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ABSTRACT

This study investigated *he spatial patterns of residen-

~,

tiz§ water demand and supply in Nsukka urban area of Enugu

22N N

State.
The result of thz analysis established the quantity of

water demanded and supplied spatially and in-tétality

and the deficiency in the pecple's water needs. The mean daily
_ o ‘ wag

per capita water demand for the entire urban area/found to be
94t5¢ litres per person per day (L/P/D), while the mean daily
per capita water supply was found %o be 51.86 (1./P/D/). This

gives a deficiency of L2.71 (1/P/D) which represents a

percentage margin of 45%.

gimilar analysis in the wards reveal that the ward that
is associéted vwith the highest mean per capita water demand.
is the University ward {1%59.67 1/B/D)+* This ward is followed
by Onuiyi (119 1L/P/D), GRr. (106.03), Ine (86.33 1L/B/D). Water
is im Qarying degrees, a scare commodity in all the wards,
however, Nru and Nk#punano werds wich attained only 21.8% and
¥7.2% 0% the Federral coverament recommended minimum of 115.
litres Yer pers%h,per day are presently the most water

deficient'warddh



xvii.

The supply pattern generslly is uneven and irregular.
Abogt 42.8% of the sampled population lack piped supply in
theiy residence. The factors which occasion the observed
showtfalls in 'target® production guantities are wide and
waried and their impacts are not felt, uniformly in Nsukka
urban area.

The variables which -infiuence household water demand and
conéumptiop patterns wefe identified and analysed. Multiple
régreSSion enabled us to establish the combined and relative
contributions of the predictor variableé and to @&ssess the
interrelationships among the variables. Factor analysis was
employed to analyse our data with orthogonal varimax rotation
to maximise the varisnce of the loading on each factor. The
13 predictor variables were reduced to five underiying
dimensions that account fcr 73.6% of the total variance in
household water demand and coansumption patternss

The underlying dimenéicns established for the wards varied
from 4 to 6, but generally inciude the factors determined for.
the entire urban are=z.

The exis%ing weter development strategies were critically

~ A
evaluated and found incapeble of meeting the people's water

-

needs. Based on these findings, new measures which can improve

the skpply and management of this resources were advanced.



CHAPTER ONE

INTRODUCTION .

1e1 §§atement of the Preblem

tn Neovember 10, .1980, the Uhifed Nations General Assembly
declared, in a special'session, that the third development decade
(from 1980 - 1990) was to 5@ the “Intexnétional‘Drinking‘Water
Supply and Sanitaﬁion Deoadeﬁ. As a cdnsequeﬁce of thisﬁdeclaration,'
Nigeria resolved to adopt tpe sﬁirit of the United Nation's resolu=
tion and subsequently to ac;ept the target to provide, to the best
pbssible extent, all populafion groups with access to safe and
adequate drinking water supply and adeéuate means of sanitation
(adeyemi, 1986).

" Prior to this date, the University town of Nsukka has had a
préblem in supplying its need for water, a need that has come +to
assume gigantic pfoportions since the last three decadeS. Befére
1954, water supply in Nsukka was almost exclusively the responsibi-

lity of private agencies (Ugwu, 1964). Based on needs and technolo-

'éical ability and in response to specific factors of the

environment, each community in the area had developed and maintained
its own water supply system. These systems were temporarily
adequate, but they did not guzwantee healthy, safe and always
sufficienf gquantities. Natiral events such aé droughts, as Wéll

as the demands of an increasing population were perm:ient threats

i



to the community water supply systems (Ugwu, 1964; Eze, 1976),

The .above situation which can be considered typical for the
years before 1960 started to change with the establishment of the
University within this rural area. PFirst, the University, because
‘&f its services and prospects for future development, growth and
contributions, was a project which the government of the then
Bastern Regioﬁ of Wigeria, never wanted to fail. Therefore, in
order to gain the confidence of the highly trained University staff,
and in erder to establish the University on a solid beose, the
government considered the provision of adequate water to the
inhabitants to be a top development priority (Eze, 1976).
Accordingly, five boreholes with a combined‘capacity of 3,600,000
litres per day were established within the University community
while additional five boreholes, with a combined capacity of
4,800,0001itres per day were established for the rest of the area
(Qkite, 1976). In addition, individuals were encouraged to own
mini reservoirs or tanks of capacity between 1250 to 2500 litres,
and of about 26500 to?ﬂS,QO litres for groups and small establish-
ments such as schools aﬁd maternity homes (Ugwu, 1964; Eze, 1976).

Despite these measures, a water supply problem still existed
im the urban area. The influx of migrants, both lowal and distant,

into the urban area brought its own consequences. It is true that



these migrants brought with them labour, skills and capital which
helped in transforming Nsukka from a typical rural community into
an emergent urban centre but this rapid expansion also brought with
it an increase in water requirements. The Nsukka urban water
supply problems has‘therefore, more than persisted. All the
inhabitants share the concern that water shortages produce major
hardships and inhibit development.

The nature and magnitude of shortages is nof,however, uniform
within the area. While water scarcity is common to tae whole of
Nsukka urban, the degree of scarcity varies frem place to place.
For example, the scarcity appears to be more acute in areas
surrounding the University. Women and children from these areas
are frequently seen along the sfreets and roads searching for water.
Men.make use of bicycles and motor-cycles for water hualage. A
large number of the urban inhabitants come to the University
premises to fetch water. Those University workers that live
outside the University premises come to work with plaétic
containers for fetching water. The selling of water has become a
tormal (i.e regular and widespread) besiness in Nsukka urban area.
These water vendors make use of motbr—cycles, trucks, and tankeré.
The result is that metal tanks, drums and plastic containers are

common features in Nsukka urban area.
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The above prevailing situation raises a number of interestingl
questions, particularly because no other urban area of the same
size and history is_asbunique as Nsukka, where a typical traditional
rural savanna community has been, within a generation (35 years),
totally traﬁsformed by a major institution, an influx of the mos t
educated péople in Bastern Nigeria, students from all over Nigeria,
as well as service staff - all in one area. What would be the effect
of all thése on the reéidential water demand and supply situation? |
And how does water demand and consumption within the University
compare with those of other parts of the urban area? Are the factors
which occasion shortages experiencéd differently among the wards that.
make up the urban area, and what strategies can bring about improved
supply and management of this resources within the whole urban area?
(nly a detailed and analytical investigation into the general
patterns of water demand and supply within the Nsukka urban ares oan
provide accurate answers to questions such as those raised above,
and in addition isolate the significant variables which best account
Tor the peoples water use habits. Specifically, these form the

focus of this research.
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1.2 Aims and Objectives of the Study

. Central %o this study, is the identification of the more
significant variables in the residential water demand and supply
situation in an emerging urban centfe like Nsukkaf This is with .
a view to enhancing our understanding of the prévailing sitﬁations
and to enable us proffer effective solutions which ﬁill contribute
towards a more effective sypply and management of this resources
in Nsukka urban area.
In order to achieve these aims, certain specific objective

investigations will be addreésed. These objectives includes

1« To esfimate the quantity of water demanded and supplied to
inhabitants of the various wards, as a basis for comparism
and for determining the deficit in the water needs of the
people.

2e To identify and analyse the factors which affect the
quantity demanded épatially and in totality as a basis for
effective planning.

Se To identify and analyse the factors which best account for
the gap between the quantity demended and supulied within
the urban area.

4, To suggest strategies for improved water supply in the

urban area.
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étudies of this nature provide é better basis for urban water
management (Rees, 1982). P®X capita water demand,for example, is
one ¢of the important variables used in the design and planning of
urban ﬁater supply systems., It is, therefore, hoped that fhe
resylt-of this study will be of interest to planners in designing
the capacity of water work system, adopting a more efficient
distribution methods and in predicting future patterns of demand

within the study area.

13 ;The Study Area

Nsukka urban area is located in Enugu State of Nigeria,
,appréximately at la%ifude 6054N and longitude 7° o (see Fige I).
The urban area is approximately 64 kilometers north of Enugu, the
capital of Enugu State, and is located on a dissected blateau
which bears its name. The urban area covers an area of about
13.44“=q, kms, and has a popuiation of 120,064 (Ezema, 199%).

It is currentlyAthe administrative headquarters of Nsukka
Lgeal Government Area, which is one of the 17 local government

areas that make up Bnugu State (see Fig. 2)
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1.3.1 Relief and Drainage

The study area is on a dissected‘plateau of the late pliocene
of the Tertiary period (Ofomata; 1978). The plateau is about 425
meters above sea level, and runs from Udi, with a scrap face on
the eastern side and & gentle dip Westwards; Two groups of land-
forms - residual hills and broad dry valleys, dominate the relief
of the area, determining, by their east—ﬁest axis, the general
configuration and shape of the area.

Geologically, the area is underlair by rocks which have been
grouped into two, namely: the Ajali sandstone and the Nsukka
formation. The Nsukka formation rests on the Ajali sandstone.

The rogk formation is porous and redish in cqlour. There is almost
e complete absence of surface drainage, owing to the high porosity
and consequent high infiltraticn of the rock formaticn of the
entire urban area.

The Ajali sandstone is, however, a good acquifer and the water
table is not far below the surface (mean debth is between 90-120
meteis) a situation which favours the sinking of deep Wélls and

boreholes (BEze, , 1995),

132 Climate
The c}imate of Nsukka urban may be grouped under the humid
tropical, best described as the tropical wet-and-dry or AW climate

of the Koppen classification. Its average daily minimum temperature
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is about 23;300 while its average monthly maximum is about 27.70 .
The average daily maximum is about 31.2°° while the anmual range is
aMmt1350(£*ﬁ3,19ﬁj-

The raihy season starts in April and ends in November. Ayefage
monthly rainfall rangés from 250 mm in April to 380 mm in Oétober,\
'ﬁiéﬁié mean annual total of 1500 mm (. Okigé 1976),_,This:relatively

mlld cllmate 1s one of the major reasons for siting hole, the

Ve

Ll a0

Uhlver61ty of Nigerla, Nsukka (Okoye, T9T74Y. S s

14343 Vegetafion
| The prevailing type of vegetation in the study area has been
designated "the derived savanna® (: -~ Eze, 1976). The vegetation
compfises of: | |
1. Selectively preserved'economic and broad leaved trees. These
grow mainly on the lowlandsf
2 Mixgd bushes. Theée are found mainly on the broad valleys
Most of the trees here are stunted and grow side by side with
tall grasses.
5.  ghrubs and short grasses. These are found mainly on the

tops and sides of the residwal hills.



1e3e4 Growth and Development

Before the present century, the area now known as Nsukka urban
- was an mnimportant rural settlement made up of the quarters of Nru,
Nkpunano, The and Owerre (Okoye, 1978). These settlements were
initially located on hill-tops for protective recasonse With the
emergence of colonisation, the area was first administered from
wwka (1866), Dkpenga (1909), Obollo-afor (1918) and lastly, from
Nkpologwu in 1920,

Nsukka was raised to the status of a Divisional Headquarters
in 1922, to a Headgquarter of Igho-Rtiti Rural District Council in
1951 and to a Headquarter of Nsukka County Council in 1954. The
colonial administration was attracted to Nsukka urban area because
of its centrality and favourable climate induced by its elevation
and topography. |

The pionéer development projects which helped to stimulate the
rapid gréwth and develobment of Nsukka -urban area includes: a native
court (1921), a medical centre.(1922), a motorable road (1924), a
primary school (1926), a postal agency (1929), a maternity home
(1935), a health dispensary (1936), a secondary school (1952), a
teacher training college (1956), and pipe borne water (1956)

(Ugwu, 1964, Eze, 1976; Ckoye, 1978; Bzema, 1995).(See figure 3).
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The establishment and the openning of the University of

Nigeria in 1960, is however, one basic event that brought a -

tremendous increase in the urban infrastructure and population.
The non=rural population of Nsukka increased both in total number,

in heterogeneity and in 3uphisfication. This unprecedent increase

in the urban population is shown in Table I.

Table 1: Population Growth in Nsukka Urban

(Source: Ugwu, 1964; Eze, 1976; Ezema, 1995)

. 4

CATEGQRY —
PERTI OD : ‘Indigenous Migrant. Totai
' Population P0pulatloq
Population Census, 1953 12,763 1,911 F 13,674
Population Census, 1963 16,763 9,615¢ 26,378
Projected Population,!976 33,970 57,006 | 70,856
Projected Population, 1980 36,283 40, 741 77,024
Projected Population.1991 63,884 56,180 | 120,064
Projected Population 1995 | 69,807 61,388 | 124,925

*Projection based on 1993 census.

Note that by 1976, the migrant population excieded the

indigenous population.
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The_construction of motorable roads and houses within the
- University premises, and in the entire urban area witnessed an
unprecedented upsurge. A number of commerqial houses such as banks,
hotéls and fuel stations were estaﬁlished at this period (early
1960s). The Nsukka main merket was relocated, widened and meder—
nized (Bme, 1976). The now defunct Electricity Corporation of
Bastern Nigeria (ECEN) linked Nsukka urban with her power station
at 0ji River in 1962. The rate of expansion was sc unprecedented
that in 1964, the government of the then Bastern Region had to
establish a Town Planning Authority tg ensure a progrossive orderly
gvolution of the Nsukka urban area. This phenomenal expansion
continued uﬁabeted until the outbreak of the civil war in 1967
(Okite, 1976).

| For most areas in Eastern Nigeria, 1967 = 1970 was a period of
intense crisis and destructicn. Perhaps no other‘urban area
suffered more, in terms of physieal destruction, than Nsukka
urban. However, the cessation of hostilities and the reopenning of
the University ¢f Nigeriae in 1970, in addition to the oil~boom
of the post war era, made the period, 1970 - 1980 another era of
rapid growth and development in Nsukka urban. Most of the existing
. modern eétablishments, schocls, banks, telecommunication, small-
scale industries, private hospitals, offices, hotels and other
commercial houses which presently dominate the urban landscape were

established within this period (Bze, 1995).
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The period 1985 - date is witnessing a marked reduction in
the rate of infrastructural transformation of Nsukka urban area
(perhaps, due to economic reasons). The few rerickable
improvements in the urban landscape within this period include the
instalation of street lights (along Bnugu Road), an abandoned
attempt &t duaiisation of Enugu Road, the extension of pipeline
network for water distribution and the raising of Nsukka to the
Status of a Diocesan Headquarters for the Roman Catholics (1992)
and the Arglivan (1994) churches. ‘ |

The rate at which improvements and physical transfbrmation of
the urban area: will occure in future remains to be seen. Never-
"teless, one thing is certain. The University of Nigeria, Nesukka
will continue to dominate the urban landscape and constitute her
main economic base for the forseable future.

1+3.5 Residential Structure of Nsukka
Urban Area

Politically and administratively (especially for the 1963
census) Nsukka urban area is divided into four ﬁain wards. These
wards are Nru, Nkpunano, Onuiyi and Ihe and Owerre (see Fige. 4),
Bach of these wards is made up of a number of villages. To0 these
four, we added the district wards of UNN and GRA which were
regarded as separate enumeration units during the 1991 census
excercise. These wards are considered relevant to the present

gtudy because they:
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1. Cover the entire urban area.
2 Largely respect physical,political and historical.
boundaries as far as they are considered important for this

study. These wards are further described below:

1.3.5.1 Nru

Nru is an old residential area located in the eastern part
of Nsukka urban. It includes the villages of ITheagu. Umuoyo,
Bzema and Bdem (see Fig. 4). The houses in this area are mostly
bungalows, many of which are old. Most of the bungalows have
separately detached kitchen and lack modern facilities like taps,
water closet system, good roads, and even light. Most of the
residents here are of the low income group, being mainly petty
traders, artisans, teachers and natives - who are mostly farmers.

Nru ward occupies an area of about 3.01 sqg. kms.

163e5.2 Nkpunano

Nkpunano ward lies in the South Western part of Nsukka urban
and includes the villages of Nguru, Umuakashi, Isiakpu and Achara
(see Fig. 4). It occupies an area of about 5.0Z2 sq. kms, and is,
therefore, the largest ﬁard in Nsukka urban. Many of the houses’
found here are bungalows butla good number of storied buildings
alse exist. Some of the houses are self-contained and poséess

modern amenities like water taps, good roads and light. In general,
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this area has a lot of open spaces. Both the low, middle and high

income workers reside in this area.

1e3e5¢3 Onuiyi

This is & high density residential area which lies closest to
.the University of Nigeria, Nsukka on the northern and western sideg,
This residential area occupies an area of abcut 2.32 sq. kms, and
covers parts of Ero Unc, Edem ani, Obukpa, Onuiyi and Ukwuamé
villages, (see Fig. 4). Many of the houses here are products of
modern architectural designs and pﬁssess modern amenities. Modern
bungalows and storied buildings co-exist side by side, with a
number of cld bungalows which uswally contain num%rous TOocHmS e

b
Middle and low income workers (mostly University steff) reside here.

1 03¢504 _Ihez OWeI_‘_I_'je_

This ward lies almost at the centre of the urban area. It
occupies an area of about 1.16 sq. kms, and is, therefore, the
seecond smallest ward in Nsukka urban area. It covdrs the villages
of Owerre Ani, Ugwucgbodu, ma Ukwa, and Nbuke. The houses here
show a delieate mixture of bungalows and stcried buildings, and
of modern and old architectural designs. Most of the residents are
directly engaged in commerce (trades and artisans), though salaried

workers and students also reside at the periphery. The outstanding



- 1‘9/ - J

character of this zone is the high housing density and lack of

open spaces.

1.3.5.5 The GRA

The GRA lies almost at the centre of the urban area and
occupies a= area of about 0.61 sq. kms. It is, thereforesthe
smallest ward within the study area. The entire land areg belong
‘to two villages (Ameze and ichara Ani), though the area is now
devoted almost exclusively to government offices and staff
quarters. The residential houses are mostly bungalows,lwith
archaic colonial architectural designs. 4 few of the houses are
self-contained with modern facilities like taps, and water clcoset
system. The cutstanding character of thisvward is its openness and
low housing density. Low and middle income salaried workers reside

here.

1e3.5.6 The University (of Nigeria) Ward

This ward lies in the North Eastern part cf Nsukka urban and
its land area was carved cut of Hru, Ihe/Owerre, Obukpa and Orba
communities. It occupiss an area of about 1.32 sq. kms. A great
variety of buildings exist here. First, we havelﬁodern bungalows
and storied buildings which house the University staff. Secondly,

there are - - buildings (mostly storied) which house the 10



- 20 -

académic Faculties and Departmental buildiﬁgS, labora£ories,
offiges, and business centres. The third group are the imposing
hostels, which at present have about TS,OOd"studentso Most of the
residential houses are self-contained and possess modern amenifies
like taps, wabter closet system and 'boys' quarters. The houses
here are often set in the midst of large lawns. 4 large propor-—

tion of University staff and students reside within the University.

1.4 ILiterature Review

Attempts to isclate and criticaliy analyse the variables
which influence the quantity of residential water demanded and
supplied to urban areas is perhdps as old as recorded history;
History informs us that during all the age®, urban areas, especially
large onesy have been concerned with their level of water demand
and supply (DPe-Rory,1969). Even the ancient 'towns' of
Mesopotamia sccn found that, as a result of increasing population,
the existing local sources of supply (rivers shallow walls, lakes,
and rain catchment) were unable to meet the very modest domestic
demands of the day. The inhabitants were, as a result, forced fo
build aqueducts to bring water from distant sources (~ Ami, 1980).

Similarly, Stell (1960) noted that Roman Provincial cities
laboured under severe hamdicap of limited supply as a result of

increased population,. low technclogy and the varied uses cof this
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resource'inttheir industrial agricultural and municipal life.

Many later studies have focussed attention on individual
urban areas, particularly the residential sector. A8 a-result,
residential water demand and supply in the residential sector has
been more widely studied than in the industrial and commercial
sectors{Goltlieb, 1963; Morgan, 19733 .° .. ... S
Danielson, 1979; Chime, 1984; and Ibeziakc, 1985)« These
scholars have, with varying degrees of éuccess, tried tc isolate
and analyse the factors which best account for the level of
residential water demanded and supplied in their areas of studye.

For example, Headley (1963) working in San Franciscc -
Qakland Metropolitan city (U.S.4.) studied the effect of price
and income on residential water demand and noted that quantity of
residential water demanded is mostly a function of pepulation size
and the type of urban develcbment. He criticised the emphasis on
income and price as factors affecting residential water demand in
urban areas because of the high inflation being experienced in
many nations. He wass however, of the view that price, just as
other factors (eg. household size) still play a role in residential
water demand.

However, another worker (Goltlieb, 1963) in a more challenging

study, re-examined the contributions of price and income in
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determining the quantity of residential water demand more criti-
cally and concluded that the two are major deferminantse.

In a similar study, Howe and Linaweaver (1967) studied the
effect of household size on residential water demand. They used
individual househclds as units and found that the number of persons
per dwelling unit is a significant determinant of the guantity of
residential water demanded. In agreeing with Howe and Linéweaver
on the effect of household size on residential water demand,
Danielson (1979) observed, after a related study, that household
size consistently explains more variaticns in household watexr
demand than any other factor. His ecalculated correlation
coefficient which related water demand and household size was 0.74.

In a related study, Wang (1972) showed that househcld income
was a significant factor affecting residential water demand. He
used the cross sectional and tempcral mcdel to analyse the effects
of inéome in household water use in Chicago, and his findings were
in line with those of GoltliebA(1963) which showed that household
income and price are major determinants.

In a related study of the socio-eoondmic factors affecting
" domestic water demend in Israel, Darr, Feldmen and Kamen (1975)
discovered that income and its surogates are important predictors

of residential water demand. Variables also identified to be valid



predictors of a residential water demand forcésting model included
such factors as the number cf persons per family, cultural origin,
educational level éf the head cf the household, and the number of
persons per household. In support cf Darr, Feldman, and Kamen
(1975) and Danielson (1979), Lee (1979) in a study in Bombay
(India) found that the factors which affect residential water
demanc. include the level of incomg, water.use habits, housing
conditions and household size.

For most urban areas generally, Twort, Heather, and Law (1974)
are of the view that the demand for residential water varies
'accofding to the standard of living‘of the country. They concluded
that the factors which affect residential Water demand include the
dmoﬁnt consumers are called upon to pay, the extent of ieakage in
the network, the type of sypply provided and the physical limita-
tions of the distribution BysStem.

In Nigeria, studies in residential water deman incluae those
of Akintola and}xreola (1980}, ani (1980), Toro (1980), &ni (1981),
Chime (1984), Wanah (1984), Ibeziake (1985) and Ezenwaji (1990).

Chime (1984) in a study of abakaliki town, discovered that
price of water, the eduvucational atfainment of the head of the

household, and income are the significant variables affecting

residential water demand. In a related study, Ibeziakc (1985)
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using the factor analytic technique identified the six factors
which influence residential water demand in Enugu urban area-
ag dwelling type; freguency of water supply, the educational level
of the head of the household, the density of the public taps,; the
distance of streams from thé household, and the household size,

Presntly, studies in residential water demand have been carried
out in many Nigerian urban areas, blagos (Mabogunje, 1961), Ibadan
(akintola and ireola, 1980), Kano (almed, 1984 ), abakaliki (Chime,
19é4), Enugu (Ibéziako, 1985) and Onitsha (Bzenwaji, (1990); The
findings of these studies, as shown earlier, are not radically
different froﬁ those in other parts of the world.

studies in other sectoms (industrial) included those of
Mabogunje, (1961), Bower (1966), De Rocy (1974), Macuen (1975),
Ayoade (1981) and Hzenwaji (1990). 4 commen findings in these
studies is that the volume cf industrial output and price of water
are significapt factors affecting industriel water demand. Macuen
(1975) in his study, concluded that most factors affecting the
residential water demand and consumption, such as assessed value
and.income, alsc affect industrial water demand. Similarly,
Ayoade (1981) noted that the type, size and location of industry
are factors which influence industrial wéter demand and consumption
in Nigeria. The result of this study was very similar to another
one which was conducted almost twenty years earlier in Lagos

(Mabogunje, 1961). Here, Mabogunje (1961),noted that the type and
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size of industrial establishment are some of the factors influenc-
ing industrial water demand and consumption.

Water demand and conéumption by commercial esfablishments is
an impcrtant, yet little understood element in the urban water
supply industry. There is a present dearth of literature on
commercial water use in urban areas. & few workers, hcwever, have
either emphasised the need for, or carried out limited studies on
water use by commercial establishments (Headley, 1963; Whiteford,
1972; Morgan, 19743 Macuen, 19753 and Hzenwaji, 1990). Headley
(1963) for example noted that water use by commercial establishméﬁts
require éloser study. He criticised the aftempt to use factors
affecting residential water use to explain that of the commercial
sector., The findings of Whiteford (1972), Morgan (1974), Macuen
(1975) and Bzenwaji (1990) are similar in essential details.
Generally, these workers are of the view that meny factors affect
cémmercial water use. #xamples of such factors will include, type
and size of industry, the number of persons per shift, government
regulations, pricing policy, cost and change iﬁ»technclogy,
availability and regularity of supply and supply cost.

In the present study, atteption will be focussed on residential
water demand in Nsukka urban area. Nsukka urban area is uniques
A4S ﬁoted earlier, no other rural savanna community of the same size/

histry, has been within a very short time, (35 years) totally
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transforméd into an emerging urban centre by a major institution,
influx of very highly educated pecple in BEastern Nigeria, students
from fér,and wide and service staff - all in one area. One would
like to examine the effects ¢f all these on the residential water
demand and supply situation, and assess the water use habits of
the University residents and other wards within the urbar and other
wards within the urban arca. asttempts will, indeed, be made %o
isclate and an=lywc the significant factors which affect patterns
of water sﬁpply and demand in order tc suggest suitable strategies
for ﬁeeting the pecple's water needs. This study will,.hopefully;

bridge some of these gaps.

1.5 Theoretidal Framework

" Theories are important in studies involving economic growth,
planning, predicticn and development in various Wayé. First,
sound theories to a large extent, influehce the deﬁelopment of
strategies that ére usually adopted. Secondly, they help in
identifyin% for the planners and policy mekers the crucial variables
needed for prediction and develcpment. Most importantly, such
theories are crucial to researchers because théy help them in formu=-
lating hypotheses for investigation and verification (Mebogunje,

1965).
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In view of this importance, we shall review some relevant
theories of urban water and sectoral water demamd and forcasting,
énd analyse their limitaticns and implications if adopted for
planning purposes.

There are two basic water forcasting theories that are
frequently employed in urban water demand analysis (Mitchell, 1979).
One is the trend based on extrapolative approach or what is often
refered to as the requirement approach. In this approach,
projections for future residential water demand are based on past
consumﬁtion data. The requirement approach is computed by multi-
plying per capita water consumption by projecticns in population
(Bower; 1966). sSome workers in Nigeria have employed this theory
(.. Ani ,; 1980; sycade, 1984). But the use of this theory for
water demand and as a forcasting tool, has attracted a number of
criticisms from researchers. FPFor instance, Foster and Bealtie
(1979) noted that the assumption that population and per capita
water consumption determines the quantity of water demand for the
future seems to blanket scme cther important factors, such as
price, consumers income and physical and economic variables which

affect water demand and ccnsumption patterns.
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Invcontrast to the above, the second technique which is often
referred %o as the component approach is more challenging
intellectualiy, but approximate more to reality. Here attemptslare'
made to understand why water consumption fluctuates o&er time
(Ayocade, 1984). In this method, factors which are likely to
influence water demand are identified and measured, and their likely
effect on future changes ars assessed. The major assumption here
is that future chahges in each component are predicted separately
and aggregated. This technigue has relevance and is often employed
(panielson, 1979; Chime, 1984). |

Water, in the words of Saunders and yarford (1976) is both a
consumption and an investment good. It is an invesiment good in
that it is part of 10051 infrastructure and can indirectly generafé
additional future economic activity by attracting and assisting

“local commerce and industry. This commcdity can not, therefore,

be replaced by anj other substance. Because of this, it is of

very high demand by man, and in fact, the demand tend to be perfectly
inelastic. DesPite this, the quantity which ccnsumers are able to
purchae and consume are undoubtébly influenced by certain variables
It is for this reason, that fthe component/demand,and supply techni-
que, graphically explained by Lipsey (1975) and profitably used by

Ezenwaji (1990) is examined in details.and adopted in this study.
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The demand and supply theory is of the form:
qfln = D(Pn Pi....oPp -1 7- T) eevee (1)
Where
q?n is the quantity which consSumers demand of some
commodity labelled "p®
D is the functional notation
.Pn is the price of the commodity
P ... Pn_1 is the short hand notation for price of L
other commodities.
Y ié the consﬁmers income
T is the taste of the consumers.

