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Abstract

This study is focused on change detection on thbaleake Basin between 1978 (five years beforalthne was
established) and 1995 (twelve years after the dappundment. It is evidently clear that one of thebfems
associated with dams anywhere in the world, isrenmental degradation. Landsat MSS Landuse/landcove
map of 1978 and Spot XS landuse/landcover map 85 M#as used to study the landuse/landcover chasfges
the Lake area between 1978 and 1995 - a period géars. llwis for Academic, Arcview 3.0 and |dr&2 were
used for geo-referencing, digitizing and map arialysspectively. The two main methods of changedin
that were used were area calculations (trendss eatd proportion), and overlay for the nature dradlbcation
of the changes. The study revealed that about %¢ @flthe basin area has been subjected to chantéds,
22.59% had not been subjected to any changes. riéwe agricultural practices came into being aftex th
construction of the dam, which include, livestoeknfing, irrigation agriculture, floodplain agricute, forest
plantation, and tree crop plantation. All thesei@gtural activities covered about 808.552Fkunat is, 40.14%
of the basin area.
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Introduction

Rivers, lakes, streams and waterbodies have congglesystems, ranging from mountain torrents totgaté
lowland waters, which may be deep or shallow, lasgesmall. (Haslam, 1978). The most important ptaisi
variables, which affect the landuse and vegetatiban aquatic ecosystem include: water movementthed
quantity of flow; the soil or substance on the lnédhe water course, the width and depth of thennkh the
general position of the channel in the river orlalystem, the drainage orders, the slope (gradfahe channel
and human intervention (Adesina, 2003). Generallyenever a dam is constructed along a river chatinel
riparian communities around such locations arencdtiéected directly or indirectly. For instancee thlaces that
are inhabited by man are usually flooded, sincestivéace area of the river channel will increaszause of the
dam construction. Also, the backward effect creatane disturbances to the human population ardumdiver
channel. Moreover, human activities arc also suligechanges (Anonymous, 1983). The impoundmemRiaér
Niger downstream of the Kainji Lake has convertied tiver to a lake ecosystem and had also chartged t
landcover around the newly formed lake. The fofeshation has also changed the landcover aroundattes
The forest formation had changed overtime, whichidde due to the changes in the orientation ofifherian
communities through temporal displacement that fgake after the creation of the reservoir.

Many researchers have applied Remote Sensing/Geugrinformation System (GIS) to study the landasd
landcover change detection around artificial la&kié®ver the world. Mattikalli (1995) applied Rereodensing
and GIS to the landuse of the River Glen catchmianEngland by acquiring data from 1931 to 198% work
revealed that much of the grassland changed tdealafid during the study area. Okhimanhe (1993) aked
the combination of Spot HRV imagery of 1986 andiadguhotographs of 1974 to study the environmental
impact assessment of Bunimburum/Tiga dam in Kaate sNigeria. The work revealed that the constomctf
Tiga dam contributed to the depletion of the vegmtathat could have helped stopped desert encroech
Adeniyi and Omojola (1999). used aerial photographandsat MSS, Spot XS/Panchromatic Image
Transparency and Topographical maps to study lafldusicover changes in Sokoto and Guronyo dams,
Nigeria, between 1962 and 1986. Their work reve#iied settlement covered most part of the arearbefnd
after the construction of the dam. Ikusemoran (203&d Landsat multispectral landuse and vegetatiwer
maps of 1978 and 1995 in combination with 1965a@Motographs to study the landuse and landcdwanges
of Kainji lake basin. The study revealed that th&el reservoir was expanding with increasing adhical
activities around the lake.

