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ABSTRACT

This study utilizes Gl Stechnigue to deter mine land susceptibility to gully erosion in Orumba North
LGA of Anambra Sate. Environmental variables of interest in the study include: land use, slope
(DEM), drainage and soil. The methodology also involves land use classification and
reclassification in raster format. WWeights are assigned to each raster cell of selected environmental
variables according to their level of significance to soil erosion and the combination of individual
variable layer susceptibility weight through overlay technique used Math Raster Calculator in GIS
environment was used to determine the actual susceptibility of theland to gully erosion. The result
showed that built-up land use which increased from 0.62% in 1986 to 4.43% in 2016, is the most
dynamic variable that drives the development of gully erosion in the area. The 1 order streams
drains about 60.58% of the study area with a total stream|ength of 192.65km. Over 40% |land area
has a slope higher than 50° and relief of 157m-203m and 203m-255m values which contribute to
increase runoff velocity in the study area; thereby catalyzing erosion activities. Loamy sandy soil
type covers about 51.47% and has the highest erodibility factor of 0.38. In all, the 'very high
susceptibility' land area to gully erosion constitutes 18.78knv (5.12%). These are the 'Erosion
Hotspot Areas. The study recommend the provision of green belts infrastructures in the
developmental strategies of the city planning authorities. This strategy will mitigate further
devel opment and expansion of gulliesasthecitiesexpand.

KEYWORDS: Land use, Soil, Erodibility, Slopeand Drainage
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INTRODUCTION

Soil erosion is one of the major environmental challenges that pose a danger to human food
productivity and security by degrading agricultural land. Scherr and Yadav (1996) argue that by the
year 2020, soil erosion may pose a serious threat to food production and livelihoods by continousy
degrading arable land, particularly in poor and densely populated areas of the developing world.
Although, soil erosion is perhaps the most serious mechanism of land degradation (EI-Swaify et al .,
1982), gully is visually the most impressive of al types of soil erosion (El-Swaify, 1990) due to
massive soil that is potentially loss and the deep and large channel s that it creates on land. Thus, the
phenomenon of gully erosion, whether it isnaturally-induced or artificially-induced or both - causes
monumental destruction to land resources and, in particular, soil. In Nigeria, soil erosion has been
recognized as one of the serious geo-environmental hazards (Ofomata, 1987; Albert et al., 2006),
especialy in the South Eastern part of the country. It is a widespread environmental problem
occurring in many parts of the country under different geologic, climatic and soil conditions (Onu,
2011). The degree of occurrence, types and factors responsible for their initiation vary considerably
from one part of the country to another (Onwueme and Asiabaka, 1992) but the negative impacts on
both land and human resources are similar. The Nigeria Erosion and Watershed Management Project
(NEWMAP, 2012) noted that gully erosion contributes to environmental problems and damage
estimated at over $100 million annually (mostly in South-Eastern Nigeria). Thegully situationin the
south eastern Nigeria poses the greatest threat in Anambra State where communities such asAgulu,
Nanka and Oko communities of Orumba North Local Government Area (LGA) are badly hit.
Specifically afield work carried out in OrumbaNorth Local Government Area(LGA) reveal sthat the
situation has reached a disaster state owing to the continuous degradation of the land space by gully
morpho-dynamic. Valuableagricultural land hasbeenlossto gully, communitieshave been separated
by deep gullies, highways have been damaged and properties have been damaged by gullies, most
especially buildings which led to the displacement of people. The development and advancement of
gully inthearea resulted from both natural and human induced factorsincluding intense subsistence
farming, undulating topography, climate, geology and soil factor (erodibility). Consequent upon
this background, this study assesses the land susceptibility in Orumba LGA of Anambra State
(Nigeria), to gully erosion with the view to showing gully erosion susceptibility distribution as the
first step towardspreventive measures.

STUDY AREA

The study area, Orumba North Local Government Area of Anambra State is geographically located
within L atitude6’00' N to6° 15.5'N and Longitude 7° 02' Eto 7° 16' E (Fig 1). Approximately it covers
aland area of about 368 km®. The dominant geological formation is the Nanka sands, which lies
conformably on the Imo Shale of Paleocene age and overlain by the Ogwashi-Asabaformation. The
Basin delineatesthe southern border (or section) of the Benue Trough which wasformed (along with
the Afikpo syncline and Abakaliki Ridge) during the santonian tectonism. Climatically, the arealies
within the humid tropical rainforest belt of Nigeria with an average annual rainfall of 1800mm
(Oyebande, 1983). Therainfall ismostly torrential and of short duration; high intensity rainfall with
high potent for soil erosion is common. The soil isloam and of different types while vegetation is
secondary rainforest. The drainage systems in the area include: Nwaobunagu River, lyiocha River
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and Ahommiri River. Human prevalent in the area include subsistence agriculture and urbanization
which have transformed the original rainforest to secondary and derived forest. The palm treeisthe
most prominent economic tree in the area and farm produce includes: yam, vegetables and maize.
Figure1 showsOrumbal ocal Government AreainAnambraState.