To accurately measure the influence of the specific variables
scholars (Ezenwaji, 1990; Artken, Duncan and McMahon, 1991) often
hold the terms on the right hand of equation "" constant. Then
one factor, example price (Pn) is allowed to vary, to enable the
researcher measure how the quantity demanded (qdn) will vary with
such variations,

/on the assumption that other things remain unchanged (Bzenwaji,
1990). Other factors (eg. income) may be allowed to vary so that
its influence on the guantity demanded may be assessed.

This theory is frequently employed by researchers. Howe and
Linaweaver (1976) used it to empirically assess how the guantity
of water demanded responds to variations in price. The influence
of other variables which are assumed to be significant determinants

of the quantity of water demanded and consumed in urben areas
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(eg.'household size, consumers income, etc.) can equzlly be
assessed in line with the above. Warford (1966), "Aitken, . .,
Ducan and]ﬁcMahomL(1971) had previously commented on the effeotiye-
ness of this - theory.

Phe demend analytic, theory, though appealing has & few short-
comings. The mechnism of holding cther things constant is not
always in consenance with reality. But there is considerable truth
in the proposition of the model. Urban water demand studies Légos
(Mabogunje, 1980), Ibadan (iyoade, 1984), HEnugu (Ibeziako, 1985)
and Onitsha (BEzenwaji, 1990) have shown that & number of social,
economic, physical and environmmental factors such as price, income,
househcld size and populaticn increase, etc. Sécondly, this theory
can easily be applied to any urban area, inrespéctive of the size
and level of development, with producing errcneocus results. Errors
can only result from application rather than from the conceptual
framework. It is for these reasons that we are attracted to ite
A basic assumption in our present work is tﬁat the gquantity of
water consumed within the urban area is in accord with the nature',
of factors affecting the demand for water in the various wards of
the study area. PFor this reason, we have introduced variables
which may affect the quantity of water demand in each ward for
analysis. The factors which we cdnsider relevant in influencing

the demand in the variocus wards are as follows:
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the size of the household.

the household income

the educational attainment of the head of the household.
the availability of water taps in the residence.

the availability of water taps in the residence.

the number of hours tap run in a week.

distance to the nearest public water supply scurce.
the number of water using ppliances in the home.

the number of water consuming appliances in the house.
the occupation of the head of the household.

quantity of water used for cocking per day.

quantity of water used for general house cleaning.

availability of water vendors.

Research Methodology

Gentral to this study, is the identification of the more

significant variables in the residential water demand/éupply

situation in an emerging urban area, like Nsukka. It will high-

light in a spatia% context, the scope and intensity i the Nsukka

urban water supply problems.

To achieve its stated objectives, we adopted and used the long

pxisting wards (see Fig. 4) which cover the entire urban area, and

were delineated based cn traditional boundaries and population size



(Eze, 1976; Ckite, 1
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76)..

Bach of these wards is regarded as a

sample stratum or unit and sampling was carried out inthem.

First, a housing survey was carried out in each of the wards.

" Reliable data on the quantity of water demand and consumed, and

the factors which influence household water. consumption patterns

were collected tThrough the use of gquestionnaire, coral interview

and field observations. The guestionnaires consist of 17 items,

made of brief statements reflecting the various dimensions of

water demand and supply. Table 2 shows the housing distribution

and patterns of questionnaire returns.

Table 2¢: Housing Distribution and Patterns
of “uestionnaire Returns S

! S/NOQ

Number of

Wards Number of Numbexr Percentage
Houses Questionnaire| Returned of
Distributed | Return (%)
1| uny 3604% %0 75 83.3
b
2 Onuiyi 4004 # 180 118 65.6
. b
3 GRA 174 70 50 14
4 | 104" 160 116 72.5
5 | Nkpunano 4251*2 230 153 66.5
6 Ihe & Owerre 4953* 270 168 62.2
17,846 14000 680 Mean 68.3%

Source: (a) Registry Dept. U.N.N. (for #2)

(b) Town Planning Unit, Nsuldka (for *b)
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Two basic sampling technigques were employed. “hese are, the
stratified asampling technique and the simple random sampling
method. Stratified sampling was adopted because it pérmits com-—
parism between different wards.(Danielson, 19765 Res, 1987).
Random sampling was used in each ward to ensure that each house-
holdvhas an equal chance of being selected. The effectiveness cof
these two methods has been highlighted by Saunders and Warford
(1976). |

The direct delivery technique was used to administer the
guestionnaire to the respondents in the six wards of Nsukka urban
area., This method assures prompt and efficient éompletion and
return of questionnaires (Saunders and Warford, 1976). 1In each of
the houses visited, only the head of the hoﬁsehold was selected for
interview. Our definition of the head cof the household followed
Iveziako (1985) as a married person with a family, or an unmarried
person of at least 20 years, living alone and earning an income.
The problem of suspicion and hostility to household interviews was
overcome through the use of familiar or local residents as
assistants. on the whole, 1,000 questionnaires (see table 2) were
administered. Some of the households did not return their
guestionnaire, as a result, it was not possible to recover the

1,000 questionnaires distributed. . total of 680 (or 684%)
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dquestieonnaires on resideﬁtial water demand were returned. This
is consideréd representative of‘the urban area.

Relevant data concerning the quantity of water actually
supplied, the distribution systems, existing supply problems and
their relative contributicns, - . were obtained from the public
water works units and distributional centres, through the use of
a carefully designed questionnaire (Apéendix AZ), and oral interviewe.
Oral interview was particularly effective in obtaining relevant and
detailed information on the limiting factors to effective delivery
of water to the varicus wards in Nsukka urban area.

Similarly, a third set of questionnaire were designed and
administered on water vendors (commercial suppliers) within the
study area - (appendix AB). From these, we were able to obtain a
reagonable estimate of their relative contribution to the peoples
water needs.

Finally, field observations, such as visits to public pump
stands, areas within the study area where water scarcity is acute,
public water works units, etc. helped to keep us abreast of the
actual situation of things in the Nsukka urban water supply industry.
4dditional information were chtained from secondary sources, such as'
the consultation of official documents, government reports and

~records and from library research.



1.7 Plan of the Project

This study is divided into six chapters. The chapters are

carefully planned to disnlay a sequential propression of thought
"and development from the introduction, through the findings, to
the conclusion and recommendations.

The first chapter is deﬁoted to the general introduction.
This chapter is subdivided into seven sections. The first section
deals with the statement of the research problem, while the aims
and objectives of the research are spelt out in section two.
Section three deéls with the study area as it relates to the
subject matter. This section is discussed under six sub-headings,
namely s location, relief and drainage, climate, vegetation, frowth
and development and residential structure(of the Nsukka urban area).
The remaining sections in this chapter deal with the literature
review, theoretical framework,research methodology and the thesis
plan.

Chapter twoyfoiigws suit with a detailed examination of the
sources of’yaﬁér supply in Nsukka urban area. The sources of water
supply,iﬁstukka urban area is divided into three, namely: the
Neukka urban water corporation, the University of Nigeria Water
Wgyk§fﬁnit(ieoﬁorks Department), and lastly from raincaﬁch, springs

ﬁ”;nd commercial suppliers. Céming immediately after this, is an

analyses of the capacity of the existing boreholes, the location
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and catchments of the present reservoirs, the distribution network
and the areal extent of the urbar landscape that is fed by gravity
flow and by becosting. ILastly, in this chapter,is a summary of the
relative contributicns of the existing sources of supply to the
people's water needs.

The pattérns of water demand and supply in Nsukka urban area
is discussed in chapter three. This chapter starts with én exami-
nation of the temporal trends by both the Nsukka urban water supply
corporation and the University of Nigeria water supply wnit. The
causes c¢f the shortfalis iﬁ target production quantities are
identified and discussed. Next to be discussed here is the spatial
inequalities in piped water sﬁpply in Nsukka urban. We started
with an examination of the proportion of the people served by piped
supplies, the piping system alternatives for houséholds without
piped supplies, the limitations of the existing alternatives, and
the intensities of piped supplies in Nsukka urban. This is followed
by an examination of the water demand and consumption patterns and
the relationship bepween the two. Both the ftotal hdusehold and
per caplta water demand and consumption are found for all the wards
within the study area. The ﬁemand and ccnsumption patterns are
then compared in between wards and then with the federal govermment

of Nigeria standard minimum of 115 litres per capita per day.
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Chapter four is.on the analyses of the factors which affest
water demand in Neukka urban. The factors which affect household
water demand are identifiéd,pérametised and analysed. The results
of the aﬁalysis are discussed tc show existing patterns and
relationships.

Chapter five is on the strategies for improved water sﬁpply
in Nsukks urban. The suitability of otherwise, of the existing

strategies for urban water surply are evamir:d and evaluated.

-

\'Then, the need for alternative strategies for improved urban water
development in Nsukka areadvanced. The suggested strategies as
well as the on-going programmes fér improved water sﬁpply in
Nsukka urban are also examined in great details,

Finally, the summary‘of the major findings of this study,

the conclusions and recommendations are discussed in chapter six.



CH:PTER TWO

SOURCES OF WaTER SUPPLY IN NSUKKA URBAN ARBA

Municipal water supply in Burope and dmerica is principally
the-responsibility of the.public works department (Rees, 1982).
Consequently, most works on urban water demand in these developed
areas uéually treat the urban area as a sort of 'closed system'
where the only source of water supply is from the municipal water
works units (Ibeziakc, 1985).

In developing countries, such an approachymay be misleading
(Bzenwaji, 1990). This is because public water work departments
in developed countries ﬁSually operate on 'perfect supply
situations' (i.e., adequate and ﬁninterrupted supply), but in
deveioping countries, the situationAis generally different. Here
the'public water works units do not generally supply enough to
meet the water needs of the people (Ezenwaji, 1990). In view of
this, the consumers are forced not to depend on public water works
units entirely.

There is, in Nsuklta urban area, a general absence of surface
drainage (streams, rivers, lakes and Wells). This is due to the
fact that the area is underlain by the false-bedded sandstones and
the upper coal measures. The false-bedded sandstones are poroﬁs,
highly permeable and thus greatly facilitate the infiltration of

rain water (Ofcmata, 1978). In view of this, it is correct to
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asset that (though, there are several sources of water in NSukka)

the most reliable source of municipal water (for Nsukka urban) is

ground water, i.e. the water occupying the voids within a geologi-

cal stratum (Nwachukwu, 1978). Ground water possess a number of
desirable attributes which make it an attractive and often preferred
source of water supply. For example, groundwater is more widely
distributed than surface water (Headley, 1963). In addition, .it
of fers a naturally purer, cheaper and more satisfaétory source of
water than do surface water (Ezema, 1995). It is generally
évailable at the point of use and this reduces the need for incur-
ing large transmission costs(dzema, 1995). apart from these,
groundwater for Nsukka has. cther factors recommending it. mirst,
the water table is close to the surface (mean depth is between 90
and 125 meters only and the average yeilds from the water-table
borehcles is high (2,045 litres per hour ). Groundwater occures
widely as underground reserveirs within Nsukka urben and the
application of mcdern mechnioal drilling technology now enables
much of it to be drawn from the aquifers, for municipal and other
uses.

Presently, most of the water used by the Nsukka urban dwellers
is obtained from these undergrouﬁd aquifers. There is almost a
total dependence (especially during the dry season) upon mechanically-

pumped borehole supplies due to the general absence of reliable
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alternative sources, as stated earlier. There are, at present,

two borehole systems operating in the Nsukka urban area. These

are:

1 The boreholes operafed by the Nsukka urban water corporation and
2e The boreholes.opérated by the Works Department of the University

of Nigeria, Nsukka.

2+1 The Nsukka Urban Water Corpcration

As noted in chapter 1, section 1, the establishment of the
Tniversity of Nigeria, Wsukka in 1960, and the general lack of
readily alternative sources of supply (streams, rivers, 1akes)
provided the initial motivation for the establishment and expansion
of borehole supplies in Neukka urban area (Ugwu, 1964; Okite, 1978,

Presently, the Nsukka urban water corporation'runs a borehole
farm which is located neér the University of Nigeria gate. Water
supply to all the wards within the urban area, excluding only one
(the University community ), comes from this borehold farme
Currently, the borehole farm has twelve (only 3 &are functional)
boreholes numbered 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12. The
earliest set of drilled boreholes (NWos. 1, 2, 3, 4 and 5) have
since been out of use (dried up). Boreholes, numbers 1, 2, and 3
were declared 'dead' in Merch 1973, while borehole numbers 4 and 5
continued to funct@on until the middle of 1979. Currently, two of

the existing boreholes, (nymber 8 and 12) have not functioned since
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the middle of June 1993. Borehole number 8 has now (1996) been
certified 'dead' (i.e. reactivationAis uneconomical) while bhorehole
number 12 does not have a submersible (sumo) pump installed in it.
The average production ffom the (3) functional boreholes at
present is between 140,000 litres and 150,000 litres per hour
(Eze, 1995). -The yield from these boreholes are emplied into a
275,000 litre ground level concrete service reservior (located‘
behind pump house, No. 1, Fig.5 ) which also acts on the sunction
tank. Presently, there are three pump houses, controlling the
various units involﬁed in urban water generation and suppdy in

Nsukka. 4 breakdown of this is shown in table 3.
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Pump Houses and Units of Urban

Water Supply Controlled

S/No. Pump: House

Number

Units Controlled

Combined
Yield per Houx

Source of
Power

1 Pump house

Borehole number 7

76,000 litres

Public power

Number 1 and 11 and surface |[per hour supply
' booster number 1 & 2 through 500
§ KVi transfor-
mer
2 Pump house | Surface hooster 30,000 litres § Public power
Nomber 2 pump: No. 3 and per hour supply
’ borehole Number 8 through 312
KV4 trans-
former

3 Pump house

Boreholes number

44,000 litres

Public power

Number 3, 9, 10 and 12 per hour supply
‘ through 630
KVi trans—
former
Sources: Nsukka urban Water Corporation.

2.1.1 Capacity of Hxisting

Boreholes

The existing boreholes

Corporation have a combined

cperated by the Nsukka urban Water

total capacity of 720,000 litreé per

hour and an installed capacity of 16,280,000 litres a day.

Unfortunately, only two boreholes (numbers 7 and 9) are presently

(fully) functional. Even these two cperate only for a few hours

daily as a result of financial, technical and social factors which

are examined in detail in chapter IIT. Table 4 shows debails of
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the location and capacity of the existing boreholes in Nsukka urban

ared.

Table 4

The Location and Canacities of the Existing

Boreholss in Nsukka Urban

Operating Agency
[Nsukka Urban Works Department
s/Wo. Water Corpora— pf U.N.N, Total
tion :
1 Total number
of boreholes 12 6 L 18
2 Number of .
functional bore-
holes 3 3 6
3 Daily average
number of hours
operated 8 12 20
4 | Average Quantitﬁ .
yielded per houx 60,000 litres| 46,667 litres |106,667
i ' F 1itres
4
5 Aiverage total 7
capacity per da% 4,947,5000 1,728,000 6,675,000
: litres litres litres
6 Installed capacity 5,367,500 3,888,000 8,255,500
per day (litres) litres per day litres per litres pexn
| day day
7 | average daily 4,420,000 1,625,000 6,045,500
amount produced litres per liftres per litres pex
in litres day day day

Sources Field Work 1995/96.
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The six functional boreholes (see table 4)'are capable of
yielding 106,667 litres per hour and 8,255,500 litres per day.

Presently, they yield 6,045,500 which is below the ccmbined daily

average of 6,675,500 litres per day.

2.1¢2 The Urban Heservolirs

The water pumped from the six functicnal boreholes is held
in storage reservoirs for eventual distribution to various parts
éf Nsukka urban area. a4t present, the urban area has a total of
nine major reservoirs (owned and operated in proportion shown
in Table 5). The nine reservoirs have a combined storage capacity
of 5.2 million litres. The official catchment area is 13.44 sq. kms,
but the dependence of pecple from surroundihg villages (Obukpa, Orba,
Ovoko, Edem and Ede Oballa) on the urban water sources will mean
that almost 26 sqg kms are served by the Nesukka urban Wgter

corporation.
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Source: Nsukka Urban Water Corpcration.

Works Department, U.N.N.

#RC = Reinforced concrete.

Table 5: Major Reservoirs in Nsukka Urban
1 ] 1 . .
s/No.| Location Capacity Official Make | Remarks
(in litres) Catchment
srea (Words)
W*
1 University Road 750,0004] Onnuiyi/GRA RC Functional
#*
2 Nguru 250,000 { Nru RC n
*
3 smaoczara Road 250,000 | Nkpunano RC Not functional
4 BEnugu Road 200,000 } The & Owerre| Steell Punctional
5 T.T.C. Road 200,000 | Nkpunano Steel| Not functional
6 | Odenigwe Hill 688,000 | U.N.W. 'RC" | Functional
*
7 Cdenigwe Hill 688,000 | U,N.N. RC n
8 Works Premises @
(U.N.N.) | 909,000 | U.N.N. RC "
i . *
9 Edega Hill 1,310,000 U.N.N. RC Functional
jTotal 5, 245,000

The reservoirs ranze in capacity from the smallest (200,000

litres) .one on Enugu Road, to the largest (1,310,000 litres) ome

on Edega Hill in the University of Nigeria.
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Most of the reservoirs within Nsulka urban area are located
on relatively.high elevations where they can pump watsr to
consyeption areas by gravity through a network of pipelines which
will be discussed in the next section. Low level reservoirs have
2180 been established within the Postgraduate hostels and
Faculty of Engineering complexss of the University of Nigeria.

In addition, mini Teservoirs of cepacity between 25,000 exd 75,000
litres have also been installed for the varicus undergraduate
hostels within the University.

It is important to note (sece Table 5) that about 44% of the
availahle reservoirs in Nsukka urban were established to serve
the University.of Nigefia. In addition, all the reservoirs
‘established hy the University are functional (though at varying
capacities) two of the reservoirs established by Nsukka urban
water corporation (TC and imsozara Road reservoirs) have been
out of use since April 1993. Reasons for this, rém;e from their
great distance from the pumping houses, high elevaticn,
insufficient power for pumping water, to constant booster pump

breakdowns «

2e1 3 Distribution Network

Water distribution network has been defined by De Mayor and
Horwitz (1954) as all the water work components for the distribu~

¥ion of portable water by means of gravity or pumps, through a
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digtribution piping network to consumers and other users. In.
their own contribution, Fair and Goryer (1970) described the dis-
tribution network as a system of conduits or ﬁipes which range in
diamgter from é maximum of 250 mm to a minimum of 25mm. Water
from the bhoreholes is first of all pumped to the booster houses
from where 1t is distributed to the various reservoirs. The dis-
tribution system is by both beosting and gravity flow. The low
lying areas of Nsukka urban, relative tc the service reservoirs,
are fed by gravity flow. The areas include Onuiyi and the
University community wards. ThisZ;Zde possible by the fact that
the service reservoirs that serve these areas are high elevation
reservoirs (exémple, the Odenigwe, Bdega and University Roam.
reservoirs, Fig.3 ).

The remaining four wards in the urban area are fed by boosfing.
Booéter pump number 1 has the capacity of pumping 110,000 litres of
water per hour while booster pumps numbers 27and 3 have, each the

papacity of pumping 675,000 litres of water pér hour respectively.

Water‘distribution tc nouseholds in Nsukka urban, through
pipelines, started in 1957, a year after the urban water corpora-
tion was established (Bze, 1995). The connection of pipes in the
~wurban area started in the GR4 in 1957 and later spread $¢ other parts

of the urban area. All the households within the University ward are
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conneeted to the network of distributicn pipelines criss-crossing
the University landscape. Sutside the University ward, however,
conneotion is in easy street through public tap system. Households
in these remaining wards that wish fto be connected mele direct
repregentations to the staff of Nsukka urban water ccxmoration.
Such households must meet a nunber of éonditions required by the

corporation.

2.1.301 .Pipeline Distribution

Thre¢ categoriss of pipelines are employed by Nsukka urban
water corporation. These are:
{e Distribution lines -~ from the reservoirs to various parts
of the urban area. Here pipe diameters range from 200mm to
25mm,
e Generation lines — from Risers to ground wellSe Here, diamgters
renge from 150mn tc 100mm. |
3. Boosting lines -~ from boosting pumps to reservoirs. Here
diameter range from 250mm to 100 mm.
The distribution lines cover only about 574 of the urban area.
. . Some majof arteries in the distribution networks are:
1e. 4 200mm asbestus pipeline running along the University road
and later branching into two at the Uhivefsity road. Round-

about - one leading to Cdenigbo (terminating at Ikenga Hotel) ;
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and the other to Inugu Road (terminating at queens Secondary

School). 4Another 200mm pipeline runs from Odenigwe Hill

into

the University community. About 58% .of

the water used within the University ward is distributed

through these lines.

2e

e

25mnm

The second is a 150mm asbestus cement pipeline which

farm

runs from the boreholes[through the fire service station

road to Onuiyi, Ibagwa and Obollo roads. This line later

branched into two 100mm AC pipes, shortly after the fire
service station to various parts of Onyiyi wards.
Distribution lines with diameters ranging from 100mm to

are connected to (1) and (2) above from where street and

. private connections are laid to private homes and other

premises. The pipes are either surface or underground
systems.

According to field inveétigations, water distribution

- through pipeline network in Nsukka urban is hampered by a

number of factors such as the:

1o

large guantity of water lost through burst pipes

and leazkages.
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2o absence of properly located service reservoirs from

which water can be distributed to the whole urban area

by gravity after filling.

3e poor coverage of the urban area by distribution lines,
L, constant breakdowns of booster pumps and borehole faults.
5e inadequate supply of spare parts, especially pipes,

valves, detachable joints, etc.
6. low power supply and constant leakages from the public

(due to the use of over-aged pipes).

2+t Complementary Distribution

Apart from.the pipeline distribution described above,
tankers are equally used by both the Nsukka urban watgr
corporation and the works Department of the University of
Niggria, as additional distributive source,.complementing the
lack of waksgy pipec in certain parts of Nsukka urban area.
collect their water from both the urban and the

Such tankers

University of Nigeria boreholes. Table 6 shows a summary of

the quantities delivered to consumers from the University

boreholes in the month of October, 1995.



PLATE:.1s The Odenigwe Hill Reservoirs - established by and to serve

the University of Nigeria, Nsukka. '« The combined storage
capaci_ty is 1,376,000 litres.

PLATE II:

water tankers are routirnely used to distribute water in
areas not covered by water pipelines. Note the pump house
number II, and some staff of the urban water corporation
at the background.
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Table 6; Water Distribution by Tankers From the
University Boreholes in Qctober 1995

S/Noi¢Destination | Average | Total Number | Total !
(Wards) No. of of times in | Quantity ; Rank
' time per! the month supplied
week (litres)
1 |Nru 5 21 150,500 |Lth
2 Onuiyi 2 9 67 , 500 7th
3 The & Owerre 3 13 97,500 6th
4 INkpunano 7 28 210,000 | &nd
5 Hostel(UNN) 9 36 270,000 1st
6 |Uni. Farm 6 25 187,500 | 3rd
7 |Works Dept. L 18 135,000 {5th
J GRA I 5 37,000 {8th
Tiotal %7 155 M, 162,000

Source: Field wWork, 1995.

2al Supplementary gources of Water
Supply in Nsukka Urban

2e2e’1 Private Boreholes - the University of
Nigeria Woter Works Department

Ideally, thke Unimersitg ward , beiﬁg an integral part of
Nsukka urbéﬁ area should depend on the Nsukka urban water
corporation for her normal water requirements and establishing
a separate supply'agency should not be necessary. But consi-’

dering the current inadequacies and the frequent breakdowns in
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the urban water suppy system, such a policy objective would
not have aided the growth of the University.

Présently, the University of Nigeria, through her
separate supplementary water supply unit (the Works Services
Department) plays a significant role in meeting the water
needs of even the urban dwellers. The Works Services Depart-
ment of the University has a total of six (6) borecholes, out
of which three (3) are functional. Two of the boreholes pump
65,000 1itres'of water per hour. The third one pumps 25,000
litres per hour. The borcholes are between 126 and 152 metres
deep and are equiped with electrically driven.submersible
pumping units and one stand-by generator.

yater from the boreholes are first of all pumped to the
booster house located at the Agric Farm of the University,
from where it is distributed to the various reservoirs. Two
of the reservoirs with a capacity of 688,000 litres each are
located at Odenigwe Hill. The third and largest réservoir is
located at Edega hill (obserwatory). It has a capacity of
1,310,000 litres. The fourth reservoir is located near the
Works Department prewmises of the University. It has a capacity
of 909,000 litres and is, therefore, the second largest reser-

voir within the University.
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2e2e2 Water Vendors

o,

surface drainage and shortages in supplies from the urban
Water Corporation are responsible for the emergence and the
continued existance of water vending in Nsukka urban area.

There are, at present, two categaries of water vendors
in Nsukka urban area. These are the big time water vendors
and the small scale ones. The former make use of water
tankers and sell mainly fo water retallers. They operate
mainly in Nru, Nkpunano, Ihe and Qwerre wards. The small
scale water vendors make use of tanks (metal or plastic) of
capacity ranging between 2500 litres to 50,000 litres or
drums and sell direct to consumers.

Wwater vendors usually collect their water from sources
that are outside the urban area (- mainly from boreholes at
Obollo Afor and Ovoko, and the Adada River) and operate most
in times prolonged scarcity - arising, nct infrequently, from
borehole breakdowns. The vendors hawk their water along
streets, remote from the urban supply centres, and price of

where
the water depends on the part of the urbaq[the purchase takes

place. The average cost of units of water (1995) in the six

wards of Nsukka urban is shown in Table 7.



Table 7: Average Cost (in Naira) of Unit Measures
of wWater in Parts of Nsukka Urban
Sept.~ Nov. 1995)

3/Noe Wards Average Average Average Average
GCost of Cost of Cost of gost of
12 litres{240 litres| 2500 50,000
N ¥ (A drum)| litres¥| litres
(standard fsmall ¥ (Big tank)
bucket) tank)
1 Nru L 50 450 700
2 Onuiyi 2 25 280 550
3 GRA 2 30 300 600
L The & Owerre I 4o Loo 700
5 Nkpunano 5 60 500 850
*
6 UNN - - - -
l 1

gource:; Field work, 1995.
% Commercial supplies are generall lacking.

Buying of water from water vendors is a common practice
in Nsukka urban area, especially by commercial houses such
as hair dressing saloons, restaurants, and dry cleaners.
This is because water vendors are always available and are
always willing to penetrate even tﬁe remotest parts-of the

urban area., This source has, however, a number of limitations

guch as:
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e The high prices which consumers are called upon to pay.
The supply of water which is often of doubtful quality -

coloured water is often supplied.
Je Periodic vehicle brezkdowns - as a result of the long

distance between the collection and consumption centres.

203 Rainwater Harvesting

One of the most widespread and directly accessible sources
of water is rainfall itself. Since the dawn of civilization,
humanity has recognised the importance of rainfall as the
primary source of water (Headley, 1963). In Nsukka urban
rainfall harvesting has been practised for generations
(Ugwu, 1964). To date, it is stili considered as important
source of supply.

Rainwater is collected during a rain storm. Various
techniques for rain water collection have been devised and
adapted to modern use. A4 number of micro-catchment systems

for collecting rainwater from the roofs of buildings now

ist paved land surfaces and depressions are often prepared
eX ° o

(carefully) to facilitate collection. Tins, buckets, containers

) .
drums etc are used for rainwater COllGCthn. In Nsukka urban,
4

the well-to-do often construct channels (with corrugated iron

sheets) round the roofs of their buildings to enable them
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channel 2ll the rain falling directly on such buildings to

large storage tanks. Field investigations revealed that

storage tanks (used for rainwater collection and storage) are
common in all the wards eéxcept the University ward. Table 7

shows a summary of the availability of such large storage tanks.

Table 8: The Use of Storage Tanks for Rainwater
Collection in Nsukka Urban
] No. of Estimated
$/Noef Wards Storage | Cogmcity Remarks
Tank s B (Litres)
T wew 73 260,500 | Hign
2 GRA 17 85,000 Medium
3 Onuiyi 3l 135,000 Medium
L The & Owerre 138 535,000 Very high
5 NKkpunano 104 294,000 Very high
6 U.N.N. NA NA -
) Total hee | 1,412,000 J

gource: Fieldwork, 1995.

The principal limitation of this source of water is the
seasonality of rainfall. In Nsukka, rainfall starts in April
and ends in November. Again, the water collected
(from dirty roof-tops) may be coloured, turbid and impure -

making 1t unfit for human consumption.
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Inspite of the above limitations, one can still assert
that the widespread presence of iron-roofed buildings and the
use of storage tanks has created a greater potential for the
use of roof catchment as a supplementary source of supply in
Nsukka urban area. The rainfall seasonality means that large
catchment areas and storage capacities will be required if

reasonable rainwater is to be collected for prolonged use.

