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of the Hydroelectric Dams, Nij ger State, Nig::ia ownstream

*Abdulkadir, A., Yahaya, T. I, Suleiman, Y. M., Muhammed i
Department of Geography, Federal University of chhngllgg;/,M“ RS

Minna, Niger State, Nigeria
*Correspondence email: abuz . -

aishatu@futminna.edu.ng

Abstract

The concentration of human settlement and socio-economic activities across wetland
ccosystens has continued to intensify land use land cover (LULC) changes thereby,
aggravating its exposure, susceptibility to flood hazard which have continued to threaten
rural livelihood. Gurmana, Akare, Ketso and Nupeko in Shiroro, Wushishi, Mokwa and
Lavun [ocal government areas (LGAs) respectively were sampled for the research. These
locations are the most vulnerable communities downstream of the hydroelectric dams.
Landsat Enhanced Thematic Mapper (ETM) 2006, Landsat- 8 Operational Land Imager
(OLI) 2016 optical imageries and Shuttle Radar Topography Mission (SRTM) digital
elevation model (DEM) were analysed and imported into geospatial database for integration.
Change detection affirmed vegetation degradation across the study area between 2006 and
2016. Vegetation cover and surface water declined while bare ground, built-up areas and
agricultural lands increased. Similarly NDVI of 2006 and 2016 shows vegetation
degradation in response to increase in built-up and agriculture earlier observed. The DEM
map signals high vulnerability risk levels to the downstream communities. The suitability
map showed that large proportion of the wetland agriculture is threatened. It is suggested
that geospatial information can be incorporated with climatic data for developing proactive
strategies that will enhance community capacity to live sustainably with risk through
adaptation and management techniques.

Keywords: Ecosystem, Economic diversification, Vulnerability, Proactive Strategies and
Sustainability

INTRODUCTION

Intensification of land conversion for agriculture is accelerating land use land cover (LULC)
change with its consequential impact on natural landscape. For practical purposes,
intensification occurs when there is an increase in the total volume of agricultural production
that results from a higher productivity of inputs _(FAQ, 20.04)._Agriculturz!l intensification in
response to government quest for economic diversification is aggravating LULC change
across Nigeria particularly at the heart of wetlar}d ccosystems. Despite the :qherent dynau.nc
system of wetlands, the ecosystem is suffering from great transf_ormatlons woﬁrldu‘qdc
(Arooba and Sheikh, 2017). These changes are iunda.men?al ob_stucles in the country' s ct'fc_)rt
towards the attainment of food security, econorpic diversification, growth and s.ustamablllty
of the physical environment. Similarly, Sebastid et al (2012) affirmed that wide range of
pressures affect these ecosystems and alter the quality and'qua_ntfty of‘wgter. Lheeincreasiug
pressure on ecosystem and the consequential land degradation is intensifying runoff, siltation

of river channels and flood events.
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The wetland ecosystems in the country serve as direct and indirect pool of resources for
n of these essential resourceg fe

population that derive maximum benefits from exploitatio . h
socio economic and sustainable livelihood. Ehsan and Farhad (2014) described wetland asth;
kidneys of the landscape because of their functions in chemical and hydTOIOglcaI_ C}’Clt‘,s."rm3
vast riverine wetland ecosystem is used most importantly for agrjcukure (famm}g, 8razjy
and fishing) and the inhabitants primarily depend on it for livellhgod. The environmeny,
destabilization of the wetlands and of the “dynamically” developing areas as far as g,
geomorphological processes are concerned is mainly due (O certain anthropogep;,
interventions which alter “critical” parameters of the environment (Aristeidis et all.. .201I).
These alterations incorporate the greatest environmental concerns of humgn p0pt_11anon:g in
recent time vis-a-viz loss of biodiversity, land, vegetal and water degf_fleitlonsl30}1l €rosion,
climate change and its impact. Globally, the landscape and h)_/dFOIOgICﬂ  CYE ed_ﬁve beey
modified by anthropogenic activity thereby, reflecting the §001o—econ'0.mlc. cortlh itions ang
pattern of land resource utilization (Li e al, 2013). Monitoring and. mltll%atﬁl_lg ; e] Degative
consequences of LULC dynamics as well as sustaining tf}e production O this vital riverine
ecosystem should be primary focus of most developing nations.

d socio-economic activities across the wetland
degradation thereby, aggravating its
land-use, water-use and climate can
1, 2017). Identification of riverine
hallenges downstream may depict

The concentration of human settlement an ;
ecosystem has continued to intensify land and vegetation
exposure and susceptibility to flood hazard. Changes 1n
all impact wetland function and services (Josefin, ef a

wetland ecosystem LULC dynamics and sustainability ¢ ~dov ep
effective management strategies and measures for improved rural livelihood. Characteristics

of the built environment and overall local level landuse patterns are increasingly being
attributed to greater surface runoff, flooding and resulting economic losses from flood
events (Samuel et al, 2014). Rogger et al. (2017) observed that land use change potentially
has a very strong effect on floods as humans have heavily modified natural landscapes. Risk
analysis provides a rational basis for flood management decision-making at national, regional

and local scales.

we (2010) opined that land cover and land use information should form part of the
environmental data, which are kept in the form of inventories/infrastructures in many
advanced and emerging economies. The rapid changes in the landuse and cover driven by
population increases across the riverine wetland ecosystem and its resultant effects
necessitates the analysis and integration of data. This is' to identify the changes and
sustainability measures of this primary agriculture community that will guide local and
regional policy for sustainable livelihood and attainment of food security.