Since the reported invasion of Kainji lake by watgacinth, (Akinyemiju 1995), no detailed vegetatgurvey

of the catchments areas of Jebba lake was camiiesirce Impoundment (Adesina 2003). The aim of faper

is to use remotely sensed data with GIS technigumimpare changes that have taken place in thedanahd.
vegetation cover around the lake basin beforeake impoundment when the lake was only a riveresgsand
after the dam impoundment. The specific objectinehide:
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1. mapping landuse/landcover changes of Jebba laken hesng remotelv sensed data and G1S

techniques.
2. determining the trend rate nature, location andnitade of landuse and landcover changes of theystud
area.
3. evaluating the environmental and social- economiglications of the changes.
The Study Area

Jebba Lake, which was impounded in August 1983tHergeneration of electricity among other reastas,
between latitudes®®5" N to 9 55" N and longitude 430" to 455"E. The lake is situated on River Niger, just
at the northern part of .Jebba town from whichribene is derived. It is situated in the Guinea saaaelt of
Nigeria, covered with edaphic and biotic woodllantlse soils are mainly riverine. Jebba lake has\arage
annual rainfall of between 1000 and 1200 mm withuah temperature of 26 to 2C. The lake has a drainage
basin extending from Kainji reservoir to Jebba aeedistance of about 100 Km. There are six majbutaries
that empty into the lake, they are, Oil, Wuruma,sklioand Awuru on the western side and KontangondaEku
on the eastern side (Figure 1). Many settlemergsaaianged linearly along the lake, but with mdmng the
western bank than the east (Figure ). The studg & the basin of the reservoir which extends flatitudes
9°02"N to 9°30"N and longitude 4°32" t6%5" E. and not the entire area from Kainji to Jebba
Data and Source
Description of Materials
An HP Laptop with high RAM. An HP Scanner, and@dTir HP Printer as well as three GIS packages:IEW
Academic 3.1; which was used for georeferencingCXREW GIS 3.2 for digitizing maps, and 1DR1SI 32
Release 2 for map overlay and analysis as welttees complimentary non- GIS packages (COREL DRAW 12
was used.
Description of Data
The data that were used include; Landuse and Laedt@getation cover map interpreted from Lands&SV
image of Jebba region with a scale of 1:250,00éntifled by map index 40 acquired from Forestry IH&HON
and Coordinating Unit, (FOMECU) Abuja, and Landuaad landcover/vegetation cover map interpretethfro
Spot XS image of Jebba region with scale 1:25Q,@Mtified by map index 40, also acquired fromMALCU
Abuja,
Map Dereferencing/Data Capture
The two maps were scanned, using Corel Draw 12tha@d exported to llwis environment through Tagged
Image File Format (TIFF) for geo-referencing sa tha two maps will have equal reference parametach as
the same rows, column, pixel numbers and othergeée parameters, which is a must before maps\centay.
Each of the two maps (1978 and 1995) was geo-maferk The Latitude and Longitude coordinates oftde
corners of the study area that is Latitud®®' to 9° 30" and Longitudes’ 32" and 4°45" were transformed to
Universal Transverse Mercado (UTM) through the sfarm module of llwis 3.1, to create the geo-refere
corner. The Transformation gave the minimum “X” afd’ values as 670145.180 and 1000644.420
respectively, and also 710685,180 and 1050624.4208eamaximum "X" and “V” respectively. Seven (Djimqs
were selected on the 1978 maps which were used-peihts for the 1995 map. The tie-points weranthsed to
geo-reference the two map individually. The refessh maps were then re-sampled, using map-to-map
registration with 1978 map as the master map a®b B3 the slave map into the earlier created geoerce
corner map. Each of the re-sampled maps was ingpante Arcview where the maps were digitized. Alet
area features such as the landuse classes wetizetigas polygon, line features such as roadsnas &nd
locations such as settlement as points. The idedtifanduse/ landcover features are shown in Tlable
Change Detection by Area Calculation
The maps that were digitized in Arcview were exgdrto Idrisi for analysis. The themes of the mapsavagain
digitized, but this time with Idrisi digitizing mades. Values were assigned to each of the thenteseTmajor
steps were involved in change detection by calmriaif area.
1. The first was the calculation of areas of all themes through the GIS Analysis routine and Area sub
routine of Idrisi software in a tabular form.
2. The second step was the calculation of the trethds,is, the percentage change of each of the sandu
which was derived by dividing observed change by sfithe changes, multiplied by 100.
3. The final step was the determination of the anmatd of change which was derived by dividing the
percentage change by 100 and multiplied by the musnbf the study years, that is, 1978-1995, which

is Seventeen (17) years. The digitized Jebba leda&sas shown in Figure 2 and 3.
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Figure 1: Map of Jebba L ake, Nigeria

