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ABSTRACT

Geospatial techniques is used to survey the topography and assess the
degradation in terms of the presence, spatial location and the magnitudes of soil
and gully erosion around River Komadugu-Gana in Potiskum town, Yobe Sate.
The main objectives of the study are to assess the topography of the area, assess
the changes in river floor, determine the spatial coverage as well as elevation
and slope of theriver valley between 2005 and 2014 and to analyze the land use
and land cover changes along the banks of the river valley within the period of
study. Coordinates and elevation data generated from GPS were used to create
DEM and 3-dimensional image of the area, while Google Earth Pro image of
2005 and 2014 of the study area are also obtained to derive the land use and
land cover change of the area. The elevation profile modul e of the Google Earth
Pro is used to generate and calculate the parameters of the river profile. The
results of the study show among others that the eastern side of the river bank is
more inhabited because of its undulating topography, while the western side
with rugged topography had scanty built-up areas. Local flood control
mechanisms such as construction of embankments and planting of shrubs were
also found in the area. The position of gullies were also identified and mapped,
while the landcover and landuse of the area were discovered to have changed
due mainly to human activities. It is suggested that geospatial techniques can be
embraced for proper environmental monitoring.

Keywords: River Komadugu-Gana, Potiskum, soil erosion, gully erosion,
elevation profile

INTRODUCTION
Theculturd landscapereflectsthe soci o-economic and technical capabilitiesof aparticular
area. Hence, thedeve opment of Potiskum and itsenvironsischaracterized by such activities
like; deforestation, construction works, sand mining or quarrying and other intensiveland
uses(Oladimgi, 2008). Reportsfrom Nyanganji (2009) and Mala(2011) revedl that the
major factorsinfluencing soil erosion wereamount of rainfall, volumeof run- off (taking
advantage of human and animal tracks) and the soil texture. The other factorsinclude sand
mining along theriver channd and diversion of run-off during construction of residential
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quartersby individuas. Theriver aso contributed toward gullying onthed opesby incisng
itsmain channel during floodsthereby initiating anew set of channd erosondongitsbank.
Soil erosonisanecologica problemthat posesasoneof themagjor environmental problems
inmany partsof theNorth-East Nigeria Potiskum and Gombe environshavelost partsof
itsurban residential landsto thisphenomenon. Gully erosion hasa so hampered other land
usesintheareaand retarded devel opmental projects. Aserosion developsinto channels
andincreasein size, becomesrill and develop to gullies, through other processessuch as
gravitationa collapse of channel, wallsand headward increases. Erosionleadsnot only to
lossof organic matter and soil nutrientsfrom the surface, causing soil and land degradation
but al so aids soil and |and agradation the deposition of sedimentsand nutrientsinto ditches,
streamsandriversviarun off asaluvid load.

Gully erosionisthereforedefined aserosionin channel stoo deep to crosswith
farm equipment (Ologe, 1988). Gullying isatermthat refersto thewearing away of soil by
the action of localized concentrated run-off in valley bottom and on valley side slopes
(Olofin, 1987). Sediment eroded from catchment may either bere-deposited withinthe
catchment system or exported from the catchment asfluvial sediment loaded with nutrient
enrichment down - streamsresulting in eutrophi cation (Ologe, 1988). Thelossand wastage
of land from gully erosion can ultimately halt urban expans on through theincreased loss of
devel opment, and a so reducesagricultural output dueto nutrient loss. It affectssociety by
restricting thefreedom to build houses, schools, hospital's, roads and the devel opment of
recregtional grounds(Oyegun, 1987). Therefore, thegenera surveillancefor soil and gully
erosionin an urban setting such as Potiskum, cannot be overemphasized.

Themainam of thisstudy isto carry out surveillance on thetopography alongthe
valley of River Kamadougu-Ganain Potiskum town through the assessment of thechanges
inthefloor and areacoverage of theriver valley between 2005 and 2014. The specific
objectivesinclude:

(0] Toassessthe genera topography of thevalley of River Komadougu-Ganawithin

Potiskum town using geospatia techniques
(i) Toidentify thepositionsof gulliesinthestudy area
(i)  Toassessthechangesintheriver floor, spatia coverageof theriver, eevationand

dopeof theriver valey between 2005 and 2014
(iv)  Toanayzetheland useandland cover changesaongthe banksof theriver valey

withinthe period of sudy

TheSudyArea

Potiskumislocated between latitudes 11°03 and 11°30' North of the Equator and between
longitudes 10°50" and 11°51" East of the Meridian (Fig.1). Its distance by road from
Damaturu (the State capital) isabout 98 kilometerswest. Potiskumisanodal town Situated
alongatrunk "A" Maiduguri - Kano road about 189 kilometers North-West of Gombe,
the Gombe State capital, 213 kilometers North-East of Azarein Bauchi State. Potiskum
lieswithinthewet and dry Sudano-Sahdian Savannabelt of Nigeria, West Africa, it receives
anannud rainfal ranging between 600-800mmwhich fallswithinfour tofivemonths. The
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mean annua rainy daysare one hundred and six (106) days per annum, the onset of rain
variesfrom May to Juneand terminates around September to October, virtualy norainis
received during the dry season which last for at least seven (7) months, that is, from
November to May (NIMET, 2014).

Fig. 1. Potiskum distance by road from Damaturu (the State capital)

Potiskumisalowland area, whichliesnorthwest of Kerri-Kerri platform Formation of the
north-eastern part of Nigeria. It comprisesof brown and reddish-brown soils. Theseare
widespread in areas with mean annual rainfall of about 600mm. Calcium carbonate
concentration may be present at about a meter depth. Organic content islow but the
organic matter is highly humified and well distributed in the profile. Soil physical
characterigticsare good but tend to deteriorate under cultivation. Themain soil typearound
thetown consist of leached ferruginoustropical soil onimpoverished materialsover iron
pan, thisisared loam which isunderlain by iron pan (Mark Lock Group, 1976). The
vegetation iswithin the Sudan savannah vegetation zone, theregionisaspecific example
of shrub savannah. Largeareasof Sudanosahdian zoneareamost continuoudy cultivated
and littletreeremains of the natural vegetation (Rountree, 2007). The Western part of
Potiskum (thestudy areq) isdrained by the northward flowing Komadugu-gannatributary,
thisstream has carved deep gulliesinthewestern part of thetown and hasabroad pattern
working moreof areversed drainage.

MATERIALSAND METHOD

The primary source of datafor thisstudy was principally on theinformation generated
fromfield investigationsand reconnai ssance survey. Inthe course of thefiedinvestigation,
aGerman 76 Geographic Positioning System (GPS) was utilized to obtain the coordinates
of pointsof interest which was used for the establishment of the Digital Terrain Model
(DTM) of the catchment areawithin the study area. Google Map (2005 and 2014) of the
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study areawas obtained, extracted and georeferenced from the entire Google image of
Potiskum to determinethe spatial coverage and depth changes of the River Komadugu-
Ganagully valleysbetween 2005 and 2014. With the aid of a Geographic Positioning
System (GPS), thevalues of thevariouscoordinatesaswell astheelevationweretakenin
decimal degreesand metresrespectively aong the Komadugu-GanaRiver withinthe study
area. Thevauesobtained were used to generatethe DEM and contour mapsusing Kringing
methods.

RESULTSAND DISCUSSION

y
Ll ]
% h-\.
o ..
1 L3
. r.;..h -"r-. | o
H r 1
i . A | R Liegerrd
- " . e
o .
h{,-_."'-._ - 4 = -
- 5 ~
o ‘{ ". [
%, . k
-\.!-. e s
e } -
i I\1.'!- 'cu ik :
" '
k]
3 = i |
- {Ir )
=
: /’,“'_. l'_JI' # |_| FEIE
b L
Pl % e :
o 2 {'-\- - Ny

Fig. 2. DEM of the Study Area. Source: Generated from points obtained from GPS (2016)

Thetopography of the areawasrepresented by the DEM imagethat showstheelevation
of theareain different coloursand values of each of the coloursaspresentedinFig. 2. Fig
2 shows that the eastern part of the areais undulating while the western part ismore
rugged with higher eevation. Thelowest e evationswerefound withintheriver valey at
the north central and at the southern part of the area. Theselower el evation areas (401 -
404m) werefound to be gully areas (field observation and GPS) which are depicted by
green colour onthemap. Theeastern part with itsrugged topography hase evation ranging
from 412 - 426m above sealevel (ad) except some narrow areasaong theriver valley
with lower elevations. For morevisual impression of thetopography of thearea, a3D
view of theareawas generated (with suffer 10) using the same pointsthat were used for
DEM generationasshowninFig. 3.
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Fig. 3: 3D view of the Study Area. Source: Generated from points obtained from GPS (2016)

Fig. 3showsthe 3D view of thestudy areawhich conspicuoudy reved ed theriver
valeysandthegulliesinthevaley. It dso reved ed theundul ating nature of the eastern part
of theareaand therugged western part. Gully erosion was observed to be more severein
the rugged eastern areas because topography through slope (steep or gentle) influences
varioustypesof fluvial processes. The nature of topography therefore, determinesthe
severity of fluvia erosoninanarea. Inaclearer term, Oyegun, (1987) pointsout that the
nature of topography has much impactson soil surfaceflow. For instance, areaswith 11
degreesof dopeexperiencemore serious soil erosionthan anearly level or plain surface,
(Young, 1992; Davis, 1980).