Igbok

Study Area

onl? ?\Eugcgt;:udy v ﬁts across Shiroro, Mokwa, Wushishi and Lavun Local Government Ared
s gThese V@ﬂwnt in the most vulnerable communities downstream of the hydrc:}eiectriC
at (3‘;58'55 83'l'Nag?:’.'Za(;:3 GurTana (10°020.28"N, 6°37'47.46"E), Shiroro and Ketso centred
5°48'4.61"é) el 316.88 E) while Mokwa and Nupeko are centred at (8°46'30_30"N.
wet seasons and th ocal Government Areas of the State (figure 1). Niger State has dry and

nd the annual rainfall varies from about 1,600mm in the south to 1,200mm i

the north. The duration of ;
the rain :
north to the south (Ayinde et al., 20)1/38)?35011 ranges from 150 to 180 days or more from the
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Figure 1: Location of the Study Areas in Niger State.

METHODOLOGY

Remotely sensed satellite imagery used includes; Landsat Enhanced Thematic Mapper
(ETM+) 2006, Landsat- 8 Operational Land Imager (OLI) —2016, Shuttle Radar Topography
Mission (SRTM) and Google Earth image covering the study area. GPS observations were
used to collect coordinates of the study area. Satellite images and SRTM were subjected to
radiometric, geometric correction and image enhancement for Yisual and digital analysis. The
images were transformed to Normalized Difference Vf:getatlon Index (NDVI) and image
composite were used for land use land cover classification and were z}nglyzed to determine
varying levels of risk and vulnerability across the study area. Stmllar_ly, SRTM was

transformed to Digital Elevation Model (DEM) and was ﬁl_l::d using elevffmon data derived

during field work in addition; the derived slope yvas class_ltled into varying levels of risk.

Hierarchical classification scheme was used with six (6) major lar:d cover classes adopted for

development of training sites for the supervised classification. It’s necessary to synchronize

the LULC legends with global standards (Bajracharya e al. 2010).

Several methods are used for testing the overall acc.ut'acy (i.e. produ.cer’s ‘and user’s
accuracy) and Weigi et al. (2009) used the Kappa coefficient. Thus, coefficient of'ngreement
between classified image data and ground.reference data'l was calculated using Kappa
statistics. NDVI was used to determined plomas§ dynamic between 20Q6 and 2016. A
geospatial database was developed for the integration of the classified variables; land use,
land cover, and slope to produce the wetland risk and suitability map.
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RESULTS AND DISCUSSION

The LULC map of the study area reveals increase human activities and land use change 4
evident in 2006 and 2016 image (Figure 2 and 3). There was more vegetative cover j,
2006 particularly across the central arcas that constitute lower and mc?d_c{atc terrain, |y,
addition. the sampled locations show dominance of agricultural activitics across the
wetland ecosystem. This is obvious across Nupecko, Akare and Gurm.ana communitieg
The study reveals increment of agricultural land and decline of vegetative arcas. The o|g
Akare settlement is now taken over by agriculture while the built arca of new Akare jg
apparent very close to Chiji village. There is also increase in bare grounds across the study
area, an indication of land degradation that has the potential of generally aggravating
runoff and consequently flooding across the downstream communitics.

SOPE 8ok

"‘“ﬁ"{ ﬁr y
G u‘c‘g‘*’"it’ﬂ“’/?ét’lq 4

wi:

10°q0" K

LULC_2006
@ Sample locations
I Agricutture

I Builtups I‘g
m Vegetation

(I Baregrd'rock oulcrps
B Waterbody

20PN

Kilometers
0 1020 40 80 80
O —

SOVE

Figure 2: 2006 Land use classification.

The change analysis shows that vegetative land cover type covers about 6993.88km” in
2006 while in 2016 it covers only 4539.27 km? indicating percentage change of -

15.49% (Table 1).

