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SUMMARY

This thesis is the outcome of a study to determine how increasing population and socio-economic growth is
impacting on water quality in the Niger River Basin riparian communities in Nigeria. In the process of this
study, system analysis and dynamic models are used to explain the complex relationship and interaction
between Population growth, Socio-economic growth and Water quality in the riparian communities. The
effect of this on the over all ecological, social and economic sustainability of the case study area was
evaluated. Based on this, a comprehensive framework policy on sustainable and integrated water
management in these communities was developed. The framework policy is a combination of physical
policies and economic instruments aimed at sustainable water management. It takes into consideration the
varied and competing uses of water resources and also ensures that a balance is created amongst these uses.
The study findings indicate that conventionaI water resource management in the Basin is fraught with lots of
problems. AIso water management strategy using economic and physical instruments in the case study area
is also riddled with the problem of lack of institutionaI capacity and the question of equity in water resource
pricing in the riparian communities.



LISTS OF TABLE S, FIGURES AND EQUATIONS.

Figure 1: A Map of the Case Study Area Showing the Water-Courseof the Niger River and the Niger Delta ... ... .2.

Figure 2: A Map of the Niger Delta Basin, Showing Different Eco-zones 2.

Figure3: A Conceptual Model oftheStudy 3.

Figure 4: A Model of the Interaction between Human Population, the Niger River Basin and the three Piltars ofSustainability 3

Figure 5: The Total Population of Nigeria Between 1950 - 2050 Projected 11

Figure 6: The Total Population of Port Harcourt between 1950-2050 Projected 11

Figure 7: The Pattern ofRural- Urban Population Changes in Nigeria between 1950 - 2050 Projected 12

Figure 8: A Graphical Representation ofChanges in Total, Urban and Rural Population in Nigeria... ... ... ... ... ... ... ... ... ... ... ... ...13

Figure 9: A Casual Loop Diagram (CLD) of the Study 13

Figure 10:A Map of the Niger River Basin 14

Figure 11: A Graph Showing the F/ow Longitudinal Profile 16

Figure 12: Annual Mtonnes ofBiological Oxygen Demand (BOD) Pollution in the Niger River Basin Section ofLolwja ...18

Figure 13: Annual Mtonnes of Nitrogen and Phosphorous Pollution in the Niger River Basin Section ofLokoja 19

Figure 14: Percentage Constituent ofVarious Sources ofPollutants in the Niger River Basin 21

Figure 15: A Casual Loop Diagram (CLD) on the Impact of Population Growth on Water Quality in the Niger River Basin... 25

Figure 16: A Casual Loop Diagram (CLD) on the Impact ofEconomic Growth on Wafer Quality in the Niger River Basin... 26

Figure 17: The Dynamics ofWater Demand and Supply in an Increasing Population in Riparian Communities... ... ... ... ... ... ... ...27

Figure 18: The Dynamics ofWater Demand and Supply in an Increasing Economic Growth in Riparian Communities 18

Figure 19: A Flow Chart Representation ofCommunity/Stakeholders Participation in Sustainable wafer Management Scheme 35

Figure 20: A Model Showing the Interaction ofPolicies Designed to Meet the Needs ofSustainable WaferManagement ...37

Figure 21: Model Showing Factors thaI cause the Lack of Attention to Ecological Issues in Wafer Use and Planning 38

Table 1: Dynamics ofFresh Water Use over kinds ofEconomic Activities Measured in Km3/Annum 10

Table 2: Nigerian Population between 1950 - 2050 Projected ...10

Table 3: The Population of Port Harcourt between 1950 - 2050 Projected 11

Table 4: Rural- Urban Population Changes in Nigeria 1950 - 2050Projected 12

Table 5: Socio-economicStatisticsand WaferF/owPattern in Ten CountriesoftheNiger River Basin... ...15

Table 6: Water Flow in Same Selected Niger River Riparian Cities in Nigeria ...15

Table 7: Annual Discharge of BOD, Nitrogen and Phosphorous in the Lokoja Section of the Niger River Basin, Nigeria ...16

Table 8: Types, Sources and the Impact ofVarious Types ofPollutants in the Niger River Basin ...20

Table 9: Types of Infection and Human Diseases due to Poor WaferQuality 22.

Equation 1: Socio-economic Costs = Pure Economic Costs + ExternaI Costs 29



ABBREVIATIONS.

1. Caribbean Council for Science and Technology (CCST).

2. Environmental Impact Assessment (EIA)

3. Environmental Right Action (ERA)

4. European Environmental Agency (EEA)

5. International Union for the Conservation of Nature (IUCN)

6. Ministry of Environment, Abuja Nigeria (MoE)

7. Ministry ofWater Resources, Nigeria (MoWR)

8. Swedish Environmental Protection Agency (SEPA)

9. The Dutch Committee for Long-term Environmental Policy (CLTM).

10. United Nation Development Program (UNDP).

11. United Nations Environment Program (UNEP)

12. United Nations Educational Scientific and Cultural Organization (UNESCO).

13. World Commission on Environment and Development (WCED).

14. World Wide Fund for Nature (WWF)



ACKNOWLEDGEMENT.

rm very grateful to the almighty God whose inspiring wisdom led me to this height of my career and
endeavour. I owe great thanks to my thesis supervisor Prof. Janusz Niemczynowicz who had to make out
time under his very busy schedule to discuss the process ofthis work with me, his co-operation and direction
was marvellous and it is weIl appreciated. I also owe great thanks to the Co-ordinator of the Lund University
Masters Programme in Environmental Studies (LUMES) Ingegerd Ehn and the able and dynamie LUMES
Programme Secretary, Åsa Grunning. rm equally grateful to Prof. Harald Sverdrup, Lennart Olsson and
Mats Svensson they offered great assistance, counselling and guidance during the course of my master's
degree programme. Great also is the assistance of the Lumes computer technician, Mr Raphael
Przybyszewski, Whose inspiration led me to set up a personal web page for which I have received letters of
appreciation and commendation from several surfers all over the world. I express my general appreciation to
every person whom have in one way or the other offered very useful assistance in the course of this thesis
and in my career. rm equally most grateful to the Swedish Institute. They provided me the scholarship that
enabled me to undertake this study.



CHAPTER 1: INTRODUCTION.

1.1 GENERALINTRODUCTION.

Throughout the history of humankind, and especially in the 20th Century water has come to playan
increasing role in the socio-economic life of man. The development of water resources has been seen as an
engine for economic development, this is evident from the rising number of Dam construction, water
reservoirs and other similar water security projects.

Water is a vital resource for the nourishment and the continued existence of various types of species and
humans and as such it is fundamental for OUTdaily survival. Water performs enormous role that is essentiai
to the survival of the ecosystem. Water is like a life wire for the existence of every living thing. Krenkel and
Novonty, 1980:4, have argued that of all natural resources, water is Olleof the most essential. For thousands
of years humankind has used water for agriculture and food production and to meet human dietary needs and
for several other purposes (UNEP, IUCN & WWF, 1991: 137). It is not until recent centuries that the impact
of human influence and its negative effect on water resources became a subject of great concem. In a place
like Nigeria, the cage study area like in most part of the Wodd, water stress is already imminent. This is not
because water is scarce in terms of quantity at present, hut because the quality of the available water is
declining and as such its lise is restricted as it no longer satisfYthe varied needs for its tiges. It also poses a
severe health risk in the event of human consumption (Osuntokun, 1997:pp 26 - 36). The available water in
this context can no longer serve a variety of needs, it can not meet the needs of the populace due to lack of a
credible sustainable water management strategy (EEA, 1999: 155). This will pose an inevitable impact on
the health of residents and its consequences on the environment may be enormous if not adequately
addressed. While demand for water is still expanding tremendously at present and may not slow down in the
near future, water mismanagement is still evident.

Water seems abundant at first sight, about 70% of the earth's surface is covered with water (Hultman B;
Levlin E, 1998: 7). Vet perhaps 2 billion persons globally presently live in areas with chronic water
shortages. This figure is equally set to increase in the near future as human population increase and the need
for economic development becomes apriority issue for most nations. Of all the available water, only about
2.05% of this is fresh water, and just a fraction of this, i.e. 0.65% is available for human consumption
(Krenkel and Novotny, 1980: l). The rest is locked up in ice caps, snows and underground water reservoirs
that are uneconomical to drill (Hultman B; Levlin E, 1998: 7). Water problem in the cage study area, Nigeria
is both in terms of quality and quantity, however the most imminent problem now is in view of quality and
this is what this thesis is set to look at. The dimension of this problem could constrain economic
development and human well-being in general. In other words, water no longer can be taken for granted.
Ensuring that present and future generations will have adequate food and water, and concurrent maintenance
of the resource hage and the environment, are two of the most challenging tasks that have ever faced
mankind.

The main source of fresh water resources for Nigerians, which is the Niger River Basin, remains very
vulnerable to the problem of pollution and the degradation. Though it has been an important source of
resources for local community people through the economic exploitation of its resources such as fishing,
transportation and the performance of a variety ofpurposes. Sofie of this includes culturai, social, ecological
and recreational functions, there has not been any effective effort to combat the gradual pollution of the
Niger River Basin. The need for the sustainable management of the Niger River Basin becomes very
apparent as a means of halting the decline in the quaiity of the water. In this light, there is a need to ensure
that society is able to balance the competing tigesof this vital fresh water resource. Sustainable fresh water
management represents an important aspect of the concept of sustainability. The over exploitation of the
economic potentials of the Niger River Basin is threatening the sustainable management of the resources.
This development will negatively affect the social and economic potential of Nigeria and the riparian
communities and cities that strongly tie their fresh water demand to the Niger River.



Besides the threat on human survival and economic prosperity, the destruction ofthe Niger River also poses
great threats to the biological diversity of the River. This has meant a bleak future for an ecosystem that is
the embodiment of natural beauty and biological diversity. The need for the sustainable management of
water and its resources becomes very evident in the light of these threats.

1.2 GEOGRAPHICALLOCATION.

Nigeria is situated in West Africa on the Gulf of Guinea. It has a common boundary with Cameroon in the
Southeast, Chad in the Northeast, Niger in the North and Benin in the West see figure 1. With the exception
of a few Hills, Rivers and Plateau areas, no major natural boundaries exist, apart from the Atlantic Ocean in

NIGER the Southat the tip of the NigerRiverBasin,Part of
the case study area. As with the rest of Africa,
temperature and rainfall varies considerable in
Nigeria and also amongst the Niger River Riparian
communities. The climate is equatorial in the south,
tropical in the centre and arid in the north. Mean
annual rainfall range between 850mm up North to
about 3200mm down South. The highest rate of
precipitation is down south in the Niger Delta where
annual rainfall remains one of the highest in Africa
between the Niger Delta and the Zaire Basin
(MoWR, 1995). Mean temperature is between 24 to
40 degrees Celsius. The Niger Delta, which is an
important component of this study, is the last down
stream delta of the Niger River. It is located in the

Southem part of Nigeria. It is shown in figure 1 in a yellow coloured rectangle border.

The Niger Delta straddles latitude 5 degrees North of the equator, extending into the Gulf of Guinea; it
divides the Bight of Benin to the West from the Bight
of Biafra to the East. Most of the Niger Delta is less
than 6m above sea leve!. The Niger Delta is made up
of several types of wetland and dry land forest
ecosystems. The Niger Delta covers some 70,000km2
area. It is spread across eight of the 36 Nigerian states.
These are Delta State, Bayelsa, Rivers, Edo, Akwa
Ibom, Ondo, Abia and Imo States. The process of the
formation of the present Niger Delta started about
75,000 years ago. Over the centuries, accumulation of
sedimentary deposits washed down the Rivers Niger
and Benue resulted in the vast floodplain today.

Figure 1- Showing the water Cours e of the
Niger River and the Niger Delta
Basin.

Source: odili.net

- "u..
ATLANTIC OCEAN-",...

.5, .r.~~.._-
""",," 0 1, L_. NI.. Mo..,~. w_.. O.m&
O... 10 "" r,... r.,- """".1 0..,1."_0, rio.' z... ...10 ,,.....

&W~. 10
Figur. 2 -A Map 01 the Niger Delta Basin. ohowing different Eco-Zoneo.
Source: Oditi.Ner

The present coastal formation consists of a chain of
Barner islands interspersed by river estuaries. The

forest in the Niger Delta is predominantly made up of wetland forest dominated by tropical forest covering
some 6,000 square kilometres of the 70,000km2 of Niger Delta area. It rons in a swathe between 15 to 45
kilometres wide. See figure 2. For the purpose of this thesis the study will focus on evaluating a policy
strategy for the sustainable management of the Niger River (ERA, 1998).



1.3 STATEMENTOFPROBLEMlPURPOSEOFSTUDY.

In nature there are absolute limits to human use of natural resources such as water, this is because water is
regarded as a potentially finite resources (Jones and Hollier, 1997).Human innovative talents can only make
the best possible use of the water that exists in a country, region or district. However, technology has not
been able to influence the rate at which water is naturally renewed from the global water circulation system.
As a potentially exhaustible resource, what is vital is to develop a feasible policy framework that can ensure
that water is sustainable managed and made available to humans in the desired quality and quantity while
not compromising the health of the ecosystem. These are issues that this study will explore with an emphasis
on a policy framework that will ensure that the Niger River is sustainable managed for the benefit of all
humankind.

The interest in a topic of this nature stems from the author's curiosity to study the impact of increasing
population on resource availability in Nigeria. The Niger River Basin riparian communities provided an
ideal cage study area because of the rate of urbanisation, population increase and economic activities within
these communities. AIso the Niger River is the most important fresh water resource available in Nigeria
today and it flows through a number of states in Nigeria. These settings provided an ideal hage through
which these issues can be further explored in an academic work.

1.4 AlMSANDOBJECTIVES.

The aim of this study is to develop an integrated management approach for the sustainable use of the fresh
water resources in the Niger River to meet fresh water demand for the riparian communities and as such play
a vital role in bio-diversity conservation and the economic development of Nigeria. The thesis will take into
consideration the ability of the proposed water management strategy to meet the social, economic and
ecological needs of the community in a long-term perspective. The objectives will specifically be to:
. Identify threats to the Niger River water resources as a result of mismanagement;
. To construct a theoretical model showing the interactions between the social, economic and ecological

forces in the use of the Niger River;
. Analyse future water demand in the River due to pressure from increasing population and its attendant

impact such as increase economic and agricultural activities such as irrigation farming;
. Analyse the impact of the changes on the quality of water resources in the Niger River Basin; and
. Evaluate various strategies through which sustainable and integrated water management strategy could

be used to ensure an efficient water conservation strategy in the Niger River Basin.
However, for the purpose of this thesis, the study will focus more specifically on policy frameworks that will
ensure the sustainable management of the Niger River Basin as a means of providing quality fresh water
resources and also meeting the long-term ecological goals of the River.

1.5 METHODOLOGY.

There shall be an extensive consultation of relevant literatures and generalliterature review in relation to this
study. The study will also rely on interviews and other statistical evidence obtained from the field. In the
course of preparing this thesis data sources will include seminar outcomes and Internet searches. Empirical
data to support the study will be collected and it will principally come from:
1. Key findings on water use pattern in the Niger River Basin.
2. A review of relevant laws and legislation on the management of the Niger River Basin.



1.6 SCOPE OF THE WORK AND LIMITATIONS.

This thesis is a policy studyaimed at developing a comprehensive and an integrated strategy for the
sustainable management of fresh water resources in the Niger River Basin. In tackling this objective, the
thesis will analyse the impact of increasing population in Nigeria and the impact of economic growth in the
riparian communities on the quality of fresh water resources in the Niger River Basin. The study will lise
system thinking and models to define the problem of sustainable water management in the River with regard
to the case study area. This thesis will discuss issues on acidification, eutrophication and other factors that
have come to be identified as major problems of water quality generally, hut it will not get into a detailed
study of each of these problems as they each constitute a separate study of its own.