2,2.4 Surface Drainage (Spring and River Water)

As noted earlier, there is a general absence of surface
drainage in Nsukka urban, due fto the high porosity and consew
quent high infiltration of the falsesbedded sandstones on
which the urban area rests. There are,however, some seasonal

springs which lie within and outside the urban boundarye
These south-flowing springs issue from perched aquifers
G Eze , 19%5) on the slopes of the upper coal measures.
Most of these springs.(variously known locally as "Iyi Mpi%,
wiyi Bdem, WIyi Ajahw, ®Iyi pdoka" and "Iyi Asho') on which
some of the people depend for their domestic water supply are
seasonal and hardly yield any water during wuch of the dry

season months (November to March)a.
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Apart from the above springs, the pdada River - which
cross the Nsukka Plateau is located near(about 12.5 kms)
(Eze; 1995) to the Nsukka urban boundary. Adada is a
perennial, south flowing river. It has its source at the
upper coal measures formation (at about 365 meters contour
lines (- Eze, . 1995)) and flows in a southwards direction
until it entered Anambra river through Do and Adani Rivers.
Adada and the other springs mentioned earlier are not
important sourceslof water to Nsukka urban dwellers because of
their distance from the urban area, the seasonality of some,
their rough roads, and the difficult topography. Patronage of
these sourcesxis highest in periods of prolonged shortages
arising from breakdowns in the urban supply systems.

2s3% Relative Contribution of the Various Sources
of Water Supply in Nsukka Urban

The various sources identified and described above have
théir limitations. Rainfall in Nsukka is both seasonal and
unevenly distributed. Although, the annual distribution of
rainfall is clearly defined, with 90% of rain falling between
April and Qctober, variations from year to ¥ear can be consi-
derable (Eze, 1976). Some urban dwellers have a clear vision

of the severe limitations of this source and have devised bold
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measures (use large surface and subsurface tank) to securé from
this source mmximum water which often lasts long into the dry
Season.

Similarly, surface supplies from springs and streams are
quite limited, though occasional breakdown in the urban water
Guppiy systei and draughts, have forced peonle to continue
patronising these scurces.

Supplies from vendors have now been sufficiently developed
and water tankers, apart from hawking water along the major
streets, now penetrate remote areas. Wield investigation revealed
that many people now patronise this source, through the quality of
the supplies is often doubtful.

Borehole supplies is now dominant/popular and all the
functional boreholes have a combined capacity to deliver 8.2
million litres of water to the urban dwellers daily. The limita-
tion of this source is the frequent and often prolonged break-
downs in the supply system. Such breakdowns often force the urban
water corporation to operate at below 104 capacity. In addition
about 46% of the entire urban area is not covered by pipeline
distribution network, '

Table 9 and figure£§§ow the relative contributions of the
various sources to the péoples water needs (between sugust and

November 1995). To arrive at the figures, we summed up, and
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converted to percentages of the overall totals, the number of

households in such ward which identified any of the scurces

as her™primary source c¢f her water supply.®

Table 9: The Relative Contribution of the Various
Sources of Supply tc the People!s” Water Needs
Wards Type of Source .wvailable PrlmaryJ, Zemarks
Source (%)
Urban yater Corporation 51 High
Nru Yater Vendors 24.6 Medium
Spring and Sbhream 0.4 Very low
Rainwater harvesting 20.4 Medium
Total 1004
Urban Water Ccrporation 58 Very high
GRA Water Vendors 1.7 Low
Spring and Streams 0.2 Very low
Rainwater harvesting 22.3 Medium
Total 1004
Urban Water Corporation 50.4 High
Nkpunano | Water Vendors 24,0 Medium
Spring and Streams 04 .6 Low
Rainwater Harvesting 21.0 Medium
Total 100¢
Urban Water Corporation 5241 High
Ihe & Water Vendors 2641 Medium
Owerre Spring and Streams 02. Very low
Rainwater harvesting 19 ¥Meddum
Total 1005




Urban Water Corpcration 62.8 Very high
Onuiyi Water Vendors 12.2 Low

Spring and Streams 05.1 Very low

Rain water harvesting 15.9 Medium
Tgtal 100%%

Piped supplies 96.3 Very high
U,N.N. Water Vendors 0.0 lione

Spring and Streams 0.0 None

Rainwater harvesting 03.7 Very low
Total 1005

The result of our analysis show

respondents in the entire urban area identified piped supplies

Jource: Field wWork, 1995.

that 62.4 % of the

as their primecy source, 20.6% identified rainwater, 16%

identified water vendors while only 01% described springs and

streams as their primary source of supply.
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CHAPTHR THREN

WATHR SUPPLY oI1D CONSUM?TION PATTERNS
IN NSUMKs URBAN AlEa

Our aim in this chapter is fto carefully examine, in grc
details, the spatial patterns of water supply and demand in
Neukka urban, with a view to identifying and analysing signifi-
cant patterns and features in the urban water supply system and
in the people's : 7 consumption of piped water.

3.1 Temporal Trends in Nsukka Urban
Water Supply

Monthly supply reports, in the Progress Report File of the
Neukka Urban Water Corporation, usually starts,as a matter of
traditional by stating the proportiocn of the !'target' or 'expected!
quantity attained (within the month), and thereafter proceeds to
explain why there was a shortfall between the 'target' or ‘expected!
quantity and the actual guantity supplied. The target or expected
quantity, according to the Zonal Water BEngineer, refers to the
maximum quantity suppliable (i.e. the installed capacity)e The
installed capacity is in turn, based on urban water demand
surveys first conducced in HNsukl by the former East Central State
Govermment in 1971 and later repsated by the former .nambra State
Water Corporation in 1981/82 through the use of trend base

technique or the requirement approcach. This technigue involves
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nul$iplying the per capita water consumption by projections in

the population (Rees, 1982).

The urban water corporaticn has

nct been able to achieve such target production quantities since

1970, This is illustrated in tables10 and 113 and in figure 9,
Table 10: Water Sunply in Nsukka Urban
(1970 to 1980)
Year %igiizé;VQuantity quant;i;ual Sho?t?all | SXZZifinaily
(litres (Litres) Supply

1970|1 508 132 547 |506 710 8491 013 421 689| 1 388 248
19711 613 098 815 |[537 699 605{1 075 399 210| 1 473 150
1972j1 621 879 938 [540 626 64641 081 253 2927 1 481 162
1973{1 729 700 000 (540 626 652{1 189 073 348 1 481 160
19741 529 554 498 (575 472 140{ 954 082 358/ 1 56 636
1975(1 486 288 760 | 420 165 370{1 066 123 39C, 1 151 138
197611 726 416 420 | 764 777 200 961 939 220 2 095 280
19771 680 661 480 | 743 144 380|1 260 496 110) 2 036 012
1978{2 205 T34 085 | 735 244 6851 470 489 400! 2 014 369
1979{2 306 376 660 | 768 792 200({1 537 584 460 2 106 280
1980{2 320 571 115 | 765 885 7T05|1 554 685 410| 2 098 317

source : Enugu State Water Cerporation (Monthly Report File
for Nsukka Urban irea)e
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The problem of enormous shortfell in water production
quantities (in Nsukke urban) which developed in early 1970s and
continued throughout the 1980s is even worsening. e prevailing
situation (currently) is illustrated in Table 11.

Table 11¢ Menthly Supnly of Jater to Nsukka
Urban From 199% tc 1995

‘Target or
Month ‘Expec?ed 3 Aotgal 3 Shorffall

nvantity () Quantity (1) (M)
Jan. 1993 446 400 152 050 294 350
Febe 1993 446 400 156 401 289 999
Mareh 1993 446 400 134 134 312 266
april 1995 | 432 000 152 134 299 866
My 1993 | 432 000 131 767 300 233
June " 432 000 127 358 304 642
July " 432 000 132 940 299 060
August " 446 400 A 98 746 347 654
Sept.  ® 446 400 128 775 317 625
Oct. " 446 400 132 781 | 313 619
Nov. - 446 400 134 727 311 673
Dece " 482 000 136 658 345 342
Jan. 1994 446 400 1328 406 307 994
Feb. n 432 000 134 282 297 718
March n 446 400 916 35 304 765




Target or o
wontra | BRI S GRS 08} a8y
Ap®il 1994 446 400 134 135 | 312 265
May a 334 800 171 767 | 163 124
Jung n 334 800 137 940 | 196 860
July " 334 800 128 746 206 054
sugyst 446 400 19 977 | 426 423
Septe " 334 800 172 981 |161 819
Octe " 446 400 160 727 |285 673
Nova " 446 480 174 315 | 272 085
Dec. " 446 480 152 658 | 293 822
Jan. 1995 446 480 154 794 | 291 686
Feb. n 446 400 172 525 | 273 875
March  ® 446 400 | 178 897 | 267 503
April " 446 400 187 435 | 258 965
May " 446 400 164 790 | 281 610
June n 334 800 152 693 | 182 107
July " 334 800 152 658 | 182 020
iugust M 446 400 104 780 {141 620
Sept. " 334 800 102 431 | 221 369
Oct. " 446 400 162 604 | 283 796
Nov. n 446 400 194 606 | 251 7%
Deo. n 446 400 202 263 | 244 137

Source: Nsukka Urban Water Corporation Monthly Progress
Report File (1995).
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Notice that the target production quantities and even short-
falls for the various months are relatively uniform. This is
probably due to the slow rate of expaﬁsion and elimination of
supply 'constraints'.

Tield investigations equally revealed that the largest
private supplier of water in Nsukka urban, that is the University
of Nigeria WWater Works Department, equally experience enormous
and persistent shortfalls in target production guantities. This
is illustrated in Table 12.

Table 12: Daily Supply of Water by Works Department
of the University of Nigeria, Nsukka (Nov. 1995)

Target 'ctual uantit i
- . & ) v Quantity
Dates “?;gtity Juantity Sh?§§§a11 Distributed) Reéserved
Supplied (M5) (M5)
(1)
1-11-95 3420 1160 2260 1156 4
2-11=G85 3420 1164 2256 1158 6
3-11-95 3420 1164 2256 1154 10
4-11-95 3444 1158 2286 1154 4
5-11-95 | 3444 1156 2288 1154 2
6~11-95 3448 1158 2286 - 1154 4
7-11-95 3420 1164 2256 1156 8
8-11-95 3420 1162 2258 1154 8
9-11-95 3420 1160 2260 1154 4
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of Nigeria, Nsukka.,

in reserve.

Target ~crual Tuantity Quantity
Dates uantity ;ug?t}ty Shorbiall | pistributed | Reserved
(M3) Supplied (Fﬁ) B

10-11-85 | 3444 1166 22718 1156 10
11-11-95 | 3420 1163 2257 1156 7
12-11-95 | 3420 1158 2262 1154 4
13-11=05 | 3444 1156 2288 1154 2
14-11-95 | 3444 1166 2218 1158 2
15-11-95 | 3420 1154 2266 1158 4
16-11~95 | 3420 1164 2256 1156 8
17-11-95 { 3444 1162 2282 1154 6
18-11-95 | 3444 1160 2284 1154 4
19~11=95 | 3420 1164 2256 1154 10
20-11--95r 3420 1158 2262 1156 2
21-11-951 3420 1158 2262 1156 2
22-11=-951 3420 1164 2256 1154 10
25-11=95} 3444 1164 2280 1154 10
24-11-95; 3444 1164 2280 1154 10
| 25-11-95] 3444 1160 2284 1154 6
26~11=95! 3444 1160 2284 1154 6
27-11-95} 3420 1162 2258 1154 6
28-11-95] 3420 1164 2256 1156 8
29-11-95; 3420 1162 2258 1156 6
0~11-95! 3420 1164 2256 1156 8

Source: Water Works Unit of the WorksDeparitment, University

Note that the Water Works unit
alwaygﬁa guantity which is never below 2 cubic meters fhave
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322 Determinants of the Shortfall in Supply

The expansion and modernization progrémme (which
include the eétablishment of additional boreholes and
reservoirs(between 1970 and 1982) of the Nsukka urban
water supply industry, initiated in the early 1970s and
continued in moderate form until 1985 (when it was
temporarily abandoned due to- financial constraints) had
the attainment of thewsufficiency potential"such as the
115 litres per head per day proposed by the federal
government of Nigeria in the third National Development
Plan as its primary objective.

Since 1970, however, the Nsukka urban water supply

has been irregular and insufficient to fulfil the above
objective. A variety of determinants have been.ideﬁtified
as being responsible for the situation. These determinants
are varied and are caused by a multiplicity of environmental,
technicel, economic and humanfaatarswhich_are often closely
related to each other and are responsible for failures to
achieve target production qualities by Nsukka urban water
corporation (Ezema, 1995, Ezé, 1995). The names and Impacts
of such determinantézgggldescribed in great details in the
monthly Progress Repott File of the Urban Water corporation

jnclude the inability of the urban water corporation to
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promptly effect repairs, abstract enough ﬁater from source, and/or
the inability to eliminate losses from the distribution networke.
The frequency of determinants interference in the supply system
is not uniform in Nsukka urban. Consequently, water supply
relative to demand is also experienced differently among the six
wards of Nsukke urban area. We shall, in this section; analyse
the factors which occasion the observed shortfall in production.
The data,weve 2s noted earlier, extracted from the monthly
Progress Report File of Nsukka Urban Water Corporation. The
staff of the Water Corporation were equally interviewed to obtain
necessary details. The observed determinants which cccasion the
opserved shortfall in target production quantities and other
faiiures rélated tc the attainment of the corporation objeétivés

are shown in Table 13
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Table 13: Determinants of Shortfalls in Water Supply
in Nsukka Urban Between 1993 and 1995
omi od Shortfall Major Determinant of gShortfall | No. of
Perio (1B) Determinants
Jan. 1993 1294 350 Borehole fault, Booster Pump
fault, leakages 3
Febe. " 1289 999 B/H fault, burst pipes, leakages,
' Gen. set fault 4
March ™ |312 266 Gen. set fault, B/H fault,
faulty sumo leakages 4
April " | 299 866 Burst pipes, B/H breakdown, sum%
fault 3
May " 1300 233 Submersible sumo fault, B/H
breakdown 2
June " 1304 642 NEP failure, burst pipes, B/H
fault 3
July " 299 060 Lack of valve tetatchable joints
B/H fault 3
Avgust " | 317 654 Droping of valve, NEPA failure,
B/H fault 3
Septs M| 317 625 Lack of valve, pipe hurst,
B/H fault 3
Octo "l 313 619 B/H fault 1
Nov,e " 311 673 B/H fault, burst pipes, faulty
) sumo 3
Dec. " 345 342 B/H fault, and burst pipes 2
Jan, 1994| 307 994 B/H fault, faulty sumo 2
Feb. " 297 718 B/H fault, booster pump
’ breakdown 2




. Shortfall | Major Determinant of sShortfall No. of
Period .
(13) Determinants

March 1994|354 765 B/H fault, Gen. set fault,

burst pipes 3
April " {312 265 B/E fault, lack of joints 2
Voy " 163 124 B/H fault, lack of jcints,ralves 2
June 1196 860 Low power, B/H fault 2
July " 206 064 Low demand, B/H breakdown,

"NEPY failure 3
August " | 426 423 Low demand B/H fault, Gen. set

fault 3
Sept. " | 161 819 Low demand, B/H fault, N&Pa

fault 3
Octe " 1285 673 Low demand, B/H fault, lack of

detachable joints 3
Nov. w272 085 Burst pipes, B/H fault Booster

fault 3
Dec. 1293 822 Borehole fault, leakages,

Boaster fault 3
Jans. 1995 | 291 686 Borehole breakdown Gen. set

fault, leakages 3
Febe w273 875 Borehole breakdown, leakages 2
March " | 267 503 Faulty Gen-set, heavy lecakages 2
April 2| 258 965 Borehcle fault, and faulty sumo 2
May | 281 610 Borehole fault, burst pipes,

boaster fault 3
June no182 107 Low demand, dropping of valve,

B/H fault 3
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. Shortfall | Major Determdnant of Shortfall No,., of
Period .
(13) Determinants

July 1995 | 182 020 Low demand, B/H fault,

Gen-set fault ' 3
iugust » {170 020 Low demand, burst pipes 2
Sept. " | 221 369 Low demand, faulty sumo 2
Octe n | 283 796 Borehole fault, burst pipe,

Gen-set fault 3
Nove w251 294 Borehole breakdown, heavy

leakages 2
Dec. " 244 137 Faulty sumc, B/H fault,

boaster fault 3

Source: (Complled from the "Monthly Progress Report File"
fw]mmmaUﬂmn@m@uSﬁﬁeHﬁmrB%w&.

Table 13 indicates and summarises the frequency of
occurence of the sadient factors which account for the inability
of the Nsukka urban water cerporaticn to attain target produc-
tion gquantities. These factors are not mutually exclusive,
rather interactions and reinforcement among them in the rules
As table 14 élearly indicates, shortfalls in Nsukka urban water
supply are largely due to technical and economic factors. The
most frequent and persistent defect of the borehole supplies
is the frequent tendency for the boreholes to be out cf working

order. Of the twelve boreholes drilled by Nsukka urban water




corporation only three are working (some at 30% below installed
capacity) and suppling water to the urban inhabitanfs.

The dependence upon & mechanically pumped borehole has also
led to frequent and often serious setbacks as a result of
frequent breakdowns of machinery and the slow rate/high cost of
repairs. The relative contributions of all the determinants
are summarised in Fig; 10 according to the zonzl water engineer,
all plans and programmes (that are) aimed at improving the supply
situation must be backed with adequate supply of funds.
Adequate funding is necessary iﬁ order to effect the nseded
repairs, to replace aging machines and %o implement expansion
and modernization programmes. This according to our respondents
explains why'the'water corporation approved the policy of
commercializing her public stand vnipes, imposing charges on
clieﬁts wishing to be connected to the mainlineé, raising water

bills and embarking on massive disconnection excercise
for bill defaulters.:

Although, all these problems are real and jointly interact
tp occasion the prevailing shortfalls in supply, the frequency
of their interference and consequent relative contributions
are not equal., The table below shows the relative strengths of

the determinants. (See Fig. 10 2X&o)
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Table 14: The Relative Contribufions of the

Major Determinants of Shortfalls in

Yater Supply in Nsukka . (1993 = 1996)
De;érminant Frequency | Percentaggq Rank gjgznmgé ﬁgcgigy
Borehole fault 33 371 18t -
Boaster fault 6 6a7 6th 8
Burst pipes 10 1.2 2nd 4
Leakages 8 9 3rd 4
Generator's fault 4 4.5 8th 6
Faulty sumo 7 TeT 5th 4
NEPA failure - 6 6.7 6th -
Low demand 8 9 3rd | -
Problem of valve 4 4.5 8thA 6
Problem of joints 3 3.4 10th 6

Total 89 100
Source: Fieldwork, 1995,

The above result clearly support earlier findings by

Katzman (1979) and Hauke and De Mare (1982).

The findings of

these workers indicated that water shortages in urban areas of

most developing countries are as the result of both shortages

of natural sources of water and imbalance in the distribution

of available quantities.

The later result mainly from technical,

financial and management difficulties, as well as from policy
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inadequacies. Water shortages cause real hardships to the
urban inhabitants. 4n emerging urban center (like Nsukka) which
is experiencing increased population growth, rapid industrial
expansicn and gradually improved housing is bound tc require an
ever increasing gquantities of this resources. The esnermous
shortfalls in target nroducticn guantities is therefore, a source
of concern,especially to the urban water corporatione

3«3 Spatial Inequalities in Nsukka Urban Water
Suppnly Patterns ' ‘

Qur aim in this section is to carefully highlight the
spatial inequalities in the patterns of water supply to the six
wards which make up the study area. In the advanced countries
of EufOpe and Jmerica, water supply in urban areas Iis
principally the responsibility of the public works departments
and'perfect supply situations' (that is, every household obtains
steady and regulasr supply) are often attained (Rees, 1982). 1In
developing countries, the situation is, however, different
(Bzenwaji, 1991). Here -~ (1) the public water works do not
generally supply enough to meet the water needs of the péople
(Ibeziako, 1986), (ii) the supply pattern is highly variable

both spatially and tempcorally.
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In Nsukka urban, the only reliable source of urban water
in the ground water (see chapter IT, section 1). The
application of modern mechnical driiling technology now
enables much water to be drawn from the egquifers. However,
the gquantities currently abstracted and distributed is in
comparism to demand, abysimally low. The distribution system
15 2150 ¥heven. 8o that, whereas water has remained, in
varying degrees, a scarce commodity to each of the six wards
of Nsukka urban,; some wards experience more severe shortgges
than others. Water shortages is, therefore, noticed more in
some areas than in others, especially when the easily
accessible, low cost alternative source (rainfall) is
exhuasted,

We examined, in this section the general spatial in-
equalities in the supply system such as the proportion of the
people served by piped supplies, the delivery (piping)systems,
alternative sources for people without piped supplies, the
intensity of piped supplies and the varying quantities delivered

to the various wards.
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3.3s71 The Proportion of the People Served
by Piped Supplies i

The conventional and easy manner of judging the equity
of the urban water supply system is to identify and summarise
the proportion of the population which is served by piped
supplies. Table 16 summarizes the proportion of the sampled
population that is served by pipeéd supplies in the various
wards within the Nsukka urban area.

Table 15: The Proportion of the (Sampled)
Population Served by Piped Supplies

No. of No. Served |Percen-
3/No. Wards | Respon-| by Piped tage Remark
dents Supplies
1 UsN.Ne 75 75 100 Very high
2 GRA 50 30 60 Relatively high
3 Onuiyi 118 59 70 High
4 Nru 116 Ll>5 38.8 TLow
5 The &
owerre 168 107 64 Relatively high
L~6 Nkpunano 153 83 54,2 | Moderate
Total f 630 | 399 58.71
| ” il

Source: Fieldwork (1995).
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As shown in table 15, the University community has the
highest percentage (coverage) of households served by piped
supplies in Nsukka urban. gShe is followed (not very closely)
by Onuiyi, The and Owerre and Gra. The Nru ward has the
lowest percentage of households that are served by piped

supplies in Nsukka urban area.

Ze3eJelel The Piping System to Individual Households

The enumeration of the proportion of households served
with piped supplies often obscure a ®ery im?ortant élement in
household water delivery - the piping system to homes. Wwater
may be delivered to individual homes through a single outlet
which may be in or near the house or through the (often prefered)
multiple~tap system which minimises the need to carry water
around the premises. In Nsukka urban area, the system of house-

hold water delivery is shown in table 16.
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Table 16: Yater Delivery to Households in Nsukka
Urbans Tap-Types

Household |Household! Household | Household
Noe.of with with one with Without
Wards Respon—|Multinle—~ | Central | Broken Taps in
dents Tap Systenm|sSupply Down Residente
(Pipes
Taps
UNN 75 70 ) 0 0
Onuiyi 118 18 41 12 47
GRA 50 8 22 5 15
Nru 116 12 33 18 53
Nkpunang 153 23 60 24 46
The &
Owerre 168 28 79 21 40
Total 680 159 | 240 80 201
!

Source: Fieldwork (1995).

As shown in table 16, 240 houscholds or 34.5% of the
sempled households in Nsukka urban obtain their piped water
through one central supply in their place of residence, 201
households or 29,5% of the sampled households have no taps in
theif residence while 159 or 244 have the prefered multiple tap
system. Presently, 80 households or 11.8% of the sampled house-

holds have non-functional taps in their residence.
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3.2 é&ternative Sources for Households Without
Piped Supplies '

Before assessing the level of deficiences arising from the
currgnt water demand and supply patterns in Nsukka urban area,
it may be necessary to briefly describe in a sbatial context,
the alternative sources for hcouseholds without piped supplies

in their residence. This is summarised in Table 17 and in figure 1.

Table 17: Alternative Sources for Households
“Without pPiped Sgpplics

g i 1_A¥¥ermative Sources
ward { No. of No. With-|Buying { Fetch—~ |Fetch~|Fetch-~ | Depending on
’ S Respon~ | out #iped{from Qing from|ing ing Stored Rain
dents Supplies (Water |Borehole{from |from cateh (in 4
Vendors U.N.N. | Neigh— |Tanks)
' - | bouring|
Yards
UNN 75 0 0 0 | © 0 0
Onuiyi 118 59 5 6 28 18 2
Nru 116 & R S 6 33 | 21 4
GRA 50 20 2 L 0 7 0
i
Nkpunano 153 70 6 28 18 13 5
Ihe & ] .
Owerre 168 71 13 27 17 14 0
| Total 680 | 291 k 33 78 96 73 1

Source: Fieldwork (1995).
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Table 16 shows that 28 households (made up of columns 5 and
6 in table 16" or 42.8% of the sampled households lack piped
supplies in their residence, 96 or 33% of these households obtain
their water from the University premises, while 78 or 26.8% get
their water from the borehole, 73 or 25% of these households
depend on their neighbouring 'yards' for domestic water supply
while 33 houscholds or 11.3% of the sampled households depend on
vendors, only 11 or 3.7% depend on stored rain catch.

3¢3e2¢e1 The ILimitations of the Observed
Alternative Sources

Field investigations and oral interview revealed that
fetéhing water from distance sources (eg. from the urban
borehole farm, from the University premises or even from
springs), which is a common practice in Nsukka urban area,
has a number of disadvantages,for example, it was established
during field work that people often carry insufficient amount
of water to their homes for bvatching, washing and for good
hygiene. Furthermore, carried water is frequently and easily
contaminated, In addition, thousands of man-hours are lost
and. the carriers (mainly children and women) are exposed to
environmental hazards. Long queues at peak hours sometimes
lead to querrels and even fighting among the carriers result-

ing in water wastes and occasional injuries.
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The delivery of water to households through pipelines is
undoubtably a preferred option. The simplest and cheapest
being a single outlet in or near the house. This eliminates
water carrying outside the premises, encourages cleahliness
and ensures adequate use of water for health and hygiene.
This desired option however, has been hampered in Nsukka
urban area by a variety of factors such as:
1a high cost of connection fee.
2e clients inability to purchase the needed materials

(pipes, valves, joints, etc.)

%o the availability and supplementary supplies frgm

supplementary sources (rain catch, springs, water vendors
b, insufficient supply of fund and materials to embark on

expansion and modernization programmese .

3e30202 Inequalities in the Amount of Water Piped
to Wards

At present, the functional boreholes (see table by in
Nsukka urban are capable of yielding a combined total of
6,675,500 litres per day (often much less is yielded) for
delivery to the six wards of Nsukka urban. There is, however

a considerable variation in the amount delivered to wards.
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Table 19 shows clearly the annual and mean monthly and daily

quantities of piped water supplied to the various wards in

1995,
Table 18: Variations in GQuality of Water Supplied
to Wards in Nsukka Urban (1995)
Annual Mean Mean Daily
Amgunt Monthly Amount Supplier
S(NO° Wa?ds Mg AmountN? (litres)
1 UNN 401,738 33,478.2 1,115,940 |works Dept., UNN
2 Onuiyi 514,789.6 | 42,899.1 {1,429,967 |Urban water
. Corporation
> GRA 103,741.5 8,645.1 288,170 " "
L The &
Qwerre 586,138.% | 48,844.9 11,628,163 " st
5 Nkpunano| 43%1,142.3 35,928.5 (1,197,617 « n
6 Nru 231,655.3 19,30k4.6 643,487 " "
gource: (a) "yater allocation file"™ (pumping Unit), Nsukka

(b)

Urban Water Corporation.

wWwater Supply Unit, W-rks Dept. UNN.

Table 18 shows that the Universi¥y ward does not, as

expected enjoys the highest mean monthly and dally supplies.

According to the zonal water engineer, no single ward is supplied

with an amount which will satisfy all legitimate uses.

regular and uninterrupted supply.

Noneenjoys

As a result of the increasing

expense of water supply facilities and urban population, drought
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management (i.e. supplying less than normal demand) has

become an attractive, alternative to maintaining full level

supplies in Nsukka urban.

3033 The Varying Intensity of Piped Supplies

According to Rees (1982) a conventional method of
assessing the effectiveness of piped supply is to examine the
intensities of supplies. Table 19 and figure 13 below
summarises the average number of déys and hours (per week) eof
piped supplies to the six wards within the study area.

Table 19; The Intensity of Piped Supplies (Water)
in Nsukka Urban Area

R ﬁyerage T Average Average | Remarks
ﬁo.-5§ Days No. of Hours|No. of % Hours of
wvards Taps Run Fer Taps Run PerjHours a wWeek
week Day . Taps Run
Per Week
UNN 6 8 43 21.36
onuiyi y 6 ol 107
GRA 3 6 18 0.7
Nru 2 L 12 1.07"
' e
Nkpunano 3 6 18 1.07
The & .
Lowerre- 3 6 | 18 1407

gource: Fieldwork (1995).
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The above table suggests that the most acute problem of
domestic water supply in Nsukka urban area is experienced in
Nru ward. Field investigaticn revealed that this is the ward
where the least rapid urban growth is taking place, where
Municipal Organisation and public services are least adequate
and where modern means of excreta disposal (water closet
system) is generally lacking. Majority of the population are
'natives! who are generally poor. However, a number of modern
houses, served with modern amenities now exist within the Nru
ward of Nsukka urbane.