z T'S'30°E 107 F1630E
= i i i
AR L
i o
O
L] .
Fi, o
- .Hf:-umn- - A
= = .
i = L ™ L
& [ i \
b ¥ i . Y
. AkDUGD ™
@ /
Y Akpugo Abo f \.
1] I- . lIfl
Ogba [ L. i
® L / -
ikl Enjgu Abo
/ |
L=
z \ & ma Urreocer 2
= \ =
=7 / b [= !
L . Meligaid Aygaly @
-1 =~ )
Ogoos
@ Legend
. b Ltk |
Crmnaga
;: namba herin L& o £ 4 8 12 1%
s - N . —
3'1 1 " " Kinme s
ab T"5AE TIT0E T1830°E

Figure 1: OrumbaLGA in Anambra State, Nigeria

METHODOLOGY

Data Sourcesand Char acteristics

Table 1 shows the data sources and their characteristics used for this study. The study uses Remote
Sensing and Geographical Information System through classification and reclassification of image
raster and grid maps of the physical landscape variables. The methodology involves assigning
weightsto eachraster (cell) or grid of thevariablesaccording to their degree of susceptibility togully.
This was based on experts judgments (Tsangaratos and Rozos, 2013, Odunuga et al., 2018). The
variable includes: land use, slope (DEM), drainage and soil. The methodology also involves a
combination of individual variable layer susceptibility weight through overlay and the use Math
Raster Calculator in GIS environment to calculate the actual susceptibility of the grid areato gully
erosion.
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Table 1: Data Sources and Characteristics

Data Characteristics Scale Source Meta data
Landsat Band 7-Red 30 meters Earth explorer L 7189056 Jan 11,
Imagery Band 5-Green 30 meters (www.earthexplorer.org.usgs) | 1986; 09:50
Band 3-Blue 30 meters
L C8189056
Mar 26, 2016;
10:50
Digital NigeriaDEM 10 meters Office of the Surveyor August, 2010
Elevation Genera of the Federation
(OSGOF)
Soil Map Nigeria Soil Map State-Level Department of Geography, Jan, 2000
University of Lagos
GPS Readings | Coordinates >+3merror | Field survey 2017
margin
Field Survey Gully Sites N/A Field survey 2017

Source; Author, 2017

Characterization of thePhysical L andscapeVariables

Land use/land cover classification

Themodified Anderson'sland use/ land cover classification (Odunuga& Oyebande, 2007) was used
toclassify thelandscape (land use/ land cover) of thestudy area. Thisclassificationwasbased onthe
spatial, spectral and temporal resolution of the Landsat obtained in two periods (1986) and (2016).
Five (5) classes were extracted from the imageries. Training obtained datasets were randomly
sampled from the spectral signature of each of the classes to define their respective land use/ land
cover type. Each of the classes of the land use was reclassified based on their rate of sediment
generation. Table2 showstheclassification schemaused for thestudy.

Table 2: Land use Classification schema

Code Class

1 Built-up Area
2 Water body
3 Heavy Forest
4 Light Forest
5 Wetland

Source; Author, 2017

Slopeclassification

Theraster pixelsfrom DEM datawas used to extract slope into ranges. These pixelswere extracted
into point values and quantified into degree and grouped, as demonstrated by Pike (2002).
Furthermore the slope was classified using the Spatial Analyst tool box in ArcGIS based on the
contour interval, degree of the change in slope as well as the height of the releif (Pike, 2002). The
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slope with < 2° and contour interval of 5m represents plain landscape while slope between 2° and 6°
was classified as upland with 80 to 300 meters height. Hillslope is generally described as slope
between 6” and 10° with about 300 to 600 meter height. Thelast categery of Slopeisslopegreater than
20° of above 600 metersheight. Table 3 showsslopeclassification.

Table 3: Slope Classification

Terrain Type Cl (m) Slope (degrees) Relief (Height Range) m

Plain 5 <2 <80
Upland 10 2-6 80-300
Hill 20 6-25 300-600
Mountain 20 >25 > 600

Source: Adopted from Pike RJ (2002)

Soil classification

The soil component of the physical landscape of the study areawas characterized into four major soil
typesasdepicted inthesoil map. Theseincludeloam, sandy loam, clay loam and gravely loam. These
soils are deep, moderately deep, and shallow well or imperfectly drained. Thus, the soils are further
reclassified based on Garde (2011) soil erodibility factor. Soil erodibility depends on the texture,
aggregate stability, shear strength, infiltration capacity, and organic and chemical contents. The
coarser theparticlesthesmaller their erodibility. Similarly the greater therelative density thelesswill
be its erodibility (Garde, 2011). Table 4 shows the Soil Erodibility Factor K adopted from Garde,
2011 and usedfor thisstudy.