In the course of preparing this thesis, some constraints and limitations were experienced. The time allocated
for this thesis was inadequate. For a subject of this nature enough time was needed to obtain data, interpret
and analyse it. The next constraint was funding. Throughout the period of this study, no fmance was
obtained to support the study, Jet the topic needed lots of research to explore various socio-economic issues
involved in water management in the case study area. Data collection also caused a lot of problem, because
they were lacking. However, the thesis made very strenuous effort in the face of these difficulties to carry
out a detailed study on sustainable water management.

CHAPTER 2: SUSTAINABLE AND INTEGRATED FRESH WATER MANAGEMENT IN THE
NIGER RIVER BASIN.

2.1 THECONCEPTOFSUSTAINABLEDEVELOPMENT.

The concept of sustainable development like any other political term has been subject to varied definitions
and interpretations (CLTM, 1997: Chap 33). Ever since it was mentioned in the Stockholm conference on
Environment and Development in 1972, and further publicised following the report of the World
Commission on Environment and Development (Sachs, 1995:pp 91-100). WCED, 1987: pp 94-140 defmed
sustainable development thus "This is the developmentthat meets the need of the present generationwithout
compromisingthe abilityof futuregenerationsin meetingtheir ownneeds". In the context of this definition, the
most profound question is at what levet of development can we quantify or evaluate as not compromising
the ability of future generations to meet their own needs and who makes this judgement. Worster, 1995 has
further argued on the impracticability of sustainable development as an ecological practice, since it is
centred on human ability to exploit the ecosystem.

Ekins, 1995: 95 argued that for the concept of sustainable development to be well understood, then a
distinction has to be drawn between sustainability and Development. In furtherance to this argument,
Connelly and Smith, 1999: 57, stated that the concept could be seen as a way to break up the traditional
dichotomy between environmental concerns and economic growthldevelopment. IUCN/UNEPIWWF, 1991:
10, stated that sustainable development could be seen as human ability to improve the quality of life without
exceeding the carrying capacity of our natural ecosystem. It is also evident from the foregoing that human
ingenuity as at now is incapable to determine via a standard measurement the levet of development that will
not tipset the resilience of our ecosystem. There are several other definitions that do not provide a standard
means through which sustainable development can be seen or measured.

While the WCED definition stands out as the most acceptable. Various proponents of sustainable
development have argued that sustainable development like liberty, justice and democracy has no single and
agreed meaning. It takes on meaning within different political ideologies, and programmes, underpinned by
different kinds of knowledge, values and philosophy (John Huckle 1996, pp 3). The concept of sustainable
fresh water management in the Niger River Basin can equally be seen within the confines of these
defmitions. Olle of the underlying factors for this concept is the issue of intergenerational equity. This shows
the commitment or pledges that we should leave our planet and environment in as good as the condition in
which we inherited it (Elliot, 1998: 104). While defining the concept of sustainable development in this
context, we must be able to see it as a means through which, we can ensure a quality of life for the human



and non-human community and as a development that enable us to conserve our ecological system. This will
mean in effect using OUTresources as a means of meeting our immediate needs while, not compromising the
ability of the same resources to meet the same utility values in the future. It is at this point that the conflict
emerges in terms of OUTdesire to lise natural ecosystem to meet our economic needs while at the same time
we aspire to lise it as ameans ofproviding ecological services in the planet earth (Sachs, 1995: 97.). It is a
process of economic development that is able to take into consideration ecological goais. Connelly and
Smith, 1999: 58 has argued that sustainable development should be able to take local conditions into
consideration, remaining sensitive to culturai differences, utilising appropriate technology and recognising
the importance of indigenous technology and community participation.

2.2 FRESHWATERRESOURCE.

River Basin provides a source of Fresh water, which also play a very vital role in the life of humans. This
role includes culturai, political, economical, ecological and social roles and they are often interlocked in
nature. For example, approximately 1.2 billion m3 ofwater is consumed annually from a total water stock of
about 34 billion m3 in the Niger River Basin (UNDP, 1998). This consumption is for the purpose of meeting
a variety of needs such as for domestic, agricultural and industriai tiges. Fresh water resource management
involves the issue of sustainable fresh water lise and management (Kimmins, 1997 pp. ix). Loucks, 1996
defined it thus "Sustainabilityof fresh waterresourcesystem,as those that fully contributeto the needs of society
now and in the indefInitefuture,whiteprotectingtheir culturai,ecologicaland hydrologicalintegrity".As a critical
natural resource, the quantity of fresh water available for human consumption is limited in nature Bucher E;
Castro G; Floris V: 1997: 6. Several water conservation strategies such as drip irrigation, has made
enormous improvement to water consumption and conservation. However it has not substantially reduced
the quantity of water needed for human consumption in general, yet we have to explore these strategies to
ensure that we conserve as much water as possible. Developing a sustainable water management strategy
becomes very vital in these circumstances realizing the importance of water as a vital resource.

Any attempt to define fresh water management, will inevitable demand that we also define the concept of
management first. Herseyand Blanchard, 1993 has defined management as the ability of the society and
individuals working in-groups to accomplish some set objectives. In this context therefore, Raskin P;
Zhongping Zhu (1990: 1 stated that "Sustainablewater developmentmust seek to meet today'sneedswithout
risking environmentalsystems for the future". Taking from a broader perspective, sustainable fresh water
management can be seen as the ability to ensure that society and individuals working in-groups accomplish a
set of objective(s). The objective in this context is to ensure that fresh water resource is sustainable managed
to meet a variety of presents and future needs. (WCED, 1987). As a further illustration of the concept of
sustainable Fresh water management, Burton, 1995 stated that integrated River Basin management implies
that informed decision makers take into account all tiges and resources of the basin following an ecosystem
approach (McKinney 1997: 3). Unlike as in pure corporate management, sustainable management in this
context does not involve only the goals and aims of optimizing profit from the investor's point of view, but
should aim at optimizing the ilet social benefit from the society point of view (Common, 1996: pp 308 -
342). Therefore, in sustainable fresh water management, consideration should be plit on the long-term effect
of productivity on quality of the water and the health of several aquatic species and plants whose ecosystem
it supports. Sustainable management of fresh water if taken from these broad understanding does not only
involve the ability to provide quaiity water resources in needed quantity to meet human needs only. It is also
to manage the entire ecosystem and ensure that it remains very beneficiai and perform a variety of functions.

From the above illustration, it could be said that sustainable water management is the ability to ensure that
water withdrawn from natural sources such as a fresh water basin should not impair the natural ability of the
water to renew itself (EEA, UNEP, 1997).Where water abstraction rate negatively impacts on water renewal
rate, the water may loss its natural ability to renew itself from various sources of human and natural induced
pollution (Raskin P; Zhongping Zhu; 1990:2).



It is evident from the above illustration that water management should not be limited to the aspect of
wastewater treatment. Krenkel and Novoty, 1980: pp 5 further argued that fresh water quality management
should be able to address all aspects of water problems, as it relates to the many beneficiaI aspects of water
vis-å-vis economic, physical, social, and ecological uses. In this regard consideration is given not only to the
ability of the water to support the human population, but also to effectively and efficiently perform
ecological functions, bio-diversity support, social and culturaI support. Sustainable fresh water management
in this context should be able to perform these functions very effectively, while taking into consideration an
understanding and response to the many elements of economic, technological, social, political, ethical and
environmental goaIs. This is the basis for the formulation of the concept of sustainable fresh water
management. Sustainable fresh water management (SFWM) should be able to recognize that water must be
managed as a complete ecosystem to supply a wide array of goods and services for current and future
generations. Water management should not only be limited to the knowledge of profit maximization, it
should be a holistic approach aimed at understanding and managing complexities, providing a wide range of
ecological services, managing across broad landscape (Raskin P; Zhongping Zhu; 1990: 2).

In the context of this understanding, Wegert N, 1984 argued that River Basins are significant as hydrologic
tillits, defming water system boundaries as a basis for River Basin management becomes vital as a means of
efficient controI and lise of the water resources. Contemporary River basin management requires a
comprehensive and scientific understanding, which is balanced by engineering and technological advances
coupled with the understanding of the complex dynamics of the interrelationship between the socio-
economic, political and ecological spheres of River Basin management. Wengert, 1984 further argued that at
present the realization that River Basin could only be managed as a system and the vision of the River Basin
region as a proper geographic focus for integrated resource planning has become very glaring.

2.3 SPECIESANDECOSYSTEM.

The services provided by freshwater ecosystems have been very fundamental to the survival of all living
organisms on our planet. Water ecosystem supports a variety of fish and other forms of aquatic animals and
plants. A constant and reliable supply of clean water is fundamental to security of these species. The services
being provided by freshwater ecosystems, such as clean water, protein, and seasonaI enrichment of
floodplain soils, are the result of the physical, chemical, and biological processes that constantly take place
in and around those ecosystems, and are an important component of the hydrologic cycle (Braga, 1999: 14).
Some of these processes are easily visible and weIl understood, such as the deposition of nutrient rich
sediments by seasonaI floods; others are less visible, such as the purification of surface waters by micro-
organisms that decompose Organic matter. Most of the services provided to us by freshwater ecosystem
result from the biological activity of diverse assemblage of aquatic organisms within those ecosystems.
Braga, 1999; stated:

"TheBio-Diversityof a freshwaterecosystemcomprisesall aspectsof biologicalvariationthat occurthere.Bio-
diversityincludesnot only the inventoryof species,but also the relativeabundanceof species(how many are
common,howmanyare rare),andthe characteristicgeneticconfigurationsof speciespopulations,of conditions
available for organisms to conduct their business."

A fresh water ecosystem can be defined as a collection of aquatic and non-aquatic community of plants and
water body communities such as fems, microbes and soils and their inter-relationships. (ERA, 1998: 61).
The study area is characterised by fresh water habitat. The interaction between tropical fresh water
ecosystem and their environment are far more complex. This is even further complicated when it involves
the complex interactions between the aquatic plants, fish and other marine mammaIs. These are all
influenced by the deep variability of the ecosystem and the effect of the very significant interaction between
several microbes, detritus, inorganic and organic materials, soil- water and soil-atmosphere interrelationship.

Fresh water bio-diversity orten represents a rich and usually unexplored reservoir of genes that could be of
enormous benefit to medicine, agriculture and industry. Degrading the quaIity of fresh water will mean



10singthese species and it's bio10gica1resources that cou1dbe ofbenefit to human (Osotukun ed., 1997: 87-
93).

2.4 THENIGERRIvER BASINANDTHERIPARIANCOMMUNITIES.

The Oxford dictionary defines a Basin as: "Theentiregeographicalarea drainedby a river and its tributaries".
Oyebande L; Ayoade J.O, 1986: 40 stated the same thing and further added that: " unlike the other regional
units which are more or less artificiallydefmed,the boundaryof the River Basin is natural and can be accurately
defmed".The supplies of fresh water vary from region and season in any given year. However the natural
unit in describing the spatial variation ofrenewab1e fresh water is the River Basin (Cohen, 1996: 303). River
Basin a1soprovides us with the defined geographic unit or area through which water management cou1dbe
structured. The Niger River Basin, which is the central focus of this thesis, is 10cated in West Africa, it
covers about 7.5% of the African continent. Ttrises in Guinea at the border with Sierra Leone and flows for
about 4,200 Km through Mali, Niger and Nigeria before reaching the Atlantic Ocean at the Gu1fof Guinea,
It's mall tributary is the Benue River. The Benue River flows west from Cameroon and joins the Niger at the
city of Lokoja, Nigeria. The Niger River Basin has severa1other tributaries besides the Benue River, some
running as far of as Algeria. The basin landscape shows great variability, with desert areas in the northem
part and tropica1areas in the southem part (MoWR, 1995).Rainfall mostly occur during an annua1monsoon
period between Ju1y and September, which resu1tsin an annua1 flood that takes months to permeate down
through the river network. {FAOIUNESCO, 2000(On1ine)}.

The Niger River Basin occupies a 2.3 million square kilometre of area and it is 10cated between latitude 5° N
and 23° N, and longitude 12° W and 17° E. The Niger River Basin has a very rich collection of diverse
species of aquatic plants and fish.

2.5 DEFINING W ATERQUALITYANDPOLLUTION.

Jackson and Jackson, 1996: 281 has defined "Water pollution as the state of any chemical or physical change in
water detrimental to living organisms". Water pollution can a1so be defined as the infiltration of substances
whose presence are capab1e of causing potential harm and as a result degrade the qua1ity of water resources
{Northem Arizona University, 2000 (Online)}. It further states that even when impurities and substances are
not disso1ved, hut can pass through filters and indistinguishab1e and pose a threat to human consumption or
the survival of other species of living organisms or things, then it can be regarded as water pollution,
(Cunningham and Saigo, 1997: 437).

The major condition for water pollution is eutrophication and acidification of water body. Under natural
conditions, these factors may not pose a severe and significant problem for a River. This is because as a free
flowing watercourse, River, Streams and Ocean are capab1eof renewing itse1ffrom the effects of pollutants.
Where organic and inorganic waste discharge remains excessive and reaches a toxic 1eve1this condition can
pose a problem for water quality in a River (SEPA, 1994). As for lakes, the process of water renewa1 is
longer, this is because water recharge rate is very slow. The impact of increasing population concentration
and discharge of waste and water abstraction for irrigation agriculture cou1d pose severe threat to Lake
Water (Geoffrey Stiles (1999). Eutrophication is the process of nutrient enrichment in water bodies, it can
cause a natural ageing process in lakes, hut for a river its impact under this circumstance is limited. Jackson
and Jackson, 1996 has argued that the continuos addition of 1arge amounts of phosphorous in the form of
phosphate anion from a variety of human made sources can accelerate eutrophication, this is known as
cu1tura1eutrophication.

Acid rain effect is another major condition of poor water quality. Acid rain occurs when su1phur dioxide
(S02) and or the oxides of Nitrogen (NOx) and their oxidation products are present in moisture in the
atmosphere (Jackson AW and Jackson M, 1996).Under this condition, precipitation is c1assifiedas acidic if
its pH va1ueis less than 5.6. Acid rain affects the survival of flora and fauna in so many ways. Fish dec1ine
is recorded in a period of acidification. This is because the reproductive ability of fish is impaired, as a result
it dies off due to the effect of acidity in the water. Acid rain can mostly be trans-boundary and as such



controI can only take the shape of an international ca-operation as is evident in the Convention on long-
range trans-boundary air pollution.

CHAPTER 3: FRESH WATER MANAGEMENT AND INCREASING POPULATION-A CASE
STUDY OF THE NIGER RIVER BASIN.

3.1 CONCEPTUALMODELOFTHESTUDY.

Socio-economic factors to a great degree determine the use of water resources in the Niger River basin. The
Conceptual model in figure 3 shows the central idea
of this study. Within the socio-economic factors in
the cage study area are the problems of population
growth, increase in economic growth and rapid
expansion in agriculturaI activities, urbanisation and
increase migration of people. These three socio-
economic factors are influencing the physical
factors, which are the quality of water in the Niger
River Basin and how it is used. The physical factors
and the socio-economic factors can be shaped or
influenced by the policy aspect of water
management and sustainable development strategy
in the cage study
Area. This dynamic relationship is the central factor

that determines the basis of this thesis and the central focus of this study.

Figure 3: A Conceptual Model of the Study.

As illustrated above, the Socio-economic factors are the main force that determine water use pattern in the
Niger River Basin and as such influence water quality. If taking trom aholistic perspective, human
population and water resources in the Niger River Basin is the focal point of a process of varied and
conflicting water resource use in the Niger River riparian communities in Nigeria. These often conflicting
and overlapping uses are the economic, social and ecological use of water. See figure 4. For example in the
Niger River riparian communities, water is needed for the purpose of maintaining a healthy ecosystem and
as such to ensure the conservation ofbio-diversity, which is an ecological function. Water is also needed for
the purpose of irrigation in agriculture, industrial use and recreational use, which is for economic purposes.
Water is also demanded for the purpose of meeting OUTdomestic needs such as for direct human
consumption and other culturaI purposes. Each of these needs is vital trom the society point of view. The
challenge for a sustainable management of water resources is to develop a strategy through which society
can obtain the highest ilet social benefit trom a combination of these uses while ensuring that the quality of
the water is not degraded (Mckinney 1997: 3).