2.4 Patterns of Residential Water Demand in
Nsukka Urban jArea

The terms water demand and water consumption have often
been used interchangably by several workers. For example
Frankel and Shourvauavirukal (1978) Rees (1978), akintola and
Areola (1980), Obeng (1980) and Hanke and De Mare (1982), used
the.two terms interchangably in their different studies on
patterns of water demand and consumption (see chapter I,
Section 4). These workers based their interchangable use
of these two key terms on two major premises, viz:

Te the patterns of water consumption in any area often

determines the patterns of water demand and
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2e the factors that affect water demand also affect water
consumption patterns. Based on these arguments, some of
these workers, particularly Frankel and Shourvanavirukal

(1978), Rees (1978), Katzman (1977) and Hanke and

De Mare (1982) used present water consumption patterns to

predict and forcast future water demands for domestic and

other uses.

In developing countriss, however, it has been discovered
that the quantity supplied by the public works departments is
never enough to meet the people’'s water needs (akintola and
Areola, 1980, Ibeziako 1985, chima, 1989). Ir view of this
watér consumption hardly equals water demand. Water consumption
is usually less than water demand. 1In our present study, house-
hold water demand is defined after Chima (1989); Ezenwaiji (1990)%
and Egzema (1995), as the anticipated amount of water required by
the household for all thefr domestic uses. Household water
demand is, therefore, considered synonymous with household water
need. Household water consumption on the other hand is tiken
to mean the actual amount (that is the real quantity supplied)
of water fetched or piped to the household and consumed by the

members of the howsehold.
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The mean household water demand for Nsukka urban area was
obtained from the guestionnaire samples which were administered
on the respondents. The respondents estimated their household
water needs in standard buckets (Standard Organisation of
Nigeria (808), size 30) which has a capacity of 12 litres.

The household water demand for each of the household was obtained
from the sample questionnaire return which was cowplsted by the
head of the household earlier defined after Ibezdako (1985) as

a married person with a family or an unmarried person of at
least 20 years, living alone and earning an income (see chapter 1
section 6). The mean household water demand for each ward was
obtained by dividing the summed total of the various household
demands in each ward by the number of households therein. The
mean household water demand for the entire urban area wﬁs then
computed by dividing the summed means of all tbe wards by the
number of wards in Nsukka urban area. The result is presented

in table 20,
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Household water Demand and Supply

in Nsukka Urban Area in 1995

Mean

Mean Per | Mean Mearn Per | % Demand
Water ‘Capita Household | Capita Satisfied
Wards Demand Water Jater Supply by Supply
Per H/H | Demand Supply
Per Day | Per Day (Litres)
LLitres)| (Litres)
UNN 958 159.67 659 109.8 68.75
GRA 742 106 Liz 63.29 59.7
Onuiyi 714 119 415 69.17 58.1%
Nru 499 62.38 201 25.13 40.27
The & 518 86.33 2k ho.17 46.55
Qwerre
Nkpunano sho 7714 219 31\29 L4o.56
Mean 662 9k.57 363 51.86
Source: TFieldwork (1995).
Table 20 shews that the mean household water demand

for Nsukka urban area was found te be 662 litres.

Among the

wards, the University community has the highest mean house-

hold water demand of 958 litres per household per day

(L/HH/ 0.

The University community is followed by GRA with

a mean household water demand of 742 litres per household

per daye

similar mean household

Onuiyi (714 litres) and the GRA wards have relatively

water demand.

These two wards lie
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closest to the borehole farm maned by the Nsukka Zonal Water
Board, and have similar water use habits. As sh~wn in
table 21, Nru with a mean household water demand of 499
litres per household per day (L/HH/D) is the least.

The fifth colum in table 21 above is the daily per
capita water demand. The figures were obtained by dividing
the mean water demand per household by the wmean number of

‘persons per household (see table 22). From this table, the
niversity community has the highest relative mean daily -per
capita water demand of 159.8 litres per person per day (L/2/D).
She is foltowed by Onuiyi 119 litres, GRA, 106 litres, The and
Owerre 86.33 litres and HNkpunano 77.14 litres. ©Nru has the lowest
with only 62.35 litres per capita per day (L/?/D). 48 'shown in
table 21, the per capita water demand for Nru and Nkipunano are
generally,-similar.' These two wards suffer more from prolonged
water shortages and this tend to lower the quantity demanded by the
people. Similarly, two other wards (GRA and Onuiyi) have rela-—
tively similarly per capita water demands. These two wards as
noted earlier live closest to the borehole farm (a formost supply
centre) of the urban water corporation and enjoy a relatively more
regular supply, and this tends to increase the quantity demanded
by the people. A4s noted earlier, the ward that is asscciated with

the highest per capita water demand is the University community



- 100 - ..
while Nru recorded the least per capita water demand. This
pattern is not surprising since UNN is a relatively high class
residential area while Nru is generally inhabited by the low
income group. In addition, USN enjoys & more regular and
steady supply of piped water than Nru where sunply is generally
erractic (hence are low per capita water demand recorded for
the Ward). Members of the University community generally believe
that there is 'enough' water. They,therefore,demand more for
domestic uses than others who are constantly faced with
shortages.,

Bedel Fariations in Residential water
Demand in Nsukka

according to Ezema (1995) Nsukka urban area is not made up
of homogeneous people and housing structures. . There are
variations in persomalities and socio-economic status as
evidenced in occupaticn, educational attainment, income, and
standards of living of the inhabitants, a8 a result of
these variations; there exist a lot of differences and
similarities amongst the inhabitants which make it necessary for
theif patterns of water demand to vary (see tables 20 and 21).

4 major area where such variation is evidenced is on-
household size. The result of our investigations and gques-

tionnaire responses show that the average number of persons per
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households varies from ward to ward. Table 22 shows, among
other things, the variations in the household size'among the
wards of MNsukka urban. The mean size of households was found
to be 7 psrsons. Some wards (Gui & Nkpunano) have the same
mean household size of 7 perscns each while Nru has the highest
mean household size of 8 persons. 45 shown in table 22 the
ranze in mean househcld size in Nsukka urban is generally low.
The variations in mezn househcld size (ie. the mean
number of npersons per household) may have contributed signifi-
cantly tc the observed variations in mean daily household water
demand in ¥sukka wrban. For example, the ﬁousehold with th&
highest daily demand was found to be 1024 litres while the
household that recorded the lowest daily demand was found to
he 18 litres. The difference was found to be 1006 litres.
Por the various wards, the difference between the househcld with
the highest daily demand and the household with the lowest is
as follows: TUNN 48, Gisi 58, Nru 72 litres, Cnulyi 64 litres and
Ihe & Cwerre 86 litres. The average guantity of daily household
water demand is shown in table 21. UNN has the highest mean
daily househcld water demand of 953 litres per day. 3She is
followed by Guta (742 litres), Onuiyi (714 litres), The & Owerre

(518 litres) and ikpunano (540 litres).
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The average per capita water demand (ie. mean guantity
demanded per person per day) in each of the six wards of Nsukka
urban is equally shown in table 20. 48 noted earlier, the ward
that is associated with highest per capita water demand is the
University community with 159 litres nper capita per day. She
is followed by Onuiyi 119 litres, while Nru recorded the least
per capita water demand of only62.38 litres per person per day
(L/2/D). The average per capita water demand for the entire
urban area is 94.57 litres per person per day (L/2/D).

As shown in table 22, the mean per capita water demand for
all the wards in Nsukka urban except the University community
is generally very low, with some (Nru and Nkpunano) being far
below the minimum cf 115 litres per person for day, recommended
by the Federal Government of Nigeria in the Third National
Development ~slan. Nsukka plateau is a water deficient area.

The peonle are genérally of low socio-econcmic status and some
wards suffer from persistent and prolong water shortagzes arising
from the frequent tendency of the boreholes to he out of working
order (see table 14). is a result, the people do not generally
demand much water. The nercentage of the lederal Government
recommended minimum attained by the six wards in areas of supply

(see table 21) are USN (95.48;"), Onuiyi 60.15%), GRa (55.037%),
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Ihe & Cwerre (34.955, Nkpunano (27.2%) and Nru (21.84%).

This

generally low level of water demand i1s hound to improve with

graduwally improved housing, industrial developments, and

improvements in the people's living standards.

analysed above are summarised in tables 20 and 21.

The information

Table 21: Household Size and rer Capita water
Supnly in Nsukka Urban
Mean Size of |Mean Daily House— |Mean Daily ! ©4 of the
Households {hold Water Supply |per Capita | federal
yords (ie. mean Noslin (Litres) Water | Government
) of rersons Supply in ! .tecommended
(a/H (Litres ! iinimum of
— . 115 ittained
UNN 6 659 109.8 95.48
Onuiyi 6 415 6G.17 60.15
GRA 7 443 43429 55.03
Ihe &
Qwerre ) 241 40.17 34 4G3%
Nkpunano 7 219 31.29 27.20
Meu 8 201 25413 21.85
Mean 7 363 51.85

——r

Source: Fieldwork (1595)

Significant (from the above table) however, is the relative

high water demand for the University community and, to some

extent, in the Onuiyi ward.

This is probably due to the fact that
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the supply system in these wards is relatively'dtable and often
adequate!. 4s a result, the pecple genevrally demand more waler than

others.

3.5 Variations in Water Demand and Supply
in Nsukka Urban Area (See tables 21 and 23)

The total amount of wgter supplied to the household eguals

that which is either fetched by members c¢f the household and or
piped fto the household by the water works departments (Ibeziako,
1985, Chima, 1989). As stated in section 3: of this chapter,
fetching of water (from boreholes and the University premises,
is a common practice in Nsukka urban area. The practice is also
energy and time consuming. As a result, those involved, often
fetch only the guantity required to meet the most basic needs
of the family. In addition, water, as noted earlier is, in
vary degrees, a scarce commodity to the six wards of Nsukka
urban. BEven where pipe water is supplied to compounds by the
Urban Water Works Department, the supply system is often so
irregular and infrequent. The result is that the overall amount
supplied is limited, whatever the supplied is, therefore,
consumed.

In establishing the variations between the demand and
supply of water in Nsukka urban, we first established the actual

quantity available to households. This we did by obtaining
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figures of actual guantities supplied by the Urban ‘.ater Works
Department and figures of the quantities supplied by the largest
private supplier in Nsukka urbsan.- the Works Department of the
Uﬁiversity of Nigeria; ‘o realistic estimate of the quantity of
piped water supplied in HNsukkas urban can ignore Suppliés from
the University Water @orks Unit, on which a whole ward (ie UNN)
and 33% of househclds without piped supply in Nsukka urban

(see section 4.3.2 of this chapter) depend almost exclusively
for their household water needs. Table 22 shows clearly the
average monthly and daily gquantities of water supplied to Nsukka

urban area by the twc suppliers mentiened aboves
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 Monthly nuantities of Water Supplied to

Table 22:
Nsukka Urban jrea in 1995

Quentity uantity Mean Daily| Mean Daily| Total Mean

Supplied | Supplied ;Total Supplied | Supplied Daily Supplied

by Urban | by Works |yuantity |by Urban | by Works in (Litres)
Month Water Cor— Dept. UNN|Supplied (water Cor-| Dept. UNN

poration | (M3) #*b | (M3) poration | (Litres *b

(13) »a (Litres)#*b

Jane | 154,794 345266 189.060 14,993,355 | 1,105,355 | 6,098,710
Febe | 172,525 | 34,824 207,349 16,161,602 | 1,243,714 | 7,405,321
March 178,897 325690 211,587 5,770,871 [1,054,516 | 6,825,387
April] 187,435 28,236 215,671 6,247,833 941,200 | 6,957,129
May | 164,790 304855 195,645 H,315,806 995,323 | 6,311,129
June | 152,693 32,845 185,538 5,089,767 | 1,059,515 | 5,985,097
July | 152,658 | 32,780 185,438 thy924,452 | 1,057,419 | 5,981,871
avg. | 104,780 | 34,79 139,574 3,380,000 | 1,122,387 | 4,502,387
Septd 102,431 32,826 135,257 3,414,367 11,094,200 | 4,508,567
Octe | 162,604 26,614 189,218 £,245,290 858,516 5,103,806
Nove | 194,606 38,764 233,270 6,486,867 | 1,292,133 T, 775,667
Dece | 202,263 42,244 244,507 6,524,613 11,362,710 7,887,323
Totall930,476 [401,738 | 2,332,214
Mean | 160,873 33,4782 |  194,351.25% 362,433 j 1,115,040 | 6,478,373

Source: (a)

(b)

Works Department, U.N.N. (1995) for "b)

Nsulka Urben Water Corporation (1995) (for *a)
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Three outstanding features of the supgly system are
apparent in table 22, The first is the fluctuation in the
monthly and daily quantities supplied while the second is the
significant decrease in quantity suppliéd during the rain
" season particularly in Sepfember when demand is at its lowest
level. The Zonal Water =ngineer noted that demand is generally
low between June and September and that the reduction in demand
is traceable to the fact that people supplement their supply
from rain catch. The third feature is the significant relative
increase in quantities supplied in December and Januvary. Those
are the 'peak periods in demand'. In stable periods (i.e.

devoid
periodﬁéof frequent and prolonged interruptions due to break-
down in the supply system, water production and supply remain _
relatively uniform for the other months.

The total amouht of water sunplied to Nsukka Urban in‘1995
was 2,332,214 M; (i.e. combined totals of the quantities

Corporation
supplied by Nsukka urban water [, and that of the University
Yater Works Unit). The mean monthly supplied was 194,351.2 M:
while the mean daily swply was 6,478,373 litres per day. To
get the montly supply, we divided the total quantity Supplieé
Ain 1995 by 12. This gave us a mean daily supply of 6,478,373

litres. To obtain the mean daily per capita water supply, we
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divided the mean daily sunnly with the projected population of
Nsukka urban for 1995 (which is 124,926 (see table 1). This gave
us a per capita daily supply of 51.861 litres per person per day
(L/2/D)s Table 21 shows that the mean per capita water demand
in Nsukka urban is 94.57 litres while field investigations and
questionnaire responses show that the mean per capite water
suppl& is 51.86 litres. This gives in an average gap deficiency
of 42.71 litres. There is,. cn the average, therefore, no
considerable gap in water demand and supply in the urban ared..

3.6 Deficits in the Jatterns of Yater Demanded and
gupplied in Nsukks Urban .rea

Table:21/23 shows the guentities of household wéter demand
and supply in Nsukka urban arca. On the overall hoﬁsehold basis,
field investigations and questionnaire responses indicaté that
the mean per capita water need (demand) for Nsukka urban is
94.57 litres per capita per day (L/Q/D), while the mean per capita
water sup»nly is 51.86 litres per capita per day. There is,
therefore, a big eap betweeﬁwater demand and supply in the
urban area. 'As table 19 shows, water supply to scme wards
(eg. Nru) is gemerally low. (The reasons for this low
guantities of supply have been identified and analysed as the

beginning of this chapter).



- 109 -

There is however, a considerable variatién in the deficits
among the six wards of Nsukka urban arsa., Table 21 sﬁows the
average per capifa water demand and consumption as well as fhe
percentage of demand satisfied by supply in the six wards within
Nsukka urban. From the table, UNN was seen to be the least water
deficient ward. She has a mean per capita water demand of 159.7
litres and of mean percapita water supply of 109.8 litres. The
percentage of demand satisfied by supply is 68.75%. This closely
approximates the required 115 litres per head per day Which is
recoﬁmended by the Federal Government of Nigeria in her Third
National Development Plan. The University community is followed
(not closely) by Onuiyi ward which attains a mean percapita water
supply over demand of 58.13%. 1In GiA and Ihe & Owerre wards,
the per capita. water supply over demand is 59% and 46% respec—
tively. Nkpunano and Nru wards have per capita water demand
over supply of only 41% and 40%. These two wards are therefore
the most water defficient wards in Nsukka urban area.

From the above, it is clear that the highest performance
achieved of water supply over demand is seen in UNN with 68.8%.
This figure tranélatés to a percentage deficiency of 348,731.25
(daily) implying that the ward still need about 31 o259 of its
current levels of water supply to satisfy the total water demand

fbr the ward, which is 1,464,671 litres per day. JAnother ward



- 110 =~ -
where water suppy achicves a high percentage c¢f performance

over demand is Onuiyi ward where water supply satisfys 58.133

of demand. The percentage of performance achieved by other

-,

wards are GRi 5%.7%, The & Owerre 456.55/, Nkpunano 40.56%, and
Nru 404, Nru ward, therefore, experiences the lowest relative
amount of water supply in Nsukka urban area., This ward is
poerly covered by pipeline distribution networks, vory far
from the urban borshole farm (2 formost supply point) fer from
the surrounding sPrings and the University premises. In terms
of household water demand, ths lowest amount of 499 litres per
household per day (L/HM/D) was alsg recorded at Nru. sipart from
the factors mentioned garlier, the relative poverty of the
inhabitants of this ward equally contribute to this situation.
One very essential features of the domestié‘water demand
and supply that has been pcrtrayed in cur examinaticn of the
patterns of residential water demand ahd supply in Nsukka urban
is that the demand for most of the wards was below the Federal
Government recommended minimum of 115 litres per head per day.
While UNN closely appreximate this minimum, the remaining five
wards are far from attaining the recommended minimum. On the
whole, the percentage ofhwater demand satisfied by supply for

the various wards has already been indicated.
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Tublic serception of the iater Supply

Situztion in Nsukks Urban

Our aim in this secticn is to ovaluate how the Nsukka‘
urban dwellers see the water supply situaticn ow Whi@h all
their domestic and many cther zctivities depend. fhé people's
perception of the water situation is an impertant aspect 6f
environmental percepticn. This is due to the faet that watér;
béingz;atural nhenomencn, is one ¢f the most imperftant
eleﬁents of the natural environment. The area of environmental
pereepticn deals with men's undersfanding of the systematic
relationship hetween the physical world and the clements therein
(Robinson, 1995). There arc individual and class differences
in perceptual functioning. These differences are often
attributable to individual present and past sxperiences, value
system, needs and locaticn (dobinson, 1995).

The above attributes are clearly reflected in the percep-

tion of the Wsukka urban dwellers on the water supply situation.:

Generally‘the people readily acknowledge the 'prime.neceséity'
of pibed water supplies and easily regret that the suﬁﬁly
system is often irfegular and inadsquate. Some are already
apprehensive of the future. It is not difficult to imagine that
a few years from now, the urban area mey face a major water

supply crisis bhecause of the ccmbined effects of rapid population
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growth, industrial expansion and inadequate facilities; the
problems of fund, irregular power supply, frequent breakdown,
and pocr maintenance, noted a respondent at Nru ward.

gnothervarea in which the cpinions of the urban dwellers
were sort was on (their view on) the enormous time spent on
fetching water from boreholes and University premises.
Surprisingly, majority of those interviewed dc¢ nct regard time
spent on fetching water as''wasted' time. One respondent noted
that securing drinking water for familngieso essential, and™I
.don't feel any other assignment should take precedent. We are
even lucky to have placés we can collect water from.™

(n the issue of irregulzr and limited piped supplies,
najority of the péople feel that the situation now constitute
a-major problem which the urban water supply corporation must
address. They are however, pleased that alternative sources
often existe.

Associated with irregular and limited pived supplies' is
the issue of-jerennial/prolonged water supply shortages in
some parts of Nsukka urban.' Field investigation revealed that
while SOmé';f the residents of such areas deeply.regrect the
situation and seek alternative accommodaticn because of it,
others do not see the situaftion as problematic. "ire you asking

me how we (ie.Nru pecple) are coping with the situanticn? It is
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already a'way of life' for us. It is not cur duty to dig
borehéies? noted one Mr fzeugwu. The degres of water
scarcity varies almcst directly as one moves away from the
major supply centres. ‘gainst- this background, it is rather
surprising that the expected heightenedvsenstivity cf the
urban dwellers to the apparent lack, by most people of the
water defficient wards, of access to adequate and fegular water
supply is lacking. When asked what the concerned Nru dwellers
are doing to minimise water éhortages in their ward, one of the
respondents reélied "we hop® that these whese daty it dis
(ie. the government) will act". Most of the residents of the
water defficient warde (Nru, Nkpunano, Ihe & Owerre) only
restated their 'believe' that the government and the University
are 'aware' of the situaticn and ‘hoped’ithat they will not
allow the situation degenerate to a major crisis. Only a few
saw the need tc initiate individual and community action to
supplemént supplies from the urban water corporatione It can
therefore, be said that the awareness of the need for
individual and community involvement in water resource dévelop—
nent Which-has been described as & 'prime force! (Robinson, 1995)
in stirring new developments is generally laeking, especially

among the 'natives! wilthin the study area.
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Finally it 1s alsc a purprise to us that majority of the
urban dwéllers do not appreciates the sericus problems possed
to the continued urban growfh and expansion by the current
supply situaticn. The ncrmel thing is that water taps should
be ineery houssheld, and that one can get water just by turn-
ing the taps on whenever oneg so wishes. In such a situation,
water storage in containers/tanks, water fetching (from
boreholes, University) by wcmen and children, and buying of
water from commercial supnlies will not be necessary. In
additicn, the recommenied minimum domestic consumption rate
of 115 litres per head per day will be obtained by everybody.
But all these are 'ideals' or ‘dreams' for the Nsukka urban
dwellers, where average per capita water supply is just 51.86
litres per peréon per day. Theawrrent susply situation is
therefcre, insufficient for meaningful wrban growth and
imdustrial expansion. iegretably, majority of the urban
dwellers do not percieve‘the situation as bad as it is in
reality. Many believe that as soon as they can cbtain enough
water for their most basic needs, then the water supply

situaticn is nct preblematic.



- 115 -
CHAFTER FOUR

ANALYSIS OF THE FACTORS AFFECTING WATER DEMAND
PALTTERNS IN NOSUKK URBAN

Our aim in this chapter is to isolate and analyse the
dorminant and significant factors affecting water demand
and consumption patterns in Nsukka urban area. This is
achieved through the application of the multivariate
statistical technigues of multiple regression and factor-
analysis to the variables which we consider relevant in
influencing water demand and consumption patterns earlier
established and described inChapter Three. The variables

which we consider relevant in influencing water demand and

consumption patterns nave been identified and param® tized

in the manner described below..

4.1 Outline of the Variables affecting Water
Demand and Consumption in Nsukka Urban Area

As stated in chapter 1, section 5, the factors which

in 1 i d and
we consider relevant in influencing water deman

'n moe n pa n in ukka urban a a numerousS.
consumption p tterns 1n Ns a urb are re
: L

’ . - e
i & m the questionnall
These variables are excrated fro )

' inl
returns administered on the respondents.. They are mainly

h- S S50 lal 811d eCOIlOIllC f C ° n

. . i
we shall describe 'some of them in detailse. We shall 1in
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» parametise ,
addition /  them in order to them in numerical terms.

‘They include:

To The Size of the Household

It is obvious that households with large sizes will
likely consume more water than those with small sizes.
‘The number of pefsons in a household is recorded as

indicated by the respondents.

2o The Household Income

We assume in this‘study that household income in-
fluence the.availability of water consuming gardets and
consequently, the overall gquantity of water mwmed in the
house. In other wards, household -with higher income tend
to consume more water than those with little income. We
recorded the income as provided by the respondents or
estimated from their salary grade levels.

Fa The iducational Attainment of the Head
of the Household

The level of education attained by the head of the
household invariably affects the socio-economic status of
the household and consequently the amount of water consumed
(Ezenwaji, 1990). In the present study, the level of educa-

tional attainment is considered after Chima (1939) on the
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number of years respondents spent in getting the formal

education. This is shown in the table below.

o sra

5/ 10 o Level of Education INos of Years
in 8chool

o ac

1 No formal education 0
2 | Primary school education _ 6
3 Secondary school education 11
L | NCE and OND W |
5 i University Degree (BoSC.,
H.N.D.y Beheoy, BeEd.) 16
6 Higher Degree (M.Sc, M«A. Ph.D.. 20
Ly availability of water-taps in Residence

It is oftén assumed that households with water syétem
~in the house tend to consume more water than those without
water system (Ibeziako, 1985;.Ezenwaji, 1990). 1In the present
study, if water system exist in the house, then =z valve of 1

{one) is recorded, and if there is none, a valve of O (zero)

is recorded.

Se The Number of Hours taps Run in a yeek

In a 'perfect suppiy situation' water taps run for
twenty=-four (24) hours a day, and households use water as

preferred because of the unlimited supply. But where taps
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run only for a few hours a day and few days a week, then
amount available is limited and consumption tend to be less.
In our present study, we recorded the number of hours as

provided by the respondents.

6e Distance to the Nearest Public YWater
Supply Source

The frequency, regularity and quantity of water which
household'are able to secure from public water supply
sources often influence the quantity used (Chima, 1989).
Our respondents estimated the distance to the necrest
public watgr supply sources in kilometers, and such estimated

figures were recorded.

e The Number of wéter Using appliances
in the Home

-The pgreater the number of water consuming appiiances
in the house, fthe grcater is the likelihood of consuming
greater quantitiss of water. The value of 1 (one) 1is
assigned to Eath of these gppliances. yWhere none exist,

the lowest value of O (zero)is recorded.

8e  The Guantity of water Used for Cooking
Per Day

e

This was estimated by the respondents in units of
standard buckets (standard Organisation of Nigeria SOS

Size 30) and converted to litres (12litres).
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9, The Number of Rooms Occupied by a Household

Qur assumption 1s that the greater the number of roouns
occupied by the household, the greater the likelihood of
consuming more water for household activities. The number

of rooms occupied by a household was recorded ss provided

by the respondent.

10 The guantity of water Used for
Cleaning the House

This is often related to the availability of space and
the level of dirtiness. The quantity of water used for
general household cleaning was estimated in units of stand-

ard bucket (808 gize 30) and converted to litres.

01 Availability of Water Vendors

Qur assumption is that areas where commercial supplies
is totally lacking may likely suffer more, eapecially in
time prolonged shortaées and as such may tend to consume
less water. 1In this study, we assign a value of 1 (one)
if commercial suppliers are available, and a value of O

(zero) if commercial suppliers are lacking.
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120 Cost of water Supplies

Consumer economists often assert that increase in pfice
is often followed by a decrease in demand. The expectation
here is that the highér the cost of water, the lesser the
quantity which households are able to purchase and use.

The cbst of water per month is indicated by the respondents

and recorded in naira.

1% Occupation of the Head of the Household

The occupation and rank of the respondents are extracted
from the guestiohnaire. A4 system of categorization and rank-
ing of occupational groups employed by Ibeziako (1985) was
considered relevant for this study because it is very
compréhensive and includes all the necessary groups. This
system of pategorization and ranking is as shown in

table 23,
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Table 23%: Occupational Groups

8/Noe.| Occupational Group Scale Example
1 ! ynskilled workers 1 Labourers,
Messengers, etc.
2 Traders 2 ketail traders, ete.
3 Ariisans 3 Mechanics carpenters,
) etco
b Clerical & sales Officers L Typists, Clerical
Assistant, etc.
5 Semi-Professional 5 Draughtsmen, Super-
intendent, etc.
6 Professionals 6 Lawyers, Professors,
etce.
7 Others 7 Industrialists,
Employers

Variable gbbreviation

The (physical, social and economic) variables listed

and described above, are, for the purpose of this analysis

abbreviated as shown in table 2k,
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Table 24: Variables Used in Factor Analysis and
Multiple Regression Studies of Water Demand
and Consumption Patterns in Nsukka Urban Area

; ‘ . - \'Variable

;S/No. Variable Description Abbreviation

4 The size of the household SIZE
2 Thé income of tke head of the household XNCON
3 Educational qualification of the houée~

hold head EDU
b Availability of water-taps in residence] TAP
5 Number of hours taps run per week HOUR
6 - | Distance to the nearest public water

supply source DIST
7 Number of water consuming appliances WCA
8 Number of rooms occupied by the house-

hold ROOM
9 (uantity of water used for cooking COOK
10 guantity of water used for household .

cleaning HOUSE
11 Availability of water vendors weC
12 Cost of water supplied in a month COsT
13 f Occupation of the head of the household OCUPA

)

will be regressed against the 13 variab

A

The total amount of water demanded/consumed (AMT)

les described above,
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ko2 analysis of Causal Relationships

Basically, a powerful statistical technique which is
' Kirby, 1976}
often used (Goddard & /° for analysing causal relationship

among dependent and independent variables is the multiple

regression model. This statistical technique is further

described below.

h,2e1 The Multiple Regression Model

Multiple regreséion analysis 1s a general statistical
technique by which one can accurately analyse the relation-
ship between the dependent or criterion variable and a set
of independent or prediction variables (Nie, Hall, Jenkins
8treinbrenner and Bent, 1975). The technique may be yiswed

as a descriptive toll by which the linear dependence of a
variable on the ether can be summarised and decowmposed
(Goddard and Kirby, 1976). It is also an inferential tool
which enables one to evaluate the relationships in a given
‘population through the examination of sample data (Muther

and Doornkamp, 1978). The general expression of tﬁe multiple
1ine§r regression as given by Hullman and Boyef (1975) is as

shown below:
\

Y = a+ b,1 X+ b2 X X5 o+ b3 Xy % o bnxn te o.e (2)

Where ¥ is the dependent variable; X4 ¥59 XB eso X are
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the regressioﬁ coefficients; n is the base constant, and e is
the errcr term or theﬂproporticn of the variance not explained
by the regressicne. |

Many gebgréphers have smpleyed this statistieal analysis
in fheir investigations. For instance, Hagget (1964) utilized
this statistical technique t¢ study regicnal and local components
in the distribution of forsst areas in South Hast of Brazil.
He was able tc arrivé at the conclﬁsion that forest density
index and terrain index are-particulérly impocrtant factors in
idetermining forest'pafterné. similarly, abumere (1979) applied
this ‘technigue in the study of diffusion of secondary scacols in
Bendel State of Nigeria. anyadike (1981) used the model to
determine the felative Impertance of atmospheric variables
eorfributing to the rainfall of West wfrica. Other geographers
who have successfully applied this statistical technique in-
their own studies include iezens (1967), Kings (1969), Willis
(1975), Turvey (1976), Ibeziako (1985), Chima (1989), Bzenwaji
(1990) and Hzema (169%). Wwe will emﬁloy this technigue in this
study to reveal the relsvant factors influencing the -amcunt of
water demanded and ccnsumed in Nsukka urban arca. ihé variables
whish we consider relevant in influencing the amount of water
demamded in Nsukka urban sre defined, described and_pafametized

in section 4.1 of chapter 4.
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4.2.2 The Combined Influence of the rsredictor Variables
on the jmount of ater dDemanded in Nesukka

4.242.1 The intire Urban

The combined strenght of the rslaticuship between the 13
predietor variables and the amcunt of Watef demanded and
congumed in Nsukka urban is assessed by the multiple correlaticn
coeificient (i) The result of the computer analysis reveal that
the multiple ccrrelation coefficient is of 0.807, with a co-
effiejient of multiple determination (Rz) of 0.652. That is, the
combined effect of the 13 predicter variables accounts for or
explains 65.2y of the variations in the amcunt of water demanded/
consumed pef heouseheld in Hsukka ﬁrban. This leaves 34.8; ﬁhich
the multiple repression model is unable to explain - meaning
that other variables other than those utilized for this study
also account for water demand and consumption in Nsukka urban
area.