Table 4: Soil Erodibility Factor K

Soil Range of K

Soil Loams 04-0.7
Clay Loams 0.3-04
Sandy Loams 0.1-0.3
Gravely loams 0.03-0.1

Source: Adopted from Garde, 2011

Assessment of thesusceptibility of thelandscapeto soil erosion

Rainfall isthe most important factor affecting erosion because of itspower to weather and detach soil
particlesaswell asitsability to produce runoff, which causes erosion and transportation of the eroded
material (Garde, 2011). However, based on the fact that Orumba North LGA falls within the same
rainfall zone (Oyebande, 1983), the rainfall parameter was held as a constant variable. Other
variables considered include; land use/ land cover, slope, soil and drainage. The susceptibility of the
landscapeto soil erosion based on theindividual variable classeswas determined. Thiswasachieved
by assigning auniform susceptibility rating scale (weight) to all theidentified classesfor each of the
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variables based on the class liability to influence or harm to cause soil erosion. The class weight
ranges between 1 and 5 and the classthat isleast resistance to soil erosion hasthe highest weight (5)
while those with high resistance to soil erosion obtain the least weight (1). In other words, Class
ranking / scoreswere used to describetheinfluence of classesof each parameter on erosioninitiation
and gully devel opment.

The variables were then converted into grid (raster format) with individual cell having the score
obtained by themost significant classit covers. Thevariableslayers(land use/ land cover, slope, soil
and drainage) wereoverlain and their classwei ght added together using the M ath Raster Cal culator to
calculate the degree of susceptibility to gully (soil) erosion based on the cumulative scores from all
the variable layers weight. The susceptibility level for each grid cell is the linear sum of the
ranking/weight scores (Tsangaratosand Rozos, 2013, Odunugaet al ., 2018) for all thevariablesat the
cell spatial resolution. The scores were thus, reclassified into a common level of classes of
susceptibility (very low susceptibility, low susceptibility, medium susceptibility, high susceptibility
and very high susceptibility) and used for mapping (Odunugaet al, 2018). This providesthelevel of
exposureof theunit area, takinginto consideration all the parametersleading to erosion at thismicro-
unit while maintaining the variation in the spatial interplay of the parameters at the macro-level
(Odunugaet al., 2018).

RESULTSAND DISCUSSION

Environmental Characteristicscontributedto Gully Development intheStudy Area

Land usechange

Theland use analysis shows that built-up areaincreased from 0.62% in 1986 to 4.43% in 2016 with
settlements such as Adikelionwu, Ndiowu, Ajali and Ndioban showing significant expansion. As
observed during fieldwork, this development does not follow a predefine pattern in the form of
planning, rather it ishaphazard and devoid of basicinfrastructuresliketarred road and drainages; the
conseguences of which is the initiation of rill erosion. Many of these have metamorphosed into
gullies. As urbanization intensified, the surface landscape was continuously and fundamentally
atered in quantity, morphology, while the structure of the landscape is steadily inadvertently
influenced along with land use change (Ollero, 2010; Julian et al., 2015). Forest land cover reduced
from 86.63% in 1986 to 78.82% in 2016. The losses recorded by the forest were gains to built-up,
gully scars/ cultivation and open spaces, thereby, increasing the vulnerability of the soil to erosion by
surface runoff. Similarly, the Gully scar/cultivation areain 1986 increased from 10.38% in 1986 to
13.34%in 2016. The scarsinclude not only the eroded surfaces but al so the spread area of the eroded
debris which were intertwined with cultivated area. This, therefore, confirms the increasing
degradation of theland resourcesin the study areaowingto soil erosion. The open spaceland useand
cover increased from 2.02% in 1986 to 3.15% in 2016. Table 5 and figure 2 show the Land use
changesbetween 1986 and 2016.
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Table 5: Land use Characteristics between 1986 and 2016

1986 2016

Land use class Area (km?) % Area (km?) % % Change
Built-up 2.3 0.62 16.33 4.43 3.81
Forest 319.01 86.63 290.22 78.82 -7.81
Gully scar / Cultivation 38.23 10.38 49.1 13.34 2.96
Open space 7.45 2.02 11.6 3.15 1.13
Water body 1.23 0.33 0.97 0.26 -0.07
Total 368.22 100 368.22 100

Source: GISAnalysis, 2017.
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Figure 2: Land use Characteristics of Orumba North LGA between 1986 and 2016.

Drainage

Table 6 showsthe classification of the drainage systemin OrumbaNorth L.GA. Thedrainage system
is of the 4" order, which has the capacity to erode, transport and deposit sediment from the upper
streamsto the lower streams. The 1% order streams drains about 60.58% of the study areawith atotal
stream length of 192.65km. The 2™ order streamsdrain about 23.08% of the basin with about 73.4km
stream length; the 3 order streams drain 16.03% while, 4" order streams drain about 0.31% of the
study area. The implication of thisto erosion is so significant in the lower order streams (1% and 2™
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order streams), which arethe primary collectorsof rainfall and surface runoff processes. Theselower
order streams are usually perturbed by human activities especially urbanization, in a manner that
usually block freeflow of water or even buried thestreams(Wu et al., 2018). Inaddition, theland use
analysisrevealsthat most 1° order streamsin the study area have been modified to meet the needs of
human development in the areas of agriculture and urbanization. Consequently, it is shown many
gulliesinitiating point originated from previously 1% order stream valley depression. Figure 3 shows
thedrainage systemwithinthe study area, showingitsdendritic pattern.

