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Abstract
Nigeria is highly vulnerable to climate change like any other developing
nation. This, coupled with increasing population and urbanization is
exerting pressure on the fresh water resource that is basic for most human
needs.  Hydrological Growing Season (HGS) and potential
evapotranspiration were derived and analysed to depict moisture stress. In
addition, questionnaires were administered to determine available water
sources used, access, distribution and members of the family that source
for water. The results depict decline in increased potential
¢vapotranspiration and decreased hydrological growing season between
1950 -1978 and 1980 - 2006, an indication of high water stress signifying
the impact of climate change. In addition, the resylt reveals that despite ch‘
fact the country has abundant water resource (surface and underground),
its availability and access is stil] a major challenge as indicated in z;\fuilublc
sources ofyvatcr used and the number of hour's women and children spend
searching for water per day. Therefore, management and sustainability of
water resources should focus on scientific underst
to the sustainability of the resource and using the
identify and monitor s depletion, degradatio
distribution,
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Introduction

Climate change and variability have continued to aggravate the intensity

and freq uency ol extreme weather events, flooding, storms and droughts as
cvident in weather-related disasters have become more frequent in recent
times. C ln_natg change is likely to have negative impacts on efforts to
;sghlc\p nggna's development objectives, including the targets set out in
Nigera Vision 20:2020 and the Millennium Development Goals
(BNRCC, 2011). Nigeria is highly vulnerable to climate change like any
uther developing nation, this coupled with increasing population and
urbanization s exerting pressure on fresh water resource that is basic for
most human livclihood. The changes in climate are producing devastating
and destructive weather events that are impacting negatively on both the
living and non-living things (Odeku, 2013). Thus, making fresh water
resource to be madequate in both quantity and quality as it is a limiting
Lactor i poverty alleviation, healthy livelihood, productivity and socio-
ceonomic development. Darren (2011), states that water is the primary
medium through which people in Africa will experience climate change
Impacts.

Thus, climate change and human activities have been aggravating
degradation and depletion of the freshwater resources and ecosystems
across the country thereby endangering the natural environment and
human livelihood. More importantly, the risk of the impact of climate
change 1s higher m agricultural sector which is the main source of survival
and livelihoods of the rural population in developing countries
(McMichael er al., 2007). Degradation of fresh water is a common
phenomenon in recent times particularly in northern Nigeria, as most
perennial rivers are now seasonal with their valleys filled with sand instead
of water during the dry season. This generally, affects basic socio-
cconomic sectors and often results n chronic poverty and hunger
particularly, the vulnerable poor in the rural areas who rely on fresh water
resource for their livelihood.

Globally. water abundance is not the problem; the problem
however, is the availability of water in the right place at the right time in the
right form. Open water cover 74% of our planet surface, more than 97% of
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Climate Clange and Challenges of Fresh Water Resources to Sustainable Livelihood
in Some States in Northern Nigeria

the total volume is in the ocean, most of this is saline and unﬁtofor dlroect
human consumption. Ice caps and glaciers accounts for about 2% (2.2 /0)
and about 0.60% exist as ground water, however only about (0.01%) of'this
is held in soil and rocks near the earth surface. About 0.02% of the total
volume 1s in rivers and lakes. Thus, the amount of water for which all the
people, plant and animals on the earth compete for i§ less than Q.OS of the
carth's water. Also, water levels are low and are getting lower, rivers have
retreated from their banks and lakes are shrinking, escalating aridity.
Barnett and Adger (2007) reported that climate change is increasingly
undermining human security in the present day and will increasingly do so
in the future by reducing access to, and the quality of natural resources that
are important to sustain livelihoods. However, this is significant for
mankind despite the fact that it exist in small percentage. Water is one of the
basic needs of human life and globally it is estimated that nearly one billion
people in the world are without clean drinking water. Water scarcity has
been argued to be one of the fastest growing pandemics of the world
currently (Kelechi2012).