The standard error of estimate for this regressicn analysis
is +149.8 litres per hcousehold. This means that the average
over or under estimaticn cf househcld water demand is is Nsukka
urban using these 13 predictsr variables is 145.8 litres. The
apparently high figure/value returﬁed Ly cur analysis should
not be a surprise. GYhen we consider the wide range in household

water demend (arising from say variaticns in household,size)
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and that our interest is in estimating the water demanded by

households, we realise that the above figure, though apparently

~large, is not wmezpected.

4.,2,2.2 The Combined “ffects of the sredictor Variables
on Household Water Demand in the Jards

The result of our multiple regression analysis of the
effects of the 13 nredicter variables on the amcunt of water
demande@/fonsumed in the six wards of Nsukka urban is shown
in table k.

Table 24: Relationship Between water Demend and the
fredictor Variables for the Wards in Nsulkks Urban

5/No.; Wards |- Contributicn! Contribution f% Tnexplained
; ¢f Variables| of Variables |
.~2 i .,.‘2 P i
| N ¢ W
1 ,’ CRA 0.872 87.2 | 12.8
i |
! : « i ' !
2| Onuiyi 0.637 63.7 | 3643 ;
a :
i | Querre 6.727 | 727 i 273 |
o , ‘1
4 | Nru 0.763 753 | 2347 g
| ! [
5 ; UNN 0.778 7.8 | 22.2 ;
6 | Mcpunano! 0.508 60.8 | 39.2 i
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Colﬁmn 4 cf table 24 shows the percentage bf the variations
in househcld water demand which the predictor varisbles were able
te account for, while column 5 shows the nercentage the 13 pre—
dictor variablés were unable to explain. As~shown in table 24,
the ward with the highest explaﬁation based on the 13 predictor
.variables is the Gita (87.2%). This shews that the 13 predictbr
variables employed in our anzlysis are most successfﬁl in the
explanation of water demand and ccnsumptien in GRae In contrast,
Nkpunanc ward reccrded the least explanaticn (60.8;%) based on
the 13 predictor variables. This shows that the 13 predictor
variables employed in ocur analysis are léast successful in
explaining household watcr demand in this ward. This may be
because Nkpunano has a very high concentration of low income
dwellers (especially natives) whcse pattern of water usage is
unclear or wniques. It may eéually be that the information
collected from this word were (perhaps deliberately) falsified
by the respondents., Generally, however, the 13 prédictor
varizbles explained high percentages in the variaticns in hbuse-
hold water demand and ccnsumpt?cn in the remaining wards - UNN
(77.87%), Nru (76.3%), Ine (72.7/) and Cnuiyi (63.7/). Onuiyi
ward with a value of 0.537 (63.7%) mest closely approximate the

value of the entire urban area which is 0.652 (65.24%).
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The result of the compuber analysis reveal the standard error of
estimate for the varicus werds are: Gad (+109.7 litres), Onuiyi
(+120.0 litres), UNN ( 125.5 litres, (Nkpuwnanc (+120.9 litres)
and Nru (+104.4 litres). 4is ncted earlier, when we esonsider

the wide rangé in househcld water demand and consumption
patterns, these figures, thoush ajparently high may.not be
unexpected.

4.3 inealysis of the Individual Ccatributions of the

Predicter Variables toe the Observed Variations in
the amcunt of Water Demanded in Nsukka Urban

4.3¢1 The Sntirs Urban

The individusl contributions of the 13 predictor variables
tc the cbserved variations in the amcunt of water demanded
(%1, AMP) was alsc caculated with the aid of the multiple

regressicn model. The result is shown in table 25.
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Table 25: - Individual Contributicns of the Independent
Vatiables Ho the Variations in the Tcetal imount
of Water Demanded by Househclds in the Entire
Neulcka Urban '

fﬁiiiﬁizm St??i;;fd i 22 A2 siems | F. uatio
X2 XECON | 0.006 0.127 | 12.7 | + | 40.600
X3  CO8T 0.058 {0.009 | 0.9 - 5.215
X4 COOK 0.148 | 0.150 | 15.0 + 2.653
X5 HOUSE 0.096 | C.059 549 + 37.631
X6 EDU 1.336 | 0.110 | 1.1 + 5,109
X7 HOW 2.931 | 0.010] 1.0 + 5.270
8. SIZE | 2.729 | 0.145 | 15.5 + | Taazs |
X9 WG 19.385 { 0.004 | 0.4 - 0.138
X10 COUZA 4.0511 0.010 | 1.0 + 0.029
X1 DIST 446141 0.001 | 0.1 - | 2.715
X12 TaP 54455 | 0.001 | 0.1 +  {15.843

i}m WCa 5810 0.000 | 0.0 + 8.049

ix14 ROCM {6157 ; 0.7 1 1.7+ 0.552

DPotal % 0.652 1 65.2 i

Four variables contributed significantly to the variation in
househcld water demsnd and cousumpticn patterns in Nsukka urban
area. 4 total of 53.9/ of the variations in household water

demand and consumpticn is explained by the variables. The



- '130"',"' 13
variables are COCK (the Quantity owaater usea fof cooking (15%)
SIZE (household size (14.5;7)),XCON (the income of the household
head (12.7%)), and RObM (the number of rcoms occupied by the
.household (11.7)). Only cne other variable HOUSE (éuantity of
‘water used for household cleaning (5.95)) is signigicant at
0.95 level of significant. Other variables are not significant
at 0.05 1evel of confidence. Variable X13 (the number of water
cbnsuming applianceSA(HAC) make no measurable contributions to
the variations in household water demandrénd consumption patterns
in Nsukka urban area. The fact thét the other seven variablesg
(see table 25 make no significant contributions to the variations
in household water demand seems to suggest that they are not
important in explaining the household water eonsumption patte%ns
in Nsukka urban area. We shall, therefore,vconclude that the
factors affecting the total amount of household water demand and
conSumétion in the Nsukka urban arsa are the gquantity of water
used for cooking (COOL), the size of the household (s1zB), the
income of the head of the household head (XNCON), and the
number of rooms occcupied by the househcld (ROOM).

Additional informeticn cn the behaviour of thé predictor
variables can be. obtained frem the signs carried by the regres--
sion éoefficients. These signs (see columm 5 of table 25)

indicate the direction of the relationship between the dependent
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vawiable and the 13 predictor variasbles, .s shoﬁn in table.25,
ten of fthese vériables heve positive signs showing that the_re is
a direct relationship hetween these predictor variables and house-
lhold water demand. In cother words, a ﬁnit increase in any of these
variables (X2, ¥4, X5, X6,%X7, %8, X9, X10, X12 and X14) will alsc
lead to a unit increase in the amount of water demanded by house-
holds. The remaining three variables (X3, X7 and X11) have
nepative signs showing that that there is an inverse relationship
between these predictcr variables and the amount of water
demanded by households. This simply means that any unit increase
" in any of these predictor variables will lead to a unit decrease
in the amount of water demanded by household in Nsukize urban.

The standard error of estimate of the multiple regression
is again shown in cclumn two. The variables with the highest
standard errors of egtimsates are XO (availability of water
vendars (19.386), X135 (availavility of water consuming applia-
nces (5.810) and X12 (availsbility of taps in residence (4.455)).
This shows that these predictor variables are not good indicators
of the amount cf water consumed by househclds in Nsukka urban.
In contrast, variables X2 (household income), X3 (cost of water
supplied in .a month) X5 (quantity used for household cleaning)
i8 (household size), gtc. generally have low standard errors

of estimates. This shows the imporftance of these variables
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-4
are as fairly accurate estimatcrs of the amecunt of water demanded

and consumed in Nsukka urban.

443,2 Individuel Contributions cf the rredictor Variables
to Variations in Water Demand in the Wards

The contributicns of the individual variables vo the
observed variations in household water demand in the various
wards was also caculated with the aid of the multiple regression

model. . The result is shown in table 26.

Table 26: Individual Contributicons of the Independent
- -Variables to the Variations in the Total aimount
of Water Demanded and Their Standard Brrors of
Estimate (Nkpunano Ward)

%zf_igigient Sz;‘fijrd B2 ;1?.2(»7?) Signs | F. matio |
X2 xmNcoN [ 0.014 0.024 | 2.4 1+ 3.951
X3  COST 0.102 0.025 | 2.5 - 2.7%9
X4  CO0K 0.342 0.247 2447 + {44281
%  House 0.250 0.023 | 2.3 + 1.792
X6 EDU 1,475 | 0.000 | 0.0 + 0.112
X7 HOUR 5.613 | 0,000 | 0.0 ¥ 0.146
X8  SIZE 4.946 | 0.170 | 1720 + 564334
X9 e 30.730 | 0.0071 0.7 | 4 2,154
X10 COURA | 6.557 | 0.015| 1.5 + 4,756
X1t DIST 6.656 | 0.003| 0.3 - 0.911
X12 Tap 7.752 0.001 | 0.1 + o 0.464
X13 WA 9.935 |.0.001! 0.1 + 1 04235
| K14 ROOM 10.666 | 0.102] 10.2 + { 0.058
Total % 0.608- 60.8 '
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In Nkpunanc ward (table 26) three variables make significant

contributions to the variations in household water demand and
consumption patterns. 4 total of 51.9%-0% the variations in
housghold water demand is explained by these three veriables.
The three variables are X4 (the quantity of water used for cook-
ing ~ COOK (24.7Y), X8, SI%E (household size e 17/7), and X14,
ROOM (the number of rooms cccupied by the household = 10.2%).
Pour additional variables XNCON (household income = 2.4%)
COST (the cost of water supplied in the month = 2.57), HOUSE
(quantity used for household cleaning = 2.37) and 0CUP4 (the
occupation of the household head = 1.5%) meke minimal contribu—
tions. Note that variable X4 (quantity used for cooking alone
contributed the largest (24.7/%) to the explained variance.

In the University #ard (table 27), the situation is

different.
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Table 27: Individual Contributions of the Independent
Variables %o the Variations in the jmount of
Water Demanded and Their Standard Errors of
Estimate (UNN ward)

e T | @ 170 [son] oo |
X2 XNCON | 0.012 | 0.119 | 11.9 + 0.925
X3 COST fommB_ 0.000 | 0.0 | =~ | o0.108
X4 COOK f 0.392 | ©.101 | 10.1 | + 0.078
X5  HOUSE 0.221 | 0.000 | 0.1 + 0.685
X6  EDU | 9.675 | 0.022 | 2.2 + 0.078
X7 HOWR | 9.564 | C.019 | 1.9 | + 4 0.608
X8  SIZE E 8.669 | 0.283 28.3 + | 24.514
X9 WC 0.001 | 0.000.| 0.0 . 0.102
X10 COURA | 30.454 0.004 | 0.4 P+ 9.886
X11  DIST §‘ 0.003 | 0.000| 0.0 | - 0.098
X2 TA? 9.872 { 0.051 51 + 1 0.108
13 Wea b 23.738 | 0.021| 2.1 + 9.806
X14 ROOM | 24.423 0.158; 15.8 + 5.914

{ Total 0.778| 77.8

Pour variables made the greatest contributions tc the
variations in household water demand. These variables which
collectively contributed 66,157 to the explained variance include

variable X14 (the number of rocms occupied by the household -



- 135 -

ROCM = 28.3/), X8 (household size - SIZE = 15.8%), X2 (household
iﬁcome ~ XNCON = 11.9%) and X4 (the quantity used for cocking —
CO0K = 10.1%), three variables make no measurable contributions
to the variations in household water demand snd ccnsumption
patterns. These are COST (the cost of water supplied in a month),
DIST (the distance to the nearest source of public supply) and

WC (the availability of water vendors.

In the ward (table 28), the aituation is also unique.

Table 28:

Individual Contributions of the Independent
Variables to the Variations in the Total imount
of Water Demanded and the 8tandard @rrors of
mstimate (The Ward)
Independent {Standard | Contribu- | Contributions| Signs | F. Tatioy
Variable ; #rror tion of of Variables l
: ’ Variables ' |
; . _ (&%) B () ;
| X2 xwcow { 0.012 0.023 243 o1 0473 |
! X3 COST 0.091 0.006 | 0.6 - ‘ 9.059
X4 COOK | 0.518 0.473 | 47.3 + 1 5J312
| %5 HOWSE | 0.242 |  0.009 0.9 + i 0.025
i X6 EDU . 2,700 | 0.029 2.9 + | 23,790 §
VX7 HOUR 54647 | 0.000 0.0 + | 04939
| X8 sizE | 5.813 | 0.095 9.5 - + 564909
§ X9 WC . - i 32.247 C.006 0.6 + 2. 744
1E10 COUPA | 74290 | 0.009 0.9 + 64265
X12 TAP bo15.178 ! 0.002 0.2 + 10.427
1 X113 WA . 10,600 ; 0.007 0.7 + 3.826!
+ K14 ROOM | 10.464 | 0.066 | 6.6 + 0.127
‘] : s ! .
Total | 0.727 ' 72.7
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" Two varilables, namely COCK (the guantity used for cooking
(4743%) and SIZE (the househcld size (9.5 )accounted for 56.8¢
of the observed variaticns in household water demand. The
contribution of one other variable, that is ROOM (the number of
rooms occupied by the household = 6.6%) is significant at 0.05
leel. Other variables generally mzske very low contributions to
the observed variance. TIhe ward is a high density, mixed income
residentials area, with a high concentration of large family sizes
(squezed into a few rooms) -~ hence the remarksble influence of
household size on the water demand patterns in the ward.

Nru ward (table 2G) compares favourably with the entire

Wsukka urban (table 25).
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Table 29: Individusl Contributions of the Independent
Variables to the Varistions in the Total
amewnt of jater Demanded and Their Standard
Brrors of Estimate (Nru ¥ard)

Iﬁaapeﬁdent Standard iContribution:Contribution?Signs F. Ratid
Variable drror of Veriables }of Variables

‘ - @%) 22 ()
X2 XNCON 0.016 0.028 2.8 - 7743
X3  COST Oe12 0,000 » 0.0 - 0,086
X4 COOK 0,326, C.083% 8.3 +. | 0,072
X5 HOUSE | 0.291 0.135 1.5 + |12.527
X6  EDU 24884 0.0%8 - 3.8 o+ 1.299
X7 HOUR. 8,73 |  0.003 043 + 24,254
X8 SIZE 4.850 0.251 2541 + | 64.922

X9 WC 66.907 0003 | 0.3 + 2.007
X10 COUM4 7.803 0.003 I o.3 + 0.920
X11 DIST 64199 0.000 0.0 - 0,061
X2 T 17.854 - 0.001 ©l 0.1 + 0.631
X3 Wea | 9.704 0.004 % 0.4 + | 1544
X14 ROOM 5.050 | 0.214 |21 ]+ louss

© fotal | 0,763 || 76.3 |

Here four variables contributed signigicantly to the variations
in household water demand and consumpticn patterns. 4 total of
6843% of the variatiom in hcusehold water demand is explained by

these four variables. The variables are SIZE (household size =
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25.4%), ROCM (the number of rocms cccupled by the household =

21.44), HOUSE (the quantity used for household cleaning = 13.5%),

and COCK (quéntity used for cooking = 8.3#%). Other variables
make minimal cr no meaéur&ble contributicns to the obscrved varia-
ticns in household water demand and consumption patterns in the
ward, Table 30 shows the individual contributims of the 13
predietor variables to the observed variations in water demand

in Onuiyi ward,

Table 30: Individual Contributions of the Independent
Variables tc the Variztions in the Total jimount
of Water Demanded and Their Jtandard Errors of
Estimete (Onuiyi werd)

Independent! Standard | Contributions Contributicns | Signs | F. Ratio |
Variables Brror [ of Variebles !of Variables §
) I 82 (£) B
X2 ANCON | 0.020 0.141 ; 1441 + 6.T14
X3 C0ST | 0.220 0.016 ! 1.0 - 0.001
X  COOK 0.216 0.003 0.3 + 2.653
5 HOUSE | 0.160 0.004 0.4 + 3,394
X6  EDU 5.536 0.070 7.0 + 17.735
X7 HOUR 5.594 0.054 5.4 + 164770
X8 SI7E 64290 0.140 14.0 + 41.478
X9 wWC 44.584 | 0.025 | 2.9 + 4.584
X10 COUL | 16,483 0.006 | 0.6 + 04001
X11 DIST | 36.250 0.003 0.6 § - 1,133
12 TuP 7.783 0.000 Go3 i+ 0.040
X3 uwa | 12.008 C.002 0.0 | 0.670 |
X14 KOOM i 21.846 04173 0o 4 4 2,782 |
Total 0.636 63.6 E
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Like in Nru, four variebles nemely: itOOM (the number of

rooms occupied by the househcld = 17.3%), ANCON (income of h&ﬁse-
hold size = 14.0/)) and HOUR (the nuﬁber cf hours taps run in a
week = 5.45) make fhe largest contribution of 52.4; to the .
varjations in househocld water demand; The number of ﬁours taps
run per a week (ie. variable X7 (HOUR) contributed 5.4;7 to the
explained vafiance. The contributions of the remainihg
variables are not significant at O.OSAconfidence level.li

Table$ 31 shows that two variables (X14 and X4) make the

greatest coentributions in the GRa ward.



- 140.

—

Pable 31: Individual Contributicns of the Independent
Varisbles o the Variations in the Total :mount
of Water Demanded and Their Standard HBrrors of
Bstimete (Gus Ward) S
Tndependent| Standard EContribu'tions'{(}ontribuﬁions}‘. R
Variebles | Srror | of Variahles jof Variables R1E0s EE’ Ratvio
NGO Rzﬁﬁ) i f
X2 XNCON 0.033 0.027 2.7 + 3300
X3 COST 0.355 04010 1.0 - 74405
X4 COOK 0.686 04364 36..4 + 184444
b:] HOUSE 0.354 0066 6.6 + 54293
%6 EDU 134917 © 0,001 0.1 + 1.663
X7 HOUR 10856 0.0CG 0.0 + 34120
%6 SIZE 10,726 0.064 6.4 + 13,507
X9 we 46.8344 0.032 3.2 + 7.974
X10 coux. 22.885 0.004 O.d + 1,525 ;
X1 DIST 14,617 0.002 0.2 |- 0.271 |
XX12 Tavr 21.758 0.001 0.1 { + 0,190
- X13 W0 29.448 04001 0.1 I + | 0.4
| %14 koOM 22.407 0.298 [ 298 | o« L 0,203
0.872 } 87.2 j

Total)

L supmery of the individual contributicons of the 13 predictor

variables to variations in household water demend and consumption

in the six wards of Nsukiks urban arez is shown in table 32.
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Table 32: The Contributicns of the Individual Variables
- to Variations in Household {ater Demand in the
gix Wards of Nsukka

T4~ [XNCON COST[COOK [HOUSE EDU | HOUK| SIZE | WC {OCTU24 DIST! L. " [WCa ROOM [FOTAL
LES \ ‘
ARDS

) . o ] ™
w 12,7 | 1.0 ]36.4%16.6% [0.1 10,0164 |3.2] 0.4 |6u2 0.1 | 01,2948 |37.2
* # + #* |
WUIYI 14.17 | 1.0] 0,3 0.4 (7.07}5.4714.07| 2.9/0.6 |0.1 {0.0 |0.2 | 17.363.6
%] i #* ;
HE 2-3 ! 006 4‘703 009 2.9 ! 0.0 9‘5 0-6 009 0‘4 Ov2 Ol7 6.6‘772'7

0.1 2.2 1 1.9128.3 | 0.4 0.4 | 0.0 5.1* 2.17 15,8 {77.8

2U 2.8 | 0.0 8.3?{3.5 5.8 | 0.3125.17] 0.3 0.3 | 0.0 |0.1 |0.4] 21.4776.3
7

oy 11.9° o.o; 101"

kg_fu- Tz.fi \ 245

pi

2.3 | 0.0 0.0117.0 0.F 1.5 | 0.3 0.1 | 0.1 10.2160.8

| 2 ! }

# Significant at 0.05 level.

AS shown in tablé 32, three variables, R00M (the number of rcoms
occupied by the household), SIZE (the size of the household) and COOK
(the quantity of water used for household cocking) make significant
contributicn in alil the wards. This clearly shows that these
variables afe very important in explaining the pecple's water demand
and consumption patterns. Four variables, namely WC. (th2 number of
water consuming appliances), DIST (distance to the nearest source
of public supply socurce), OCULLL (the cceupation of the household head)
e (availability of water vendors)iand C0ST (the cost of water supplied
in a month) generally make no approciable contributions to the water

demand and consumption patterns in any of the wards. These variables
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4.4 nalysis of the Interrelaticnship smong
the Variables Influencing Weter Demand =znd
Consumption in Nsultdka Urba

The interrelationships among the independent variables
used in our analysis are found by correlaticn analyéis. The
result is presented in a 14 x 14 matrix of inter correlations
for the whele urban area and for each of the wards (tables
34 %o 41). These tables show that some of the independent
variables are highly correlated with themselves,for instance, t

table 34.
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‘are, therefcre, not impevrtant in explaining the water demand
and consumption patterns in Nsukka urbane.
To further clarify our anﬁlysis, we isolate the variable
whieh made the highest contributions té the explained veriance
in each of the wards. This is shown in tab}e 33,

Table 33: ercentages of the'Variations fxplained by the If ading
Variablesin the Wards of Nsukke Urban

The MoSt - | % Explained by the |
S/No. Wards Important Most Tmportant
f Variable Variable
1 @a | co 36445
2 ONUIYI HCOM 17 3%
3 g . CoCK 47 3%
4 NRU 3128 25.1%
5 UNN SIZE 284355
6 Nkpunano } COCK ] 24T |

Trom tahle 33, it can be seen that the guantity of water
used for household cocking (COOK) appear to be the major
determinant in three wards (GRA, The and Nkpunano) while
the number of rcoms cccupied by the household (itOOM) is the
mwtimwrmntvmﬁmmeemﬂMmHQWEWrdwmﬂemdcmmm@ﬁﬁn'
patterns in Onulyi ward., Household sige is the most important

determinant of water demend patterns in Nru and UNN wardse.
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1} is important to ncte that the ward is Ihe only ward where
the psrcentage of the variaticns in water demand explained by
the most important variable contributed up to 4753%

A4S noted eearlier, signs carried by the regressicn coefficients
(solumn 5) show the directicn of the relationship between the
dependent variable and the 13 predictor variables (tables 25-31).
4s shown in the above tables, ten variables (X2, X4, X5, X6,

XT3 X8, X9, X10; X12 and X14) generally have positive signs
showing: that there is a direct relaticnship between these
variables and the amount cf Wéter demanded. The remaining
variables with negative signs show that there is an inverse
relationship betﬁeen this variables and the amcunt of water
demanded by housshclds.: The positive sign between variablé

X7 (the number of hours t~-ps ran per week) and the amount of
water demanded in Gii, IThe, Nru and Nkpuwanc wards should not
he a surprise. ‘In these wards, where drcught maﬁégement |

(ie. rationing) has been adopted as a guidiﬁg; policy by the
urban water corporaticn, the tendency for démand to increase
cn the number hours taps Tun increases should:be expected.

But in.UNN‘and‘Gnuiyi wardé:ﬁhere‘supply is ﬁore regﬁlaf and |
stable, the relaticnship between variable X7 and the amount of
water demand is negative — indicating that the tendency to stcre

water in these wards is lacking.
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Correlation Matrix of the Variables Constituting the Multiple

Table 34
' Regression Model for the - Enfire Nsukka Urban
1 e X X X X X T X X X X X X X
1 2 % 4 5 6 17 - 8 9 10 11 12 13 14
AT XNCON pos? | COOK | HOUSE  |EDU oovR | SIZE [WC cour. Iprst | TaP | WCi '|ROOM
12 | xvcom] 0.4317° | 1.00
1 x5 |cosr | -0.099 |=0.324 |100
x4 |coox} 0.531 0.261 }0.134 | 100
5 | mowsE 0.522 | 0.253 }0.121 | 0.423 | 1.00
x6 |®moy | 0.372 | 0.670" }0.178 ] 0.276 | 0.194 | 1.00
x7 |Homn | 0.375 | 0.218 |-0.453 | 0.377 | 0.321 | 0,296 [1.00
x6 |stzm| 0.656% | o0.128 |0.112]0.696"] 0.380 | 0.180 [0.161 | 1.00
X9 | WC 0.358 0.276 |-0.502| 04373 0.351 | 0.302 (04435 0.145} 1.00
X10 [-COUB{ ©.343 | 0,416 |-0.225 0.301 | 0.208 | 0.676%|0.354 | 0.167| 0.406 | 1.00
11 | pIsT| 0,235 | 0.212 | 0.450{-0.240 | -0.250 |-0.226 10,6437} -0.079|-0.684" | =0.262f 1.00
N ‘ : - . : #* . L%
x12) mip | 04440 | 0.478 [-0.504| 0.362 0.353 | 0.351 J0.616 ) 0.121) 0.422 | 0.458)=0.518) 1400,
x13 | wea 1 0.4% 0.384_;-0.363 0.343 ] 0.260 } 04340 0.536 | ©0.201) 0.523 | 0.3% -05451' 0.568] 1.00
x14 | RooM| 0.342 0.649" vo.1d4' 0.344 | 0.677"] 0.205 | 0.054 04356 0.063 0.13H -0.019 04097 06132 [ 4,00

* Signifisand Coeffmeients, + /- 0.50
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Correlation metrix of the variablesvconstituting the
éﬁltiple regression mcedel for Nsukka urban shews that variable
X4 (amount used for household cocking) ié strongly correlated
with variable X8 (household size). -Similarly,; variables X2
(household income)is strongly correlated with variable X14
(the number of rcoms cccupisd by the-household), while variable
X6 and X10. are highly interccrrelated. The high level of
interrelatedness among scme of the independent variables should
net be a surprise. Wer instance, one would expect the quantity
of water used for hcusehold cleaning f£o be related tc the
number of rocms oécupied cr the.quantity uéed'for househoid
cooking fto be related to the number of perscns in a nousehold.

The situation in the six wards are shown in tables 35 %o
40. In fThe ward (table 35) the result of the correlation
analysis show that varieble X4 (quantity used for cooking)
is strongly correlated with 25, X7 and X8. That is, the amount
of water used for cocking is strongly related 4o the size of the
household the number of hours taps run and the amount used for
household cleaning, (%able 35). Similarly, varieble X6
(educational qualification of the househcld head) is strongly
related to variable 10 (cccupaticn of the househcld head).