Table 6: Drainage System

Classification in Orumba North LGA 1

Stream | Stream length | % of Drainage +‘

order (km) 2

1 192.65 60.58 I

2 73.41 23.08 N ki
3 50.97 16.03 \\— w b

4 0.98 031 \
Total 318.01 100 : ’“l

Legend
18! Grder siraam
Ind orces siream

el ardsr siream

dth order slesm

{0 3.75 r.5 15 Kilometers
|

Figure 3: Drainage System within Orumba North LGA

Source: GISAnalysis, 2017

Slope

The degree of slope of land haslong been considered one of the major factors governing the amount
of run-off and soil erosion. Five major classes of slope were identified in the study area (Table 7).
Theseinclude: slope of between 0-15° which covers about 28.63% of the entire landscape; slope of
between 15-35° (17.26%); slope between 35-50° and 50-65° which cover about 13.59% and 17.42%
respectively. Lastly, slope of between 65-82° covers about 23.10% of the study arealandscape. It has
been established in the literatures that slope contributes significantly to the development of gully
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erosion and that the relationship between slope gradient and soil erosion is cause effect, such that as
the slope gradient increases so also the potency of soil erosion increases (Jordan et al., 2005). The
steeper and longer thes ope of afield, thehigher therisk for erosion, that is, placeswith high slopeare
more susceptible to erosion than places in the downstream.(Ofomata, 1985; Hudson, 1981; Lal,
1976a; Igwe, 1997). However, the relationships could be different for different slope conditions,
landforms, soil types and other factors (McCool et al., 1987; Zhang, 2015). Furthermore, slope can
act asabuffer, depending on the aspect and initia stability of the soil. Nevertheless, over 40% land
areain OrunmbaNorth L GA has aslope higher than 50° (Figure 4) which contributes significantly to
soil erosion and the emergence and development of gulliesin the area. Also, soil erosion by water
increases as the slope length increases due to the greater accumulation of runoff. Consolidation of
small fieldsinto larger ones often resultsin longer slope lengthswith increased erosion potential due
to theincreased velocity of water, which permits a greater degree of scouring (carrying capacity for
sediment).

Table 7: Slope Classification . o L o o
of Orumba North L.GA i LE FTE FAE Reue
Slope Pixel % 4
(Degres) | Count AaEh 0
0-15 263590 | 28.63 | AE T N
15-35 158894 | 17.26 '
35-50 125068 | 13.59 ; :
50-65 160390 | 17.42 g .
65-82 212668 | 23.10
Total 920610 | 100
E z
Z s
u 4
Linginel
' LR
Siopa Parcant
| ER:]
B-4 .
E | EE. E
Bls i [ [ R o
b — _“I T T T T i
T'ee FIITE FNTE FFNT FOTE
Figure 4. Slope Classification of Orumba North LGA

Source: GISAnalysis, 2017
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Elevation

Table 8 showsthe el evation ranges of the study areawhilefigure 5 revealsitsdigital terrain analysis.
Regarding its elevation ranges, 0-45m amsl corresponds to the very low elevation, 49-91m ams|
indicatesarelatively low elevation while 91-157m valueindicatesamedium level elevation forming
the drainage channels and valley floor. The terrain / relief of 157-203m and 203-255m values were
ridgesand elevated areas, asshown in figure 5. Theseterrains are characterized by gently undulating
plains and rugged plains respectively. They however, form areas with the greatest contribution of
slopetoincreasetherunoff velocity inthe study area; thereby catalyzing erosion activitiesinthearea.
Slope and el evation have been recognized asincreasing runoff velocity and therefore posesagreater
erosionrisk (Farriset al., 2014). High elevation and slope areas are highly susceptibleto erosionwith
minimal humaninfluence.

Table 8: Elevation Classification

. TOTT TEATE ™ITUTE TINTE biria
in Orumba North LGA : ; : :
Meter Count %
0-45 95905 | 6.06 o
45-91 400994 | 2534
91-157 49278 | 311
157-203 920610 | 58.17
203-255 15779 | 732 | i I
Total 1582566 100 £ 3
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Figure 5: Terrain Elevation Pattern of Orumba North LGA
Source: GISAnalysis, 2017

Sail

Four major classes of soil can beidentified in OrumbaNorth L GA as shownin Table 9 and Figure 6.
These are loamy sandy, loamy clay, sandy clay and sandy |oamy. These soils have their geological
origin from Shales, Sandstone and Recent alluvium. The Loamy Sandy and Loamy Clay soil cover
51.47% and 21.63% respectively. They are mostly deep well drained soil. Sandy clay and Sandy
loamy cover 16.62% and 10.27% of Orumba North LGA respectively. They are characterized as
deep, moderately deep and shallow well or imperfectly drained soils. (Seefigure6).
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Table 9: Soil Classificationin
Orumba North LGA TSINE THOE TEITE
Soil Class | Area(km?) | %
Loamy Sandy | 189.53 51.47
F - 4
Loamy Clay | 79.66 21.63 = B
i in
Sandy Clay | 61.21 16.62
Sandy Loamy | 37.82 10.27
Total 368.22 100
z Z
2] =
= =
"] o
= £
= b=
= -
0w =
o Legend i
i Seviemii
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1] 178 38 T 1B Hv:m - Sandy Loamy
T — —
7'530E THYE 71E0°E
Figure 6: Major Soil Characteristics of Orumba North LGA