In Nigeria, climate change, increased human activities and changes
in lifestyles are putting increased pressure on the available water resources
which are imperative to both human and ccosystems. People depend on a
reliable, .Clean water supply for drinking and other domestic activities, for
hea_It'h,. livelihood and its sustamability is threatened by adverse human
activities and overexploitation, Qver 40% ofthe earth's land surface are dry
lands that arc home to approximately 2.5 billion people (Frase eral., 2011).
Most s0clo-economic sector depend fundamentally on availability of
water; - agriculture, encrgy production, navigation, recreation and
ge is a threat to all aspects of

d its impact seems to be creating huge gap towards

the attainment of regional and internationa] developmental goals of many
developmenta] programm

g d Stage, 2010). In Nigeria, water shortage is a
" most communities; urban or rural as well, increase in runoff'is

S 1 ACTOC
zsgilcé?;lll;g t1‘}]1ood across the country, Many areas across the country,
Y the Northern parts are currently faced with water scarcity
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problem thus, escalating southward migration as apparent in the farming
scttlements springing up across the middle-belt of Nigeria. Respondent
with such settlement in Wuya Kede Niger State confirmed that they
migrated from northwest to new settlement because of the availability of
fresh water resource for agriculture and fishing. There is increasing
concern over the consequences of global warming for the food security and
ivelihoods (Marie-Caroline ef al., 2010). The sustainability of available
vater n this region is already threatened by climate change and increase
population. Hence, the need to use historical data to depict and illustrate
ireshwater degradation as well as, the challenges for its sustainability to
gurde policy formation on freshwater monitoring, exploitation and
development of a realistic and sustainable water resource utilization
scheme.

LU PRy "P sy e

Vlaterials and Methods
Monthly rainfall, maximum and minimum temperature data for four
sclected globally reference meteorological stations in Northern Nigeria;
Katsina, Zaria and Maiduguri (1950 -2006) and Minna 1970-2006 were
sourced from Environmental Management Programme, Department of
Geography, Federal University of Technology, Minna. These were used to
illust ra‘t e and depict the evidence of climate change and its challenges
for sustainability of freshwater resources in Northern Nigeria using
potential evapotranspiration and hydrological growing season values
(1951-2006). In addition, two thousand questionnaires were administered
ind returned by student during local studies on water resource availability

114 1

id challenges in some wards in Minna metropolis (Maikunkele,

1anchaga, Kpakungu and Sabon-gari). The respondents view on
wailable water sources used, access and distribution as well members of
he family that source for family water were extracted and analysed using

‘
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scriptive statistics to depicts the challenges of access to safe and clean
kS lA'l ' N = .

Do o s n s

(16 2T 134

(1
il

water. 3. b o
Potential Evapotranspiration (PET) was quantified to indicate the
expected soil moisture loss from the carth to the atmosphere through

cvaporation water and transpiration from plants. Hargreaves (1985) model !
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r the computation of evapotranspiration; this uses mean

monthly temperaturc (Tmean), mean monthly temperature 1 .ange (TD) and
extraterrestrial radiation (R, - radiation on top of atmosphere) to calculate

PET, as per the equation below: _ )

PET = ()l.)()()_73 RC? (Tmean + 17.8) TD" (MJm~ day'l)l.O

The extreme northern states (Katsina and Maiduguri) fall between zones c_>f !
windy locations with large AT (large temperature range), while spb-humld |
Zaria and Minna fall within light wind conditions combined with low to |
moderate values of AT, suggesting that Hargreaves formula may give

adequate estimation of evapotransipiration in the zone. The mean monthly
temperature (Tmean), mean monthly temperature range (TD) required for
computation are readily available.