ChangeDetection of theFloor of River Komadugu-Gana (2005-2014)

-

- Direction of fow

Fig. 4: Elevation Profile of River Komadugu-Ganavalley in Potiskum (2005)
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Fig. 5: Elevation Profile of River Komadugu-Ganavalley in Potiskum (2005)

Thedevation profilesin Figures4 and 5 clearly demonstrated drastic changesin
theriver floor of Komadugu-Ganain Potiskum. For instance, the yellow, brown and
green double edged arrow was used to anayze the changesin the area. Theareaaround
theyelow arrow in Fig. 4 wasfound to be of the highest elevation, about 416min 2005.
Thebrown arrow in Fig 4 showsarelatively undulating land areaimmediately after the
yellow arrow area. Thisundulating land areawas however found to have developed into
anareaof highest eevation of morethan 419min 2014 which might haveresulted fromthe
accumulation of the eroded materialsfromtheriver upstream. Thismeansthat at least, 3m
of eroded particleshave been accumul ated inthe areawithin the study period. Thematerids
were accumul ated around the brown arrow areabecausetheriver hasto meander through
theriver bends and hence, dowsthewater vel ocity which resultsinto accumul ation of
materialsaround theriver bend (Fig.4). Theedevation of theriver valley around thegreen
arrow areawasfound to be around 416m above sealevel (ad) in 2005. The e evation of
the same areain 2014 was discovered to have drastically reduced to less than 415m
abovesealevel (ad) indicatingaminimum of 1merosion.

Thegreen spot along theriver valley signifiesthe point of the deepest part of the
valey asderived from the GPS coordinates. Thissame point wasdiscovered to belocated
where sand miningwasmostly carried out. Infact, most of the sandsthat are used by the
inhabitantswere derived from the place. For thisreason, aroad was constructed (white
linesin Figures4 and 5) right into the bank of theriver to easethe movementsof the sand
miners. Therefore the gully around this point was definitely aided by the sand mining.
During the process of sand mining, according to Otu (2014), accelerated erosion and
associated land degradation problems setsin. They conduded that theenvironmenta effects
of sand mining activitiesasarelargely negative on riparian habitats, riverbed abilitiesto
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hold water, rapid evaporation of ground water, reduction of farmlandsand ground water
recharge. Further analysisof thegully intheriver valley between 2005 and 2014 asderived
fromthe generated river profilefrom the Google earth Proispresented intable 1.

Table 1: Calculated profile parameters of soil erosion in Komadugu-GanaRiver.

Parameters 2005 2014
Total Length of River Valley 2.16km 2.16km
Maximum Elevation 416m 419m
Average Elevation 412m 413m
Minimum Elevation 410m 410m
Total Elevation Gained (accumulation) 157m 202m
Total Elevation Lost (erosion) -11.6m -165m
Maximum Slope 6.3% 47.6%
Minimum Slope -1.1% -1.1%
Average Maximum Slope 1.3% 18%
Average Minimum Slope -1.2% -1.4%

Source: Generated from Google Image Pro of 2005 and 2014

Table 1 showsthe elevation profile parameters of the study areain 2005 and
2014. Thesamplelength of theriver valley in both yearswasequal, that is, 2.16km. In
terms of elevation, the maximum was 416m in 2005 and 419m in 2014. It was also
revealed that atotal of 20.2m of land was found to have been accumul ated acrossthe
length of theriver between 2005 and 2014, whilean average of -16.5m of land areawas
a sofound to have been eroded within the same study periodinthesamearea. Thismeans
that alot of erosionactivitieswerein placeintheareawithin theyearsof study. Moreover,
themaximum sopein 2014 wasfound to be 47.6% asagainst only 6.3% in 2005 which
signifiesthe presenceof gully erosion that isusually characterized by steep sidesinthe
area
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Fig. 4: Digitized Landuse and L andcover Features from 2005 Google Image
Source: GISWork, 2014
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Fig. 4: Digitized Landuse and Landcover Features from 2005 Google Image
Source: GISWork, 2014.