Source: GISAnalysis, 2017

Assessment of Susceptibility of theL andscapeto Soil Erosion

L and usesusceptibility

Land use pattern contribute to the initiation and development of gully erosion especially in
developing countries where physical planning processes are not usualy adequately adhered to
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(Galang et al., 2007). Misuse of land and poor farming systems encourage accel erated runoff while
indiscriminate foot paths created on the landscape expose unconsolidated soil to soil erosion that
might eventually developed to gully. There are evidences of these scenariosin the study area. Also,
road constructions with poor or badly terminated drainages, including uncontrolled infrastructural
devel opments, have also contributed significantly to the gully developments in the area (figure 7).
Table 10 presents the susceptibility of the five major classes of Land use and their susceptibility
weight.

Table 10: Susceptibility of classes of land use

Land use Area % Susceptibility
(km? Covered | (Weight)
Built-up 16.33 4.43 4 n
Forest 280.23 76.11 2
Gully scar 59.1 16.05 5 ; y
Open space 11.6 3.15 3 -
Water body 0.97 0.26 1
Total 368.22 100 _.
Source: GISAnalysis, 2017 »
- ’ 5 e i‘ﬂ""""
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Figure 7: Reclassification of Land uses according to
their susceptibility

Drainagesusceptibility

Theareaisdrained by a4" order stream, Ahommiri River. Other streams are the Nwaobunagu River
and lyiocha River. These rivers drain beyond the Orumba LGA boundary. The 1% order streams
watersheds cover about 60.58% of the LGA and the fluvial works of 1* order streams are mainly
erosion and transportation of the sediment. Therefore, as shown in table 12, the 1 order stream has
the highest susceptibility weight of five (5). This is followed by the 2™ order stream with
susceptibility of four (4). The 3“ order and 4" order however, have susceptibility weight of 3 and 2
respectively because most of their fluvial activities are deposition. Table 11 and Figure 8 show the
Susceptibility of the drainage system according to theorder of the stream.
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Table 11: Susceptibility of Drainage system

Sream order Sream length % of Drainage Susceptibility weight
1 192.65 60.58 5
2 73.41 23.08 4
3 50.97 16.03 3
4 0.98 0.31 2
Totd 318.01 100
Source: GISAnalysis, 2017
Litand  suscapabisny W ‘é’-
| ELTE T 5
- et o 3
\\\
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Figure 8: Reclassification of the Drainage system according to their

susceptibility
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Slopesusceptibility

Slope is a very important factor or variable of gully erosion development. Higher slope generates
high erosiveforce than the lower slope, which consequently triggerserosion. Asit isshownin Table
12 and Figure 9, aslope of between 0-15° has susceptibility weight (1) to erosion, slope of between
15-35° has susceptibility weight 2 while those of between 35-50° has 3 susceptibility weight. A slope
of between 50-65° and 65-82° have the susceptibility weight of 4 and 5 respectively, which implies
that the probability of erosion developmentintheslopeareaof 50-65° and 65-82°ishigher than other
areaswhen slopeissingled out asatriggering factor of erosion.

Table 12: Susceptibility of the slope

Pixel Percentage | Susceptibilit

Siope () Count (%) ) Wegght g
0-15 263590 28.63 1
15-35 158894 17.23 2
35-50 125068 13.59 3
50-65 160390 17.42 4
65-82 212668 23.10 5
Total 920610 100

Source: GISAnalysis, 2017

Soil susceptibility

Generally, soils with faster infiltration rates, higher levels of organic matter and improved soil
structure have a greater resistance to erosion. Thus, cropping practices lower soil organic matter
levels, cause poor soil structure and contribute to increases in soil erodibility. Thus, four major
classesof soil typeswereidentifiedin OrumbaNorth L GA aspresentedin Table 13. Each of these soil
typesvariesin the level of their erodibility factor and erosion susceptibility. Loamy sandy soil type
which covers about 51.47% has the highest erodibility factor of 0.38, which corresponds to
susceptibility weight of 5. Thisisfollowed by sandy loamy erodibility factor of 0.30 corresponding
to susceptibility weight of 4. Sandy clay and loamy clay havelow level of erodibility of 0.27 and 0.20
with 3and 2 erosion susceptibility weightsrespectively (seefigure 10).