Furthermore, this requires the calculation of estimated extraterrestrial

radiation (R,). This procedure assumes a planar surface that receives equal

solar radiation at every site on the plane (Allen et al., 1998). Following

Hargreaves (1985) method, R, is calculated theoretically as a function of
latitude and the month of the year;

was adopted fo

118 o Shbb
R = e {os" (- tan3 tan¢ sing sind + cosd cosd sm[:os" (~tand tand))}\/lJm'Zday" 1.1

gf 6 is the Calculated declination; & = 0.4102si -zj—t(] - 80) 152
| 365 '
i

] J= Calculated day of the year, Jan= |5, Feb=45 Dec=345

® is the Latitude Converted 10 radians:

, n
O = | latitude ¥ —
180 & H

o oY - ate 1 -1 &
R, s calculated in MJ in day™" . this was changed to mm day

al & orch v 0 o o) or
al. (1998) 1 MIm day”' = 0.408mm day ! Pecarding o the mathad iU

Thus PET = 0.408 * (.0023+ R,

*(Tmean + 17.8) v'Tp ¢ )
approach was adapted by (Vicente ey

-Serrano, e al. 2007).

1.4 similar £
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Equation 1.4 was used to determine potential evapotranspiration in the
region. Ravazzani, et al. (2014), shows that a simple temperature-based
approach for computing the evapotraspiration 1s sufficiently accurate for
performing hydrological impact investigations of climate change.
Furthermore, Intra-Seasional Rainfall Monitoring Index (IRMI) (Usman
and Abdulkadir, 2012) was used to determine Real Monsooon Onset
(RMO), cessation and HGS for four states (Katsina, Maiduguri, Minna and
Zaria). Descriptive analysis was used to calculate standardized values (z
scores); these were plotted graphically to visualizee and illustrate the effect
of climate change on freshwater resources. In addition, the extracted
responses were summarized using descriptive statistics and plotted
graphically.

Result and Discussion
The result depicts the spatio-temporal variability that. characterized
moisture quality and its effects on the availability of freshwater resource in
some states in Northern Nigeria. The derived potential
evapotransporation of the four states varies over space (Minna to
Maiduguri) and time (1950-2006). It’s revealed increased variability,
~ positive trend as well as changed pattern of potential

- evapotranspiration from 1980s which by implication ins the effect of
- climate change with its impact.
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and these have
negative impact on availability a istributi

hwater resource.
Climate change has ntroduced larec inti
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hydrological pattern of Katsina and Maiduguri shows that the growing
:mwn\ I the ty o states are similar, that is, short growing season (Figure
3). Furthermore. the hydrological growing season in the states are

characterized by temporal (1950- -2006) variability besides, the graph
indicates a downward trend from 1980s particularly across the four states
but less in Minna, gradual across Zaria than in Katsina and Maiduguri.
Conway eral (2011) reported that rainfall behaviour in Ethiopia shows no
marked emergent changes and future climate projections show continued
warming but very mixed patterns of rainfall change.
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Figure 3: Hvdrological Growing Season (1951-2006)

The standardized values graph also confirms the distributional anomalies
typical of the growing season across the northern states. Climate change
will affect water resources through its impact on the quantity, variability,
timing, form, and intensity of precipitation (Richard and Dannele 2008).
The negative trend of the hydrological season is reaffirmed by the negative
deviation from 1980s which signals average long-term changes in the
hydrological growing season (Figure 4). Climate change is also likely to
undermine the capacity of states to provide the opportunities and services
ghghe;lp people to sustain their livelihoods (Barnett and Adger, 2007).

- This directly and indirectly 1s a threat to avallablllty of freshwater resource

15t _mabrhty of rural livelihood in a region where over 70% depends
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Figure 4: The standardized Hydrological Growing Season values (z score)

Questionnaire analysis indicates that large proportion of people rely on
pipe-borne water for family use in Minna, this is followed by borehole,
well and surface water respectively and reasonable number of people buy
water on a daily basis (Figure 5). Generally, surface water and well water |
are naturally replenished by rainfall and surface water is naturally lost to
the atmosphere through evaporation. Hence the positive trend of PET and
shorter HGS will negatively affect the replenishment of the available
sources. The projected impacts of climate change are likely to exacerbate
the problems of water scarcity and equitable access unless appropriate
adaptation strategies are adopted and resilience is built (Pierre, 2010)..
Primarily, despite the fact that large proportion of the people depend on
pipe-borne water, its availability is highly erratic as evident in the number
that have access to water Every Day (ED), three times per week (3xW),
once per week and those that cannot even predict or say specifically when
water will be available for use (Figure 6). In most of the rest of the world
water scarcity at a national scale has as much to do with the development of
the demand as the availability of the supply (Frank, 2006). These have
continued to force people to buy or spend valuable hours of the day
searching for clean and safe water which according to respondents ranges
between one to four hours on average per day. [n addition, these force them

R GET NS  PAGE [ 54
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to fetch water from any available source which could lead to outbreak of
water-borne diseases like cholera.