Presentation and Analysis of Data

Changesin Landuse and Landcover: Trend and Rate

Extensive agriculture, intensive agriculture andodlands covered the largest areas with 718.8838 km
(35.69%), 653.7817 kMm(32.46%) and 519.6604 Kn(25.80%) respectively, from the only seven classes
available in 1978 (Table 2). However, (the numbfeclasses increased from seven to sixteen in 1B8krs,
woodlands and settlement increased, while extensitensive, riparian and shrub freshwater swanip al
decreased in landmass. The nine new emerged lacthsses that emerged after the 1978 are Lake WRaser
livestock agriculture, irrigation agriculture, fldplain agriculture, rock outcrop, forest plantatigleminoid
freshwater swamp, tree crop plantation and sedgghivater swamp. Roads which are measured in kitobmet
covered 29.80km in 1978 and 188.72 km in 1995, thaa difference of 158.92 km within the period of
seventeen years. Rail line which is also in kilenetmeasured 32.68km in both years revealed teeg b no
increment in the length.
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Table 1: Landuse/L andcover in the 1978 and 1995 M aps

SN 1978 1995

1 Rivers Rivers

2 Woodlands Woodlands

3 Extensive Agriculture Extensive Agriculture

4 Intensive Agriculture Intensive Agriculture

5 Riperian Forest Riperian Forest

6 Shrub Freshwater swamp Shrub Freshwater wamp

7 Settlement Settlement

8 Road Lake Reservoir

9 Rail Livestock Agriculture

10 Irrigation Agriculture

11 Floodplain Agriculture

12 Rock Outcrop

13 Forest Plantation

14 Glaminiord Freshwater Swamp
.15 Tree Crop Plantation

16 Sedge Freshwater Swamp
17 Road

18 Ralil

Landuse and Landcover Changes. M agnitude and Proportion

The magnitude of change is the difference betwherateas of each landuse between the study yeli) 18
derived from the subtraction of the areas coveneonie year from the previous year. The percenthgage is
the changes of each class to the overall change ditrived by dividing the magnitude of changeeath class
by the total magnitude of change multiplied by 10®e change proportion is calculated by dividing th
percentage change of each class by 100 and medtiply the number of the study years, that is, deeen(17)
years (Table 3).

From Table 3, it was obvious that extensive agticel had the highest decreased percentage charige wi
35.15%, while woodlands had the highest decreasedeptage of 19.31%. Among the nine newly emerged
classes, agricultural activities had five clasdese crop plantation, forest plantation, floodplaigriculture,
irrigation agriculture and livestock agriculturextensive agriculture, recorded the highest annatal of change
5.97%, followed by woodlands with 3.28%. Altogethitne Jebba basin had a total change of 16.97%nwitle
seventeen years of study.

Change Detection by Overlay

Change detection by overlay is done in order td fhe nature and the actual locations of the clatigg have
occurred within the study period. Overlay, will @lsnable accurate calculations of the areas that bahave
not changed. The two maps were overlain usingil®é&class module and to classify areas that haseggd
from those that were static. The Area sub- modas then used to calculate the areas.

Landuse/L andcover Changes: Nature

The nature of landuse/landcover changes in tertheoéreas in the Landuse landcover with no chaargas that
were gained by other classes, and areas that wgtréol other classes, is illustrated in the mafable. Table 4
shows the matrix tables for the landuse and langicahanges between 1978 and 1995 All the large bold
numbers with each landuse names are the pixel valueach of the classes.
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Fig. 2 Landuse/Lancover map of Kainji Lake of 1978
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Fig. 3 Landuse/Lancover map of Kainji Lake of 1995
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Figures: 2 and 3: Digitized 1978/1995 landuse/landcover of the study Area