In Cnuiyi ward, the gituaticn is not entirely different.
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Table 35: Correlation Matrix of the Variables Constituting the
Multiple Regression Model for ¥he Ward
z % X X % X X X X z y TR X
1 2 3 4 5 6 7 s |9 10 | 11 12 |13 14
- . | xweon| cosr | coox | mouse | #pu  [mow | sizE | we couPa DIST | miP . |wca ‘| moou
1 | AMT 1.00
%2 | mweon| 0.179 | 1.00
x5 | COST | 0.123 | 0.103] 1.00
x4 | coor | 0.716" ] 0.107| —0.133} 1.00
% | sousg| 0.560"| 0.055| -0.078( 0.689"| 1.00
%€ | Bpv | 0.479 | 0.334| 0.068] 0.379 | 0.360 | 1.00
x7 | mom | 0.400 { 0.071| -0.428| 0.614" | 0.507"| 0.295 | 1.00
1 | stzm | 0.729%| 0.161| 0.168(0.657"| 0.495 { 0.272 [0.164 | 1.00
29 | W 0.389 | 0,073} 0,367 | 0.590% | 0.552%| 0.262 ]0.5347 | 0.138| 1.00
z10l cowes| ©0.241 | 0.207] -0.004 { 0.300 | 0.297 | 0.677"10.205 | 0.231| 0.273 | 1.00
2111 prsT | 0,210 1-0.017] 0.327] 04387 | ~0.321 |-0.187 Lo.622"| -0.076]-0.567"| ~0.130] 1.00
m2b e | 0350 | 0.020] -0.363 | 0.587%| 0.520"| 0.238 [0.794"| 0.097] 0.504"| 0.243 ~0.6037] 1.00
03| ves | ¢.370 [ 0.059] <0.283) 0,488 | 0.349 | 0.16310.557" | 0.215 0.507" | 0.218}-0.404 -’-0.544*11.00
x1a ] roow | ¢.2.58] 0.103| 0.125] 0.264 | 0.210 | 0.180 {0.023 | 0.327| 0,023 | 0.111]-0.024 10.005 {0.034] 1.00
¥ Significant Coefficients, + /- 0.5
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Table 36: Correlation Matrix of the Variables Constituting the
Multiple Regression Model for Onuiyi Hard

AMT XNCON | COST _} COOK HOUSE | EDU HOTUR SIZE | WC COUPA} DIST | TaP | WCa ROOM
X1 | aMT 1.00 '
x2 | xucow | 0.500" | 1.00
X3 | COsST 0.247 {04199} 1.00
X4 | COCK C.200 [0.334 | 0.072} 1.00
%5 | acwE | €.195 |0.187| 0.122]0.172 | 1.00
X6 | EDU 0.474 O.694£ 0.247 1 0.218 0.047 | 1.00
X7} HOUR 0.314 | 0.072( 0.187 ] 0.149 0.035 | 0.197} 1.00 |
I8 | SIZE 0.622* 0.405} 0.120 0.646* 0.168 | 0.203} 0.137 1.00
X9 | ¥WC 0.171 |0.159 | 0.035] 0.214 0.192 | 0.168 O.580ﬂ 0.245 | 1.00
x10| coupa | 0.317 | 0.261] 0.081| 0.205 | -0.068 | 0.385| 0.394 0.367 O.SGOﬁ 1.00
211] pIst | =0.179 |<0.132 | -0.027 {<0.172 | <0177 [-0s131 [-0:562 | -0.226 ~-0.831 —0.501% 1.06
X12} TaP 0.075 | 0,017 | ~0.185 | 0.090 0,135 | 0,040 Oe411 0.067{ 0.499 0.309 |-04487] 1.00
X13| ¥ 04286 | 0283 0,094 0.175 0:,0%34 | 0,328} 0,360 0.29%| 0.386 0.408|~0.386 | 0.283] 1.00
X141 ROOM 0.416 | 0,360} 0.053] 0.048 0.673* 0.216 |-0.018 0.414 1 0.123 04203 [=0,101 {-0,067] 0.209] 1.00

# gignificant Coefficients, + /= 0450
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Table 36 shows the matrix of inter correlation among the
independent variables in this ward. 4s shown in the fable,
veriable X4 (quantity used for cooking) is strongly correlated
with variable X8 (hcusehold size). Similarly varisbles X2
(household income) is strongly related tc variable X6 (educa-
£iona1 gqualification of the nousehold head) while variasbles X5
(quantity used for household.olearning) is strongly related %o
veriable X14 (the number of rooms cccupied by the household).

Table 37 shows the matrix of inter correlaticn among the

independent variables in Nru ward.
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Correlation Matrix of the Variables Constituting the

ultiple Regression Model for Nru Ward

X X X X X X X X TT X R 3 X
1 2 3 4 5 6 T 8 |9 1o | 11 fr2 |13 14
ar | xmoow | cost lcoox | mouse {mpu |mowm | sizE | wo COUP. | DIsT lrap | wea  |RoOM
x1 {amr | 1.C0
22 | xmcow | 0.190 | 1.00
x5 |cos | 04143 | 0.064 | 1.00 |
% |cooK |.0.405 | -0.046 | 0.065 | 1.00
% | momse 0.629J 0.084 | 0.212]0.442 | 1,00
% leov | 0.3%4 | 0.092| 0.0%0 [0.086 | 0.195 | 1.00
%7 1 a00R | 04233 0+109] 0564 | 0.180 | 0.225 | 0:195] 1.00
s |stas | 047967 -0.055 | 0.180 | 0.456 | 0.519" | 0.241 1 0.091 | 1.00
%0 |Wc | 0.168| 0.043 | -0.612]0.152 | 0.173 0.210*l 0614 | 0.066| 1.00
X10 | COUBL 0;142 0.294 | =0,014 }-0.027 | -0+012 | 05241 0.108 | =0.005| 04169 | 1.00-
%11 | DIST | -0.124 | -0.172 | 0.404 }0.038 | -0.158 L0133 -0.675™ | 0.020{-0.739" | -0.053 | 1.00
viz {1p | 0uico | 0.062 | -0.528% 0208 | 0.575% | 0,145 | 0.885™| 0.091] 0,064 | 0.564}0.559"|1400
A3 bwoi | o.176 ] 0.020 | 04291 0.015 | 0.104 |0.184 0404 | 0.070} 0.525%| 0.154 [0.417 |0.403] 1.00
qia broom | 0.463 | 0.047| ©.302 [0.304 | 0.612 J0u162f0:019 | 0.441} 0.012 | -0.011:}-0.05%: Jos0t0f 0.034 }1:00

% Significant Coefficients, + /- 0450
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In this ward (table 37) variables X5 (quentify used for
'hSQSehold oleaning) is strongly correlated with variable X14
(the number of rcoms cccupied), while variable X10 kthe
aweupation ¢f the household head) is strongly correléted with
x12 {availability of wafer taps ih_residence).

Tables 38 and 39 show the matrix of inter correlation
among the independent variables in'GRA and Nkpunanc wards. In

. Qi varizbles X2 (househcld income) 48 strongly correlated
with varizbles X6 (educaticnal qualificafidn cf the hcusehold
head), X10 {oecu;ation, xX12 (availability of taps in residence)
and X14 (number of rcoms cccupied). Variable X4 (quantity used
for.cooking) is strongly corr@lated with variable I8 (household
sige), while variable X6 (educatiocnal qualificatiqn} and X10
(cccupatipn) returned the highest value ¢f the multiple
gorrelation coefficient cf 0.904. Very strcng inter correlations
among the independent variables are few in Nkpunano ward, (see
table 39). In this ward, variables X4 (quantity used for
ecoking) is strengly cerrelated with variable X8 (household
size) while X5 (quantity used fcr cleaning) is strongly related

to variables X14 (the number of rocms occupied).
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Correlswion Matrix of the Variables Constituting the

Jul¥iple Regression Model for the GR4 Ward

* Yignificart Coefficients,

+ /= 0.50

7 5 3 7 5 Z 7 5 5 T T2 5 114
X X X X X X X X X X X X X X

; A xncon _lcosr  lcoox | mouss | mpy HOWR | SIZE | WC gomes | pisT | mip | wWoa koo
X [ A | 1.00

x2 | xecx| 0.279 | 1.00

x5 | cosT | -0.095 | -0.113 | 1.00

% | coox | 0.7357] =0.027 |-0.157 | 1.00

% | noues| 0.793 | 0.254 | 0.055 | 0.587 | 1.00

%% | ®mou | 0.025 | 0.711" | 0.176 |-0.147 | -0.010 | 1.00

%7 | mow | 0.380 | 0.075 |~0.206 | 0.420 | 0.309 | -0.104 | 1.00

18 | siam | 0.£077] 0,129 | 0.038 | 0.628"| 0.685| ~0.086 | 0.364 | 1.00

%9 | W 0.238 | 0.194 |-0.524% | 0.471 | 0.192 | =0.060.| 0.433 | 0.245 1.00

X10| cOUFA| 0.C42 | 0.706 | 0,030 |-0.137 | -0.009 | ~0.9047| =0.096 | 0.390| 0.360 | 1.00

%11 DIST | 0,183 | 0.010 | 0.492 |-0.360 | ~0.124 | 0.060 | -0.426 |-0.184|-0.683" | 0.026] 1.00

w2l e | 0.258 | 0.794% | -0.501" | 0.497 | o0.182 | -0.168.] 0.690" | 0.214| 0.650" | -0.146| -0.632] 1.00

X150 wea | 00290 | -0.110 |-0.271 | 0.452. 1 0.196.| -0.147 | 0.577" | 0.196 | 0.412 | -0.123] -0.313} 0.699" | 1.00

x14| room | 0.546"| 0.618% | 0.047 | 0.313 | 0.698"| 0.022| 0.246 | 0.491| 0.129 | 0.035| -0.108 0.402 | 0.207|1.00
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Table 39: Correlation Matrix of the Variables Constituting the
Multiple Regression Model for Nknunanc Ward

AT XNCON| _ COST COO0K HOUSE | EDU HOUR SI&k | WC COUP4 _ DIST| TaP Wi _JROCM
X1 | 4MD 1.C0
X2 | xucom| 0.194 | 1.00
X3 | COST | 0.152 | 0.032{ 1.00
¥4 | COOK | 0.577 | 0.272| -0.083 | 1.00
Z5 | HOUSL | 0.486 | 0.065| 0.113 | ©.600 ! 1.00
6 | "y 0.159 | 0.183] -0.042 | 0.287 | 0.190 | 1.00
X7 {BOWR | 0.077 | 0.090| -0.561"1 0.289 | 0.257 | 0.191] 1.00
X8 | SIzs | 0.722 | 0.072] 0.165 | 0.689° ] 0.272 | 0.116] 0.014| 1.00
XS |ucC 0.173 | -0.056 ] 04445 | 04286 | 0.488 | 0.195{ 0.229] 0.084{ 1.00
X10 | COUPZ | 0.(23 | 0.188 | =0.199 | 0.321 | 0.296 | 0.1521 0.439] 0.072] 0.343 | 1.00
x11 |t | 0.c88 | 0.014| 0.528" | -0.208 | 0.519 | —0.136} -0.369] 0.002| -0.630" | 0.226] 1.00
I | raP [ -0.042 | 0.030 | -0.342 | 0.126 § =0.218 } 0.106] 0.491] =0.055} 0.389 | 0.2%30} -0.351} 1.00
X3} WCa 0,107 | 0.075| 04192 | 0.480 | 0.123 | 0.150) o0.20%) 0.041) o0.382 | 0.147} -0.362 Owa%m05 | 4.00
x14 froow | 0.319 | 0.129| 0.139 | 0.324 | 0.687"| 0.084] -0.043] 0.344] 0.068 | 0.086] -0.054 &oer ) 060520 1.00

% Significant Coeffiseients, + /- 0.50




- 154 =

Ir the University ward, rthe situation is relatively
unigue. Limited interrelatedness among the independent
variables exist but strong interrelatedness are few.

As shown in tableéignly two independent variables Xk

(quantity used for cooking) and X8 (household size) are

very strongly interecorrelated.
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Table 40: Correlation Matrix of the Variables Constitubing the
Multiple Regression Model for the University Ward
X X X X X X X X X X X X X X
1 2 3 4 5 6 7 8 9 10 t 1 12 13 |14
AMT XNCON | COsT COOK HOUSE | EDU HOUR Srze | wc COUPA| :DIST! T4P WoA RO
x1 AMT 1.00 T I
% | xrom| 0.5547| 1.00
%3 | cost | 0.000 | 0.000 | 1.00
7 | coox | 0.575 | 0.338 | 0.000 | 1.00
%5 | wousw| 0.348 | 0.217 | 0.000 | 0.5% | 1.00
X6 | 3DU 0.48% | 0.472 | 0.000 | ©.367 | 0.258 | 1.00
x7 lmom | 0.553 | 0.407 | 0.000 | 0.435 | 0.368 | 0.516" | 1.00
%8 | S1ZE | 0.776" | 0.467 | 0.000 | 0.667°| 0.335 | 0.380 | 0.447 | 1.00
X9 | we 0.000 | 0.000 | 0,000 | 0.000 | 0.000 { 0.000 | 0.000} 0.000 |1.00
X10 | corPa{ 0.503" | 0.33¢ | 0.000 | 0.292 | ©0.241 0.358 | 0.439 | 0.480 0,000 | 1.00
%11 | pIsT | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0,000 | 0.000 | ©0.000 }0.000 { 0.000 | 1.00
b X12 |} TAP 0,693 | 0.475 | 0.000 | 0.380 | 0.225 C.405 0.514"] 0.507" |0.000 | 0.464 | 0.000} 1.00
X3 v | 0.719% | 0.457 | 0.000 | 0.552" | 0.362 | 0.417 | o0.586"| o0.584% fo.000 | 0.5477} 0.000} 0.590%} 1.00
114 | ROON 0,524* 0.465 0.000 0.480 04451 0.317 0.566* 0.432 [0.000 0.446 | 0.000 0.501* 0.513* 1,00
* gignifiecant Coefficients, + /= 0.50
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A close examination of tables 34 to 40, however, will
reveal that there exist so many redundancies in the correlation
matrix.. That is, tﬁere exis£ reverél variables that appear to make
no contributiqns to the observed variespke in household water
demand amounts in Nsukka urban area. There is in view of
this, the need for a technique that is capable of removing
spurious correlations so as to concentrate only on those that
are orthogonal or according to Davis (1971), offers an 'economy
of description,’ie simplies tﬁe difficulties of explaﬁation as

a result of so many significant correlation ceefficients
existing side by side with a lot of redundancies. To
achieve this, we transform our variables into o6rthogonal

values through factor analysis.

L,5 rFactor snalytic Model

Factor analysis is =z rombost statistical technique
that is used to siwply and organise large amouﬁts of data
(¥ather and Doonkamp, 1578). Attempts are made, through
the application of factor analysis (FA), to clarify
relatidnships between measured characteristics, to eliminate
redundant variables, to determine the nature and order of
i#iportance of the basic 'dimensions' of the data mat}ix

end reduce guantitative observations into distinct patterns
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of occurence (kummel, 1967; Mather and Doornkamp, 1978;
Chima, 1989 and Ezenwaji, 1991). The concepts underlying
factor anslysis can be presented in geometrical context.

If variables are considered as vectors,that is, as lines
having directions and magnitude, then the aﬁgle.between ‘
any two vectors reflects the degree of similarity between
the variables concerned (Mather and Doornkamp, 1978).

Thus, two completely dissimilar variables (with a correla-
tion coefficient of - ) would be represented by two vectors
pointing in opposite directions. Identical variables, on
the other hand, would be represented by two vectors
superimposed on one another.

4n important assumption of factor analysis is that

each variabie (strictly,. ité variation) can be sub-divided
into several independent parts in terms of its association
with other variables, In addition, correlation coefficients
are determined for each of the different segments of the
system under study. ﬁccording.to the general assumption,
these segments are entirely independent of each other so
that we can identify the groups or variables between which
_the correlation are high and segment and relevant variables

where the correlations are near ZeTo. These §egments are
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not observable in reality and can not be directly measured.
They are referred to és»factors, The actual model for the
working of factor analysié (FA) is as follows:
Y=2X%1F1 + X2F2+ X3F3 oo X0 FIl 0o (6) where Y is a

. known ,
variagble with é_data, X represents loadings, and F is the
factor. 1In this calculation of factors, we may find that
some of the F-functions are comumon and generate variables.
These are called group factors and their delineation is one
of the major goals of factor analysis.

The_patterns shown by the result of féctor analysis can
be viewed from two perspectives (Qattle, 1952) one can look
at the pattern of variations of individuals across charac-
teristic groups shown by their profile and this type of
analysis is called Q factor analysis (QFA). The Jther pers-.
pective is to look at the pattern from the point of
variations of characteristics. This is called “R"™ factor
analysis (PFi). The 'R' factor analysis is wmostly used in
geographical studies (Chima, 1989; Ezenwaji, 1990). Ideally,
if the application of factor analysis is successful, then a
small number of factors should explain a substantial portion
of the variation in the original data, and secondly, these

factor scores should be meaningful in a statistical sense.



o

- 15v -

The number of geograpvhical studies that have used this
technique (FA) of multivariate analysis has grown rapidl&.
For example, MaboBunge (1968), ayoni (1976), Ebisemiju
(1978), Ibeziako (1985), Anya&ike and Tbeziuko (1987),
Chima (1989), and Ezenwaji (1990) are a few examples of
geographers who have utilized factor anslysis in various
geograpﬁical studies in Nigeria alone. WWe have used this
technique in the present study in order to remove the
battery of redundancies in factors explaining watef demand

and consumption patterns in Nsukka urban area.

bo5e1 Extraction of the Factors

Factor énalysis, for reasons elucidated in section L 4
of this chapter, was employed to collapse . the redundant
variables into groups of closely related variables and
reduce'them to few orthogonal factors. The initial step
in factor analysis (Yeates, 1974) is to determine the
significant factor loadings. Sach factor consists of (1,
in this analysis) numerical values called factor loadings.
The factor loadings are the correlations between each
variable and that particular factor. 1In this study, signi-
ficant loadings are considered from the threshold value of

0.60. This cut-off value of 0.60 is an arbitrary decision
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rule (Johnson, 1991) based on the size of the factor
loadings and to ease interpretation.

The next step in the anzlysis is the algebraic solution
of the eigen values and eigen vectors or factors of the
covariance matrix. The sum of these squared factor loadings
is known as the eigen values. The eigen values show the
total variance explained by each factor. 1In other words,
the eigenvalues of the covariance matric determiné the
percentage of the total variance explained by each of the
factorse.

The third step in the factor analysis procedure is to
determine estimates of communality in the data. Comunality
is the proportion of the variance for each variabie explained
by all the significant factors. Determination of the
estimates of communality in the date being analysed 1s outside
the scope of our present study.

The next and rather an important step in the factor
analysis procedure is the question of the number of factors
to be extracted. The rule is that only those factors that
account for more than their proportionate share of the
original varianée should be extracfed (Berry, 1961; Simmon,
1964)« This, for Goddard and Kirkby (1978) -include ali those

eigen vectors with eigenvalues greater than 1.00, and this is
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the most frequently used. King (1969), is howevef,of the
view that the most important eigenvalues are those that
'explgin ovef 5 percent of the total variance.l Some scholars,
such .as Ibeziako (1985) have ugéd this approach. ‘It is
eqﬁally used here (ie. in the pfesent study)e

The next stép in factor analysis is the process called
factor rotation. The varimax orthogoﬁal rotation is often
(Ezenwaji, 1990) performedvto rotate the factors about their
axis so as to maximise the covariance of the loadings on
each factor in order to achie#e as many high and as many low
loadings és possible "'while maintaining the orthogonality of
the original factors. The.purpose of facér rotation is to re-
distribute the factor loadings from among many'to far
fewer variagbles so. as to obtain distinct clusters of variables
and at the same time to preserfe the patterns of variations

found in the unrotated factors. Problems of interpretation

are reduced substantially by factor rotation. For instance,
a comparison of the unrotatéd and rotated factor matrixes
(tables 441 and 42) show marked differences both in the
number of sign;ficant fact&r loadings and the percentage

of the total variance explained by each. For srample, while
the unrotated factor matrix (table 41) has three significant

factors components that explain 90.6% of the total variance,

the rotated factor matrix has five significant factor

components explaining 73.€% of the total veriance.
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Table 41: UNROTATED FACTOR LOADINGS
(NSUKKA URBAN)
=PVar:lr;mbles Factor Factor Factor
I 11 111
%1 0.630" 0.498 -0.033
X2 0.577 0.087 0.614"
%3 -0.484 0.LEl ~0.0k2
xb €.573 0.320 -0.145
¥5 . 0.541 0.330 | -0.205
x6 0.515 0.093 0.362
X7 0.7427 | -0.290 ~0.25%
x8 | -0.463 0.694" | -0.26k
X9 0.772" | -0.h1k -0.217
x10 0.566 0.002 0.293
%11 o642 | 0.379 0.446
%12 | 0.774 | -0.520 0.084
X13 | 0.668" | -0.203 0.201
Y UL 0.252 0.401 ! .0.068
"Eigen Valuee 5.071 1,741 é 0.915
Percentage Exp.|59.5 20.4 E 10.7
‘C,um Pé;-cenége 5%.5 7949 90.6
+  1oadings exceeding + /- 0.60
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Table 42: Varimax kotated Factor Matrix
(Nsukka Urban)
Vafiégiéé' Factor | Factor | Factor | Factor | Factor
L I P11 IIT ., IV v
X1 | 0.221 0.53k | 0.233 | 0.204 | 0.17hk
X2 0:180 | 0.172 | 0.502 | 0.153 | 0.82
%3 ~0.419 | 0.143 |-0.056 |-0.270 1-0.016
xh 0.262 | 0.530 | 0.120 0.021 | 0.252
X5 0.226 | 0.4h1 | 0.053 | 0.090 | 0.632"
X6 0.182 | 0.192 0.695 | 0.217 | 0.027
%7 0.785" | 0.17% i 0.208 {-0.057 | 0.108
x8 0.015 | 0.887% | 0.042 1-0.053 |-0.010
X9 0.816" | 0.138 | 0.229 -0.067 0.152
%10 0.273 | 0.145 | 0.629° | 0.111 | 0.056
x11 -0.807" 1-0.068 [-0.063 [-0.043 |-0.037
%12 0.642° | 0.138 | 0.303 | 0.277 | 0.169
%13 0.530 | 0.231 | 0.302 | 0.170 | 0.026
X1k -0.065 | 0.405.{ 0.157 | 0.7437| 0.143
Eigen Value 5.431 | 2.112 | 1.252 T 0.771 | 0.720
Percentage TxpJ38.8 15.1 8.9 ; 5.5 i 5.1
Cum. - Percentage33.8 553.9- 162.8 %68.3 373.6
* Toadings exceeding + /- 0.60
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increased
Rotetion éﬁhe number of significant factors from 3 to 5 and

reduced the percentage of explained variance by the un-
rotated factor matrix. For this reason, our interpretation

is based on the varimax rotated factor matrix.

405.2 Interpretation of Derived Factor'

Factor I

As shown in table 42 (watrix of factor loading for
Nsukka urb%n area), factor 1, which explains 38.8% of the
total variance, is the c¢olor factor, and at the same time,
one that is relatively difficult to interprete because
it comprises a large number of highly intercorrelated
variables, Three variables, X? (the nunber of hours taps
run per week), X9 (the availability of water vendors),
and X12 (availability of tap watér in residence) have high
positive loadings on this factor. One variable\x11 (the
distance to the nearest public water supply source) has a
high negative loading (-0.807) on this factor. The positive
signs on variables X7, X9 and X12 show that there is
positive relationship between the three variables and the

factors In contrast, the negative sign on variable X11 shows
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that there is a negative relationship between the factor and

the variable. Generally, this factor describes the impact

which the presence of water supply facilities have on house~

hold water demand. TFactor T is therefore, identified as the

availability of water supply in residence.
Factor II

Factor IT hés an eigenvalue of 2.112 and explains 15.1%
of the tqtal variance. It has high positive loading (+0.887)
on only one variable x8 (the size of the household). The
positive sign indicates that there is a positive relation-
ship between this factor and the variable. We shall label

this factor the number of person per household.

Factor ITI

Factor III has an eigen value of 1.252 and accounts for
8.9 percent of the total veriance.. It has high positive
loading (+0.629) on variable X10 (the occupatioﬁ of the head
of the household) and variable X6 (educational qualification
of the head of the household). 1t is necessary to note £hat
factor IT has a relatively high positive loading (+0.502)
on variablé X2 (the income of:the head of the household).
'fducational qualification, income level and occupation are
variables which are generally used.to describe the socio~
economic status of an individual.  Factor III canétherefore}

be denominated the socio-economic status of the head of the

household,
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Factor IV

Factor IV has an eigen value of 0.771 and accounts for
55 percent of the total variance. . The strongest positive
loading (+0.743) is found on variable X14 (the number of
rooms occupied by the household). What this positive sign
is indicating is that there exist a positive relationship
between the number of rooms household occupjeq and the
quantity of water demanded. when the entire loadings are
carefully examined, it is easy to notice that factor IV has
no loading value of over 0.300 on the other variables. 1%t
is, therefore, easy to jdentify this factor as the availabi-
1ity of space in residence.
Pactor V

mable 42 shows that factor V has an eigen value of 0.720
and accounts for only 5.1 percent of the. total variance. This
factor has only one high positive loading (+0.632) on
variable X5 (the quantity of water used for household clean-
ing)e .Thé positive sign shows that a positive correlation
exist between the variable and the factor. Thus, as the
quantity required for househoid cleaﬁipg increases, the
demand also increasesS. Variable_15 is therefore, describing
the impact which domestic uses has on nousehold water demand,

hence factor V can be jdentified as the frequency of require-

ments for éomestic dutics.
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We have, from our factor analytic model, been able to

identify the five unique factors which can be used to explain
or account for the variations in fhe amount of water demanded/
consumed in Nsukka urbén area. Thus the mpdel has successfully
transformed our 13 prediétor variables to 5 underlying
dimensions, which, in order of importance are as stated

belowe

1e The availability of water supply in residence.

2o The number of persons per household.

30 The socio-economic status of the head of the household.
L, . The availability of ;pace_in,resiqence.

De The frequency of requirements for domestic dufies.

4,5,3 fnalysis of the Results for
The wards

Te GRA . Ward -
Table 4% shows the matrix of factor loadings for the

GRA warde.
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Table 4%: Varimax Rotated Factor Matrix

(GRA ward)
AN | Factor | Factor | FAactor | Factor| Factor
| Variables 1 joIr | oIin 1 v
‘ % 0.127 1 0.558 | 0.099 -0.084 | 0.118
*#
X2 0.017 0.165 | 0.789° [-0.113 | 0.160
X3 -0.386 ! 0.03%39 {-0.028 0.350 | 0.0k0
Xl 0.4%4 | 0.740 |-0.10k |-0.037 1-0.104 .
X5 0.097 1 0.778"| 0.0k9 | o.ouhk | O.4l1
%6 -0.079 {-0.05% | 0.977" | 0.022 | -0.022
X7 0.804" | 0.257 | -0.021 0.098 | 0.094
\ W
x8 0.157 0.199 | -0.017 0.873%3 | 0.123%
X9 0.745" | 0.168 | 0.086 [-0.269 | -0.041
x10 ~0.039  1=0.03k | 0.917" | 0.036 |-0.031
X11 ~0.798"% {-c.048 | -0.006 | 0.220 |-0.031
%12 | 0.827" 1 0.148{ -0.109 |-0.221 | -0.030
! .
X13 O.4ké | 0.157] -0.111 -0.033 | 0,100
ik 0.090 } 0.481] 0.068 0.043 | 0.680"
Bigen Value 4.985 | 2.835| 2.352 | 0.811 | 0.69k
| % Explained 35.6  120.3 | 16.8 5.8 5.0
iCum % Expe | 35.6 155.9 | 72.7 78.5 | 83.h
* Joadings exceeding 4+ /- 0.60
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From table 43, it is seen that factor I with eigen value

L, 985 accoﬁnts for the highest percentage of the observed |
variance (35.6%) while factor V, with eigen value of 0.694
~accounts for the least (only 5.0%). Factor I has high
positive loadings on variables X7 (the number of houfs taps
run per week), X9 (the availability of watef vendors) and
K12 (the availebility of water taps in residence); Variable
x11 (distance to the nearsst source of public water supply)
has a high negative loading of -0.789, indicating that an
inverse relationship exist between this variable and

Factor I. These variables as noted earlier generally. describe
the impact which availability of water supply facilities have

on household water demand. It can, therefore, be labelled

the availability of water supply in residence.