It is difficult to draw a boundary amongst these three competing uses of water resources due to it's
interlocking nature. However, we could see human
consumption of critical natural capital as principally
determined by these three factors as shown in figure 4.
Each of these factors remains very important in the lise
of critical natural capital such as water and itts resources
in satisfying human needs. What is vital is to ensure
that we are able to strike a balance in terms of
maximizing our satisfaction from the main
sustainability indicators such as ecological, social and
economic indicators. As illustrated above, the
consumption of water products are determined by the
interaction of these three principal factors and how we

Figure 4: A Model 01 the interaction between human population.
the Niger River Basin and the th,ee pilla.. 01 sustainability.



allocate the consumption is shaped by how we prioritize each of the above factors. Resolution of
conflicting uses in these circumstances lies centrally in our ability to ensure an effective River
Basin management (Breen and Biggs, 1995).

3.2 URBAN SPRA WL AND W ATER ISSUES IN THE CASE STUDY AREA.

With a total renewable annual fresh water flow of about 177Km3/ per annum in the Niger River section of
Nigeria, Nigeria is not c1assified, as a water stress or water scarce country {(FAO; 2000 C (Online)). Water
per capita in Nigeria is valued at about 2 838m3/PersonIYear (Ong'wen, 2000: 5). Other estimates put the
annual per capita fresh water resources at about 1815-m3/ personIYear (World Resource Institute, 1998).
For countries like Niger and Mali which are all significant considering long term water planning in Nigeria,
it is estimated at about 5,691 and 6,729m3/PersonIYear (Ong'wen, 2000:5). Water use in Niger and Mali are
very strategic in the sustainable management of water resources in the Niger River basin. This is because
they each controI about 25% of the total water flow in the Basin and also Nigeria gets about 50% of its
externaI water flow from Niger. The remaining water flows from Cameroon via the Benue River, which
forms a confluence with River Niger at Lokoja {(FAO/UNESCO, 2000 (Online)}. It means thai Nigerian
water resource is not immediately under threat. This is because hydrologist designate water stress countries
as those with an annual water flow of between 1000-1667m3/Person/Annum and water scarce countries as
thosewithan annualwaterflowofless than 1000m3/Person/annum(Ong'wen,2000:3).

Statistics on water demand in Africa estimates thai the average water abstraction in Africa is about 0.05% of
the volume of water resources annually (Khroda, 2000:2). However, if we take inta consideration the rate of
population increase, desire for economic growth and the rapid rate of urban growth particularly within
riparian communities, we begin to visualise the immediate threat thai water resources pose in Africa. At this
point we discover the need to critically review future water use scenario as a basis for the sustainable
planning of water use in Nigeria. AIso the need to make such a strategic planning for water resources in the
Niger River Basin becomes all the more glaring as an important River Basin in the country. There are
several factors worth considering under these circumstances such as the rapid increase in water demand over
the years and degradation of its quality. At this point, we may ask, at what rate can increase in water
abstraction or the degradation of its quality in Nigeria over the next years as a result of population increase
become a fundamental threat to water quality. What about the problem of urban sprawl in the riparian
communities, towns and cities, desire for economic development and rapid expansion of agricultural
enterprises and the implication of water waste during domestic and industrial use, untreated sewerage
disposal inta fresh water ecosystem.

Average urban growth in all the major cities and towns along the Niger River Basin is estimated at about
548,500 persons per annum (MoE, 1999). Assuming the average Nigerian household of 7 persons/Family
(Amadi, 1986: 76) this is about 78,357 household per year. (Khroda, 2000:6) estimated thai an African city
grows at the rate of 6-9% per annum.



As urban growth is taking place, the demand for water in the Niger River riparian communities is also
growing. Table 1, shows the trend of growth in demand for water in Africa in various sectors from the year

Table1: Dynamits01 Flesh\l/alel Use ovellhe Kinds 01 Economic Aclivilies Measured in KM3! Annumin Africa.

1950 1%0

231

1970 1980 1990 2010 2025

273 354 4111 871 1157 15951

Note:Nominator-waterwitkdrawal, dellOminator-w atercoftSumption.
Source:UNESCO.2000.

1990 to 2025 projected. Water lise in Nigeria can still be seen within this range. Increase in demand for
water for all the sectors is increasing as the population grows. This same statistics applies to communities,
towns and cities within the riparian threshold in the Niger River Basin.

3.3 POPULATION DYNAMICS IN NIGERIA AND THE RIPARIAN MUNICIPALITIES.

As mentioned in section 3.1 and in figure 4, human population is the central driving force that influence
water quaIity in the cage study area. Changes in human population also lead to changes in ecology, society

and economics (Bucher E; Castro G; Floris V:
1997). This is bescause human population
changes interfere with natural ecosystem in
several ways. There can be natural changes hut
human population can impact on surrounding
habitat of fauna and flora and as such interfere
and significantly change the ecosystem in a
number of ways. In this section we shalllook at
the population dynamics in the cage study area.
The total population of Nigeria has been on the
increase since the 1950's, average population
growth rate is about 2.4% {United Nations
Population Division, 2000. (Online)} And
{United Nations Statistics Division, 2000 A

(Online)}. The same scenario is applicable to the other major Niger River Basin riparian countries such as
Guinea, Niger and Mali, whose average population growth rate is 0.8%, 3.2%, 2.4% respectively {United
Nations Population Division, 1999(Online)}. Each ofthese countries relies on the river as its main source of
fresh water resources. For example Niger and Mali obtain about 90% of their water requirement from the
Niger River Basin {FAO:2000 B (Online)}. The water is used mostly for such activities as cropland
irrigation, mains supplies, industries and fishing and for recreational purpose. The increase in population in
these countries is also of significance for Nigeria as a down streams country, because it determines the
quantity and quaIity ofwater that is available for it's own lise as a downstream country.

Table2:NigerianPopulationBetween1950-2050Projecled

Year Population.
LowProjection.MediumProjection.

1950
1995
1996
2000

2025
20])

2050

222,409,000

HighProjection.TotalPopulation.

32~35POO

111,721,000

115,020,000

123,300,000

256,342,000 239,051,000

261,588,000

403,745,000 340,409,667

238,397,000

278,752,000 338,732,000

Source-federalOfficeofStatisti:s,LagosNigeria.



The population changes in Nigeria between 1950till date and projected increase to 2050 is thus shown in the
table 2. The graph shown in figure 5 shows how steep, the population growth curve is and it also indicates

Flgure 5:TotalPopulatlon of Nigeria (1950 -2050 projeeted)
Souree:FederalOfflee ofStatlstles,Nlgeria/UNDP,2000 B.

1950 1995 1996 2000 2025 2030 2050

Years.

I_Total populatlon.1

that the population changes may still be on the increase for some time. The United Nations Population
Programme has projected that the population density in Nigeria will increase from 118persons/Km2 in 1998
to about 264 persons/Km2 in 2050 {United Nations Population Division, 1999(Online)}. Further more the
population growth for riparian communities located along the Niger River Basin shows even a higher
growing population due to the mass migration of people into the fertile plains surrounding the River Niger.

Increase food production and agricultural
activities, rapid industrialisation and the
growing commercial influence of the Niger
River Basin riparian communities is
attracting the migration of labour, skilled and
unskilled from the surrounding peripheral
communities. Taking Port Harcourt as a
reference point, see Table 3 and figure 6 the
city has seen an upward increase in its total

population as one of the Niger River Basin riparian cities. Since 1921 when Port Harcourt, became host to
one of the biggest seaport in the coast of West Africa, its population increased tremendously, more than the
national average. The construction of the seaport no doubt worsened the problem of migration, as several

Year.
Table 3-
Total Population "000"

1950 61 ,238
1970 213,120
1980 534,258
2000 1 ,987,348
2025 3.754.000

Table 3: Population of Po~t H a~court (1 950 - 2050
P~oiected-

Sou~ce: Fede~al Office of Statistics- Lagos-
Nige~ia-

Companies and their subsidiaries set up offices in the city, it became a big lure for able workers, skilled and

Flgure 6: A Graph Showlng Inerease In Total Population of
PortHareourtBetween 1950 -2050 (2050-Projeeted)

Souree: FederalOffice of Statistles, Nigeria.
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unskilled. Migrating labour from the periphery and other part of Nigeria moved into the city. With existing
urban infrastructure unable to cope with the expanding population and the chronic lack of accommodation,
the surrounding riverside became the hub of human settlements (ERA, 1998).This same situation is
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applicable to the other Niger River Basin riparian communities and cities. Table 3 and Figure 6 shows the
increase in Population in Port Harcourt City between 1950 - 2050 (Projected).

Most of the riparian towns are known for their importance as centres of commerce and agricultural
communities. As these cities grow, they posses a comparative advantage in terms of their ability to attract
more migrant workers. A critical review of the population growth pattem in the riparian communities and
municipalities in comparison to the whole of the country shows a population that is increasing twice the
national average. While the national average is 2.4% population growth rate, Port Harcourt has been

Flgure 7: Urban-Rural Population Changes In Nigeria (1950 -2050
P rojected)

Source: Federal Office of StatistIcs, Nigeria.
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growing between 4 - 5.8% from 1980 - 1995 (Federal Office of Statistics, Lagos, Nigeria). This growth is
projected to continue till about 2015, the Population growth may slow down to 3.2% in 2015. See figure 6,
which shows the population growth curve.

It is also important to note that, as more of the smaller riparian communities grow into large cities, they will
become increasingly attractive for labour
migrants from the periphery. This is very
important considering the spate of rural-
urban migration pattem in developing
Countries (UNDP, 2000 A).
While analysing several scenarios on the
population growth of riparian communities.
Table 4 has shown that the population will
be on the increase. The number of people in
the cities will rise very tremendously. From
the cities having about 25.66% of the
Population in 1950, it is projected to have
66.2% of the population in 2050 {United
Nations Statistics Division, 2000 B
(Online)}. Most of the riparian communities
will experience a similar growth because
they posses enormous attraction as emerging
socio-economic centres as they become

Rural- Urban Population in Niger~ Between 19ED- 2050.

Year. Urban.'UDD' Rural.'000' % Urban. % Rural. %Total. TotalPopulation,'ODO'

19ffi 8,450,400 24,484pOO 25E6 7434 100 32,935pOO

1995 44~68POD 67,153POO 399 ffi.1 100 111,721(ffi

1996 46~25Poo 68,495Poo 40.45 59,55 100 115,020,000

2000 52,123POO71,177pm 4227 57.73 100 123,300,000

2025 140,487,000121,101,000 58.77 4123 100 239,051,000

2030 166,034,000 95~54POO 63.47 3653 100 261,588,000

2OED225~47JO] 115,O62,ffi7 662 33B 100 34o,4o9P67

Table4:Aural-UrbanPopulationChangesinNigeria11950 2050Proiecled]

Source:FederalOffice of Slalislics.lagos. Nigeria.

cosmopolitan cities as a



result of rapid labour migration. Figure 7, shows the changes in total, urban and rural population between
1950- 2050.It is projectedthatbetweenthe year2000and 2025,the populationofpeople residentin urban
communities will outgrow the population of people resident in rural communities; this is c1early shown in
figure 7 below. This will ultimately meaDincrease in demand for water as the population resident in some of
the riparian towns will expand tremendously (yIorld Resource Institute, 1990-91). As is further illustrated in
figure 8, it is projected that this urban population outgrowth compared to the rural population in Nigeria is
expected between 2000 and 2050.

There are enormous implications here for water quality in the Niger River basin and the sustainable
management of its resources. Considering the fact that most of these migrations will take place in the
riparian communities and municipalities and also at present about 80% of the water needs of riparian
communities are IDet from the stock of fresh water in the Niger River Basin (Onibonje, 1980 pp 65-89).
Increasing population and economic activities concentrated along the riparian communities and
municipalities will meaD increase demand for fresh water from the Niger River Basin (Hultman B; Erik L,
1998: 12). This is in other to meet the water needs of the increasing population (Bucher E; Castro G; Floris
V: 1997). This will also lead to increase discharge ofwastewater and other pollutants into the River. This is
because most of the cities lack modem sanitation facility for the disposal of human and other forms of
organic and inorganic waste, this is illustrated further in chapter 5, where the detail of the interview and
questionnaire for this study is analysed.

Flgure 8: Graphlcal Representation of Changes In Total, Urban and
Rural Populations In Nigeria.

Source: FederalOffice ofStatlstlcs, Nigeria.
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As a down stream country, Nigeria also risk the possibility of receiving less and less quantity of water from
the River and the quality will be severely degraded, because the population of the upstream countries
particularly Niger and Mali as previously mentioned is on the increase. Yet they hold about 50% of the
annual water flow of the Niger River Basin and Nigeria receives about 36.3 Km3/per annum of water flow
fromNiger,that is about25%ofits entireannualwaterflow {FAO,2000B (Online)}.NigerandMali rely
on the water of the Niger River Basin to meet 90% of their water demand. Curiosity for economic and social
development is also becoming a priority in these upstream countries coupled with the problem of low
rainfall and high temperatures. The strain on the water resources upstream may impact very negatively under
this circumstances on the quality of water downstream and the lack of any credible policy to manage the
water sustainable, will inevitable lead to water stress and international conflict may erupt in the process.

1950 1995 2050

3.4 CASUALLoop DIAGRAM(CLD).
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Based on the conceptual study model in figure 3, we can construct a casualloop diagram (CLD) as shown in
figure 9. The prevalent situation in the
riparian communities can be represented in
this mental model thus; An increase in the
quantity of water available leads to an
increase in agriculture. More persons can
farm because of the potentials for
irrigation farming, an increase in
agriculture will lead to a decrease in the
quantity of water available because more
unit of water will be drawn for irrigation
purpose. This same scenario applies to
industries, as water will be readily
available for manufacturing, which will
soon impact on the quantity of water
available. Agriculture and Industries will
reinforce economic growth including the
service sector, which may attain a stronger

growth due to the general economic growth (Raskin P; Zhongping Zhu; 1990: 2). As the economy grows,
there is a migration oflabour, skilled and
Unskilled into the riparian communities and towns, this will lead to an increase in population (Bucher E;
Castro G; Floris V: 1997). The increase in population will mostly be confined within the riparian
communities because of their economic advantages and this can be attributed to internai migrations.