Table 13: Susceptibility of the Sail

Soil Class Area (km?) % Erodibility Susceptibility

weight
Loamy Sandy 189.53 51.47 0.38 5
Loamy Clay 79.66 21.63 0.20 2
Sandy Clay 61.21 16.62 0.27 3
Sandy Loamy 37.82 10.27 0.30 4
Total 368.22 100

Source: GISAnalysis, 2017
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Figure 9: Reclassification of the Slope according to

their susceptibility Figure 10: Reclassification of the Soil according to

their susceptibility

Source: GISAnalysis, 2017

General susceptibility

Figure 11 and Table 14 reveal five mgjor classes of erosion susceptibility severity based on thefina
scoresof each cell whentheweights of all the susceptibility variables (land use, drainage, slope, soil)
are added up. Thefirst class score which ranges between 1 and 4, indicates area of 'Very Low erosion
susceptibility. The communities under this classinclude Agbudu and Oghoji. The second class score
ranges between 5 and 8 and isdescribed as 'L ow Susceptibility', which include communities such as
Nanka, Ndiowu, Ndiokpalaeke. The third class, which is the 'Medium Susceptibility' class, has its
score ranges between 9 and 12. The communities under this class include Ekwulobia, Oka, and
Umueje. Thefourth class showsareaof 'High Susceptibility' with scoreranges of between 13 and 16.
ThecommunitiesincludeAkpugoAbo, Ajalli and Umuogem. Thefifth classscorerangesbetween 17
and 20 and it istermed 'Very High Susceptibility'. In other words, the very high susceptibility can be
described as'Erosion Hotspot Areas' These hotspot areas are found in most of the major townswhere
urbanization and developmental activities are on the increase. These communities include
Ndikelionwa, Ufuoma, EnuguAbo, Akpu, Ndiobani and Ozu.
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Table 15: Landscape Susceptibility of Orumba North LGA
Total weight | Area | % of . .
Class Score Range inkm? | Total Degree Severity Vulnerable Communities
Very Low .

1 1-4 4532 | 12.34 Susceptibility Agbudu, Ogboji
2 5-8 99.49 | 27.09 Low Susceptihility Nanka, Ndiowu, Ndiokpalaeke
3 9-12 102.93 | 28.03 Medium Susceptibility | Ekwulobia, Oka, Umugje

] . I Akpugo Abo, Ajdli,
4 13-16 100.72 | 27.43 High Susceptibility Umuogem,

: Very High Ndikelionwu, Ufuma, Enugu
5 17-20 1878 | 512 Susceptibility Abo, Akpu, Neiobani, Ozu
Source: GISAnalysis, 2017
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Figure 11: Susceptibility Mapping of the Orumba North Landscape
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CONCLUSION AND RECOMMENDATION

Gully erosion is a serious environmental problem in most of the Eastern and South-South area of
Nigeria with attendant effect on human lives and properties. Thus, the study has shown the
susceptibility of the OrumbaNorth L GA Landscapeto the gully erosion and hasidentified areasthat
exhibit hotspot erosion scar using Geographic Information System (GIS) technique through
weighted overlay analysis. It is recommended that the urban land use management approach in
Orumba L GA should be more of green infrastructures within the ever increasing brown citiesin the
gully hotspot areas. Also, thetown and regional developmental plan of Anambra State should ensure
that green belts for recreational purposes that are devoid of physical structures are created in areas
withinthe 1° order streamsasthevillagesand citiesin the state expand.

REFERENCES

Abegunde, A.A., Adeyinka, S.A., Olawumi, PO. And Oluodo, O.A. (2006). “ An Assessment of the
Socio-Economic Impactsof SoilsErosionin South Eastern Nigeria’ Proceeding Symposium
on Shapingin Change, Germany, October 8-9.

Ananda, J. and Herath, G. (2003). Soil erosion in developing countries; A social economic appraisal.
Journal of Environmental Management, 68(4):343-353 EL SEVIER.

Anderson, JR., Hardy, E.F., Roach, J.T. and Witmer, R. E. (1976). A land use and land cover
classification for use with remote sensor data, U.S. Geological Survey Professional Paper
964, Washington, U.S. Government Printing Office.

Carey, B. (2006). The State of Queensland: Managing Queensland's natural resources...for today and
tomorrow. Natural Resource Sciences.

David JM., Hans GPJ. and Robert G.D. (1996). Soil erosion and environmental impact of vegetable
production in the Cameron Highlands, Malaysia. Agriculture, Ecosystem and Environment,
60: 29-46

Egboka, B.C.E, Nwakwor G.I. and Orgjaka, 1.P(1990). Implicationsof palaso-and neotectonics in
gully erosion-proneareas of southeastern Nigeria. Natural Hazards, 3: 219-231.

El-Swaify, S.A. 1990. Research needs and applications to reduce erosion and sedimentation in the
tropics. In Research Needs and Applications to Reduce Erosion and Sedimentation in
Tropical Seeplands. Pp 3-13. IAHS-AISH publ. #192

Okou, FA.Y., Assogbadjo, A.E., Bachmann, Y and Sinsin, B. (2014). Ecological factors
influencing physical soil degradation in the AtacoraM ountain Chain in Benin, West Africa.
Mountain Research and Development, 34(2):157-166. https://doi.org/10.1659/M RD-
JOURNAL-D-13-00030.1

Federa Ministry of Environment (FM Env) (2005). National Erosionand Flood Control Policy.