Two variables X4 (quantity used for cooking) and X5
(quantity ﬁsed for household cleaning) load positively high
(+0.740, and +0.778) on factér II. 1Increased use of water
fo; household cooking and cleaning will result in higher
household water demands. Factor II can therefore, be

regarded as the level of water need for domestic duties.
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Factor III has an eigen value of 2.3%52 and accounts for
1648% of the total variance. It has high positive loadings
on variables ¥2 (household income), X6 ( educational qualifi-
datioﬁ of the head of the household) and X10 (occupation of
the head of the household). Fac*or III obviously refers to
the socio—econémic stat#s of the head of the household.
Factor IV has an eigen value of O.8f1 and acccunts for only
5.8% of the total variance. Its ﬁighesf positive loading
(+0.873) is on variable X8 (the size'of_the household). It
can be denominated the number of persons per household.:

Finally, factor V has an eigen value of 0.694 and

counts for 5 0% of the total variance. It has one strong
ac o U7

positive loading (+0.680) on variable X1 (the number of

rooms occupied by the household). TFactor V can,therefore?be

identified as the availability of space in residence.

Onuiyi Ward

The matrix of factor loadingé for Onuiyi ward is shown

in table Lk,
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(Onuiyi ward)

var;;biéé | Factor (Factor Factor | Factor | Factor |Factor
- I II III v i VI

%1 0,597 0.538 0.081 0.135 | -0.03%9 | 0.412

x2 0.060 | 0.541 0. 367 0.158 | =0.003 |-0.63k

X3 0.013 0.172 0.039 0.108 | -0.048 | 0.037

x4 | 0.128 | 6.166 0.654" | 0.015 | -0.091 | 0.028

X5 0.100 - | 0.382 0. 13k 0.074% | =0.636"] 0.001

X6 0,137 '0.032 0,255 0.271 0,356 | 0.110

X7 0.649° | 0.567 0.043 | 0.215 | 0.056 | 0.465

x8 0.154 0.699 0.229 -0.034 | -0,099 | 0.005

X9 0.945" | 0.346 ¢.010 0.050 | -0.120 | 0.098

X10 | 0.567 [-0.093 0.158 0.031 0.354 | 0,045

%11 |-0.908" | 0.012 | -0.047 | -0.030 | 0.431| 0.048

X12 | 0.566 1-0.012 0.051 | -0.228 | -0.050| 0.176

X1% | 0.417 i-0.30k 0.153 0.071 0.173 | 0.053

X | 0.368 | 0.512 | -0.075 0.646" | 0.094 | -0.024

Eigen4;;lue L.330 2.262 1.230 1.053 0.946 | 0.754
% %xplained] 30.9 16.2 8.8 7.5 6.8 5okt
Cum, % Exps 30.9 '47-1 5549 63-& ! 7041 755

* Toadings exceeding 4+ /- 0.60 |
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4S8 shown in table 44 factor I with an eigen value of 4.330,
acéounté for %30.9 percent of the total variance (highest)
whiie factor V, with eigen value of 0.754 accounts for the
"least percentage of fhe ﬁotal variance (only 5.4%). Two
variables; X7 (the number of hours.taps run pé? wegk),
X9 (the presence of water vendors) are loaded highly and
positively (+0.649 and +O.945) while one variablelx11 (the
distance to the nearest sourcé Of‘public water supply)is
.loaded highly but negatively (—?5908). Only ene variable

¥8 (the size of the household) is loaded highly (+0.699) on

Factor II which has an eigen valﬁe of 2.262 and accounts for
1642% of the total variance. Similarly Factor III which
accounts for 8.8 percent of the total variance (eigen value -
1.230) has only one positive loading on variable x4 (quantity
used for cooking). Factorhlv has an eigen value of 1.053 and
accounts fqr 7«5 percent of the total variance. It has only
one high positive loading on variablerx14 (the number of
rooms oécupied). Factor IV has only one relatively high
positive loading 6n variable x2A(income of the head of the

household)s
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Factor I appears to describe the influence of
readily available source of water on household water
demands It can therefore, be regarded as the availability
.of regular.water supply in residence. TFactor II refers
to the number of persons per household, while Factor II1
can be identified as the frequency of requirements of water
for domestic duties. TFactor IV refers to the availability
of space in residence, while Factor V can be regarded as

the socio-economic status of the head of the household.

The ward
Table 45 shows the varimax roted factor matric for

the Wﬁf@?
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Varimax Rotated Factor Matrix

(IHe Ward)

V?fiables 3 Fa;tor : Fa;;ori Fag;;r Fa;;orz Facior y
x1 0.279 0. 554 0.316 | ~0.127 0. 364
X2  -0,009 | 0.093 0.888" | 0.0%2 | 0.023
X3  |-0.520 | 0.191 0.131 | ~0.015 | 0.250
ke 0.550 | 0.692 | 0.139 0.91 | 0.036
X5 0.463 6,663* 0. 111 0.164 | 0.072
X6 0.166 | 0.223 0.331 0.01% | 0.021
X7 0.884" | 0.157 0.145 | -0.090 | -0.066
x&  L0.023 | 0.58% 0.128 0.655 | -0.00k
X9 0,825 | C.136 0.099 0.145 | 0.129
X10 0. 164 0. 149 0.485 0.475 | =0.920
Y11 =0.669° |-0.0k1 | =0,070 0.033 | 0.051"
x12 | 0:889% |-0.071 0.069 0.115 | 0.187
X13 0. 595 0.194 0.067 0.126 0.055
x1h 1 0.062 | 0.36h 0.121 0.035 ! 0.630
m;;;:;W;;Z;d 5.409 ! 2,328 E 1,230 0.817 0.801
% Explained38.6 §16.6 E 8.9 5.7 5.6
Cuie % Expd38.6 | 55.3 | 6.1 69.8 | 75-4 |

-+

% Toadings exceeding + /- 0.60



- 175 -

As can be seen from table 45, facto? I accounts for 38.6%

of the total variance while factor five accounts for only
S5¢7%. Three variables loéd highly and positively on

"Féctor T. These are variables X7 (the number of hours taps
run per week), X9 (the presence of water vendorS)agd'x12
(the availability of taps in residence.. variable X11
(distance to the nearest source of public water supply) has
a high negative loading (-0.669). what this factor is high-
lighting'is the interaction between water availability and |
use. It is,therefore, identified here as the availability
of regular water supply in residence.

Factof II has aff eigen value of 2.328 and accounts:for
1606% of the total variance. It'hés two positive loadings on
variables x4 (quantity used for cooking) and X5 (quantity used
for household cleaning). The loadings are +0.692 and +0.663
respectively. PFactor two appears to be highlighting the
interactions between the amonnt demanded and quantity used
for domestic purposes. It is therefore, identified as .the
frequency of requirements for domestic serviceé;

Factor IIT has an eigen value of 1.230 and amounts for
849% of the total variance. One variable (g , the level of

income of the head of the household) loads very highly and
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positively (4+0.831) on this factor. It refers to the socio=
economic status of the head of the household.

Factor IV has an eigen value of 0.817 and accounts for
5.7% of the total varisble. Only variable ¥8 (the household
size) loads highly (+0.655) on this factor. It refers to
the number of personé per household.

Factor V has an eigen value of 0.801 and accounts for
only 5.6% of the total variance. Variable X1+ (the number of
"rooms occupied) loads highly (+0.630) on this factor. It can
therefore, be identified as the availability of space in

residences

Nru Ward
‘mable 46 shows matrix of factor loading for

Nru warde
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Table 46; vVarimax Rotated TFactor Matrix
(Nru ward)
Varié;.i;es | Factor | Factor i Factor Factor | Factor 7
R 1 11 TIT v v ,
X1 0.112 0.561 0.164 0.068 0.173
X2 0,050 0.031 0.141 0.035 0.129
X3 -0.633 0.171 0.052 0.400 0.093
Xl 0,086 | 0.439 | -0.01k4 0.154% | 0.675"
X5 0.130 0577 0.016 0.476 0.070
X6 0.1%2 | 0.221 0 626 0.106 |-0.015
X7 0.919 0.117 0.056 -0.010 0.064
x8  |-0.000 | 0.828° | 0.071 0.105 |-0.101
X9 0.981 0.0L3 0.123 0.110 | -0.031
* i
x10 0.067 |-0.043 0.85%6 -0.070 0.231
X11  1-0.755 1-0.017 0.005 -0.139 |-0.156
%12 0.652 0.084 0.085 ~0.049 0.038
X13 | 0.525 | 0.091 0.133 0.0k2 | -0.041
x1k  1-0.032 RS 0.040 0.605 | 0.018
Eigen Value | 4.362 3,064 1.5€9 0. 994 0.825
% @xplained |31.2 21.5 1.2 7.1 5.9
cum % Exp. {31.2 53.0 eh.2 71.3° ;7752
e { i
* Loadings exceeding + /- 0.60
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“Factor I, which has an eigen value of 4,262, accounting for.
31e2% of the_totai variance; comprises a large number of
highly intercorrelated variables. Variables X7 (the number -
of hours taps ruﬁ per week) X9 (the presence of water vendors
and X12 (the availability of taps in residence) have high
positive loadings with this factor. The loadings are 4+0.919,
+0.981 and 0.652 respectively. Two variables, variables X3
(the cost of water supplied in a month) and X11 (distance
to the nearest source of public water supply) have high
negative loadings of -0.633 and -0.755 respectively.
Generally, this factor is highlighting the interactions
between frequency of supply and quantity demanded by house-
holdse This factor is, therefore, identified as the
frequency of supply.

Factor II which has an eigen value of 3.064, and
accounting for_2.9% of the total vafiance, has only one high
positive loading. Variable X8 (household size) loads highly
¢+0.828) on this factor. The factor, therefore, refers to
'household size.

Fagtor III has an eigen.Value of 1.569 and accounts
for 11.2% of the total variance. It has high positive

" loadings on variables %6 ( educational qualificatioﬁ of the the-

household) and X10 (occupation of the household head.
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Generally, this factor, as in the preyious ones, is describ-
ing fhe socio-economic status of the head of the household
and isy therefore, identified as such.

Factor IV has an eigen value of 0.99% and explains- 7.1
percent of the total variance. It has only one high positive
loading on variable %14 (the number of rooms occupied), the
loading is 4+0.605. This factor can, therefore, be identified
as the availability of space in residepée.

Finally, factor V has an eigen value of 0.825 and
accounts for only 5.9 percent of the total variance. It has
only one high positive loading (+0.675) on variable X4 (the
guantity used for cooking). It can therefore be denominated

as the frequency of requirement for cooking.

Nkpunano ward

Table 47 shows the varimax rotated factor matrix for

Nkpunano ward.
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Yarimax Rotated Factor Matrix

(Nkpunano wWard)

Vari?}?}'es ; Fa:c[:tor 'Fa;;or ;F?;;Or ;F?;ﬁor Fac:;or Fa\c;;:or
y & 0.054 | 0.851 | 0.171 | 0.096 | 0.084 !-0.219
®2 -0.007 { 0.079 | 0.522 | 0,001 '0.047 0.011
X3 ~0.562 | 0.129 | 0.034 1-0.614" | 6.076 |-0.04k
b 0.168 | 0.682° | 0.416 1-0.037 | 0.123 | 0.280
X5 0.177 | 0.630" 1-0.006 | 0.044 | 0.152 | 0.398
X6 0.172 | 0.111 -0.339 | 0,036 | 0.02% |-0.009
X7 0.867" | 0.067 | 0.127 |-0.108 |-0.073 | 0.169
X8 -0.044 | 0.502 | 0.679"{ 0.039 | 0.128 |-0.012
X9 0.802" | 0.126 | 0.120 [-0.021 | 0.091 | 0.081
X10 0.293 | 0.033 | 0.342 |-0.007 o.o?a 04586
11 -00775*5—0.054 0,015 | 0.181 [=0.146 6.045_
x12 0.480 [-0.034 | 0.679 ~0.083% {-0.120 | 0.191
X113 0.461 0.061 | 0.178 | 0.063 |-0.097 |-0,107
X1k 0.053 | 0.307 ? 0.129 | 0.0%6 | 0.570"| 0.0LO
“;;geﬁ value| 3.952 | 2.79% | 1.170 | ©.951 { 0.813 | 0.800
% Explained! 28.2 26.0 B ) 6.8 5.8 5.7
Cutte % Expol 28,2 %48.2 5645 %63.3 69.1 | 7L4.9
* Toadings exceeding + /-  0.60
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4s can been seen from the table 47, Factor I which has an
elgen value of 3.952, explained the highest peréenfage of
tﬁe total variance (28.2%), while Factor IV which has aﬁJ
eigen value of 0.800 explained the least (5.7%) Among the
variable correlated highly with this factor are those
partaining to the impact or the influence of readily
available water to household water demand patterns. The
variables include X7 (the number of hours taps run per week),
X9 (the availability of wafer vendors) and X11 (distance to
the nearest public water supply source). This factor has
high positive loadings on variables X7 (+0.867) and X9
(+0.802). On the other hand, it has a negative loading
(=04775) on variable X11. Thus there is a positive associa-
tion between variables X7 and X9 and this factor, and a
negative association between the factor and variaﬁle X11.
what this variable appears to be highlighting is the influance
of regular availability of water on household demand patterns.
It is therefore idenfified here as the frequency of household
water supply. |

Factor IT has an eigenvalue of 2.79%. It explains 20.0%
of the total variance, and is positively correlated with
variables refering to the level of water requirement. for house-

hold services. The variables include X% (quantity required
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for household cleaning). The loadings for X4 is +0.682 and
X5 is +0.630. we can, therefore, label this factor as the
magnitude/frequency of requirements for serﬁices in house-
holds,.

Factor III has an eigen-value of 1.170.- It accounts
for 8.4 percent of the common variance and is positively
dorrelated with the size for the household (ie. variable ¥8).
It can, therefore be denominated the 'household size'.

Factor IV has an eigen value of'O.951 and accounts for
6.8% of the total variance. It has high negative loading
(-0.614) on only one variable X3 (the cost of water supplied
in a month). Wwe can, therefore, identify this factor as the
influence of price on water.

Factor V, with an eigen value of 0.813, accouﬁts for
5¢8% of the common variance. It is positively correlated
with the number of rooms occupied by the household. TIt,
therefore, fefers to the availability of space in residencee
Factor VI, has no loading values of up to 0.600. wyhen we take
the variable with the highest loading into account (X10, house-
hold income). wWe can identify this factor as the socio-economic
status of the head of the household.

The University wWard

The matrix of factor léadings for the University ward

is shown in table 48.
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Table 48: varimax Rotated Factor Matrix

(University ward)

?;2;2;;?;5 Fac;or ) Fa;;or- 'Fa;;;r Faisor
% X1 0.089 i 0.56k4 0.083 C.114
% X2 0.063 | 0. Shh 0.267 0.129
L X3 -0.003 0.102 0.003 0.001
% xb 0,137 0. 164 0.689° 0.016
| x5 0.101 0. 184 0.533 0.074
; %6 0.145 -0.311 0.258 0.227
X7 0.645 | 0.0%32 0.0kk 0.216
8 0.158 0.685 | 0.323 -0, 034
X9 0.002 | =0.000 0.001 0.001
X10 -0.566 0.085 | 0.168 0.033
X11 -0.002 0.001 %-ooooz -0.001
%12 0.541 - | -0.029 g 0.048 | -0.219
213 | oy | -0.019 o513 | o.07k
X1k 0.038 § 0.534 | -0.07k 0.616"
“EE;gn vglue 5.630 % 2.312 é 1.452 0.971
| % Zyplained| 39.8 § 18.1 | 10.9 7.5
§ Cume % Expe! 39.8 ; 57.9 4; 63.8 76.3
* Loadings exceeding 4 /= .60
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Three veriables, X3 (cost of water supplied in the month),

X9 (the presence of water vendors) and X11 (distance to the
nearest source of public water supply) have no measurable
impact on domestic wéter demgnd and consumption patterns.,

Factor I which has an eigen value of 5.630 accounts for
39,8%. It i; positi#ély correlated with variable X7 (the
number of hours taps run per week). We can, therefore, label
this factor the'frequenéy of water supplye.

Factor II has an eigen value of 2.312 and accounts for
1801% of the common.variance. It is positively correlated
with variable X8 (the number.of persons per household) we can
therefore, identify this factor as thé household size.

Factor IIT has high positive correlations with variables
which relate to the impact which frequent reéuirements for

household services have on domestic water demand. The two

“variables with relative high positive loadings are x&

(quantity needed for cooking) and X5 (quantity needed for
household cleaning). There loadings are +0.689 and +0.533

respebtively, We can, when the above is taken into account,

~ label this factor the magnitude/frequency of requirements for

household services.
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Finally, Factor IV has generally low loadings. It has

an eigen value of 0.971 and accounts for 7.5% of the common

" variance. It is positively correlated with variable X1k

(the number of rooms occupied by the household). *n view of
this,  this factor is identified as the availability of space

in residence.

- summary of Results for the yards

For purposes and ease of comparison, we present in
table 49, a brief summary of the general indicators of water
demand structure and their relative strenghts in the 6 wards

under study.

Table 49: ) sSummary of the Indicators of yater
Demand Structure and Their Relative
Strenght in the Wards on Nsukka

GRA Ward ; Onuiyi yard Ihe yard
Indicators % Exp.! Indicators % Exp.|{Indicators { Exp.
1. aAvailability of Availability of Availability
regular water regular supply of regular
supply in. in residence 30.9 supply in
residence 35.6 residence 38 .6

Frequency of Household Frequency of]
water require- size 16.2 | requirements|
ment for . for domestiq
domestic duties |20.3 duties 16.6
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GRA Ward

;Ihe ward

1
I iOnuiyi ward
Indicators % Exp. |Indicators % Exp. (Indicators (% Exp.
%o Socio-economic The frequency Socio~
status of the of requirements economic
head of the for domestic status of
household 16.8 services 8.8 household
head 3.9
L, Howsechold cize He 8 Availability Household
' of space in size 5.7
residence 75
| 54 Availability of Socioc-economic Availabili-
space in status of the ty of space
residence 5.0 |household hegd | 6.8 in residence 5.6
6. Other factors 16.6 |Other factors 24k.5 j0ther factors2h.b
- Total hoo To tal 100 Total 100
Nru ward Nkpunano Ward Unlﬁggglty
1« The frequency of The ffequency of The frequen-
water supply in supply to cy of supply
residence %1.2 |residence | 28.2 |in residence] 39.8
2. Household size 21.9 The freguency | ‘I Household
cf requirementg size 18.1
for domestic :
services 20.6
%. .Socio=economic Household Frequency of
status of the size 6.8 | requirements
household head | 11.2 for domestid
, duties 10.9
. Availability of The influence | Availability
space in reside-| . of price on water 5.8 | of space in
nce 7o i residence 7%
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Nru Ward Nkpunano Ward University
. ~Ward
Indicator % Exp.| Indicator | | % Exp.|Indicator - Pb Exp.
5« The frequency . Availlability
of requirements 'of space in
for cooking 5.9 residence 5.7

6. Other factors 22.8 Other factors | 25.1 Other factord 23.7

Total | 100 Total" 100 Total 100

We have been able, through the use of the factor analytic model,
b§$n~ab%e to collépse our water demand variables to a maximum of 5
underlying aimensions for each ward under study. Furthermare, this
model has enabled us to establish the relative étrénght of the
factors. 0f the five dimensions, the availability and regularity of-
supply in residence accounted for the highest contributions in all |
the wards, Other factors such as household size, spacé available and
socio-econonic statﬁs of the head of the household, ﬁake reharkable
contributions in most of the wards. No two wards exhibited exactiy
the same pattern of the general indicators employed in our analysis
Buﬁ Nkpunano ward van be described as relatively unigue because tﬁe
remarkable contributions made by cost of watef supplied made on

the water demand pattern in the ward. This generali indicator equally
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had a substantial high lcading in Nru ward (-0.637). These'
are wards where supply is most irregular and'drought management'
(ie. rationing) is a standing pclicy. In view of this, house-
holds turn,not infrequently, to water vendors for most of their

water needs.



- 189 -

CHAPTER FIVE

STRATEGIES FOR IMPROVED WATER SUPPLY IN
NSUKKA URBAN

51 The Concept of gtrategy

Strategy is a teérm that now enjoys universal respect
and admiration (Dandy, 1987). No corporate executive would
fail to affirm that the application of effective strategy
is important and that his firm attempts to do so on a
continuous basis. Generally, the term strategy refers to
Wapproaches™ or "methods™ of achieving desired objectives
(James, 1979). Developing improved strategies which can
work within a system/and or community to meet the needs of
the community is often described as a universal goal
(James, 1979). Any existing strategy is often viewed as a
consequence of innovation diffusion (Dandy, 1987) in which
the attributeglof functionality and applicability formed
the basis for the adoption.

Given the necessity of obtaining and securing
sﬁfficient quantities of water for the population, an
importaat consideration in the choice~of a strategy is often
the *sufficiency potentiai of the strateéy (Ayoade, 1981)a

The choice of a strategy is not, of course, always limited
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by the sufficiency potential alone. Questions relating to
the technical/resource requirements of the strategy, the
physical attributes of the area, the benefi;iaries (théir
needs} capabilities, background, etc) also need to be
consideredo |

The scheme for the present chapter is,thercfore, as
follews; first, a brief evaluation of the existing strate-
gies for securing household water in Nsukka urban is given.
A consideration of all the programmes (publie and private)
which are aimed at achieving thé sufficiency potenfial and
mitigating disparity in household water sppply in Nsukka
urban is considered. This is followed by an examination
of the stratégies/policies which have been adopted to aghieve
*target' production guantities and improve supply urbanwide.
This formed the basié of our discussion on the need for
alternative strategies for improved water sﬁpply in Nsukha
urban. Finally, a framework for developing improved
strategies for water supply in Nsukka urban is advanceds

Se2 Strategies for Securing Household
Water in Nsukka

The sources of domestic water supply in Nsukka urban,
area, as discussed in chapter II, are many and veried. %he

urban dwellers have adopted and used (over the years) a
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number of strategies to secure water for domestic purposes,
These strategies are,.for the purpose of this discussion,

separated into two - traditional and modern.

De2g% Traditional Strategies

The treditional strategies for securing domestic water
in Nsukka urban is baéed essentially an the variocus methods
of harvesting rain water Mdernization has not significantly
altered the various methods of rain water collection and
conservation in Nsukka urban. However, this strategy has a
great limitation- limitations arising from rainfall seasona-
lity and variability as well as from the problems of éollecf
tién and storage. The various methods of rain water harves-
tation in the study area is as shown below:

- Collection and conservation of rain water from roofs
of buildings (this is the most common).

- Collection and conservation of rain-off from shallow
ponds/catchpits - now on the decline.

-  Collection of rain water running down the stem of

certain trees (coconut trees).
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Prior to 1950 (Ugwu, 1964) the second method (that is
collection from catchpits) was widespread. However, the
introduction and spread of metal and concrete underground
storage tanks have diminished the importance of catchpits
and significantly impro§ed‘the traditional rain water
harvestation from roofs in Nsukka urban. Generally, however
these strategies have several structural and functional
ﬁeficiencies that distinguish them from modern strategies as
well as severely limit them from attaining the t'sufficiency
potential' with régards to the people's water needs. For
instance, apart from seasonality, annual rainfall amounts
vary significantly in Nsukka from year to year
and the high cost/limited capacities of storages tanks limits
them in the area of sufficiency and long-term/period depen-

dencee

5202 Modern Strategies

The traditional strategies were largely dominant until
the esdablishment of the University of Nigeria (in the
sixties) which brought substantial changes in all
'dimensions of lifefin Nsukka urban area. Perhaps, one of
the most significant de&elopment measures which helped

to transform the rural communities of Nsukka urban was the
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_Qstablishment of a medern water supply system. The Lastern Nigepje
gevgrnment (in 1957) decided te implement a 'sustainable water
sypply system!' (Eze, 1978), that will satisfy the water needs
of ¥he Nsukka urban population (Fze, 1978; Okite, 1978); For-
tunately, the urban bed rcck is a good aquifer and the mean eepth
of ground water was not far the surface (Nwachukwu, 1978), Thus,
the drilling technology which was put in place to axploit the
geound water resources not only grew and developed rapidly, but
besame the most vivid and oonc:ete expression of the impact® of
modernization on the life of the population. Piped supplies,
from the urban water corporation is undoubtably the most
important strategy for securing water resources for houusehold
usce Adthough, 'extensive piped water distribution program®
were started in the early 1970s (Gkite, 1978) their coverage
is still limited. Various parts of Nsukka urban are still
without piped supplies. The traditional water collection VA
strategies still flourish in many parts - partly becausé of[fﬁz?gr \\
low socio~economic status of most of the people and the ‘
inability of the urban water corporatiqn to embark on aggresive
expansion and modernization programs.

Finally, the 'importation' of drinking water for distribu-—

tion through vendors is regarded as a modern strategy for
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securing water for household needs (Zimmermarm, 1986). Majority
of the inhabitants of Nru and Nkpunano wards spend a high per-
centage of their income in buying water from tankers and
venders. Households in these and other wards spend a lot of
mongy in buying water containers and storage devices such as
jerry cans, tins, drums, tanks of varying capacity, etc., This
‘practice is allimiting factor (especially in households of low
socio-economic status) on the household water availability and
use., The level of dependency on the various strategies outlined
above ig shown in table 8 and discussed in chapter II.

5,3 Bvasluating the Strategies for Household
Water Supply in Nsukka Urban

5.5+1 Rainwater Harvestation

It is true that one of the most widespread and directly
accessible source of water in Nsukka currently is rainfall
itself; But as shown in figure 8 (chapter II) this strategy
do not make appreciable contribution to the water neceds of the
people in all the wards. Some of the manj problems of rain-
water collection is that rainfall in Nsukka is seasonal,
mevenly distributed, and that to be successful, better
céllection techniques have to be developed and adaptéd to modern
use. Majority of the people are of the low and middle income

gearners who lack the means to constract large catchment area
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and tanks Qf high storage capqc;ties required, if:a reasoﬁablé
rgig watef supply is %o be provided with any reliability. The
‘a}v_ailability. of modern buildings and tanks @as, howev'ex:?-
created a greater potential for the use of roof-catchmenﬁ as

a SUpplementary source of water supply at the point of con-

sumptione

5.3.2 Commercial Supplies

Although commercial supply of water to householdé hés.
existed in Nsukka for several decades now (5ze, 1978) it is not
given much gttention_until thefe is a major breakdown in fhe
pﬁblic water éupély gystem. In view of this, this &trategy
makes very little impacts (see figure 8, Chapter II) in the
people's water needs. (enerdlly, supplies from vendors has a
number of limitations, Qiz -~ cost constraints.

- availability is uncertain and

- supply of water of doubtful quality.

Water is too essemtial &  resource +to be left to the impersonal
forces of {demand & supply) free markets especially during short=
ages. Water vendors,; in an attempt to-maiimisé profits, often
make some ﬁousehold supplies insufficient to satisfy demsnd

at prevailing prices.
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5.3.3 Piped/Public Water Supply

[}

Mgure 8 (chapter I1) shows that piped supply makes the
highest céntribution (62%) to the household water needs in
Nsukka urban. But a close cbservation of table II (chapter III)
will show that the Nsukkaurban water corporation operated at
25 - 35i capacityvin 1993, 1994 and 1995%. The corporation hag
not been able to meet her 'Yarget production gquantities® since
1972, The reamans for this situétion is due to what the zonal
water engineer described tas cperwutional constraints®. The
constraints are many and varied. They are discussed in details

in chapter III and summarised under the sub-headings shown below,.

5¢3.3.1 Financial Ccnstraints

The éonal water engineer and his staff regard financial
constraints as underiably the most important consiraint facing
the Nsukka urban water corporation. Before discussing the
magnitude of this comstraint, it is useful to consider its
nature. Capital (ie. cash) is primarily the means of acquiring
more and better facilities, additional labour, and embarking
on expansion and mcdernization programms.. But since 198h? the
Nsukka urban water corporation has been réceiving what the
zonal water engineer described as "subsistence fund® or‘just
thé amount needed to provide minimum services. Financial cons-

traints is at the root of all the urban water corporstion
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problems - particularly the limited or non-repair/replacement
of facilities, delsyed expansion and modernization programs,

popr pipeline network coverages

5¢3+3.2 Techrnical Constraints

The technical constraints embrace all the problems relat-
ing to or arising from the installation of facilities and
proeesses that ave nmseded to ensure that the distribution system
are jn the best of conditicns. The technology that is currently
in use by the urban water corporation is oversaged and repairs
as well as replacement of parts are slow and often uncertain.
Generally, problems such as boraholé breakQOWns; burst pipes,
leakages, sumo-pump fault, generators'! fault, etc. which are
common with the urban water supply corporation areas due to
‘technical constraints.and limited pesources. The combined
effect of these problems bring about low yield and this in turn
compel. the urban water corporation to embark on drought

management' (ie. retioning).

5.3.3.3 Socio-Aconomic Ccnstraints

Apart from the nature of or insufficient equipment
available for use, other important socio-economic constraints
such as poor attitudes to work.(potentially usable technology

can be applied only by people), non/irregular payment of salary,
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vandalism and conservatism are example of socio-economic

constraints which often account for the inability of the

corporation to operate at desired capacities.