t2
water Available~
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~;~_s,-~
~~~ . ~po~
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~ ++ V UrbanSprawt

Population + Urb
.. :;~

~ arusal1on~

Figure 9: A Calual Loop Diagram (CLDI 0/ the Stud)'.

Key Points for the Dynamic Model in Figure 9.
1. The model is specifically 100kingat the impact of increase in population and its interaction

with other economic factors such as agriculture, services and industrialisation on water
quality in the Niger River Basin riparian communities in Nigeria, which is an internai
watercourse.

2. The population refereed to is the population in the riparian communities only.
3. The Labour Migration is an internai migration, involving the movement of human labour

from the peripheral villages and towns to the Niger Basin riparian communities in search of
new socio-economic opportunities.

4. The Urban sprawl is the rate of expansion of small riparian communities as a result of the
movement of people into such communities.

As Population is increasing, demand for food will increase leading to increase in agriculture as more and
more land are brought into cultivation of food and cash crops. On the other hand increase in Agriculture will
also lead to increase urbanisation, which willlead to increase domestic waste and also urban sprawl (EEA,
1999: 158). Increase in urban sprawl willlead to increase physical planning, and decrease physical planning
will increase urban sprawl.

Increase physical planning will also lead to increase policies, and increase in policy will lead to increase
physical planning. Increase in economic growth will also lead to increase industriai waste, this will lead to
increase pollution. Increase pollution willlead to increase policy, while decrease policy willlead to increase
pollution. Increase in policy willlead to increase in water quality, while increase in water quality leads to
decrease policy. Decrease in water quaiity willlead to decrease in water available.

Complex Interactions and Growth.



Population growth, economic growth and the quantity ofwater available are major factors that determine the
dynamic relationship in the above model. If we try to analyse these factors as to identify the central Ollethat

is responsible on the effect of a negative feedback on
the loop, we are confronted with the task of being
unable to clearly identifying which factor is the
central point of influence. When many parts of a
system are growing, and they are related and
interacting in a complex way, analysis of the central
cause of that problem and the future system becomes
a very difficult task (Meadows, 1972: 30). In the case
of the above model, it is possible that population or
water or economic growth is the central force driving
the loop. For example increase in population may be
the driving force for increase in economic activities
vis-å-vis agriculture, industrialisation and the service
industries and this leads to decrease in water
available. It is also possible that these factors are

influencing population and thus water available. It is equally possible that the quantity of water available is
the driving force in the loop. However, what is important is that these factors interact and act on each other
in a complex socio-economic system, while at the same time they are influenced by different factors, which
are interlocked in a complex web of interaction. The human system is a very complex Olletherefor, what this
model has done is to simplify the understanding of water issues in the Niger River Basin riparian
communities.

3.2 The Hydrology of Niger River Basin.
Globally the stock of fresh water resources is constantly depleted and also renewed through the hydrologic
circle. Naturally the process of water depletion and renewal takes the shape of precipitation from the sky,
arter which it returns back via the process of evapotranspiration (Cohen, 1996: 299). Estimating renewable
water resources for a country is often very difficult since countries do not correspond to the geographic
boundaries of watersheds such as a Basin. The Niger River Basin is shared by about 10 countries, but Jet
Nigeria and a lot of the riparian countries rely on it for the supply ofrenewable fresh water resources to meet
socio-economic needs. Figure 10, shows the entire Basin of the Niger River, which is the third longest River
in Africa and the longest in West Africa. It has its Basin spread out in about 10 countries of the continent of

Africa. The Niger River fises in Guinea,
which is its source the country has only 4.3%
of the Basin in its territory see table 5. The
quantity of water entering Mali in this Basin
from Guinea is about 40km3/Year, this is
greater than the quantity of water entering
Nigeria from Niger at about 36.30km3/year,
even though Nigeria is a down stream
country. There are several other tributaries
meeting the Niger River from these ten
countries, the River transverses the interior
plateau of Guinea, flowing north-east towards
the border with Mali, after the Malian border,
the River is joined by several other tributaries,

Table 5: Soclo-economic Statistics and Wafer FIow .. . . .
Pattern In Ten Countrles of.be Nlg..- Rluer Basln. whlch also onglnates from Gumea. The River

Souce; Food and Agrlcunural Organisation (FAO)2000. goesNortheasttowardsthe innerdeltain Mali
and is joined by the Bani River at Mopti. The Bani River is about 1l00Km and it has its sources in Ivory
Coast and Burkina Faso (FAO, 2000 B). In Nigeria the River Niger has several other tributaries and drainage
systems, the most notable Olles are the Benue, Sokoto-Rima, Kaduna, Gongola, Katsina-Ala, Dongo, Taraba,
Hawal and Anambra Rivers {United Nations, 2000(Online)}.
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Figure 10: A Map of the Niger Riyer Basin.
~Source: University of Texas. Austin.
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Evaporation in the Inner Delta.
The problem in the inner delta is one of the
most challenging tasks for the sustainable use
of the Niger River Basin in Nigeria. Nigeria
does not get as much water ITomNiger due to
the problem of evaporation in the inner delta.
The Inner Delta is located in Mali, there is a
lot of evaporation before the River gets to
Niger. Specifically this problem result ITom
the effect of seepage and evaporation
combined with almost no runoff ITom the
whole of the lett bank in Mali and Niger,
(FAO, 2000 B). The area of the inner delta,
which is a network of tributaries, channels,
swamps and lakes, is about 3000Km2 in flood
season. The area is swampy and the soil is

sandy, and the River at this point touches the southem flanks of the Sahara desert thereby causing the River
to loss about one third of its annual flow. The average loss is estimated at about 31km3/year, however, it
varies according to the year.
A significant portion of the Niger River is located in Mali, Niger and Nigeria. About 75% of the whole

m . m Basin see table 5. The Niger River
can be divided into the Inner Delta,
the lower Niger and the Middle Niger
River Systems. For the purpose of
this study emphasis is on the Middle
Niger River system, which is the
section of the Niger River that runs
through Nigeria. Several other
tributaries also join the Niger River in
Nigeria and at different points, this
could explain the variation in annual
water flows at different point in
Nigeria, see table 6 and figure 11

Sourc", UNESCO§ympas"m on R'..oITComp"",,-s for W",... Pro]ects St.Peters.ero. Russ'a, Det. 30 - Nov.3, 1995 . . .

showmg the mcrease m water flow
between the points at Sokoto River and Benue River. The increase in Benue River is due to the water flow
ITomCameroon. However, the quantity of flow has dec1inedover the years. In the same table 6, statistics is
taken for all the major water receiving points in Nigeria and the annual decline in water flow varies ITom
each point hut the average dec1inein annual water flow is about 25.67km3/year.
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Table6:WaterHowinSomeSelectedNigerRiverRiparianCttiesinNigeria.

Source:FoodandAgriculluralOrganisation(FAO),2000.
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3.5 Ev ALUATING W ATER SECURITYPROJECTS IN THENIGER RIvER BASIN.

In the Niger River Basin there are a number of water projects that has been constructed over time in Nigeria.
The Basin supports a number of dams, water reservoir projects, irrigation projects and light ports and is also
used as a means of transportation of goods and persons within the riparian communities. Some of these
projects inc1udethe Kainji Dam and the Bakalori irrigation project. A number of other projects are planned
in the nearest future, one of the biggest is the Petroleum Trust Fund (pTF) funded water dredging project in
Nigeria. The plan is to dredge the lower Niger Waterway and the project covers about 572 km of the lower
Niger, extending ITomBaro in Niger State to Warri Bifurcation in Delta State. This is to enhance inland
water transportation in Nigeria. These projects are carried out in other to meet the water needs of the
increasing Nigerian population and the desire for further economic growth (Egboka B, 1999).



Dams, reservoirs and other water projects are motivated clearly by the desire to increase water supply for an
ever-increasing population whose demand for water may also be increasing (Gardner-Outlaw T; Engelman
R; 1997). Contemporary water management strategies in the Niger River Basin in Nigeria have always
emphasised on the need to increase supply of water to meet demands, These projects often termed as water
security strategies has affected the health of River ecosystem in a variety of ways. On the social scale, the
long-term implication of these projects harms the ecosystem and threatens long-term water supply. Dams
~iiiJ~i:.~r.Ji.J>~I~i~n!i:(~[~rI,J>~;;:siiiiJ~~~~a~rI[Qfi~~iii~~ ' j and Reservoirs are capable of causing high rates

1970: 03: -.0. 00 of silitation and evaporation, tropical diseases,
1980: 1.1 weeds and eutrophication. It generally carries a

substantial amount of suspended matters into
lakes and reservoirs (Sklar, L: 2000). In the cage
of dredging and other engineering projects in the
Niger River, the basement rock along dredged
flow may be fractured, faulted and jointed with
potentials for rock falls, glides or engineering
failures (Egboka B, 1999). Dam construction also
cause direct habitat destruction, fisheries
depletion and cultural threats, (Raskin P and
Zhongping Zhu: 1990). The excavated sand areas

may be equally exposed to increased soil and gully erosion, and landslides. Possible encounters of
mineralised geologic members such as coal, limestone, hydrocarbons, trace elements, heavy metats, can also
occur. Exposure of mineralised geologic materials may result in creation of continued leachates or inputs of
pollutants or contaminates into the River from such point sources (Egborge: 1998).

Table 1: AM..I Discharge ~ Nitrogen, Phosphorous and IlOO lnIo the LoIcojo5ection ~ the Niger River BasiL
SOIIl:e: _I_ormelltal Pro(ection Agency (fEPA~ Nigeria.

Nigerian agricultural potentials is vagt particularly along the Niger River Basin, presently the total area
under irrigation now in the Nigerian section of the Niger River basin is about 670000 ha of farmland and yet
there is still plan for expansion to irrigate about 1678510 ha of farmland (FOA, 2000). The total water
abstraction in the Niger River Basin for irrigation purpose is about 16.79Km3/year, Nigeria has a potential
annual water flow of about 177Km3/year in the Niger River (FAG;2000 B). Like in most parts of Africa,
about 88% of water abstraction is used for irrigation farming (UNECA, 1989). About 65% of Nigerian
active working population is engaged in the agricultural sector, cultivating only about 17% of the total
cultivatable land, this shows a potential expansion in irrigation agriculture in the future (Geoffrey Stiles:
1999). The use of chemical fertilisers is increasing and an increasing track of forest particularly tropical and
equatorial forest located in riparian communities is been cleared to make way for farmland. Irrigation project
is Olleof the factors that is causing water stress and degradation of water quaiity and ecosystem in the Niger
River Basin. This is due firstly, to the increase abstractions ofwater for irrigation purposes. Also irrigation is
causing salinity of the basin, (FAO; 2000A) stated in an impact assessment report for the Basin that this
factor is a very serious Olle,others include impact on health, forest, fisheries and wild life. The effect of
source and non-source water pollution and ron off due to the use of agricultural inputs can also intensified
under irrigation schemes (Khroda, 2000). Agricultural ron off lead to high nitrate and phosphorous
concentration in water body and eutrophication including alga growth. The construction of water reservoirs
in or around the Basin lead to the concentration of cattle grazing along the banks of the River, this leads to
nutrient soil leaching into the Niger River causing severe pollution (FEPA, 1996). The clearing of
mangroves and other forest cover for farming purposes eloge to the bank of the River as a result of the
availability of irrigation facility in the Basin also leads to severe problems of deforestation which cause
stream bank erosion. It changes the hydrological circle, rate of rainfall infiltration and evaporation, soil
moisture and temperature condition. It also has the potential to contribute to climatic change (Sklar, L:
2000).

3.6 DISCUSSION.
As has been illustrated in the earlier part of this section, this thesis has explained the central focus of this
study and the interrelationship between the three pillars of sustainability vis-å-vis ecological, economic and
social sustainability. Based on this understanding, this thesis has analysed the causes and problems of urban



sprawl and water issues in the case study area. In furtherance to explaining the problems of population
impact on water resources in the Niger River Basin, this thesis has also analysed the population trend and
growth pattem in Nigeria and illustrated its projected increase inta the future. With the use of dynamic
models, the thesis has been able to show the dynamic interrelationship and the complex interaction between
all the part of the system. This section also evaluated several water security projects in the Niger River and
the hydrology of the River and its ability to meet this increasing need for water.

CHAPTER 4: WATER QUALITY CHANGES IN THE NIGER RIVER BASIN.

4.1INDUSTRIALANDDOMESTICWASTEDISCHARGE.

In the Niger River Basin the main sources of water pollution are industrial effluents, sewage, storm,
agriculturaI runoff and urban runoff. In Nigeria and along the riparian communities of the Niger River
Basin, point and non-point sources of pollution are central problems in dealing with water pollution issues.
Agricultural production constitutes a major polluter in terms of the way that water quality can be degraded
owing to the clearing of land, use of fertilisers and pesticides and irrigation schemes. The use of DDTs and
PCBs in agriculture degrades water quality in the Niger River. They result from the direct application of
agricultural chemicals such as insecticides, pesticides and herbicides. PCB's can infiltrate fresh water via
sewage disposals, incineration and toxic dumps.
Towards the southem flank of the River Niger Basin, particularly in the Niger Delta section of the River, the
leaching of nutrients from raiDfed arable land is a problem. In areas of intensive cultivation, considering the
rapid increase in the use of chemical fertilisers amongst small-scale farmers and a heavy precipitation over
evapotranspiration. The WorId Health Organisation, 1992: 111 stated:

nNutrientssuch as nitrate and potassiumcan easilybe leachedowingto their high mobilityin water,whereas
otherchemicalsused in agricultureare lessmobileandmovemoreslowlydownwards theytoo canTeachthe
ground water n.

Also industrial pollution discharge volumes of effluents same at high concentration inta the River, the
impact of sewers and storm drains in this regard is also enormous. As indicated in a study carried out by
FEPA to determine the level and concentration of three major types of pollutants in the Niger River Basin
namely BOD, phosphorous and Nitrogen in the Lokoja axis of the River. It was discovered that the total
amount of the concentration of these three pollutants has been on the increase in the Niger River Basin
section of Lokoja since 1970 (FEPA, 2000: 46). Lokoja a small suburb town in the 1970's has grown
tremendously to become a major city today in Nigeria. It is located along the banks of the River Niger at the
confluence, where River Niger is joined by its largest tributary River Benue. Details of the concentration and
discharge of these pollutants are shown in table 7 and figures 12 and 13. The pollutants namely Biological
Oxygen Demand (BOD), Nitrogen and phosphorous has been increasing since the 1970's when human
settlement and economic activities commenced strongly in local communities along the River Niger Basins
such as Lokoja. The trend ofthis increase does not show any sign of slowing down in the near future.

From the statistics obtained, see figure 12, the total quantity of BOD has increased from 0.3Mtonnes per
annum in 1970 to 3.6 Mtonnes in 2000, this represents an increase of about 1100%. In the case of Nitrogen
the percentage increase between 1970 to 2000 is about 589%. In the case of phosphorous the increase
between1970to 2000is about380%.Sameof this increasecouldbe attributedto naturalconditionsas will
be explained below, but it does show that the impact of pollution and contamination of the Niger River as a
result of the unregulated discharge of industrial and agriculturaI chemicals inta the water body is very
enormous. This is considering the rate at which various forms of chemical, organic and inorganic waste are
building up in the water. We could also attribute a lot of this pollution to point and non-point source. The
increasing use of chemical fertilisers and the location of chemical plants and factories in riparian
communities is responsible for the increasing pollution and degradation of the quality of the waters of the
Niger River Basin. Industry discharge their waste untreated directly inta the water body and there is no
comprehensive effort to stem the ron off of chemical fertilisers inta the Niger River.



In many of the Niger River tributaries, the discharge of various types of pollutants are already reaching a
hypereutrophic levels owing to the discharge of mainly nitrogen and phosphorous. Jackson, A.R.W;
Jackson, W, 1996 has further argued that ron-off from agriculturaI sites used for livestock production has
intensified the release of pollutants into the River. In the Niger River riparian communities, like in most

Figure 12: Annual Mtonnes of BiologicaiOxygen Demand
(BOD) Pollution in the Niger River Basin Section of Lokoja in

Nigeria (1970 -2000)
Source: Federal Environmental Protection Agency (F EPA)
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other part of the world, the concentration of large herds of livestock in small areas has exacerbated the
problem of organic pollution from farm animal waste.

Other major pollutants, sources and effects on water quality in the Niger River Basin is shown in table 8.
Besides the effect of BOD, and plant nutrients pollution, there is also the problem of water acidification.
This is mostly caused by acid rain and mining in some communities in the Niger River Basin. The discharge
of toxic metals from ore and tin mining and the release of lead from car exhaust pipes pose enormous
problem of water pollution in the case study area.

In the Niger Delta, Nigeria where one of the largest Deltas receives water from the Basin before draining
into the Atlantic Ocean and home to various species of rear and endangered species of plants and animals,
the oil industries pose severe threat to water quality management in the region. The Niger Delta is criss-
crossed with several tributaries, small and large that drains into the Niger River Basin before emptying into
the Atlantic Ocean. Oil exploration and production has caused serious cases of water pollution, this is
mostly during the processing stage, seismic activities, drilling, and transportation. Recorded cases of Crude