Landuseand Landcover Changeof theSudyArea

Thedetection of thelanduse and landcover typeswithin the study areawasmade possible
and obtai ned through the acquisition of the Google Earth 2005 and 2014 images (Figs.4
and 5) respectively. Table 1 presentstheinformation of the resultsof the cal culated areaof
thelanduseand landcover typesin 2005 and 2014. Thelanduse of theareamostly comprises
of built-up areas, tree plantation basically of Neem trees, orchardsof fruit treessuch as
cashew, mangoesaswell asguavaplants. Soil erosion control featureswhich include
embankmentsand erosion control plantswere mapped. Other identified featuresinclude:
open spaces, farmlandsand theriver valley. The areacoverage of each of the classesas
caculatedispresentedintable2

Table2: Landuse and Landcover Change (2005 - 2014)

Landuseandlandcover 2005 Area % 2014 Area % Changein
(Hectares) (Hectares) Per centage

Built-up areas 171 P42 235 5417 148

Open space 046 1060 018 45 6.1

Farmland 178 4103 148 A2 70

Tree plantation 034 830 0.19 438 40

River 005 115 012 277 20

Erosion control plant 0.0007 002 0.009 021 02

Drainage Nil Nil 0.009 021 021

Total area 434 100

Source: GISAnaysis, 2014
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In 2005 asreveded by table 2, the entire tudy areawasmainly comprised of built-upand
farmland areas. Thesetwo landuse classes collectively accounted for about 80% of the
area. Therewasalso no embankment for drainage control intheyear. However, in 2014,
though thetwo landusefeatures still cover thelargest part, but farmland wasnolonger the
largest areaasbuilt-up areasbecamethelargest landusein the area. Thebuilt up areas
have even expanded acrossto thewestern rugged areas. Thisincreaseintheland areafor
resdentia purposesresulted negetively on other landuseand landcover classes. For instance,
it led to decreaseintheland areaof open spaces, tree plantation and farmlands. Thewidth
of theriver valley in 2014 was al so discovered to haveincreased more than doubleits
origina widthin 2005 whichindicatessoil erosonintheriver valey areas. Consequently,
resulting into gully erosion asobserved by Ologe (1972) that fluvia erosion create sheet,
rill and gully erosons, which areaready observableinthefieldin many partsof thesavanna
Hence, gulliesdevel op whererun-off isconcentrated al ong definite channelson thes ope
and grow lengthwise by headward erosion (or head scarp retreat) and sideways by basal
sapping, (Coates, 1978; Igbokwe, 2008; Ologe, 1972, Nyanganji, 2009).

CONCLUSIONAND RECOMMENDATIONS

Theexistence, spatia location and the severity of soil and gully erosion alongthevalley of
Komadugu-GanaRiver in Potiskum town in Yobe State has been demonstrated in this
study. Thegenera topography of theareawasfound to beundulatinginthe easternside
but highly rugged at thewest, hence, gully erosion werefound inthewest aswell asthe
river valley. Thelongitudina profileof theriver valley also revededthat alot of soil erosion
and soil accumulation hastaken placeintheriver valley between 2005 and 2014. The
deepest part of theriver valley coincideswith theareawhere sandisminedinlargequantity.
Before 2005, farmland had thelargest landuse closdly foll owed by built-up areas. However,
in 2014, built-up areasrecorded the highest landuse area. Moreover, therugged western
part of theriver wasa so found to beencroached by resdentia development. Theexpansion
of the settlement areas was however found to have reduced the area coverage of tree
plantation, farmland and open placeswhich might not be environmentally healthy for the
inhabitantsespecialy inthefuture. Thewidth of theriver valley withinjust nineyearswas
found to have expanded morethan twiceitsorigind Szedespitesomelittlecontrol measures
likecongruction of embankmentsand planting of flood control plants. Therefore, immediate
environmental control measures (with the use of geospatial techniques) areneededin
order to protect thetown from future wrath of flood hazards, total land degradation, loss
of landfor residential and agricultura activitiesamong others. Based ontheforegoing, the
following control measuresof soil and gully erosioninthe areaare suggested.
0] There isthe need for comprehensive landuse assessment so as to aid proper
planning of theareafor urban devel opment and environmental sustainability.
(i) There hasto be constant environmental monitoring of thearea using remotely
sensed dataand GI S techniques so asto have deep knowledge about the area
andthereforeplanfor itssustainability.
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(i) Land reclamation of the already degraded |and this can be achieved through the
planting of deep-rooted perennia pastures, trees or the effective combination of
both plants such as pitadeniastrum africanum which can boost and maintain
vibrant and healthy vegetation.
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