Table 2 L and use/Vegetation Cover Distribution for 1978/ 1995 in Jebba L ake Basin

710000

Landuse/Landcover 1978 1995
Area (knf) Area (%) Area (knf) Area (%)

1 Rivers 40.4713 2.01 43.0283 2.14
2 Woodlands 519.6604 25.80 829.9865 41.20
3 Extensive Agriculture 718.5839 35.69 263.2070 13.07
4 Intensive Agriculture 653.1 32.46 473.4644 23.50
5 Riperian Forest 60.5135 3.0 26.2672 1.30
6 Shrub Freshwater swamp 16.3 0.81 7.9771 0.40
7 Settlement 4.2081 0.02 21.5971 1.07
8 Lake Reservoir - 214.4340 10.65
9 Livestock Agriculture - 15.0054 0.74
10 Irrigation Agriculture - 9.3515 0.46
11  Floodplain Agriculture - 40.1341 1.99
12  Rock Outcrop - 5.2368 0.26
13  Forest Plantation - 7.1472 0.35
14  Graminoid Freshwater Swamp - 3.7038 0.18
15 Tree Crop Plantation 0.2533 0.01
16  Sedge Freshwater Swamp - 52.1193 2.59
17 No Data 0.4601 1.4368

TOTAL 2014.3496 100 2014.3497 99.98
19 Road 29.80km 188.72 km
20 Rail 32.68km 32.68 km
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Table 3: The Magnitude (Trend) and percentage and Annual Rate of Change: 1978-1995
LU/LC The M agnitudes and the Proportion of Changes

1978 (knf) 1995 (km) Magnitude of Percentage ~ Annual rate of ~ Remark
Change Change Change

Rivers 40.4713 43.0283 2.6117 0.20 0.03 Increase
Woodlands 579.6604  829.9865 250.3261 19.31 3.28 Increase
Extensive Agriculture 18.8839 263.2070 455.6769 35.15 5.97 Decrease
Intensive Agriculture 653.7817  473.4644 180.3173 13.91 2.36 Decrease
Riperian Forest 60.5235 26.2672 | 34.2563 2.64 0.45 Decrease
Shrub Freshwater swamp  16.3606 7.9771 8.3835 0.66 0.11 Decrease
Settlement 4.2081 21.5971 17.389 1.34 0.23 Increase
Lake Reservoir 214.4340 214.4340 16.53 ]2.81 Emerged
Livestock Agriculture 15.0054 15.0054 1.16 10.20 Emerged
Irrigation Agriculture 9.3515 9.3515 0.72 0.12 Emerged
Fioodplain Agriculture 40.1341 40.1341 3.09 0.52 Emerged
Rock Outcrop 5.2368 5.2; 0.40 0.07 Emerged
Forest , Plantation 7.1472 0.55 0.09 Emerged
Graminoid Freshwater Swam 3.7038 3.703s 0.29 0.05 Emerged
Crop Plantation 2:33 0.2533 0.02 0.003 Emerged
F/water 52.1193 52.1193 4.02 0.68 Emerged
No data 0.4601 1.4368
TOTAL 2014.5496 2014.3497 1296.3462 99.99 16.97
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The top numbers in each cell are the values of eathe classes when the maps were overlain usidgian
sub routine, while the down figures represent tieas of each of the overlain classes. The numi@8r4(3497)
at the extreme left corner represents the totadrsgkilometer of the study area.

All the bold figures along the diagonals arc theaarwith no change throughout the study periodth&lifigures
along the rows, except those | rid numbers at thgahals represent the areas that were lost ta othsses.
While the figures along the columns, excluding lioédd numbers at the Diagonals represent the gdiyettie
landuse and landcover. For instance, rivers logttensive agriculture, settlement, lake, floodplagriculture
and glaminoid swamp, but gained from all the aldéalasses in 1978.

The location, which is generated by map overlgyrésented in Figure: 4. The reclass module ofdhisil
software was used to classify the study area tatiicsand changed areas, and the area module séthe
software was used to calculate the areas of thie atad the changed areas.