oil pollution is known to occur more frequently oil tanker spills; seepage; disposal of drilling equipment's
and chemicals and pipeline leakage's (ERA, 1998).

In Nigeria, like most other developing countries, a large proportion of the population is involved in
agricultural and agro-allied industries. Due to the lack of appropriate technology and policy deficiency,
waste management from these sectors is not given adequate priority. The prevalence of cottage industries
majority of which are involved in the processing of agricultural raw materials into manufactured products in
most of the riparian communities is a major cause of water degradation. A significant number of the
industries discharge their waste product into the River untreated. In the riparian communities, water
pollution can occur through point and non-point sources. Point source pollution is identifiable and includes
such mediums as effluent discharges from industrial areas and domestic sewers. Non-point sources can
occur as a result of urban and agricultural ron off and by storm water effect. Industries located close to the
Niger River banks produce wastes, which affect the normal life of the River. A significant percentage of
these wastes are discharged into the River. There are records of pollution of Warri River, a tributary of the
River Niger by the Warri refinery, steel and other industrial concerns with organic and inorganic effluents.
This same situation is applicable to the fertiliser plant at Onne in Rivers State and many water systems of the



coastal oil producing zones are polluted by spilled petroleum. Benin River water of Ogorode, Sapele is
polluted with boiling water discharged from the NEPA thermal plant (Egborge AB.M, 1998).

Figure 13: Annual Ktonnes of Phosphorous and Nitrogen Discharge into the
Niger River Basin Section of Lokoja in Nigeria (1970 - 2000).

Source: Federal Environmental Protection Agency (FEPA) 2000.
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Although wastewater effluent standards policy regulate the quantity of various types of pollutants discharged
into Nigerian water by industries and other concerns monitoring to ensure compliance in Nigeria appears to
be an impossible task (FEPA, 1996). There are also other sources ofwater pollution that can be attributed to
extra-Iocal effect, such as trans-boundary air pollution, which leads to the acidification of fresh water. Since
the Niger River is a flowing watercourse naturally it could be able to renew it self from the effect of trans-
boundary air and water pollution. However, when the level of saturation is above the tolerable limits, the
capacity of the River to renew itself will be impaired (Jackson and Jackson, 1996:282). Equally in some
instance there are also the effect of water pollution due to natural causes as will be illustrated below,
however this thesis will not get into a detailed analysis of that issue. Table 8 below is a list of the most
common sources and types of water pollution in the Niger River Basin.



Table 8: Types, Sources and the ImpactofVarious Types of Common
Pollutants in the Niger Rilfer Basin.

AdaptedfromJacksonandJackson:1996

Polhttant Major Sources. Efrects.

Oxygen-D emanding Sewage effiuents; D ecomposition by aerobic
Waste. agricultural ron-off bacterial, dep1etinglevel of

including animal wastes; clissolvedoxygen in water;
some industrial effluents flora andfaunaperish;
from wood mill andfood fu:ther decomposition by
processing etc. anaerobic bacteria produces

foul sme1lingtoxic
substances such as
hvdroe:en sulohide.

Plant nulrients such as Sewage effiuent including AIgal b100ms; death of sub-
nitrate and phosphates. phosphates from merged vegetation;

detergents; agricultural production oflarge amounts
ron-off, especiallynitrates of dead organic matter with
from fertilisers. subsequentproblem of

oxve:endepletion.
Acids. Acid rain; mine drainage; Aciclification ofnatural

waters; sharp decline in
species richness; fish killed;
concomitant increase in
level of toxic metals in

solution for example
aluminium.

Toxic Metals. Ore mining; associated 8iom afication oftoxic

industries; lead from metals with each successive
vehicle exhaust emissions. stage offood chain; threat

to consumers including
hum ans.

Oil Drilling operations; oi1 Contamination of the

tankers spills; natural aquatic environment, death
seepage; waste clisposal. ofbirds and mammals.

DDT (Organoch1orine) Direct application; 8io-magnification; top
agricultural ron-off and carn1voresatrisk; very
via aerial crop spraying. persistent in the

envir onm ent.

PC8s (A series of Sewage effiuent; waste 8io-magnification; top
Organochlorine) incineration; toxic dumps; carn1voresat risk; effects

landfill sites. on human health inchldes
j Dintpain; chlorine and
fAt,m'"



Figure 14 shows the percentage of contribution of each of the major sources of pollution that degrades wafer
quaIity in the Niger River Basin. From figure 14, agricultural ron off contributes the highest percentage of
pollutant into the River.

Figure 14: Percentage ConstituentofVarious Sources ofPollutants
in the N iger R iver Basin.

Source: Federal Environm ental Protection Agency (FEPA) 2000.
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4.2 NATURALWATERQUALITYCHANGESIN THEBASIN.

There are several natural factors that can impact negatively on wafer quality. These natural factors include
geologic formations; geographic factors; vegetation changes and natural eutrophication, (Krenkel and
Novotny, 1980: 8).

The low precipitation rate in Northem Nigeria where most part of the Niger River Basin is located and the
peculiar geographic setting of the area which leads to high rate of evaporation is a threat to the quality of the
wafer resources in the Basin. Along the stretch of the Niger River in Nigeria, the variability in climatic
conditions shows a remarkable difference in temperature and precipitation rate. In the far North where a bulk
of the Niger River Basin is located, precipitation is at its lowest at about 535 - 1000mm/year. Temperature is
also very high at about 35-40 degrees Celsius, leading to faster rate of evaporation (Osuntokun A, 1997: pp.
25 - 45). Of similar problem is the fact that about 50% of the volume of wafer in the Basin are located in
Niger and Mali where precipitation rate is also very low, see table 5. Average precipitation rate in Niger and
Mali is about 280 and 440mm/year respectively.

As illustrated in section 3.4, the evaporation rate in the inner Delta and the encroachment of desertification
are also major primary concem for wafer quaIity in a downstream country like Nigeria. High 1evel
evaporation can lead to changes in wafer faste and odour, which may generally lead to wafer stress as
residents may be less willing to use the wafer for a variety of purposes.

These problems are natural in scope, It is also important to note that they are accelerated by negative human
impact on the ecosystem such as climate change and green house gas effect. In many regions of Nigeria, like
in most part of Afiica, there are apparent signals to indicate that the climate has been changing for about 40
years now. In SOfie part of the upper Niger River system, raiDSare becoming scarce and deforestation
mostly attributed to over grazing and increasing temperature is taking a hard toll. The effect of drought is
very pronounced. Further research is desired to evaluate and understand the full impact of climate change.
Climate change is also causing sea and ocean level fises. For a fresh wafer system like the Niger River Basin
this is a great threat considering the intricate networks of ocean wafer tributaries as they intermingle with the



fresh water tributaries. This can 1ead to salinisation of fresh water networks, which can pollute the Niger
River.

While this factors are worth considering in a study of this nature, modem techno10gyand human capacity is
yet unab1e to tack1e the problems of influencing natural factors and their negative feed back on the human
ecosystem such as water resources. The most practicab1ething is to develop sustainab1ewater management
strategy and conservation projects that can tackle these problems and yet ensure that the competing uses of
water vis-a-vis social, eco10gica1,economic and cu1tura1needs are not undermined.

4.3. HUMANHEALTHINTHERIPARIANCOMMUNITIES.

Water is a source of nourishment for mankind, it is desired as a means of satisfYingdifferent human needs.
When the quality ofwater deteriorates, we approach a period ofwater stress. Water stress under a condition
of deteriorating water quality means that the water availab1e is unab1e to satisfY the needs of the human

Table 9: Showlng Varlous Types or Infectlon and Human DIseases dua to poor VVater QuaiIty.
Source: .Jackson and .Jackson; 1996.

population because 'lt has been so degraded as a result of po1hjtants. Under this condition, the water is
considered a threat to human hea1th in the event of consumption (EEA, UNEP, 1997). Water qua1ity cou1d
a1sodeteriorate because very toxic substances have penetrated the water body.
The United Nations World Health Organisation (WHO) have estimated that about 80% of human diseases
reported in the less deve10pedcountries is due to the effect of poor water qua1ity(Cunningham and Saigo,
1997: 437). This situation is evident in the Niger River riparian countries, considering the rate of water
borne infection in Nigeria as a who1eand specifically in most ofthese riparian communities (MoWR, 1995).
As shown in table 9, there are various kinds of water borne disease that are primarily due to the effect of
pollution and degradation ofwater quality. The United Nations estimates that nearly ha1fof the peop1ein the
deve10ping countries lack access to dean sanitation and safe drinking water (Raskin P; Zhongping Zhu;
1990: 1). This is applicab1e in the riparian communities, where 1argetons of human waste are discharged
untreated into the basin. Yet SOfieof the communities are without dean water supp1yand as a result has to
re1y on obtaining water direct from severa1 tributaries of the Niger River Basin for human consumption
(ERA, 1998). This is equally evident from the outcome of the field interview and survey illustrated in
charter 5.

PATHOGENS DISEASES EFFE CTS

BACTERIA

Salmonella Typhi Typhoid fever Severe vomiting and
diarrhoea; can be fatal if
untreated.

Shi gell a Dysenteri ae Dysentery Acute diarrhoea;; can be
fatal 1.0 infA.--.tS if' untr e ated.

V ibrio ehoIera Cholera Severe vomiting and
diarrhoea; dehydration and
can be fatal ifuntreatec1

Escherichia Coli Enteritis Vomiting and Diarrhoea.

VIRUSES

H epatitis virus A Inf'ectious hepatitis Severe headache; Fever;
Jaundice; Enlarged liver;
Rare end faW

Poliomyelitis Virus Polio Severe headache; Fever;
Paralysis in body end
lim bs' can be fatal.

PARA SI TIC
PROTOZOANS.
Entam o eba histolytica Amoeba Dysentery Severe Diarrhoea;

abdominal p,,;n; C hill s;
Fever; can be fatal if
untreat.ed

Giardia lamblia Giardia Diarrhoea; Fatigue.

PARASlTIC VVORMS

S chi stosom a "Fp. Schistosomiasis D ebilitating ilIness; Skin
(T rem sto de) (Bilharzia) rash; anaemia; Chronie

fatigue; haemorrhaging;
not. nf"tn fatal.

Anchylo stom a (N am ato de) H ookW"orm Inf'estation H eavy inf'estation causes
internal haemorrhaging
and anaemia; fatal in some
c ase s.



It is common to see that wafer is classified as unsuitable by local communities because it has an odour or
taste. However, suffice it to note that in most instance, wafer faste and odour may not really mean that the
wafer is unsuitable for human consumption neither does it pose a threat to human health. In most instances
wafer may become toxic or pose threat to human health hut yet it is colourless and odourless. In other to
determine the suitability of wafer for human consumption, laboratory test could be carried out to determine
its pH value.

Wafer quality deterioration and severe wafer pollution can cause wafer-borne pathogens that cause several
kinds of diseases such as cholera, typhoid and hepatitis (Jackson, 1996: 283). Wafer contamination from
organic and chemical pollutants is a major problem in the Niger River Basin.

4.4. BIO-DIVERSITYINTHENIGERRIVERBASIN.

The total area of Nigeria is about 923,770Km2, out ofwhich the Niger River Basin occupies a total area of
584,193Km2 representing about 63.2% of the total area. The vegetation of the Niger River Basin varies as
much as the vegetation and geography of Nigeria and as such provides a great habitat for various species of
plants and animals. The Niger River Basin holds the largest number of species both rear and endangered and
such has remained an important ecosystem in Nigeria.

Pollution in the Niger River Basin has affected bio-diversity negatively. The eutrophication of the Basin
leads to increase plant production and algae bloom. This could be as a result of increase production in the
watercourse and also by increase direct input of organic matter through sewage disposals. This can lead to
insufficient oxygen inflow for the decomposition process and as such e1iminate the marine animal
population including fish, thus impairing bio-diversity (SEPA, 1994: 99). Like most fresh water resources
globally, there is a decline in the number of species in the Niger River Basin ecosystem. On the physical
rea1m, decrease in biologicaloxygen demand (BOD) has lead to a high rate of decomposition by aerobic
bacteria, depleting leve1s of dissolved oxygen in water. Jackson, 1996: 282 has further argued that this
aerobic bacterial are soon replaced by anaerobic bacteria, which carry out the decomposition producing a
fowl smelling toxic products such as hydrogen sulfide and ammonia. This also increases the turbidity of the
water, thus reducing the amount of light available for photosynthesis. Fish are unable to survive in
conditions of severe oxygen depletion and as such die off. This has lead to agradual decline in the number
of species of plants and animals. Algal bloom due to nutrient saturation is causing further decline of other
species of plants and animals some of, which are rare and endangered, and also endemic to the Niger River
Basin. An increase in pH value due to acidification is capable of causing further decline in the variability of
the ecosystem of the Basin. Toxic metal discharge, oil exploration and pollution of water ways and
tributaries, DDTs and PCBs all have varied ways that they pose severe risk and destruction of the bio-
diversity of the River.

The increase in human population has also lead to the act of clearing forest by the bank of the River for
housing construction, as grazing land and for several other purposes. Waterways and watercourse are also
sand filled to provide more land in an increasing land scarcity situation. The impact of rapid agriculture by
the banks and the effect of over fishing are some of the most pronounced human threat and rapid destruction
of bio-diversity going on in the riparian communities. As human population expands its area of occupation,
the total area left for bio-diversity is declining considerable. Over population will also cause the over
abstraction of water from the Niger Basin Under this circumstance, the wafer will loss its natural ability to
renew itself. As the wafer quality and quantity declines, it willlead to the loss of wetlands in the southern
part of Nigeria, increase desertification in the Northern part (MoWR, 1995), low River flow and the
intrusion of salt water into fresh water bodies (EEA, UNEP 1997).

Conservation of bio-diversity is very important, the society has an economic value to gain and there is a
great value that can be derived from the use of bio-diversity in gene banks for medicinal purposes.
Culturally and recreationally, there is an amenity value associated with the diversity of flora and fauna.



People can take great interest and as such derive satisfaction from the variability of species. Bio-diversity is
good from an ecosystem point of view, the variability in species and genes is vital for the continual support
of the ecosystem and also as a means of sustaining and supporting vital life system. This is called the
interdependence of species (Constanza, R; Folke C, 1996).

CHAPTER 5: EVALUATING PERSONNAL INTERVIEWS OBTAINED IN THE FIELD STUDY.

In the process of this thesis, Personal interviews were conducted and data collected as regards the opinion of
residents in regard to the quality of fresh water resources in the River Niger Basin. The interview was
principally conducted for residents of Lokoja community and 10 respondents participated in the interview.
The sample population consisted of five males and five females, whose age distribution range from 18 to
above 50 years. Occupational distribution varied considerable and the time of residence in Lokoja for each
of the respondents varies considerable, giving a better shade of opinion and understanding of the views of
each participants. Some were recent migrants and others were originally from the area, this added
considerable to the diversity of the outcome of the interview. Evidence from the interview indicates that a
significant number of residents leave within the proximity of the Riverbank and most of this residents rely
on three major sources of water for their daily water need. These are bore-holes, which are drilled
underneath the aquifer where water is then drilled to the surface, about 40% of the respondents rely on this
means of water. About 50% rely on weIl water which is dug underneath the ground most of it is within the
range of7-8 meters down. Only an insignificant 10% rely on utility supplies, which is source from the basin,
treated and piped into homes and offices by the Government Utility board.

On sanitation situation, about 70% of the respondents rely on open pit toilets, they are usually dug into the
ground. Raw sewage and other organic contaminants can be transported down the water aquifer by this
process polluting underground water. The long mn effect of this is that surface fresh water resources in the
basin can also be polluted. There is also the prevalence of open toilets, this was not reflected in the data
collected probably because the sample population was small. The use of open toilets also contributes to the
problem of non-point source pollution. Storm water fUll-off transport human faecal matter into the Basin
untreated. An insignificant percentage about 30% rely on water eloset. About 50% of the sample population
rely on disposing garbage and refuge directly into the Basin, while another 50% rely on disposing it off via
incensed and authorised sanitation agencies.

Virtually all the respondents admitted that they feel concerned about the health of the River and are also
concerned about water quaIity in the area. 40% percent of the sample population has suffered the effect of
water borne disease in the last five years and only 60% have never experienced it. 80% of the respondents
admitted that they have noticed degrading water quality in the Basin and only 20% has not seen this change.
All the respondents have noticed that the population of their local area has been on the increase.

On rating the performance of the agency managing water in the basin, the Niger River Development
Authority, 20% of the respondents said they are good, 40% rated them average, 30% rated them poor and
10% contended that their performance is very poor. All the participants admitted that they are willing to
contribute towards a better water management in the basin. 80% of the respondents also stated that the
agency has not done enough to tap from local knowledge and resources in managing the basin, which
inevitable means that local people, are not weIl integrated in water management in the basin. Only 20%
admitted that the authority has done enough in these regards. A general analysis of the interview and data
collected indicates that when it comes to the issue of sustainable and integrated fresh water management in
the Niger River Basin, residents generally feel concerned on the situation of the deteriorating River quaIity.
Most residents were more concerned with the discharge of domestic and industrial waste into the River.
They are particularly concerned with the fact that they are not involved in the decision making process as it
concerns water management strategy in the Basin (Rouse M.A, 1995: 124).