450

Figure 5: Sources of Water Q;ailable Figure 6; Availability of Pipe water

Similarly, 68% of the respondents indicate that children are the ones that
search for water from any available source for family use; of this number
82% show that female children are the ones that search for water and
according to the respondent only 12% of men get water for family use. Itis
known that poor households often suffer from poor water provision and
this result in a significant loss of time and effort, especially for women
(Caroline, 2002). These could deprive them of their leisure hours and for
the worst, deny them from going to school and accomplishing the daily

duty.

Challenges for Sustainable Livelihood _ ¥
Changes in the availability and distribution of surface waters is apparent

from the increase in potential evaporation apd shortef hydrologic gro_wing
season across the study area resulting to shrinkage of dams, conversion of
perennial rivers to seasonal and agricultural l.and-usc _cha_nges'. Onuoha
(2008) concluded that impact of Lake Chad basin depletion is bgmg felt by
population who depend on the lake for t_helr means of livelihood. The
dentified positive trend sifice 1980s in the inter-annual potential
evapotranspiration (PET), which is the likely water lost to the atmosphere
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by the two processes of evaporation and transplrath{l IS a thr?at to the
sustainability of freshwater resource. Evaporat.lon, W'h'ICh Is an Importan
factor in the water balance at the basin scale, is a (Erltlf:al variable in the
determination of local available water resources (Jln-llang e{ a/'.’ 2()]2).
Climate change and the recurring drought in the zone significant]

increased PET and this wil] continues to deplete the remnant of the
available water resource in the lakes, streams and soil.

The increased PET trend will likel
Cvaporation could lead to decrease in SO
the rainy season it can aggravate the inte
could escalate water scarcity during t
depletion of water Jeye] across the stud
scarcity that is already typical in the re

y reduce water supplies, since
il moisture and particularly dur;j ng
nsity of drought and flood. Also, it
he dry season as it can intensify
y area thereby CXxaggerating water
gion. Peter ef ¢/ (2008) concludes
nowns becomes increasingly urgent

y imply decline
Y €scalating runoff into
> Pollutants, tragh and other
E8ravate sedimentation and
ce ]
on tr;ﬁitz;dsoﬁ iy Furthermore, increased human
tion of availaslb?; 'GS which could escalate flood can
Water-borne ilineggeg Such ag diarrhogzater resouree that could eRpIES. o
Apparently, the positiye trend of pg

depletion of water Tesources ang will t?lnd decline ip, HGS willswegsanthe
access to fresh Water Tesources, T e o ainablg Wore:

here g large Consensus that in West

shrinkage of surfa
activities, populatj
lead to contaming

PAGE | 56 |

Scanned with CamScanner




- Abdulkadir A1 Abdullahi J2., Abubakar A.S1. Saidu S1.. Sakoma J. K2, and S. Y. Muhammad|

~ Africa one of the major climate change impact will be on rainfall, making it
more variable and less reliable (Beno, 2012). This has become a major
problem for most communities across northern Nigeria particularly, in the
rural areas where it is posing serious threats on human livelihood, relevant
socio-cconomic sectors like agriculture. This has continued to aggravate
crop failure as well as intensify hunger, poverty and rural vulnerability.
* Thus. depletion of available water sources due to increase PET, shorter
HGS and incrcased human activities will continue to intensify water
sscarcity and availability there escalating poverty, hunger, malnutrition,
health risk. as well threaten human livelihoods across the states.