Fournier, F. (1960). Climat et Erosion, PressesUniversitairesde France, Paris

Galang, M.A., Markewitz, D., Morris, L.A. and Bussell. (2007) . Land use change and gully erosion
in the Piedmont region of South Carolina. Journal of soil and water conservation. vol. 62
no. 3, 122-129

Garde, R.J. (2011). Fluid Mechanics Through Problems. ISBN 10: 8122430163 / ISBN 13:
9788122430165, Published by New Agelnternational, New Delhi.

LJGIS Volume 6 2019 Page | 17



Shakirudeen S. Odunuga, Samuel K. Udofia, Patricia|. Chuke  Assessment of Land Susceptibility To Gully Erosion In Orumba North LGA, Anambra State, South Eastern Nigeria

Guardian, (2017): Nigerian Erosion and Watershed M anagement Project (NEWMAP). World Bank
launched; NEWMAPQgully erosion projectin Kogi.

Hanyona S. (2001). Soil Erosion Threatens Farm Land of Saharan Africa’. In The Earth Times,
January 10, 2001. http://forests.org/archieve/african/so erthrehtm

Hudson, N.W. (1981) . Soil conservation, Cornell University Press, New York.

Hughes, A.O., Prosser, |.P,, Stevenson, J., Scott, A., Lu, H., Gallant, J. and Moran, C.J. (2001). Gully
erosion mapping for the national land and water resources audit. Technical Report 26/01,
CSIRO Land and Water, Canberra, Australia

Idah, PA., Mustapha, H.1., Musa, J.J. and Dike, J (2008). Determination of erodibility indicesof soils
inOwerri West L ocal Government Areaof Imo State, Nigeria. AU. J.T 12(2) 130 133.

Igbokwe, J., Akinyede J., Ono, Kneki, O. L. And Nnodu, V.C. (2007).” Mapping of the spatial
distribution of gully erosion in South Eastern Nigeria with Satellite Imageries’ . A Paper
Presented at Costa RicaCapacity Building Conference, Nov 12-15

Igwe, C.A. (1999). Gully Erosionin Southeastern Nigeria: Roleof soil propertiesand environmental
factors. Http://dx.doi.org/10.5772/51020.

Igwe, C. A. (1999). Land use and soil conservation strategiesfor potentially highly erodible soils of
central -eastern Nigeria. Land Degradation Development, 10, 425-434.

Jordan, G.; van Rompaey, A.; Szilassi, P; Csillag, G;; Mannaerts, C. and Woldai, T. (2005). Historical
land use changes and their impact on sediment fluxesin the Balaton basin (Hungary). Agric.
Ecosyst. Environ., 108, 119133.

Julian, J.P; Wilgruber, N.A.; de Beurs, K.M.; Mayer, PM. and Jawarneh, R.N. (2015). Long-term
impactsof land cover changeson stream channel loss. Sci. Total Environ., 537, 399410.

Kashem, M. A. and M. M. Islam (1999). Use of indigenous technologies in agriculture by the rural
men and women: An empirical study in Bangladesh. Journal of Sustainable Agriculture,
14(2): 27-43. USA.

Lal, R. (1976a). Soil erosion on alfisols in Western Nigeria. |. Effects of slope, crop rotation and
residue management. Geoderma, 16, 363-373.

Wu, L., Xu, Y., Yuan, J,, Xu, Y., Wang, Q., Xu, X. and Wen, H Wen (2018). Impacts of Land Use
Change on River Systems for a River Network Plain. Water 10(5), 609
https://doi.org/10.3390/w10050609 ppl-14

Wu, L., Xu, Y., Yuan, J.,, Xu, Y., Wang, Q., Xu, X. and Wen, H. (2018). Impactsof Land Use Change
onRiver Systemsfor aRiver Network Plain. MDPI, Basel, Switzerland.

McCool, D.K., Brown, L.C. and Foster, GR. (1987). Revised slope steepnessfactor for the universal
soil lossequation. Trans. ASAE, 30, 13871396.

Midmore, D. J., Hans, GP. Jansen, R. And Doomsday, A. (1996). Soil erosion and environmental
impact of vegetable production in the Cameroon Highlands, Malaysia. Agriculture,
Ecosystemsand Environment, 60(1), 29-46

Montgomery, D.R, (2007). “ Soil erosion and agricultural sustainability” Journal of Environmental
Management, 104(33), 13268-13272.

Moughalu, L. N. And Ikegbunam, F. | (1997). “Gully erosion in some urbanized communities of
AnambraStatein Nigeria’. Environmental Review, 1(2), 1-4

LJGIS Volume 6 2019 Page | 18



Shakirudeen S. Odunuga, Samuel K. Udofia, Patricia|. Chuke  Assessment of Land Susceptibility To Gully Erosion In Orumba North LGA, Anambra State, South Eastern Nigeria

NEWMAP (2012). Nigeria Erosion and Watershed Management Project (NEWMAP). Project
Appraisal Document (PAD) Report No: 67983-NG

Nweze, E (2016). NEWMAP partners states to tackle erosion, environmental degradation: Nigerian
Pilot, Enugu.