While the data and interview obtained reveals in a strong degree the concerns of local people, this thesis is
not arguing that the data collected is an absolute reflection of the true situation. In SOfieways, the data is
short of the following.
1. The sample population is too small. This is due to resource limitation, as any detailed data collection and

interview will entail enormous resources to collect.
2. The respondents may not be weIl educated and as such may not understand the dynamics of water

resource management, neither can they under stand the methodology of a highly technical institution
like the River Niger Development Authority. However, if taking from a broad understanding, their
response reflects experiential learning, they speak based on experiences, which is a more realistic
information divorced from the bias of a highly educated mind. AIso, irrespective of the fact that the data
did not show respondent's level of education, SOfieof the respondents are well-educated persons.

3. The data did not reflect the opinion of the industries, because that would have divorced the thesis from
its central objective of studying how population changes affects water quaiity in the Niger River.

Details of the interview is attached as appendix l.

CHAPTER 6: PROBLEM ANALYSIS.

6.1 THE IMPACT OF URBAN GROWTH AND INCREASING POPULATION.

The most fundamental question that this thesis is set to prove is that Population growth is a threat to
sustainable water management in Nigeria taking the Niger River Basin as a cage study area. From figure 15

below increase in employment leads to increase in
migration. Increase in migration leads to increase in
population, this is evident from the result of the field
interview, where residents admitted that they have
observed increase population in their
neighbourhood, see chapter 5. Increase in population
leads to decrease in employment because economic
growth can not keep pace with the number of
persons seeking for employment. The employment
level also seeks to regulate the number of people
moving into the riparian communities. As
population increases, the need to meet the housing
requirement of the people also becomes apriority
issue. These riparian communities are mostly coastal

towns and as such to meet the housing needs of these people and also provide accommodation for other
commercial and
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Key Points for the Dynamic Model in Figure 15.
1 The model is specifically looking at the impact of increase in population and its impact on

urban growth and the implication for water quality in the Niger River Basin riparian
communities in Nigeria, which is an internai watercourse.

2 The population refereed to is the population in the riparian communities only.
3 As in figure 9, the Labour Migration is an internai migration, involving the movement of

human labour from the peripheral villages and towns to the Niger Basin riparian communities
in search of new socio-economic opportunities.

1. The Urban sprawl is the rate of expansion of small riparian communities as a result of the
movement of people into such communities.

Industrial purposes, the need for land reclamation arises. An increasing part of the River is reclaimed in this
process thereby causing deterioration in water quality. AIso increase in population leads to urban sprawl and
increase in urban sprawl 1eads to increase in squatter settlements. This is because as more and more of the



migrants become unable to own houses or secure adequate accommodation as a result of the high costs of
accommodation, they will be forced to set up temporary structures that lack basic sanitation standards as
living quarters.

As squatter settlements springs up, sanitation deteriorates and these squatter settlements discharge their
waste untreated into the surrounding Rivulets and the tributaries of the Niger River. A significant amount of
this waste ends up as mn off and non-point source pollution into the Niger River Basin.
However over the rast decades, the total area covered by the Basin and its bio-diversity has dec1ined as a
result of a variety of human activities, such as over fishing, freshwater diversion and rec1amation works.
This has all tremendously affected the basin in a number of ways.

From figure 16, available water leads to
an increase in agriculture and industry,
increase in these sectors also lead to a
decrease in the quantity of water
available because so much water will
be required for irrigation schemes and
for product manufacturing. Increase in
agriculture and industry will lead to
increase in economic growth as output
will increase. Economic growth will
also lead to increase in these sectors
and the service industry. As economic
growth increase, waste generation will
also increase leading to pollution and
as such water quality will decrease
because the water will receive much of
the pollution and waste. As water

quality decreases this will mean decrease in the amount and quality of

6.2 THE IMPACT OF ECONOMIC GROWTH.

AvailableW~ter~
-+.! "-.~ Water Quahty

Service Sector

~
~

\. .. - N
Agriculture + ijconomicGrowth~

~ (+ ~ Jndu~Uy !oUution~-~
Figule 16: A [asuallDop diaglam ([LD) Dn the Impacl DIEconomic GlDwlh

!on \\faleI QualilJ' in The Nigel Rivel Dasin.

Key Points for the Dynamic Mode! in Figure 16.
1. The modet is specifically looking at the impact of economic growth and its impact on water in

the Niger River Basin riparian communities in Nigeria, which is an internat watercourse.
2. The economic growth is specifically for the riparian communities.
3. The pollution is specific for the Niger River Basin.

Water required for human consumption industry or agriculture (IDB, 1998). Access to c1ean water remains a
major environmental problem in the Niger River riparian communities as disease causing effluent and waste
are discharged into the River untreated and the lise of agricultural chemicals is expanding
{Center for International Technical and Educational Cooperation (CITEC), 2000}

6.3 A CONCEPTUAL MANAGEMENT POLICY FOR THE NIGER RIvER BASIN.

6.3.1 WATERDEMANDANDSUPPLY.

The main focus of this section will be to lise the knowledge of the economics of natural resources to design a
conceptual resource management modet for the Niger River Basin and its riparian communities as to ensure
the sustainable management of this vital fresh water resources.



It was stated in section 1.1 that water is a vital resource for human survival and it is the driving engine for
economic development. Krenkel and Novotny, 1999: 12 further stated that water can not be evaluated on the
traditional economic sense using the forces of demand and supply because tigers can not determine at what
point water will be supplied, the quantity to be supplied and at what price it can be sold. Water is supplied
natural and nature does not take into consideration the dynamics of demand and supply. Water scarcity has
the same effect as deteriorating water quality and as such it is difficult to lise the conventionai economic
approach of market forces to determine the price of water or quantity demanded or supplied. In
consideration of the above, suffice it to note that the interactions of market forces do not operate
satisfactorily in the cage of water quality controI. This analysis will form the basis for the evaluation of the
dynamics of demand and supply for water resources in the Niger River basin below.

When the supply of a common resource such as water exceeds demand, society does not think about its
scarcity because at this point water stress does not emerge and as such conflict rarely occurs (See Point A
and B) in figure 17. At Point A, water demand as a result of population increases has not exceeded the
quantity of water supplied. At this point the water can naturally renew non-toxic and other forms of organic
waste discharged therein. However, when the resource becomes more scarce in terms of the restrictions that
may be posed by the deterioration in quality. As an important and vital ecological good, that is generated
naturallyand neady fixed in nature, it is bound to lead to stress and later conflict amongst its competing tiges
or among the competing tigers. Such conflicts tend to undermine the need for a sustainable management of
the resource.

We have seen from the foregoing discussion that the two primary causes of water quality problem in the
Niger River basin and for which has remained the central focus of this thesis is the impact of increasing
population and economic activities within the catchment communities, towns and human settlements. From
the foregoing argument presented in this thesis it is evident that this trend will persist for a long time in as
much as the economies of this riparian towns continue to grow attracting more migrants from other part of
the country to seek for a betteT economic opportunities herein. As these small riparian towns grow into
burgeoning cities they will have an increasing advantage in their ability to continue to attract more persons
to settle within its neighbourhood. This trend will no doubt also lead to increasing degradation of the quality
of the Niger River and its tributaries. As further argued in section 4.2, the impact of such water quaiity
degradation may not immediately lead to water stress, conflict or scarcity. As population and economic
activities continue to grow and the water continue to receive an increasing quantity of waste and is degraded,
at some point supply of portable fresh water will not be able to meet the demand because poor water quality
will restrict the lise of available fresh water. This is the water stress stage (EEA, 1999: pp155). It is very
important to note that water scarcity and stress under this situation is in terms of quantity and quaiity,
however the purpose of this thesis is to analyse it from the perspective of quality.

As shown in figure 17, unlike conventionai human
commodity such as manufactured goods, the supply
and demand forces for a potentially exhaustible
natural resources with an "open access" such as- Woter fresh water resources in the Niger River has its

supply supplynearlyfixed in nature(KrenkelandNovosky,- 1980: 6,). Natural water renewal circle is very slow
:':'d and as such contributes very little in terms of

quantity on the amount of that natural resource
commodity supplied over time (Miller, 2000).
Demand will vary over time and is more dependent
on the population increase and the grate of economic

growth such as irrigation farming and manufacturing activities that demand the lise of water. Also if that
natural resources acts as a waste sink for human and industrial waste as it is the cage with the Niger River
Basin, the water that is degraded as a result of waste disposal can be regarded as a loss. This is because it
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can not be available for any other lise. Cohen, 1996: 305 argued "Water is consumed when it evaporates, is
transpired or is used in away that leaves it unfit for other purposes". The question of how unfit will the water be to
be regarded as consumed pose SOfie difficulty in terms of definition or analysis, on a general note the
question ofwater consumption is very ambiguous compared to water withdrawal (Cohen, 1996: 305).

It there fore means that, the amount of that natural resource commodity supplied over time is dependent on
the amount of the commodity demanded. In this circumstance, the demand curve is an upward increasing
curve if population increase/growth is on the X-axis and the quantity/quality available is on the Y-axis. This
is based on the assumption that an increase in population will lead to an increase in the demand for that
natural resource commodity because it is an open access, assume that every other factor remains constant.
Since supply is dependent on demand and yet it is nearly fixed in nature it therefore means that as more of
that natural resource commodity is demanded, the amount supplied will continue to decline and the supply
curve becomes a downward sloping curve, see figure 17.

On the short fUll,as long as demand has not outstripped supply, that is the society is within the "A" triangle,
see figure 17, the point before the equilibrium, water degradation and stress will not emerge and as such
epidemic or conflict will not be noticed. However as we go beyond the equilibrium point the "B" triangle,
where the quantity and quaIity of water supply declines due to increase in population, we begin to approach
the water stress point, further down that level at the B point conflict and poor water quality can emerge. This
is because at such critical stage the question is not the quaIity of what resources each of the party is able to
have access to hut rather the quantity. Breen and Biggs; 1995, Have argued that management of natural
resources do not need to be through such competition (distributive bargaining) hut rather through
management for the common good (integrative bargaining), that is where the challenge for sustainable and
integrated water management emerge.

The challenge for a sustainable management ofwater in the Niger Delta basin is to ensure that society is able
to attain the point "C" in figure 17, this is the equilibrium point. At this point the population, economic
growth, water demanded and supplied is at equilibrium. Water abstraction at this point is within the
sustainable leve!. Daly, 1991 has refereed to this as the "steadystateeconomy".We can also define the context
ofthis thinking within the framework of economic growth see figure 18, the same conditions applies.

Taking within the context of water supply and demand in the Nigerian section of the Niger River Basin, we
can thus argue that at this stage, water
abstraction for domestic, industrial and
agriculturaI production is still within the "A"
triangle in figure 17 and the "D" triangle in
figure 18. We have not yet exceeded the

I-Demand I equilibriumpoint "c" and "f' in figure 17and-<:"nnl" 18. This could be explained by the fact that
Nigeria has not approached the water stress
stage considering an annual per capita water
flow of about 2,838Km3/Person/Year see
section 3.2. However considering the spate of
population and economic growth and limited
water supply, Nigeria is equally moving

towards the water stress and eventually water scarcity stage, which is the "B" and "E" triangle in figure 17
and 18.

aph Showingthe Forces ofWater Supplyand Demand in the Niger I
in an Increasing Economic GrowthWilhinthe Riparian Towns
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6.4 DISCUSSION.

In this chapter an analysis of the problem of urban growth, population growth and increase economic
activity and its impact on water quality in the Niger River Basin has been evaluated. The chapter has
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illustrated the impact of natural factors on water quality too. However, the effect of population growth, and
economic growth are two inextricable tied complex systems in the whole problem of water quaiity study in
the riparian communities that this thesis is focused on. A further analysis of these two primary factors also
shows that there is a limit to the continuos human degradation of the ecosystem in the Niger River riparian
communities. At these system leveis, the negative feed back loop regulates human impact on the ecosystem.
These regulations could be in the form of a declining population due to less job opportunities if the
degradation of water quaiity is not addressed. Also as the water quaiity declines, more persons may fall ill
and the resulting death from deteriorating water quaiity can decrease the population. Meadows et al, 1972:
pp 25-45 have also posited this argument, stating that increase in economic growth and human population
can not continue to grow indefinitely, at some point there is a negative feed back loop on the whole system.
This thesis have argued that the conceptual management demand and supply graphs in figure 17 and 18 can
be used as a modet tool to understand the dynamics of an exponential increase in population and economic
growth on a constant average increase in quantity of water supplied over time. We could gay from this
analysis, that while human population increase and economic growth is changing in a geometric progression,
water renewal is changing in an arithmetic progression. A strategy for sustainable water management in the
Niger River Basin riparian communities in Nigeria must try to identify the equilibrium point. The point at
which demand for the varied uses of water as a result of population increase and economic growth will
equate with the constant average increase in water supply.

CHAPTER 7: GENERAL DISCUSSION.

7.1 EVALUATING OPTIONS AND STRATEGlES FOR SUSTAINABLE WATER MANAGEMENT IN THE NIGER

RIvER BASIN, NIGERIA.

Having argued on the need to identify the equilibrium point the next most fundamental question is how to
attain this point. This point can be attained through a combination of policy instrument and economic
instrument as will be discussed below.

7.1.1 ECONOMICINSTRUMENT.

The use of economic instruments provides us with several means through which we can ensure that water
consumption in the Niger River basin is within the equilibrium point. Firstly, we can identify water demand
in the Niger River basin as consisting of two primary factors as earlier illustrated in section 6.3.1.
1. Water Quality degradation as a result of the discharge of organic and inorganic pollutants.
2. Water demanded for direct use and consumption in each ofthe socio-economic sectors.

7.1.1.1 REGULATINGWATERPOLLUTIONUSINGECONOMICINSTRUMENTS.

When industries and households discharge waste into the River Basin, they severely pollute the water. This
is not a direct cost for industries and households and as such they are passed on as externai costs to the
society which heaTs the costs of the pollution (Common; 1998). A negative externai costs occurs in the
Niger River Basin when industries, agriculturai enterprises, other economic concerns and or individuals
cause a deterioration in the quaiity of the water in the Basin and as a result impact negatively on the life of
other users without offering a compensation in return (SEPA, 1997: 11). The equation can be described as
thus;

Equation 1: Socio-economic Costs = Pure Economic Costs + Externai Costs.
Adapted From: SErA, 1997.

As illustrated in the previous section, water is a natural occurring resource and except where access is
deliberately regulated, it is always an oren access. For the Niger River Basin, access to the basin for waste



discharge is open and as a result, users are not encouraged to take responsibility for their individual action of
polluting the River because they easily pass on these costs as externaI social costs to other users.
Economically speaking, we can ensure that sustainable water management is attained through a process of
using economic instruments such as tradable emission permits, Environmental and Pollution taxes and
regulatory charges as a means of ensuring that we do not exceed the equilibrium point discussed in section
6.3.1.

Through tradable emission permits, the supervisory agency, in this case the Niger River Basin authority will
be able to issue out permits that specify the maximum quantity of each class of poIlutants that can be
discharged into the River at a particular time. They can also determine the quantity of water that can be
abstracted within a given time. Permit will be paid for and holders will be able to trade their quota in the
open market in the event that they are not able to exhaust their allocation (Turner; Pearce; Bateman, 1994:
pp 134 - 164). In a regulatory charge regime, the agency fix a certain stim ofmoney that poIluters has to pay
in a particular period for discharging their waste into the River. While the emission tax regime involves the
imposition of tax on poIluters with regard to the quantity of waste actually disposed off in the River.

There are also instruments that can be regarded as both economic and policy instruments in sustainable
water management. Some of these instruments are caIled command and controI strategies and they include
the use of regulations, quotas, fines and subsidies. However each of this strategies has its advantages and