This was followed by agricultural land which covers 6889.47 km? in 2006 and extends
to 8904.67 km? in 2016 revealing intensification of agricultural activities with abou!
12.71% across the study area. Bare ground and Built-up areas exhibited similar patter”
while the water body declined. This is in agreement with (10) that identified increas®
competition for land, water, energy, and other inputs for food production. Generally
vegetative cover declined from 44.14% to 28.65%, bare ground increased from 9.85%
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to 12.65% with percentage increase of 2.84%, built-up from 0.10% to 0.17% .
agricultural land increased from 43% to 56% while the water body dcglincd i'romﬂ 2‘1:<3l

to 2.31% (Table 9). All these affirmed degradations of wetland ccosystem which is
potentially escalating flood. ;

L) 4 0Ty -

wie_201e

& Sample locations
I3 Agncullure

(2P| mm Buit.ups

% | mmvegetation

Kiomelers N T4 COBaregrd Reks H
01020 40 60 80 S - e

Figure 3: 2016 Land use classification

Table 1: Comparison of 2006 and 2016 Land use/ Land Cover (2006 -2016)

LULC Classes 2006 2016 % Change
Area (Km?) (%)  Area(Km?) (%) (%)
Agriculture 6889.47 43.48 8904.67 56.19 12,71
Vegetation 6993.88 44.14 4539.27 28.65 -15.49
Bareground/ '1560.99 9.85 2010.15 12.69 2.84
RockOutcrops
Built-ups 16.54 0.10 26.78 0.17 0.07
Waterbody 385.28 2.43 365.29 2.31 -0.12
TOTAL 15846.16 100.00 15846.16 100 31.23
Analysis of 2006 NDVI

The NDVI visualized the vegetation reflectance and dynamics across the study area which
varies from no vegetation to very high biomass across the stud)f area (-0.97 to 0.97) in 2006
(Figure 4). The 2016 NDVI map revealed vegetation degradation across the study arca; as
vegetation values now range between -0.55- 0.54 compared to -0.97 to 0.97 valu_es in 2006
(Figure 5). The water body, wetland ecosystem and built-up arcas have the least biomass and

69



FUTY Journal of the Environment Vol. 14 No. 2 June, 2020

crease human impact on the environment. This is generally aggravaty,

this is attributed to in iron. ; y ag
ly flood across the study area with it attendant impact on livelihood, ~

runoff and subsequent

w0 g

TOrH

Figure 4: 2006 NDVI Maps

Digital Elevation Model (DEM) of the Study Area

The DEM of the study area ranges from very low elevation to areas of high elevation &
shown on figure 6. The general DEM map indicates that the elevation ranges between 32m 0
370m above mean sea level. However, the lowest sample locations are Ketso (between 60-
70m) above sea level and Nupeko as Akare community reside on moderate elevation (770
and above) while Gurmana is on a fairly high location above (200m) in the study area. Thes¢
reveals the locational vulnerability of the communities.

Risk Map of the study area

The vulnerability map of the sampled locations using five classes show; Very high, Hig>
Moderate, Low and No risk areas (Figure 7). The north eastern part is generally domina®
with no risk and low risk areas; thus, Gurmana should generally be a low risk zones duetoi®
terrain but the risk is intensified by vast wetland that surround the community to the West

The southern areas comprising of Ketso and Nupeko communities are generally high risk o
very high-risk zones while the central areas (Akare community) are on moderate risk 20%
but the risk is escalated by the backflow of River Kaduna that generally forces River Mar¥
to over flow its bank. As Arooba and Sheikh (2017) conclude that the situation requ®
concerted efforts instead of perfunctory actions for protection, conservation and minimiZ am:':
of unconstructive impact on this invaluable wetland ecosystem. Hence, there ;s need "
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Figure 7: Flood vulnerability map

Specifically, in Gurmana community about 52.58% of the total area is on very high-risk
areas, 13.89% high risk area, 11.51% moderate risk area and 15.67% are no risk areas.
Similarly, 38.66% of the land in Akare is on very high-risk area, 27.5% high risk area, 9.85%

moderate risk area while 4.26% low risk areas and 19.73% is no risk areas that now |
accommodate the new Akare. Additionally, in Ketso about 55.44% are on very high-risk.
38.39% high risk while 4.32% moderate risk areas, 1.4% low risk areas and 0.45% are no risk
areas. Furthermore, in Nupeko, about 57.02% are on very high risk, 30.67% high nisk are
8.43% moderate risk areas whereas 2.86% and 1.02% are low and no risk areas respectively.

Thig result unveils the high-level risk typical of the riverine communities; justifying the nevd
for immediate proactive (environment-friendly and structural) action for enhanced resilienc
across the wetland communities. There is a need to identify the risk in flood-prone areas ¥
support decisions for risk management, from high-level planning proposals to detailed desigh
(Balica et al., 2013).

Wetland Suitability Map

The suitability map shows that large proportion wetland is not suitable and thus the
agricultural activities across the riverine wetland ecosystem is endanger (Figure 8). Hene® |
e H.CCd W df:velc?p proactive strategies that will enhance communities’ capacity 10 livé
sustainably with risk; as flood risk can only be minimized and not entirely eliminat®® |
Morcover, population is attracted to this zone because of the benefits derived from floo ?
unprqvcd soil fertility, employment opportunities, access to food and water, sustenancé of B
aquatic and riparian ccosystems, as well as attainment of enhanced livelihood. * £
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adaptation and early warning schemes for enhanced resilience as path way towards disaste,
risk reduction and enhanced livelihood.
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