Nwajide, C.S. and Hoque, M (1979). Gullying processes in Southeastern Nigeria. The Nigerian
Field, 44(2),64-74

Odunuga, S., Ajijola, A., Igwetu, N., and Adegun, O. (2018). Land susceptibility to soil erosion in
Orashi Catchment, Nnewi South, Anambra State, Nigeria. Proc. IAHS, 376, 87-95.
https://doi.org/10.5194/piahs-376-87-2018

Odunuga, S., and Oyebande, L. (2007). Change detection and hydrological implicationin the Lower
Ogun flood plain, SW Nigeria. In Owe, M and Neale, C. (eds). Remote Sensing for
Environmental Monitoring and Change Detection. IAHS Publ. 316, IAHS Press,
Wallingford Pp 91-99.

Ofomata, G E. K. (1985). Sail erosion. Southeastern Nigeria: The view of a geomorphologist.
Inaugural lectureseries. University of NigeriaNsukka.

Ofomata, GE.K. (1987). Soil Erosion in Nigeria The Views of a Geomorphologies. Inaugural
Lecture Series, University of Nigeria, Nsukka, Nigeria. 7, 3-33.

Okin, GS. (2002). “ Toward aUnified View of Biophysical Land Degradation ProcessessinArid and
Semi-arid Lands’. In J.F. Reynolds and D.M. Stafford Smith (eds). Global Desertification:
Do Humans Cause Deserts? Dahlem University Press, pp.95-97.

Ollero, A. (2010). Channel changes and floodplain management in the meandering middle Ebro
River. Geomorphology, 117, 247260.

OMAFRA Staff (2003). “ Soil Erosion, Causesand Effects’. Ridge Town and College of Agricultural
Technology, Ontario Institute of Pedol ogy.

Onu, N.N. (2011). Training in Geophysics. The challengesof oil exploration, gully erosion and water
resources development. 18th Inaugural Lecture, Federal University of Technology, FUTO,
Owerri.

Onwueme, 1.C and Asiabaka, C.C (1992). Erosion as an Interactive Force in the Human
Environment. Erosion Research Centre, FUTO

Oyebande, L. (1983). 'Rainfall Intensity-Duration-Frequency Curves and Maps for Nigeria
Occasional Paper No. 2, Department of Geography, University of Lagos, Akoka, Lagos.

Pike, R.J., (2002). A bibliography of terrain modeling (geomorphometry), the quantitative
representation of topography supplement 4.0. Open-File Report 02-465. U.S. Geological
Survey, Denver, 116 pp.http://geopubs.wr.usgs.gov

Poesen J. and Valentin C., (2003). Gully Erosion and Global Change. Proc. First International
Sympo-siumon Gully Erosion, Leuven, Belgium, April 2000. Catena 50 (24): 87562

Roger Claassen (2004). Have Conservation Compliance Incentives Reduced Soil Erosion? Feature:
Conservation Programs

Scherr, S.J. and Yadav, S. (1996). Land Degradation in the Devel oping World: Implicationsfor Food,
Agriculture, and the Environment to 2020. Food, Agriculture, and the Environment
Discussion Paper 14, FAO.

LJGIS Volume 6 2019 Page | 19



Shakirudeen S. Odunuga, Samuel K. Udofia, Patricia|. Chuke  Assessment of Land Susceptibility To Gully Erosion In Orumba North LGA, Anambra State, South Eastern Nigeria

Schmittner, K.E. and Giresse, P. (1999). Theimpact of atmospheric sodium on the erodibility of clay
inacoastal M editerranean region. Environmental Geology, 37, 195-206.

Thapa, GB. And Weber, E.K. (1991). “ Soil Erosion in developing countries: A political economic
explanation” . Jour nal of Environmental Management. 15(4), 461 473

Tsangaratos, P, llia, 1., and Rozos, D. (2013). Producing landslide Susceptibility maps by applying
expert knowledgeinaGIlS based environment. Bulletin of the Geol ogical Society of Greece,
47,1539-1549.

Warren, A., Batterbury, S. and Osbahr, H. (2001). Soil erosion in the West African Sahel: A review
and an application of a “local political ecology” approach in South West Niger. Global
Environmental Changell, 79 95. Retrieved fromwww.el sevier.com/locate/gloenvcha.

Weggel, R.J. And Rustom, R. (1992). “ Soil Erosion by Rainfall and Runoff Sate of the Art”.
Geotextilesand Geomembrances, 11(69), 551 572.

World Resource Ingtitute (1998). “A Guide to the Global Environment (1998)”. World Resources
(1998-99). UNDP, UNEP, WRI and theWorld Bank, Oxford University Press.

Zapp, D.H.R. And Nearing, M.A. (2005). “ Sope shape effects on erosion: Alaboratory study” Soil
Science. Soc. AmJ., 1463-1471.

Zhanyu Zhang, Liting Sheng, Jie Yang, Xiao-An Chen, Lili Kong and Bakhtawar Wagan (2015).
Effectsof land useand slopegradient on soil erosioninared soil hilly watershed of Southern
China. Sustainability, 7, 14309-14325. doi:10.3390/su71014309

LJGIS Volume 6 2019 Page | 20



	Cover.pdf (p.1-5)
	Shakiru.pdf (p.6-25)