Figures4 and 5: The 1978 and 1995 map Overlay of Jebba L ake and Change and Static Area of Jebba

1978 and 1995
Fig. 4. The 1978 and 1995 Map Overlay of Jebba Lake Fig. 5 Changed and Static Areas of Jebba Basin Between 1978 arx

- Changed Areas - Static Areas
Basin Between 1978 and 1995.

The dark areas (Figure 5) are the areas that hatvieeen subjected to any form of changes withinpagod of
the years of study. While the brighter areas repethe areas that have changed. A total area4b454 knm
out of the basin area of 2014.3496kmepresenting 22.59% had not been subjected togelsawithin the
seventeen years, while the remaining 1559.3742keprasenting 77.41% had been subjected to changes.
This static and the changed areas can also bermedfifrom the matrix table (Table 4) which is thiglition of
the bold black figures along the diagonals gives shatic figures, while the other figures in thevsoand
columns give the areas that have changed.
Summary of Findings
The study revealed that a total area of 887.4776dunof the total area of 2868.5478 kmepresenting 28.08%
had not been subjected to changes within the seeenyears of study, while the remaining 20.6323, km
representing 71.92% had been subjected to cha(igigs. 4 £ 5) Intrusive and extensive agricultues lthe
highest percentage change with 40.15% and 33.08%@ctvely. The lake reservoir which covered araak
887.4776 krhiin 1978 had increased to 938.2Xim? in 1995, which is about 7.59 percentage change.

1. The Lake has so much impact on the agriculturavities on the basin. For instance, in additiorthte

existing extensive and intensive agriculture, fivew agricultural practices came to being after the
construction of the dam, which include, livestoaknfiing, irrigation agriculture, floodplain agricute,
forest plantation, and tree crop plantation. Aisl agricultural activities covered about 808.5579k
that is, 40.14% of the basin area.

2. The lake formation has also attracted a lot of settlements which are found in northern Jebba, the
central as well as at the south eastern part afnge (Figures 4 and 5)

126



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) J LN |
Vol. 4, No.5, 2014 IISTE

3. Development of infrastructures especially roads alas noticed on the image. Before the construction
of the dam, the lengths of roads were 29.80 km whitcreased tremendously to 188.72km. a
difference of 158.92 km within a period of twelveays after the lake impoundment.

4. Annual floods on the lake are gradually causingremmental hazards, as the floods might be regyltin
into soil erosion. The emergence of rock outcropath sides of the dam noticeable only after tha da
impoundment can be deduced to be a direct resstiibérosion.

5. The woodlands, in terms of area covered were rtftag what was obtained in 1978. This may be
attributed to the moisture received even durings#rgson from the lake water thereby creating a good
environment for the development of more flora altimgbank of the lake (Adesina. 2003).

Conclusion

Any nation with sustainable utilization of its eraiiment in mind must have adequate information @mym
complex interrelated aspects of its activities lidev to make decisions (Williams, 2001). Landuseniy one of
such aspects. The knowledge about landuse anddeg&idbas become increasingly important as the matians
to overcome the problems of haphazard, uncontralaalopment, deteriorating environmental qualibgs of
important wetlands, and loss of fish and wildlifgbitat. One of the prime prerequisites for betsr af land is
information on existing landuse patterns and charigdanduse through time. The knowledge aboutuaad
such as agricultural, recreational, as well asrmfdion on their changing proportions, is neededelislatures,
State and Local Government officers to determingebdanduse policy, to identify future developmemt
pressure points and areas, and to implement eféeptans for regional development.

In this dynamic situation, accurate and meaningfutent data on landuse are essential. "I he usediable
landuse data are enormous; landuse and landcoteeradaneeded for water resource inventory, flomutrol,
water supply planning and wastewater treatment.efdagencies also need landuse data to assess the
environmental impact resulting from the developmehinergy resources to manage wildlife resouraets a
minimize man-ecosystem conflicts, to make natimuahmaries of landuse patterns and changes famaht
policy formulation, and to prepare environmentapaut statement and assess future impacts on emarmtal
quality.
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