503¢3o4 gdministrative Constraints

Efficieﬁt administrative technical and skilled per;
sonnel are needed to plan and implement planned urban water
programse This is severely lacking in Nsukka urban.

In summary, thelgreater limitation of the public water
supply industry in Nsukka is the frequent and persistent
breakdown in the supply sys.em and the slow rate of repairs
and replacements of relevant parts. Available records at
the zonal headquarters of the water corporation reveal that
the organisation has had problems of securing relevant
spare parts, maintaining machinery, and securing adequate
funds since 1984%. These problems compel the corporation
to resort to rationing and rationing limits water availa-
bility and use. Meaningful economic development and
urbanization can not take place'in Nsukka urban, if water

supply is erratic, uncertain and insufficient.
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5.4 The Impact of the Constraints on the
Urban Water supply Situation

Field investigations revealed that the effects of the
numerous constrainfs on the variqus strategies for securing
household water supply cen broadly be summarised under three
sub-headings yiz:

- Guantity Problems

~ Distribution Problems

-~ Quality Problems

5.4s1 guantity Problems

The resultant effects of the above constraints includé
among other things; the inability of the urban water supply
units'to attain the 'sufficiency potential' in the residential
sector (ie. meet total household water demand) as well as the
'target production quantity (ie. installed capacity). For
instance, the mean daily per capita water demand for Nsukka
(see chapter III) is 9%.57 (L/P/ﬁ), which for a population
of 124,926 (Nsukka urban area, in 1995) will amount to a
daily average of 11,814,251 litres. Regretably, the mean
daily per capita water supply is only 51.86 (L/P/D) which
for a population of 124,925 translates ¢to only 6,478,373
litres. This leaves us with a daily deficiency of 5,3%3%5,878

litres. &imilarly, the installed capacity (1995) is designed
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to yield a daily average of 16,400,000 litres (60% - 78% of
this is for residential needs while 40 - 28% for industrial
and commercial needs) while the entire supply system at
present yield only 6,478,373 litres, leaving a deily short-
fall of 9,921,627 litres.

.The silent implications of the above sitgation is that
the existing strategies are not meeting the people's water
needs. aAnd this is largely due to the continued deteriora-
tion in the quantity supplied. To break this vicious circle
" according to our respondents reguires a determined long term
efforé both to installed modern machinery, maintain/expand
existing. facilities, and to provide the urban water

corporation with a 1501lid resource base'. This is examined

in details in section 5.5.

Selte?2 Distribution Problems

The water distribution network of Nsukka urban, accord-
ing to field investigations is uneven and in 'bad' condition.
Every month, thousands of gallons of water are lost through
wastes and leakagés or even losses, arising from the care-
lessness of consumers with ready access to water supplies.
Wastage is defined here as misuse or excessive legitimate

use (Morgan, 1973). Water leakages and waste are common
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in Nsukka urban area. Often the 'where' and 'to what extent!
is unknowne Wastagé in the urban water distribution arise
from a variety of causes, viz:
- delays between locating and repairing leaks
- poor control systems including overflow
servi;e reservoirs.
- taps and standpipes (now few) left running
~  ineffective mains cleaning and clearlessness.
The measures alrcady put in place by the urban

water corporation to reduce wastage and leakagess

. includes:.
- educating the public on the need to conserve

water and report leakages promptly.

- imposition of controls, securities and penalitieé.

There is an absence of control measures (particularly
metering) to regulate the consumption behaviours of the
population. Private water connections with water meters
are non-existent, while a significant part of the urban
landscape are not covered by pipeline networke. The urban
water corporation believes that an extension of the system
beyond the capacity of the existing supply is not advicable

Even in areas covered oy the pipeline network, supply is
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often erratic and prolonged shortages are not uncommon. All
these, are in varying degrees attributable to the operational

constraints, facing the urban water corporation.

Selte3 Guality Problems

One of the unfortunate consequences of leakages is the
deterioration in quality supplied. Leaks in the pipe-
lines often lead to additional pollution - inducing
polluted ground water into thé mains through the leak
openings. The Bituation if snchkecked (through repairs and
removal of contaminants) lead to tremendous high disease
rétes, particularly infectious intestinal diseaées. The
solution to this problems lies in constant surveillance and
prompt repairs of leaks. Field investigations, however,
revealed that even the very obvious leaks in the main lines
are not repaired promptly, talkless of the smaller leaks at
the street or private household connections which may réméin
unattained for many weeks. The zonal water engineer is,
however, of the view that the only area of concern with
regards to raw water quality for Nsukka urban is the ifon}

content - which is now treated efficiently.-
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5.5 Suggested Strategies for Improved yater
Supply in Nsukka Urban Area

We have, in the proceeding sections, discussed the

<

4
limitations of the existing sStrategies for securiﬁﬁgsufficient

water for household use in Nsukka urban. A key issue
tﬁrough.out our discussions so far is 'sufficiency'. To be
sufficient, the urban water corporation must deliver quanti-
ties which can gurantee improved standard of living, rapid
population growth and meaningful ecenomic development. This
situation is far from being realised in Nsukka urban.
Ingermittent supply and rationing have long been accepted as
"management policies' in Nsukka urban.

In view of this, we sought and obtained the views of
the staff of the Nsukka urban water supply units on how the
presenf supply situation can be improved. e summarise
in table 50, the m;asures/strategies identified and, there-
after, described each in detail. Our respondents firmly
believe that the suggested measures/strategies are capable
of achieving two related objectives, namely:

- ensure ﬁaximum satisfaction for the entire urban

dwellers through the redistribution and better
management of available water resources.

overcome the Nsukka urban water supply problems by

significantly improving the existing strategiese
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Table 50: Suggested Measures to Improve
Piped Water Supply in Nsukka Urban Area

p— e
+

UNN Water Urban {Total[% of

- - Supply Hater _ | Cum.
8/No. gﬁi;ﬁres)(Prbfered Staff Supply Staff Total
’ egy (rrequency) | (Freguency)
1 Speedy cempletion of
the Government water
development programmne
for Nsukka Urban 10 T 28 8 {13.7
2 Improved distribution
network 09 26 35 112.6
3 Reactivation of public
water taps 04 29 . 33 [12.0
4 Elimination of existing
constraints en piped
supply . 1 22 33 112.0
5 Private sector partici-
pation 01 31 . - 32 [11.6
6 Prompt maintenance of
machinery/replacementOf
over-aged pipes 14 14 128 {10.0
7 Adequate investments ,
in water development 12 . 14 26 1 9.4
8 | Higher water tarrif 00 . 2z 1 22 1 8.0
Prompt repair of leaks 06 12 18 | 6.5
10 Others . 04 o7 - -+ M 4.2
Total A 205 276 100%

Source: Fieldwork (1995)
Some of the above measures are briefly described sections belew,
The current government's water-deﬁelopment programms for Nsukka
Urban (ie. No. 1, table 50 )include: |
(a) The Greater Nsukka Urban Water Scheme and
(b) The National Wator Rehspilitation Broject (NWRP) for Nsukka Urban.
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5.5.1 (Current Government yater Development
Programmes for Nsukka Urban

Theoretically, all levels of governments share the res-
ponsibility of ensuring the availability of adequate and
gqualitative water supplies to meet the people's water needs
in Nsukka urban and rural areas. In practice, however, the
task of pro?iding municipal water for Nsukka urban has
always been left in the hands of regional/state governments
and private agencies. Currently, the Enugu State Government
is responsible for providing portable water to the Nsukka
u}ban dwellers. The Enugu State yater Corpofation sinks and
maintains boreholes and ovefseas the urban water distribu-
tioﬂ network. according to the State Director General for
Publia Utilities (Mr. albert Edoga) the gtate Government, in
collaboration with the Féderal and other relevant institutions,
have'two ambitious water development programmes for Nsukka
urban area, These programmes are:

= The Greater Nsukks Urban water Scheme

- The National Water Rehabilitation Project

(NWEP) - the Nsukka Scheme.
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-5.5.1.1 The Greater Nsukka Urbaﬁ Yater Sq?ﬁ@%;-

The most elaborate and eipenSlve Watéf‘?esozmce defelopment
and supply programme for HNsukka urban is the Greater Nsulkla
Water Scheme, which was conceived simultaneously with the
Greater.Enugu and Asbakaliki Water Schemes in the early 19805.
The Greater Nsukka Water Scheme is an ambitious water develop-
ment programme which is based on a design to impcung the Adééa
River and deliver .froﬁ it an average of 50,000 cubit neters
of portable water per day through a 12 kilometer pipeline to
the Newkka urban dwellers (idcoga 1996, &ze, 1995). It is
ironic that whereas the Abakaliki and Enugu Schemes, with
gapacities of 75,000 and 77,000 cubic meters per day respectively
were commissioned in 1985 (mdeoga, 1996), the Greatei Neukka watei
Scheme, started simultaneously with them hasrbeen abandoned due to
financial constraints and political reasons (Eze, 1995). The
Director Gemeral of Public Utilities, however, has described the
abandomment as 'temporary'. He observed-the current down~turn
in the cconomy has caused many state governments to experience,
in differing degree, stagnation if not declining. government
revenues and serious balance of payment and debt ssrvicing
difficulties., This has lod to drastic cut backs in investments

in public utilities. Despite these problems however, the state
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government is determined to revive the Greater Nsukka Water

Scheme as soon as her finances improves

5.5¢1.2 The Hational ¥abter Rehabilitation Proiesct
(NWRP) - The Nsukka Scheme

As the name implies, the National Water Rehasbilitation
project (NWRP) is a scheme aimed at increasing the suppiy of
portable water throughcut the Federation by rehabilitating
existing water supply schemes and to restore-them tc the
designed capacity. The scheme is also aimed at sustaining
the increased water supply through institutional.streﬁghting
of the state Water agencies.

snugu state is in Zone "F* of the scheme which comprises
stafes such as Ynugu, Anambra, Benue and Cross-River. The
state has in addition met all the stipulated conditions
wecessary for the take off the scheme (Hdeoga, 1996). In
viéw of this, the scheme has selected 3 urban and {1 rural

communities which are %o benefit from that rehabilitation

programme. Nsukks urban area is one of the beneficiaries and

the project implementation within the urban stated in February
1995s Our respondents believe that NWRP will boast supply
in Nsukka urban,- .

The Nsukka Ir-jett of the scheme is based neer the

borehcle farm at the University gatee. Th; prcject managers

are charged with the responsibility of rche¥ilitating the
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gxisting boresholes and even pipeiine extensicn

when completed the level ofiwater'supply from the boreholes is
expected to incregse from the oﬁrrent 1,500 cubic meters a day
to abou£'9,000 cubic meters per day (Eze, 1995). apart from
modification of the pricrity berehole field and expansion of
the rising mains and distribution system, the NWRP Nsukka
urban project, is also expected to embark on the eﬁergization

of two of the boreholes by NEPA. .

5.5.1.3 Public Standtaps
A There are at present 72 public standtaps in Nsukka urban
outAof which only 18 are functional and connected to the mains.
All the functicmal public standtaps have also
been commercialised (ie. users are requirea to pay). - The
public standtaps are located haphasardly over the area., For
instance, there is nc fixed distance for establishing a public
stand tap, ne number of households t¢ be served and no regularity
of low. There are over ccncentration of public teps in Cnuiyi
and Ihe wards — Nru and Nkpunanc are ﬁery pcerly served. To
our respondents believe that
improve the supply situation;éﬁhe existing public standtaps
should be revived and systematically lccated - using for

example a target of 500 - 1000 heousehcelds as a'yardstick.
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5.5.1.4 Individual Participation

At present, individual participation in water resource
deyelopment in Nsukka urban is limited tc the construction of
uRderground concrete and metal tanks. Water is then directed to
these tanks for storage by channelisation mainly during rainfall
This level of participaticn can be improved if well—to-dé
indjividuals and private associaticns becomes involved in the
drilling of borehol s for privete use. In Kenya and Tanzanma
(Roth, 1985) such private bhoreholes are among the most reliable

in the country. The urban water supply staff strongly recommend
this measure.

Maintenance of Machinery

Qur respondentis believe that
é_IEnewed interest in the maintenance of existing machinery

is necessary to achieve target production quantities (see
chapter II1) and reduce the frequent water loss through leakages

and pipe bursts.

5.5.1.6 Rlimination ¢f fxisting Constraints

The next strategy, which is rather comsidered important

by our respondents, i1s the elimination of the current operaticnal

eonstraints facing the urban water supply wits. This programms

is . ‘ necessary in order to ensure that the
huge government investments in the water sector is not wasted,.

and that the difficulties often experienced in importing
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egsential parts and operating the system is reduced to the

barest minimum. The "maintenance culture®? of the fnugu State
here. '

Government is indeed ccnsidered relevant f especizlly now that

enough funds can nct be generated tc replace broksr down parts

or expand existing systemse

505.1.7 Imroved Water Tariff

The low water tariff now charged by Nsukka urban water
corporation no doubt constitute a constraint to higher perfor-
mance., Fcr instance, the present estimated ccst of prcducing
cne cubic meter of portable water, including pumping’and treat-
ment is about ¥20.00 while watef charge for residential use is
estimated to be as low as §2.50/WP’; This low inter-
nally gensrated revenue is one major reascn why the corporation

experiences difficulty in cperating and maintaining its system.

5.5.1.8 Bffective Planning

Plenning provides new and useful insights of crucial
~importance cf hgw goals can be met of hoﬁ existential problems
can be solved (Aycade, 1981). flanning is nct an end in itself,
but a means, an unaveidable msans for better use of what we
have, or getting what we desire. No fask is of greater impor-

tance in'improving supply than the development of strategic plans.
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5.5.1.9 Monpower Devslopment

The use of effective training to enhance capspility and
competence has, of course, long been recognised (Dandy, 1987).
Tet ifts use by institutions in developing ccuntries remain |
limited (tyoads, 1981) and its advocacy has, in.prdotice, been
less than enthusiastic (Bzema, 1995), yet no requiremenf is
of greater importance in the develcpment of effective urban

water supply than the "brainpower® of technical 'experts'hence
1ts recomwendation.

5.5.1«10 Adequate Investments

Fund is primarily the major means of acgquiring new
facilities or more often the reguired skilled labour. Signifi-
cant developments in the water supply industry éuch és the
drilling of additicnal vorshcles, the building of additicnal
reservoirs and even the maintaining of the distribution
sys tem, e%c. can nct cccur in the absence of fund. The 'small
scéle nature of water rescuree development prcjects in Nsukka
urban has been attributed tc the "“subsistsnce fund® ﬁrovided

to the wrban water corpcraticn.

5:5.1.°11 Researéh and Development

Mismatches between what users really need and what
planners supply often lead to users! dissatisfaction and waste

of a nation's resources - materials, labour, time and foreign
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exchange needed for cther purpcses (Duncan, 1937). Objsetive
research helps to solve the preblems cf cver or under designéd
systems [Roth, 1985). Objective research provide appropriate
guidelines for effective maintenance and management and helps
to free more rescurces which could be devoted elther te
extending services into underssrved arsas cr to accelerating
developments through other sectors - hence the need for such

researches in the water supply sector in Nsukka urban.

7

5.5.1.%12 sSurveillance and Prompt Repair of Leaks

Surveillance and repairs ¢f lesks promptly is extremely
mecwssary to reduce the high water loss and wastage which ean
result in the distributicn system dus to leakages. Although,
the quesfion of exectly hcw much water was lost through
leakages in'Nsukka urban in 1995 remained unanswered, it was
discoveredlthat the case of leakages/burst pipes are frequent

and widespread in Nsukka urban area.



&

- 213 -

CHAPTER SIX

CONCLUSLON AND RiCOMMENDATTONS

6.1 Conclusion

The overall objective of this study is to analyse the spatial

. residential

patterns of/water demsnd and supply in Nsukka urban area, and
advance suggestions which can lead to improved supply and manage-—
ment of this resources within the area of study. The results of
this study clearly extend our understanding of the spatial patterns -
of water demand and supply in Nsukka urban where a delicate mixture
of gfban and rural features are strongly interlocked with oﬁe
another. Specifically, we have been able to establish the under-
lying diﬁensions of water demand and supply for the entire urban
area and for the wards within the urban. We also established
(spatially and for the entire urban) the other essential
feaﬁures of demand and consumption features (such as mean daily
per capita water demsnd and sﬁpply, mean daily household water
demand and supply, fotal nousehold water demand, etc.) and the
gap in the people's water needs. This enabled us to cbmpare
demand and cqnsumption patterns among the'six wérds. The
University ward for instance has both the highest mean daily
household water demand and supply as well as the highest mean
daily pér capita water demand and supply. Supply Within_this(UNN)-

ward is more stable and regular and in addition, the fact that
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consumers outside this ward generally pay from 50 - 3504 more
than their counterparts in the Universify ward is also an
impertant factor in the relative water use rates;

The underlying factors identified as being largely respon-
sible for variations in household water demend and consumption
patterns in the entire urban ané in the wards includes

i) The availability of water supplylin residence.

ii) The socio-economic status of the household head.
iii) 'The household size.
iv) The availability of space in residence.
v) The frequency of requirements for domestic and
vi) The influence of price (Nru and Nkpunano wards only).
These underlying dimensions could form the platform upon which
meaningful management practices in fthe distribufion system can be
carried out. | |
Another important finding of this study is the existence of

spatial inequalities in the distribution system. The supply

_syétem is inadequate and unevenly disfributed. An equitable

supply system is one which promotes greater equality of conditions
(Aithen & Duncan, 1991). Services are faily/equitably distributed
when everyone gets the same services at a uniform cost (Roth, 1986).
Presently, the principle of equity in the Nsukka urban water supply

is 1achi_ng .
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Nine essential measures (based on the informed opinion of
the water works units) which are capable of improving current
levels of supply and management of the urban water resources
were advanced. These measures ought to be implemented because,
as the urban becomes moré populated, and therefore, more service
oriented, her future econcmic vitélity will expectedly depend
on the extent to which the urban water supply problems are
identified and tackled. The lomg berm solutiod to the wrban
ﬁater supply problems, however, requires ideas and visions in
water resource planning, development and management.

Finally, the findings df this study relate remarkably with
those of Chime (1984), in Abakaliki Urban, Ibeziako (1985) in
Enugu Urban, Ani, (1986), in Jos and Ezenwaji (1990) in Onitsha
Urban. The findings of %his and the above investigators, for
ingtance revealed that:

1. the profound inadequacy of this resource in the concerned
urban areas is a longstanding phenomena and that calls for
improved supply have been load and recurrent.

2 the quantity of water demanded and consumed by households
is a function of Varied yarisbles whose contributions vary
from one urban area to another. However, certain variables
such ag income level of the household head, size of house-

hold, reqularilty of supply, educational attainment of the
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household head and the guantity needed for household
cooking were found to significant determinants in all the
(urban) areas studied.

3. Similar factors (when the variables are statistically
reduced to a few factors explaining significant variations
in household Watef demand and consumption) generally
influence the residential water use habits in the areas
studied. Por inssaunce, Ibeziako (1985) using the factor
analytic technique determined that the six factors which
influence residential water deﬁand in Envgu Urbaﬁ are:

1. dwelling type.

2. Frequency of water supply.

3. the educational attainment of the household head.

4. ~ the density of public taps

5 the distance from the streams>from the households and

6. household size.

Similarly, Bzenwaji (1990) in Onitsha identified the five factors

explaining 84.1% of the variations in household water demand and

consﬁmption as thes

1. level of household sanitation.

2 Socio-economic statué of the household head.

3 level of kitchen demand for water.‘

4. level of household infrastructure and

5 the general level of water rates in residence.
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Comparatively however, there are érofound variations in the
dajly per capita water demand and'suppiy;in.mean daily house-
hold water demand and supply; and in thé level of deficiency in
the people's water needs. (nitsha for instance has both the
highest mean daily househcld water demand and>supp1y as well as
thg highest mean daily per capita water demand and supply.
Nsukka recorded the least. This vériations is largely'due to
vajgnugl factors such -as variations in the socio-—economic

status of the inhabitants of various urban areas.

6,2 Recommendations

On the basis of the findings of this study, we recommend
the jumediate implementation of the suggested meaguresl(table 59
in order to improve piped supply urbanwide. The result of our-
analysis has already established a gap in the people's water
needs, We are of the opinion that the measure will bridge the gap
by tremgndously increasing current supply levels, mitigating the
‘urrent spatial inequalities in supply and by addressing the

deferminants of the shortfalls in target production quantities.

Secondly, we recommend an increase in the budgetary allocation

to thg urban water corporation and the University water works unit.
This is necessary to enable these unité expand and modernise the

supply system, to purchase and maintain essential machinery, to

-
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reacfivate public water taps, to drill new boreholeé, to recruit
skilled staff, and to improve household connectionse.

Also, recommended is the establishment of modern and
improved techniques for rain water collection and storage. The
presence of many modern buildings has created a greater potential
for the use of rocf-catchment as a major supplementary source of
" supply.

There is in additicn, é need for effective training of the
supply staff (- no other requirement is of greater importance in
the development of urban water supply than the 'brain power' of
technical "eiperts“ (Roth, 1985) and metering to reduce wastagee

1t is our firﬁ hore that the result of this study will be
useful to policy makers, planners, and all the agencies involved
in water resource delivery in Nsukka urban. In this regard, we
believe that the adoption of the findings will go a long way to

ensuring that the people's water needs are met,

6.3 Areas for Further Study

This study concentrated on the spatial patterns of
residential water demand and supply in Nsukka urban. The
residential sector is just one out of many other sectors that
make up an urban environment. Therefore, we recommended that

more efforts should be directed to exploring the patterns of
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demand and supply in other sectors, such as industrial, commercial
and agricultural sectors, etc. in order to get a ‘'complete!

picture of the 'total' patterns of water demand and supply in

Nsukka urban.

There is, in addition,’ the need for examining the influence
of additional variables such as attitudinal, behavioural,
climatic factors, etc. on Qater demand and consumption patterns in order
in order to achieve a greater explanatory power.

Finally, it may be necessary to examine, in details, the
guitability or otherwise of the various (existing) Wafer
allocation options currently developed and variously supplied in
urban water -allocation in various countries (Rees, 1982). uvery
option has its strenghts as well as weakness; and effective
selection can only be made when the impact of several options

have been objectively analysed (Aitken, Duncan, and Mcmahon, 1991).
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APPENDIX A

RUN NAME
FILE NAME

VARIABLE LIST

INPUT MEDIUM
SUBFILE LIST
INPUT FORMAT

RUN SUBFILES
REGRESSION

STATISTICS
RUN SUBFILES
REGRESSION

STATISTICS
RUN SUBFILES

 FACTOR

STATISTICS

RUN SUBFILES

STATISTICS

FINISH.

23

[

(13

..

A1)

ae

.

L 17
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SP33 COMPUTHIX PROGRAMME APPLISD FOR FACTOR
ANALYSIS.

Nsukka Urban Water Suppiy
M.C. Obeta

AMT, XNCON, COST, COOK, HOUSE, EDU, HOUR,
SIZ&, 4C, OCUPA, DIST, TAP, ROOM

CARD
UNN(75), Gra (50), ONUIYI (118}, iru (116)
NKPUNANO (153), IHE (168).

FIXED (2F7.0,3F6.0, 3F5.0, 6#%.0).

EACH :

VARIABLES = AMI TO ROOM/RECRESSION = AMT WITH
XNCON TO ROOM (2 ) / '

1

ALL .

VARTABLES = AMT TO ROOM

RIGRESSION = AMT WITH XNCON T0 rooM (2)/

VARTIABLES = AMI TO ROOM TYPE = PAZ/

NFACTORS = 6/
ROTATE = VARIMAX/
4, 5, 6

ALL

NIFACTOR = 6/
ROTATE = VaRIMaX/
4, 5, 6
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SPOBNDIXK A1 -

QUESTIONNAIRE 1OR RESTDANTT WL AREL

INSTRUCTION: ¥lease use (/) where appropriate.

1.

2e

8e

9.

10.

If NO, where do yocu get your water?

In which part of Hsukka urban do you reside?
(e.g. Ugwuoye, Onuiyi, etca).

What is your level of education attainment?

None [/ erimary /7 wasc /_J we [/
HND/Degree [/ __/ (sfleame tick as appropriate).

Salary grade level: 01 - 03 / /s 04 — 06 [- /
07 -09 /_ /3 10-12 /[ /3 1% and above /__/

If you are not a salaried worker, about how much do you
earn per month? (please specify).

Dc ycu have tap water in your place of residence?

ves [/ Yo [ 7

(eg. fetching from the campus, buying from water vendors,
collecting from storage tanks).

If YE3, how often do water run in your residence per week?
eg. #veryday [ /  Twice per week, Z:::7 Thrice per weekl::7

If your water tap runs daily, about how many hours does
it las?t per day?

1 hour { 7; 6 hecurs L::7;121mMS Z::7;24hmwsZ::7

If water tap is not in your compound, how far is the source
from where you get an alternative supply from your house

Do you have a pipe-borne water system in youwr house?

ve 7 % [TF
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11, What water consuming facilities do you have?
(eg. flush toilets, showers and baths, etc., please spe01fy)

12; How. many people are there in your househcld?

13, How many rooms are cccupled by your household?

14s  vlease, estimate the guantity of water (in bucketfuls)
used daily in your house for the following:

(a) Cooking _ ) (v) washing cloths

(é) General house cleaning ____ 7 (@) others

(¢lease Speeiﬁy).
15, If you buy water frem vendor, what is the dost of water per:

(@) &« bucket _____ - (b) a drum

16+  Lbout how much do you spend on water pers

{a) Day (v) Month

17. ibout how much do you pay per month as your water rate?

(“lease specify)e.



= 229 =

AFXWNDIX-AZ

QTIONN“IdL O uAT“‘ TOMKB

TNSTRUCTICN ¢ rlease use (;/} where' &p ppropriate ¢

14 Name of the water works unit

2% Location of the water works Wit oo i s
%y Name of the supply area(s} for the water work it .. -

4o Yhat 1s the total amount (in litres) of water Which you
ser¥e to your suwpply area(s) daily? X

5 Do you emphasize the supply of water to aﬁy‘péf%icﬁlér;aféé%t
Yes L7 W [7

6o If Tes, please what is the ndm° of thb area”

T Why a0 Fou- have to~ empna81ze the sui ply to that partlcular
' areq? .. .. : > .-

8w Do you eéxperience constant bréakdowns in your supply system?

Yos .. & woo [

gs: if Yes, then please rention the factors and* the extent 6
_wWhich’ tﬂey oontrlbute to sucn.b"eaﬁdowns.

_Factors .i; :wAmJYtent of. Contrlbutlon R
1 very { T i B SR ery 1 HO -
wStrcngly,Stronglyuﬁinimally Wlnlmaliy;gffeéfﬂm

egSvCh)iﬁﬁratic
rower
supply
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1.

12,.

13,
144

15,.

16,

17

18, ,

19,
20,

21, .

23-
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How can the current level of supply be increased?

(=) ()
(c) __. e (@)

How adeqguate is the revenue generated from the consumers
for the maintenance ¢f the water works?

(a) TVery adequate Z:::7 (b) adequate ZZ::7
(¢) Not adequate /__J

If the revenue generated from consumers is inadequate how
do you get the money needed for the maintemance of the water
works? | o (please specify)s’

How meny reserveirs do-you have? N

what are the capacities of the varicus reserveirs® ... ..

Where are the reservoirs located 9 - -

Do you have any reason(s) for locating the reservoirs in the
manner in which theéy are located? e .

are all the resérvoirs presently ian use?

Iffﬂg,,pléase indicate the cnes présently in use
what are the reasons why the rest are out of use?
How many funicticnal public pump stéands do you have? . -

How are the functicnal public pumps distribiuted within'
thHe town?

How many brcken down nublic stand pipes do yeou have within
the urban? ; .

How are the broken down public stand pipes distributed
within the urban?
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A2ENDIX 43 AN
L RRCANG
QUESTIONWATRE FOit_HATER ENDORS e veTTem

The medium used for selling water _
(egs drums, trunks, storage tanks, tankers, Stos )

sources of the water sold __

f@ft(s) of the urban area where such water is sold __

Fstimate the quapntity of water sold daily _
Weskly

What is the cost.of your water in

K@) buckets ... ... . . ﬂb) drums ). .

Is the water .supplied daily .ehough for the people in the
area(s) you are serving?

(b) No

If o, how do ‘they ke wp-For the deficit? _

e e

What season (or. monthsO of the year 'is water sold mostly
in Nsukké-urban®. . .

What are the reason(s$)? s . .

Please, -estimate the quentity of water yoﬁ*coliéct per
trip for distributien - T e o

“. Do you pay for the water yoﬁ=dolledt»for'diéfribu%ibné?

: vos v”.mbu': , o

'~If yes, about how much do you pay for the quantlty you

¢olleet per trip for distribution?
(flease Speclfy)
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