‘Generally, the impact of climate change on water availability and water
quality can affect many scctors such as energy production, human health,
agriculture, and ecosystems. Hence, there is need to develop a better
understanding of the challenges, management and sustainability of fresh
‘water resource across the zone. In recent times, reduction in the amount of
‘energy generated and distributed across Nigeria is attributed to low gauge
level of reservoirs. Sinilarly, climate change and variability could threaten
‘agricultural production. livestock and most socio-economic activities in
the country.

In Nigeria, like most developing countries, declining water quality and
‘quantity has been a major problem in most cities; this is evident in the
ncreasing number of people searching for this_sparce resource that is
unevenly distributed across the country. In addition, the scarcity have‘
continued to force individuals and communities to rely on exploitation of
round water to mect their daily water needs as indicated in large
proportion of the respondents who depend on bor'ch'olcs. lqadmg_ to its
“depletion particularly during the dry season. There is increasing evidence
of environmental change impact on ecosystem processes and services, yet
there is poor understanding of the relative gontnbutmns of land use and
mate change to ecosystem services variations (Pan ez al., 2015). These
'Iferally have significant environmental and SOC}O-C_C?I’]O]TIIC 1mpact
oss the country, hence, there is need to deve!qp sc1ent1t_10 and te(f!llllcal
derstanding of its challenges as well as the life-supporting capacity for
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our planet is changing at a fast pace and withOL‘lt. ]ntcgil;t;?;C(;]L:;ISOEC]CFI);
will use up all the resources that we use to function. € Vel ;l S Wil
escalate water scarcity: this and its mismanagement will lca FO epletlon
of available source also, drought, famiqe and southward migration are
apparent in recent times. Thus, it is fundamental to undelstz}nd the
challenges to the sustainability of freshwater resource; 1den.t1fy apd
monitor its depletion. degradation and ill-treatment. .These'wﬂl guide
positive decision and policies on the sustainability of this crucial resource
for enhanced human livelihood. Freshwater resources is perhaps our most
precious resource that is essential to our daily life, thereby for us to derive
Its maximum benefit, we must recognize the need to identify it challenges,
the carrying capacity and evolve sustainable practices for utilization.
Generally, with growing population and increasing impact of climate
change sustainability of freshwater and attainment of food security is a
great challenge. Nigeria’s population census records showed that the
country population was 30.42 million in 1953 which have continued to rise
steady to 55.6,88.9. and 140 million in 1963, 1991 and 2006 respectively.
These signify an increase of over 450% by implication, is there similar

Increase in available water sources and the amount of freshwater
proportional to thc? Increasing population, Hence, this is a prime problem
for the sustainability of w

ater resource across the ich 1
- ik . country which is
«I:Zt]i:]:lgw 113}’ L[}illate change and its impact, [ most cities particularly
across the slum scttlement, many women and young girls spend valuable

hours to source water for ' v 0
or the famlly and thi me of
' 4 : 1S prevent g cm from
pursing their education at th at the g;gleijmf;lggqigef
$ <

urs ¢ right time ang

tamily health. Thus, there i« . |
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Conclusion L

The impact of climate change on freshwater resource as evident in
increase variability and changed evapotranspiration and hydrologic
growing season pattern coupled with increased population and ever-
increasing demand for the declining resource constitute a major
challenge for it sustainability. Gradual and drastic changes from normal
will threaten sustamnability of freshwater resources as well as human
livelithood since higher potential evapotranspiration and shorter
hvdrological scason will affect availability and access to the resource.
Chmate change is directly and indirectly a threat to availability of
lreshwater and distribution as indicated in spatio-temporal variability and
change observed. Freshwater resource 1s perhaps the most precious
resource that is essential to our daily life. Therefore, for us to derive its
maximum benefit we must recognize the need to identify it challenges, the
carrying capacity and evolve sustainabie practices for utilization. Finally,
there s need to develop a realistic and sustainable water resource
utthzation schemes such that will enhance availability, accessibility and-
sustainability of the resource through public awareness, positive decision
and policies on sustainability of this crucial resource for enhanced human

livelithood.
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