disadvantages, hut for the purpose of this thesis, this study will not get into such analysis. In recent times the
use of voluntary agreement has also assumed an increasing significance. The most basic thing is that through
each of this strategy, the water management body will be able to determine the equilibrium point.

7.1.1.2 REGULATINGDIRECT W ATERUSE ANDCONSUMPTIONUSING ECONOMIC PRINCIPLES.

Water pricing and Demand Side Management (DSM) has become a favourite strategy to manage water ftom
the point of end-users. Demand Side Management refers to various strategies and processes that enable
utility suppliers to manage end-use requirements ofwater or other forms ofresources (Geofftey Stiles, 1999).
It is more of a corporate planning and capital-investment process, in the case of water resource planning,
DSM can be seen as an effort to alter the increasing demand for ftesh water resources and as such encourage
a betteT approach towards increase water conservation by consumers.

DSM is very significant because of its impact on resource planning, it involves an analysis of historical data,
based on establishing the elasticity of demand, income and price of a commodity. While this strategy pose
some unique advantages as weIl as set back, it does not really pose unique characteristics as a useful strategy
to manage ftesh water sustainable in the Niger River Basin in the short ron. This is because water
management in the Niger River Basin is not fuIly commercialised and secondly water mismanagement is not
significantly attributed to high rate of consumption, hut rather the unregulated discharge of poIlutants. On
the long ron, as population increases and greater economic weIl being is attained by majority of the residents
in the riparian communities they will increasingly rely on utility supply as their main source of water. In this
circumstance introducing demand side management at the earlier stage becomes very vital.

Water pricing is another vital instrument to ensure sustainable water management. Resources are easily
wasted when it does not command any value and is fteely available. When an economic price is placed on a
resource, consumers tend to be more rationaI in its use, realizing the costs of mismanagement. The use of
economic instruments pose some difficulties, this will be discussed further in the conclusion.



7.1.2 POLICY INSTRUMENT.

While the previous section has illustrated the use of economic instruments, it is also important to note that a
combination of these strategies with policy instruments will be useful as a means of meeting the needs of the
society for a sustainable and integrated water management in the Basin.

7.1.2.1 POPULATIONREGULATION.

Based on the previous discussion, it is vital to develop a comprehensive national population policy in
Nigeria that takes into consideration the implication of an unregulated population increase in the riparian
communities to the amount of freshwater resources available in the Niger River Basin (see chapter 5). This
should also take into cognisance the rate at which such water resources may be renewed from the natural
water circle. Priorities must be defmed to look at the pattern of population changes, migrations and
concentration in the Niger River riparian communities, towns and cities (Geoffrey Stiles 1999). There will
also be need to study the socio-economic strata of the population and their housing and sanitation pattern.

A strategy to help stabilize population is essential in this regard as to achieve a balance between socio-
economic needs and available water resources. In effect government need to mobilize resources for the
inevitable increase in population that will further strain the freshwater system. There should be increased
opportunities for women and betteTfamily-planning services, which take into consideration women socio-
economic empowerment.

7.1.2.2 WATERCONSERVATlONSTRATEGIES.

Technology has brought forthwith various strategies for water conservation particularly in irrigation
agriculture. Unlike the conventionaI irrigation schemes in the Niger River basin, where about 40% of the
water abstracted from the Niger River Basin for irrigation is wasted irrigation schemes could introduce more
innovative schemes such as drip irrigation which can substantially reduce water waste. Also their should be
emphasis on the cultivation of less water demanding cash crops particularly on the drier regions of Nigeria
and irrigation period should be more selective. It is common to see farmers irrigating farmIands when
temperature is very high. This leads to evaporation and the soillooses lot of water. This process also lead to
fUlloff, because where the soil is bard to allow the evaporation of water, a significant quantity of the water
ends up as mu-off causing more pollution of fresh water.

Management of large-scale irrigation project poses a lot of problems to bio-diversity conservation in much
of the Niger River Basin. Geoffrey Stiles (1999), stated that reviews on the subject of irrigation scheme in
Africa by the World Bank states that management of large-scale commercial irrigation schemes is
problematic in much of Sub-Saharan Africa. Rather small- and medium-scale schemes that are locally
managed and employ traditional methods tend to fare betteTin terms of both economic Efficiency (that is,
rate of return) and water-use efficiency and conservation.

In some of the riparian communities and towns where utilities supply water for irrigation scheme about 50%
of the water is lost during the process of piping. Also the utilities are public limited companies funded on
govemment subsidies and as such they do not collect fees for the water supplied which also leads to the
unsustainable use of the water at the consumption level.



7.1.2.3 W ATER INSTITUTIONS, POLICIES AND PLANNING.

As illustrated above in section 3 and 4, integrated water resource use and planning in the Niger River Basin
deserves that we have adequate understanding of the hydrologic systems on which water-resource
management is built and the nature of the interactions between the ecological and the socio-economic
systems. Data collection with regard to the quantity and quaIity of water resources is essential in this
circumstance. Understanding the demand and supply structure is also essentiaI for management. In Nigeria,
this range of data is lacking and as such it is difficult to understand this. Programs for monitoring sediment
discharge, pollution controI and water usage has become inadequate or un-existent. In most instances where
the data is available it has a political coloration, mostly to satisfy the requirements of donor and other
funding organisations.

Nigeria has a ministry of water resources, which is empowered to supervise and develop policies for water
management in Nigeria. There are also some agencies that are empowered through enabling legislation to
monitor water quaIity or offer supervisory role in various aspect of water quaIity monitoring in Nigeria such
as the Federal Environmental Protection Agency (FEPA), the Environment Ministry, Agriculture Ministry
and The planning Ministry. Since Nigeria is a federal structure, these agencies are also duplicated at the
State level and sometimes at the local govemment leve!. The states are also empowered to carry out water
management with the federal govemment under the concurrent list as stated in the laws of the Federal
Republic of Nigeria 1999. In most instances some of this agencies mandate extends beyond the issues of
water management into other issues such as waste management and health. However, the mandates of these
diverse institutions tend to be tragmented and unclear, and linkages among them are weak.

Administrative national water policy should be able to chart a clear direction and provide a vital link
between the water sector and critical areas of the economy, including health, agriculture, sanitation, and
rural development. This would eliminate conflicting priorities that otherwise may exert unnecessary pressure
on the resource (Khroda, 2000).
In a country like Nigeria with a Federal, State and Local govemment structure, there are several levels at
which a national water policy can be strengthened and streamlined. At the highest level, it can be the
National Water Agencyacting as the supervisory organ for the State. The vital instruments to support water
policy at each of the level should be able to define and use several tools for water quality regulations. These
tools includes defining Water use criteria; institutionaI responsibilities and co-ordination; issuance of
permits for water abstraction and use; treatment of effluent and its safe discharge (Khroda, 2000).

Nigeria as in most part of Afuca has a water policy that is very weak, lack strategy, poorly implemented and
unimpressive. These are due in part to the fact that water policy personnel's lack motivation and are poorly
remunerated. For example due to the problems of measuring water loads contaminated by bacteria, organic
matter, suspended solids, and nitrate pollutants, many sections of the Niger River Basin is already saturated,
and appear to be contaminated by pathogenic agents, largely trom faecal matter. There is no systematic
water-quality monitoring system to regulate the problem. The negative impact of such uncontrolled
contamination on the health of people is becoming more prevalent and visible. As a means of ensuring long-
term strategic planning, Water institutions must be strengthened and their mandates reviewed so that water-
resource planning and development can be steered in a desired manner such as through an integrated and
multi-sectoral approach. In this circumstance, water management should be across various sectors that are
concemed with various issues related to water management.

7.1.2.4 LEGISLATION/ HUMANRESOURCEDEVELOPMENT.

Olle of the most important pieces of legislation in Nigeria with regard to water management is the Water
Resources Decree No 101 of 1993. This decree gives the legal tramework for the development of the water
resources of the country. Tt vests the powers of water resource development in the country within the



jurisdiction of the Ministry of Wafer Resources and Rural Development. The next most significant effort
towards wafer management in the Niger River Basin is the establishment of the Niger River Development
Authority (Oyebande L; Ayoade J.O, 1986). The legislation establishing this authority lead to the creation of
the River Basin Development Act. Under the Act Il River Basin Development Authorities were created by
Decree No. 25 of 1976 and consolidated by Decrees No. 87 of 1979 and No. 35 of 1987.

The principal objective is to ensure that a national, systematic and consistent wafer resources development
programme is achieved (Oyebande L; Ayoade J.O, 1986: 46). The Basin development authority was
envisioned as a tool to stem the rural/urban migration being the attendant problem of the oil boom era of the
70s. The Ministry of Wafer Resources had the responsibility to design a national programme aimed at
reducing the effects and the devastation of erosion and flood, through the Basin authority. Six of the Basin
development authorities were responsible for the management of various sections of the Niger River Basin
and its tributaries (MoWR, 1995). These laws are lacking in several aspects, like other piece of legisiation,
implementation of these policies are not clearly defined and the powers of each of the respective directorate
vested with wafer resource management at the State and Local government level are not clearly defined
(MoWR, 1995). Legislation dealing with wafer usage and management of wafer resources can be found in
various enactments and responsibilities for implementation and monitoring can also be located within
various govemment agencies and departments. Most orten, govemment institutions and agencies empowered
to implement these laws are poorly organised and lack the resources to monitor, police, and punish
offenders. This represents some of the main reasons for the poor performance of the wafer basin
management agencies as strongly mentioned by the interview respondents in chapter 5.

In order to fill the gap created by the deficiency of sustainable wafer policy, there should be a
comprehensive wafer policy that is able to address the diverse problems of wafer in Nigeria as it relates to
wafer conservation, uses and pollution controi (McKinney, 1997). It should also look at the institutionai
framework and also ensure that the law is appropriate to address the complexities associated with wafer
management at the three levels of government, vis-a-vis Local, State and FederalleveI. Policies should be
broad enough to address issues that relates to community wafer supply, health assurance and sound
environment, cost recovery, and use ofwastewater. This piece oflegislation should be consistently reviewed
and updated as to meet contemporary demand as it changes from day to day.

As in legisiation, there is a lack of skilled and motivated human resources. Field and laboratory equipment
and logistics are not available. There are no standard rules and regulations to provide a firm basis for
applying the laws. Researches are not undertaken and no desired quaiity standards have been set as a means
of measuring effluent discharges. Penalties are hardly applied, where they do, they are often discriminatory
and inappropriate and as such it can hardly deter offenders.

Good legislation plays a vital role in sustainable wafer management. An integrated and sustainable wafer
management policy expressed in legislative enactment and properly implemented is vital to ensure a
harmonious allocation and development of wafer resources, both for increased supply and for economic,
ecological, social motivated demand for wafer. Integrated land and wafer planning based on an agreed wafer
policy with a sustained long-term strategy should be integrated with the overall socio-economic planning,
taking into account population growth and national needs and aspirations.

7.1.2.5 REDUCTIONOFENVIRONMENTALEFFECTS.

As stated in sub-section 4.4, a geometric increase in population and economic growth leads to a geometric
increase in demand for wafer, without a corresponding increase in supply. As wafer abstraction for socio-
economic activities remains on the increase, other competing need for wafer such as for ecological services
will have less and less quantity and quaiity of wafer to sustain the ecological process. In the Niger River
Basin as in other fresh wafer resources, this is evident from the rate of the decline of several types of species
in the River (Braga, M.U; 1999: 7). The tendency has always been to increase abstraction of wafer as



population and economic growth increase. The repercussions of responding to demand elasticity, or
continuing to provide water in proportion to population growth and other factors without restraint, could
have irreversible ecological effects. The ecological problems also have a long-term implication for the socio-
economic well being of the population and continuos economic growth.

The discharge of waste and other effluents into the water body is a problem confronting water resource
management in the Niger River. Khroda, 2000 stated: "Thenotionthatpreventionis betteTthanCureis generally
consideredthe least expensiveand most advisableapproachto maintainingwater quaIity". Waste management
strategies can be tackled from the point source solution. This is based on using cleaner technology and
regulating toxic emission discharges into the water. Tougher fUles, fines and disciplinary procedures can be
imposed with clearly defined regulatory network to ensure that industries operating in the area are fined in
the event of flouting water quaIity fUles.

Appropriate policies are needed to controI runoff and other non-source pollution. Soil and water conserving
agricultural and forestry practices, road management, betteTland-surface designs are essential in the riparian
towns and cities as a means of reducing pollution in ron off areas ( Khroda, 2000).

.;

7.1.2.6 WASTE WATER TREATMENTANDRE-uSE.

There are different tiges to which treated wastewater and other low quaIity water could be made lise off. In
agriculture, treated waste water could be re-used for irrigation schemes, sewage treated in wetlands could
also provide enormous benefit for reuse in wetland and fish ponds and for cultivating agricultural produce
like paddy rice. UNDP is supporting research on wastewater reuse to develop treatment strategies that
improve the cost effectiveness of reuse and provide systematic quantitative evaluation of the costs of water
supply, treatment, and disposal (WSSCC, 2000: pp 5-20). Wastewater reuse in the cage study area will
provide enormous benefit such as the creation of a new water resource at the locallevel that could be used
without significant negative impact on the environment. Decrease in the cost of treatment and disposal of
wastewater; and generation of additional revenue through the sale of treated wastewater and sludge to
farmers to cover the cost of treatment and disposal.

7.1.2.7 INTERNATIONALCD-OPERATION.

For a fresh water resources like the Niger River Basin, with its main course and tributaries flowing through
10 countries, see table 5 in section 3.5, the need for an effective international co-operation is very vital in
this regard. Raskin P; Zhongping Zhu: 1990 has argued that water is an international security and as such the
need for agreements amongst the riparian countries is vital for its sustainable management and quality.
Nigeria is the most down stream country of all the other Niger River Basin, and as such a co-operation of
this magnitude is the more essential if we talk about sustainable water management in local Niger River
riparian communities in Nigeria.i'

The most significant effort at setting up an international co-operation on water management in the River was
the setting up of the Niger River Commission. The Niger River Commission was established on the 25thday
of Nov 1964 in Niamey, Niger as the Commission du Fleuve, Niger (CFN). This is in response to the
implementation of the Agreement, signed on the 23rdday of act 1963 in Niamey, by representatives of 8
States. The Agreement was subsequently revised on the 2ndday ofFebroary 1968 and on the 15thday of June
1973. The main aims of the commission were to promote co-operation among member States and enSurethe
integration and development of the Niger Basin in all fields. Special attention was to be accorded to the lise
of the River for the purpose of developing the energy sector, water resources, agriculture, animal husbandry,
fishing and fisheries, forestry, transport and communication, study and construction of hydraulic
multipurpose structures of all tyres. The 9 member nations of the commission includes Benin, Burkina Faso,
Cameroon, Chad, Cöte d'Ivoire, Guinea, Mali, Niger, Nigeria {FAO,2000B (Online)}.



An international initiative of this nature is capable of bringing in the much-desired sustainable water
management in the Basin (Loucks, 1996: pp 7-8). However an evaluation of the functions of this
organisation shows that it has not been able to meet the desired goals for which it was initially set up. This is
evident from the increase in the levet of pollution and degradation of the quality of this water Basin. It could
be argued that for an inefficiently funded intergovernmental organisation such as this one, the enormity of
the problem at hand cou1d overwhelm and stretch out its lean resources, this is clearly shown in chapter 5,
where the respondents rated the Basin management as poor. These organisations have suffered breakdowns
from, failure to apply the concept of multipurpose planning, lack of funding, institutionai weakness, and
poor governance (Khroda, 2000).

However, at the other end of the scale, if an organisation of this nature is not able to meet its aims and
objectives, the best strategy is to ensure that those weak portions of its organisation or structure are
strengthened. Effective international water management requires a broad plan for an entire River Basin. The
Niger River Basin as an international water course requires that co-operation in water-resource management
be pursued at two levels through comprehensive management of domestic supply and demand, water
