/drum, surface water, bottle water and satchet 

water and others (non-categorised). 
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Fig 4:- Improved and Unimproved Water Sources in Nigeria 

 

 
Fig 5:- Average Improved and Unimproved Water Sources 
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Fig 6:- Median Improved and Unimproved Water Sources 
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Fig 7:- Minimum Improved and Unimproved Water Sources 
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Fig 8:- Average Improved and Unimproved Water Sources 

 

Water sources further grouped into main sources 

(Figure 9), surface water, groundwater, rainwater and other 

(unknown sources) (Table 2). 

 

 

 

http://www.ijisrt.com/


Volume 5, Issue 6, June – 2020                                             International Journal of  Innovative Science and Research Technology                                                 

                                        ISSN No:-2456-2165 

 

IJISRT20JUN616                                                   www.ijisrt.com                   1171 

Surface Water Groundwater Rainwater Others 

- Pipped into dwelling and 

yard/compound/plot, and to neighbor and 

public tap/ stand-piped. 
- Protected and unprotected spring. 

- Bottle water. 

- Satchet water. 

- Tanker truck. 

- Cart with tank/drum. 

- Surface water 

- Tube-well borehole. 

- Protected and unprotected 

well. 
 

Rainfall Unknown Sources 

Table 2:- Main Water Sources 
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Fig 9:- Water Usage Variation by Main Sources in Nigeria 
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Fig 10:- Average Water Usage by Sources in Nigeria 
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Fig 11:- Minimum Water Usage by Sources in Nigeria 

 

0

10

20

30

40

50

60

70

80

SU
R
FAC

E
_W

ATE
R

G
R
O
U
N
D
W

A
TER

R
A
IN

W
A
TER

O
TH

E
R

Maximums

 
Fig 12:- Maximum Water Usage by Sources in Nigeria 
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Fig 13:- Variance Water Usage by Sources in Nigeria 

 

V. DISCUSSION 

 

Water resources in Nigeria is abundant, the country 

endowed with several water sources such as rainfall, water 
bodies and groundwater reservoirs although there are great 

differences in water availability from region to region from 

far North to the tropical rainforests in the south. Although 

there are improve in access to improved water sources in the 

country, the study indicates that more than 66% of the 

population have access to improved water sources (Figure 5) 

there are regional unbalance in access to improved water, 

studies shows that three (3) geo-political zones access to 

improved water are below 60% and above 40% to the access 

of unimproved water while access in the south the access to 

improved water is above 70% and below 30% to the access 
to unimproved water sources (Figure 4). 

 

Despite the uncertainty creating by climate changes in 

Northern region where the groundwater availability follows 

the irregular pattern of drought as a result of groundwater 

annual replenishment variation due to the raining season 

fluctuations, the region largely depends on groundwater 

sources especially Northwest where more than 70% of the 

people in the region rely on groundwater sources (Figure 9). 

Thus, an integrated water resources managements (IWRM) 

in forms of conjugative water resource monitoring and 

management recognized as robust effort in ensuring the 
appropriate investments in Nigeria’s fresh water resources 

to enable the citizens with unlimited access to portable 

water. 

 

Although conjugative water monitoring inhabited with 

limited studies which shows that the management 

approaches is practically scanty even in Nigeria where over 

57% of the population rely on groundwater sources (Figure 

10), the only study found in the region is that of lake Chad 

Basin conducted to improve the South Chad Irrigation 

Project by implementing the groundwater recharge 
assessment and Hydrological Monitoring [59]. Similar 

studies conducted in regards to conjugative management 

were attempted to manage the Stampiet Aquifers together 

with the basin’s surface water [60]. Studies further shows 

that failure to consider conjugative approaches and 
groundwater abstraction for irrigation in Limpopo Basin 

Southern African causes many transboundary challenges 

and risks [61] South African rivers depletion [62]. While 

conjugative water use is widely and extensively studied and 

several models have been developed (Table 2) for the 

integrated water use for different purposes. 

 

VI. CONCLUSION 

 

The variability of water supply over a time as a result 

of seasonal fluctuations and regional unbalance, the great 

water resources potential, and demographic and climatic 
changes driving factors further increase the stress on water 

resources made the traditional fragmented approaches no 

longer viable and a more holistic approach to water 

management is essential. Thus, governmental and private 

sector need to make an inform decision and adaptive 

strategies on Nigerian water resource management and 

apportion of diminishing water supplies between ever-

increasing demands. Therefore, this study recognized the 

integrated water resources managements (IWRM), 

internationally recognized principles to support the effort of 

ensuring robust policy framework and appropriate 
investments in Nigeria’s fresh water resources to enable the 

citizens with unlimited access to portable water.  

 

Adopting an integrated water management framework 

may benefit both the decision makers and planners to 

develop a more accurate and practical policy for water 

management. Therefore, studies have shown a detailed 

information, addressing the problems earlier mentioned in 

developing an imperative conjunctive water management in 

Nigeria and to outline the pathways toward practical 

implementations in order to unlock the potential of 

conjugative management and use approach in Nigeria’s 
water resources management. 
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