resources is conserved, and comprehensive regional planning and arrangements waters scarcity or
degradation of quaiity is avoided.

Competition and conflicts in water use generally emerge when there is lack of co-operation, leading to
international tension. International law on shared freshwater resources is limited to ensuring that the
activities of upstream nations do not conflict with those of downstream nations. As a result, many
downstream countries pursue their fights through diplomacy and in some instance they resort to conflict and
unhealthy competition for access to water, which may have a long-term implication on water quality.

Niger, Mali and Nigeria are planning a number of projects that may see the water quaiity severely degraded
in the basin, for example as illustrated in Sub-section 3.6, Nigeria is planning to dredge the lower Niger
River without a well documented and researched EIA. The impact of this kind of project may take a heavy
toll on the ecological balance of the Basin. Mali and Niger are planning larger irrigation schemes to boost
local food production. Sustainable and Integrated Water management strategy in this circumstance should
involve co-operation in harmonising nations socio-economic and development goaIs. What is most
important is to develop strategies to strengthen existing agencies and water commission, Capacity-building
and institutionaI arrangements are needed to ensure that this organisations are able to meet their goais.

International co-operation in this regard, shall establish water-quality standards, provide workable
guidelines, and promote water-source protection at all levels. Risk-assessment methodologies and stress
indicators need to be developed and International co-operation and institutionai capacities to monitor and
controi trans-boundary movements of hazardous wastes must be promoted and strengthened. Demand side
management, through water pricing, cost recovery, privatisation, and community management, should be
introduced as it will generate enough funds and is also a useful economic framework to regulate waste
discharge and pollution of water. Strategies for improved efficiency and water conservation must be
instituted. Standards for water recycling and the use ofwater of marginal quality need to be established.

7.1.2.8 COMMUNITY/STAKEHOLDERSPARTICIPATION.

Mobilising community effort as a means of addressing water problem has been touted as a laudable initiative
(CCST, 1999: 8). This is because ifpeople are informed on the threat they pose to water resources, through
citizen participatory approaches to water-resource management, they playa better role in the decision-
making process and policy implementation stage (Karikari K, 1999: 6). Consumers who know the status of
the resource and are informed about the limitations of their actions will make rationai decisions (Khroda,
2000: 11). Emphasis on water resource management in the Niger River should thus incorporate local
community people, this is equally evident from the respondents statement in the field interview (see chapter
5).



The place of community people in sustainable resource management is very evident in recent times. Local
people possess unique skills which makes them traditionai custodians of their resources (WCED, 1997).
What they desire in most instances is the political will to move further (House M.A, 1995: 126).

As illustrated in figure 19, In Community Participatory Approach, the authority should only facilitate the
process and allow the community to prioritise their needs and thus define the goals and objectives of their
action towards sustainable water management. As is evident :tromthe interview conducted in the course of
this study, see chapter 5, Community people are curious to participate in the process that shape their daily
existence. They realise the negative impact, resource depletion poses to their very existence and how much
will power they possess to make things betteT (CCST, 1999: pp 8-9). They may not have the technical
expertise, but their co-operation is very effective in a work of this nature. This 'Yillprovide a means through
which the heavy top-down approach in water management is addressed. Community participation will
promote a bottom-up approach in water management.

Recent events do not indicate a positive approach towards community participation in Nigeria. As a
reference, A recent plan that was designed to build a national resource master plan scheduled for regular
update with an inventory of existing water resources, their quaiity and their quantity and the structure of
water demand and supply and environmental problems {United Nations, 2000(Online)} did not take into
consideration the participation of local community people. Besides the traditional political haITiersthat pose
great difficulty to the realisation of such noble objectives, there is also the danger of having lett behind local
community people in such comprehensive master plan.

However, there are also important obstacles worth considering in evaluating the participation of community
people in the sustainable and integrated management of water resources in the Niger River Basin. Firstly,
there is the problem of devolving important responsibilities for water management to local authorities and
community institutions.

Another problem with local community participation in sustainable water management in the Niger River
riparian communities in Nigeria is that
communities do not have financial and
legal powers over other sectors, such as
agriculture, forestry, and industries. There
fore they may be lacking in their capability
to co-ordinate socio-economic issues as to
maximise the benefits :tromwater-resource
management. Most of this obstacles can be
removed by granting them legal powers
and funds, this may cause greater
problems for sustainable water
management in the long-Tunas too many
bodies becomes empowered to deal with
water issues. An alternative solution in this
circumstance is to develop betteTpolicies
to ensure that community participation is

promoted in such a manner as not to ron into conflict with the need to ensure an integrated and co-ordinated
approach to sustainable water management in the Niger River. Figure 19 has illustrated this.

Through Definini
Aims and

Objectives.

Flgure 19: A Flow Chart Representation or CommunltyJStakeholders
Participation in Integrated and Sustalnable Water Management.

Closely related to the issue of strengthening community participation and stakeholders interest is the need to
train appropriate personnel that will develop a more credible water management strategy for Nigeria.
Nigeria lacks adequate manpower and personnel's on water management. This constrains proper planning,



development, and management of water resources. Through increasing education and training programs on
water pollution controi and hazardous waste disposal, their will be an increase in human resources that will
play avital role in quaiity decision making as it affects water. Priority should be given to the ability and
capacity to identify and quantify problems and their causes and to find solutions, as weIl as to gather
information and identify strategies for surveillance, equipment, and continuos human-resource development.

7.2 THE MANAGEMENTSYSTEM.

Until recent times, water management approach in Nigeria has always been guided by the philosophy that
water is unlimited in nature, therefore water management should entail the ability of meeting the increasing
demand for water (quantity), as weIl as ensuring that the desired quality is met. In the contest of this,
administrators do not take into cognizance the complex interrelationship between a geometrically increasing
demand for water and the fact that water supply is limited in nature. If water management must be effective,
it must also take into consideration the ecological factors in Basin management (Loucks, 1996: 7), this will
be illustrated further in the conc1usion.An ecosystem approach in this instance involves a detailed
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Figure 20: A Dynamie Model Showing the Interaction between Several Policies on
Sustainable and Integrated ""ater management in the Niger River basin-

Key Features of the Dynamic Model in Figure 20.
1. This model is taking into consideration the relationship between all positive factors that

should be implemented as a means of ensuring sustainable and integrated water management
in the cage study area.

Understanding of the water cyc1e such as the rainfall pattem, water absorption, ron-off effect,
evapotranspiration and infiltration process over the entire region and over a period of time (Geoffrey Stiles,
1999). Through this process, sustainable and integrated water management approach will ensure the efficient
use and distribution of fresh water, minimize health risk and also ensure the treatment of wastewater and
conservation thereof.



As shown in Figure 20, every policy that is adopted has an over all positive effect on sustainable water
management in the Niger River Basin riparian countries. The policy shown in the above model
incorporates most aspect of sustainable and integrated water management approach and how they
co-relate in a management model analysis.

In this section, this thesis has discussed several strategies that could promote sustainable water management
and conservation strategy in riparian communities, what is vital at this point is to exarnine through a
theoretical understanding, the basis of this water management strategy. Cunha, 1984 stated that "Water
resourcemanagementhas certainproceduresthat canbe consideredas involvingthreesteps:suchas; Identificationof
the systemto be managed;Predictionof the behaviourof the system;Managementof the system".Taking from a
holistic perspective, identification of the system to be managed is the ability to understand the complex
relationship between the diverse, varied and often conflicting uses of water. This is the ability to plot the
systemic relationship between the ecological, social, economic and culturaI uses of water. Prediction of the
behaviour of the system is the ability to understand the impact of various pollutants, organic and inorganic
waste on the water body. AIso the impact of agents of pollutants such as urban congIorneration; population
increases; economic activities and agriculture on the water body and the tolerable limit at which point water
stress or degradation may emerge should be known. Management of the system is the ability to manage
water resources based on the selections of the best alternatives to attain specified goals and objectives.
Management of water resources is dependent on the ability to identify the system and also predict the
system. Community-based management institutions should be given the resources to become very useful as
a medium through which grass-root-based water management could be effectively co-ordinated.

CHAPTER 8: RECCOMMENDATIONS AND CONCLUSION.

Availability of water resources in Nigeria is characterised by a striking paradox. On one scale, the total
water flow of the Niger River Basin passing through Nigeria contains enough water resources and as such
Nigeria is not immediately facing the threat of water scarcity. On the other scale, The impact of an ever-
increasing population and varied sources of pollution is also having an enormous effect on the water quality,

thereby threatening water scarcity. Coupled with
this threat is that a significant part of Northern
Nigeria, lies in a large tract of marginal lands
with average rainfall of about 500 mm/year
(MoWR, 1995), which constitutes a significant
portion of the land areas through which the
Niger River Basin passes through. The situation
in the other riparian countries is no less positive
in these regards. The overall threat to the
degradation of water quality and inevitable
water scarcity is aggravated, therefore, due to
low runoff, high evaporation rates, and threats
associated with natural causes such as
salinisation and natural eutrophication and
humans overuse of the water resources and

pollution. Improving water-management
strategies and introducing effective water
management policies can alleviate threats from
human activities, while the environmental
impact can be reduced through re-organisation
of socio-economic priorities.
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Figure 21: Showing the Factors that Cause the lack of
AUention to Address Sustainable \!later Issues

and Ecologicallssues in the Case Studv Area.

Secondly, Adopting an ecosystem perspective to
water management in Nigeria does not yet command a general acceptability. Water management strategies
in Nigeria at present have often led to severe ecological and social consequences. As argued by Raskin P;



Zhongping Zhu; 1990: 2, In some instances water resource management in the Niger River Basin is
particularly targeted on specific economic project based planning such as irrigation schemes; reservoir
management; river flows; water purification; municipal system designs (Hultman B; Levlin E, 1998: 13). In
all these circumstances, water management is targeted to meet the needs of an ever-increasing population
and economic activities, without due regard to ecological standards (Loucks, 1996: 6). Water management is
not dynamic and comprehensive enough for an integrated and strategic planning, which will ultimately see
water management and planning from a broad perspective encompassing different sectors of the natural
ecosystem. This is because decision-makers, including the govemment have not been able to accept the
reality that environmental degradation poses serious threats to socio-economic developments. Policy makers
still maintain the view that exhaustion of natural resources such as water is inevitable and as such the threat

to ecosystem as a result of the exploitation ofwater resources in the basin does not attract the required policy
attention. As a result both the govemment and the private sector in Nigeria like in most other developing
countries continue to resist any kind of ecological concems (Loucks, 1996.). The authorities are scared of its
implication on short-term economic growth, which might lead to job 10sses(Geoffrey Stiles (1999). Figure
21 graphically illustrates this paradigm. However, unsustainable exploitation of water resources in the basin
is a serious threat to long-term socio-economic goaIs, except that water management is re-oriented towards
ecological goaIs, the water resource of the Niger River is at the verge of an ecological disaster that can
hamper long-term socio-economic goaIs.

In order to ensure that water resource and planning takes into account ecological goals in the Niger River
Basin, there is a need to do an ecological valuation of the benefits and costs of incorporating ecological
priorities in water planning and management in the Basin. For example the social benefits ofwetland include
its ability to act as a buffer zone for flood plain controIs (ERA, 1998).The social costs of a polluted River on
the health of citizens have to be taken into cognizance. In real terms, the direction and priorities of
contemporary planning in the basin, is to take into account only the economic benefits of increase water
abstraction to meet an ever-geometric increase in water demand. Consideration is not given to the biological
and ecological costs of increasing water abstraction to meet various socio-economic needs(Egborge AB.M,
1998).

From figure 21 it could be seen that short term priorities which includes job and economic growth derives its
input from the availability of water resources and labour migration into the riparian communities. They are
the main driving forces, the remote causes of water quality degradation, which impairs bio-diversity
survival. Socio-economic forces, which includes industrial and agriculturaI activities discharge effluents into
the basin. People migrate into the riparian communities in search of jobs and population explodes. Lack of
policy and attention leads to insufficient initiative to address water problems. This is responsible for the
persistent and continuos degradation of water quality in the Niger River. Absence of an ecological disaster
or an epidemic of catastrophic proportion has caused the lack of attention to the development of a
sustainable water management strategy in the basin. This is because contemporary policy initiative in
managing water resources in the basin is more reactive than proactive as in most part of Africa
(Onyekakeyah, 2000). The need to manage water resources in the Niger River Basin should take into
consideration the need to balance the three pillars of sustainability mentioned in the discussion part of
chapter 3.

Based on the illustration in section 3.1 this thesis has argued on the need to balance water abstraction rate
with the rate of water renewal, while taking into consideration the effect of water use on the ecosystem. As
argued and illustrated in figure 17 and 18, water supply as potentially exhaustible resources can not be
stretched indefinitely to support a rapid growing population and economic activities. At some point in time,
as population and economic activities continue to grow increasing the demand for water, water supply will
fall short of demand in terms of quantity and quality. As a result bio-diversity conservation will come into
serious threat, and the socio-economic activity can be dismpted in the process. Any point outside the
equilibrium point where water demanded equals water supplied would lead to water stress in the short mn
and water scarcity in the long mn and possible conflict amongst water users. The rate of population growth
in the riparian communities is high, any increase in demand for water obliterates any gains that may have



been achieved through increase focus and funding. Suggested methods for augmenting supply and managing
demand will have little effect unIess the rate of population growth is reduced considerably.

While each of these economic strategies and instruments discussed in section 7.1 offers a unique process of
sustainable water management in the Niger River basin, there are enormous disadvantages associated with
each of them. On a general basis, using economic instrument may only deter the poorest from having access
to the resources, while the wealthy few will continue to waste such resources. This is because the price of
water may be regressive, as it will be difficult to introduce differential or progressive price structure. As
regards the physical policies, Implementation or execution of these strategies may pose very serious
difficulty for water institutions in Africa. This is due to the lack of rund and adequate capacity to initiate
such laudable objectives.
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APPENDIX1 - INTERVIEW OF RESIDENTS IN LOKOJA, ONE OF THE RlPARlAN COMMUNITIES.
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APPENDIX 1 CONTINUED: A SUMMARY OF THE RESULT OF THE INTERVIEWCONDUCTED IN LOKOJA TOWN, ONE OF THE RIPARIAN COMMUNITIES IN THE NIGERRIVER BASIN.
Name Mohd L. Ike O Momoh J. Oluwale M Dauda J Emma F Adanne A Helen D Simbiat M
Sex
Male
Female

Occupatlon
Age
18-25
26-35
36-50
Above 50
Years of Residence
0-10
Above 10

How close do you leave to the bank of the River Niger.
0-50m
51-100m
101-200m
Above 200m.
Your main source ofwater
Borehole
Weil

Utility
Others
Your Tollet
Pit Toilet
Wafer Gloset
Others

How do you dispose off your refusel Gabbage.
Direct inta the River Niger.
Through Sanitation agencies.
Others

Do you feel concerened about the health of the Basin.
Yes
No

Have you felt iii of a Water Borne Diseases In the last 10 years.
Yes
No

Are you concerned about water quality In your area.
Yes
No

Have you noticed any degradation in water quality over the years
Yes
No

Have you noticed any increase in population within your neigbourhood.
Yes

Unemployed Trader G. Servant Mechanic

1 1 1
Retired Trader Student Trader Trader

Kate M

1
H. Wife

Total

5
5

2
4
3
1

4
6

1
5
3
1

4
5
1

7
3

5
5

10

4
6

10

8
2

10



No

Rate the agency managing water resources in the Basin.
VeryGood.
Good.
Average.
Poor
VeryPoor.
Do you feel like contributing to the Basin Management.
Yes
No
Do you feel that the Basin authority has involved local knowledge in Management
Yes.
No

2
4
3
1

10

2
8


