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ABSTRACT

This research work assessed the gully erosion susceptibility of Ikwuano Local Government Area of Abia State, 
Nigeria using the GIS-based multi-criteria evaluation approach. The objectives were to identify susceptible areas, 
examine and evaluate the causes as well as the impacts and recommend possible control measures. The multi-
criteria evaluation approach of pairwise comparison by Analytical Hierarchy Process was used to calculate and 
assign criteria weights to the 5 erosion factors. The pairwise comparison matrix was tested using Saaty Consistency 
Ratio to ensure accuracy. The five erosion controlling factors were analyzed in the GIS environment and prioritized 
as rainfall erosivity (R factor, 36%), soil erodibility (K factor, 30%), slope (LS factor, 19%), vegetative cover (C factor, 
9%) and conservation practice (P factor, 6%) in order of importance. The susceptibility map was produced and 
validated by ground truthing. Gully initiations are widespread in the study area. Dormant gullies at Umulu, Ihim and 
Amuro are well-vegetated with bambusa vulgaris. The active gullies at Elemaga-Ibere and Amaegbu-Ariam are 
within the moderate to high susceptible areas. The major anthropogenic causes of erosion in the study area include 
sand mining, bad farming practices, lumbering, poor drainage system and abandoned road constructions. The 
impacts included the destruction of roads and houses, isolation of communities, loss of farmlands and silting of 
streams. Tree planting and regrassing, engineering and structural designs to channel runoff, proper road design, 
improved farming practices and engaging in sensitization of all stakeholders targeted on early stage preventive 
measures were recommended. The GIS-based multi-criteria evaluation approach has proved both useful and 
effective in the mapping of gully erosion susceptibility in Ikwuano Local Government Area of Abia State, Nigeria.  
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1. INTRODUCTION 

Gully erosion seems to be one of the critical environmental hazards of 
modern times. Most concerns about erosion are related to accelerated 
erosion, where the natural rate has been significantly increased mostly by 
human activity. A gully is usually defined as a deep channel eroded by 
concentrated flow of water, removing upland soil and parent material that 
is too big to be obliterated by normal tillage operations [1].  

In a study, researchers described gullies as only being intermittently 
occupied by water and are most likely to occur on unconsolidated slope 
deposits, weak shales and weathered soils [2]. They typically present a 
rectangular or V-shaped cross-section and a steep head cut which migrate 
upslope as a consequence of the erosion produced by overland flow, sub-
surface piping and/or mass wasting processes [3-6].  

A group researcher noted that in the last three decades, gully erosion has 
been an issue of concern in the south-east Nigeria [3]. In Abia State, 
described gully erosion as one of the major land degradation problems 
which still stands between the government, rural areas and the final 
victory against hunger [4]. United Nation Environmental Programme 
pointed out that the adoption of integrated resources uses, and 
management policies and rehabilitation programs are hampered by weak 
knowledge of the nature, extent and severity of erosion, and the 
inadequacy of tools and methods for assessment and monitoring of this 
phenomenon [5].  

Gully erosion is one of the environmental problems facing the people of 
Ikwuano Local Government Area of Abia State [6-12]. It has become an 
issue of environmental concern. Several roads have been cut off and  

villages isolated. For example, in 2010, the emergence of Elemaga and 
Amuro gullies led to the isolation of 5 villages including Elemaga, Itunta, 
Obuoro, Nkalunta and Amuro. Also, in 2017, Amaegbu gully grew rapidly 
into disaster level leading to the cutting off of Ariam-Usaka ring road. Some  
vehicles are stuck on the road after heavy rainfall. As a result, harvested 
farm produce cannot be easily transported to market places due to the 
poor conditions of the road networks resulting from gully erosion. Loss of 
farmlands to erosion has striped the people their primary source of 
livelihood [13-15]. 

Human lives, houses, roads, electric poles, springs and streams (the 
people’s source of drinking water) and even vegetated areas are under 
threat. Little or no attention has been given to this issue of environmental 
concern by the government in both local and state levels. The residents, 
under community efforts have in several occasions devised means of 
controlling gully erosion in the area [16-20]. These included conversion of 
erosion sites into refuse dump sites, sand-filling the sites, mining of sands 
along erosion channels to help contain surface run-off, periodic pouring of 
gravel and palm kernels on the roads, etc. These efforts have not only 
proved abortive but enhanced the accelerated rate of gullying in the area.  

Numerous new gullies are emerging and many of old ones are growing 
rapidly to disaster level. As an issue of environmental concern, there is 
therefore need to identify areas susceptible to gully erosion and examine 
the possible control measures. The need to quantify the amount of erosion 
in a spatially distributed form has become essential in the implementation 
of conservation efforts [6]. In many situations, land managers and policy 
makers are more interested in the spatial distribution of soil erosion risk 
than in absolute values of soil erosion loss [7].  
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This global environmental issue has not been given serious authoritative 
control measures. There is therefore a pressing need for gully erosion 
assessment to evaluate its nature, extent and severity in the study area. 
 
2. THE STUDY AREA 
 
The study area is Ikwuano Local Government Area of Abia State, Nigeria. 
Figure 1 is the location map of study area. It has a total landmass of 
approximately 281km2 and a population of about 137,993 (2006 census). 
The study area lies between latitudes 50 19′ N and 50 29’N and longitudes 
70 32’E and 70 40’ E. The Local Government Area has 4 clans namely Ariam, 
Ibere, Oboro and Oloko; 44 autonomous communities and 52 villages. It is 
bounded by Bende L.G.A in the north, Umuahia L.G.A in the northwest, 
Isialangwa L.G.A in the southwest and Akwa Ibom State in the southeast 
[21]. 
 
The study area has high relative humidity values over 70%, and 
characterized by high temperature of about 29-31oC. The area is part of 
the sub-equatorial belt with average annual rainfall of about 4000mm per 
annum. The wet season starts from Mid-April to October and dry season 
from November to Mid- April, and has double maxima rainfall peaks in July 
and September with a short dry season of about three weeks between the 
peaks locally known as the August break. 
 
The area is endowed with natural springs and streams including Onu-
Inyang River which flows from Bende (the northern boundary) through 
the study area in a south-westerly direction; while Iyinta-Ocha River flows 
from the central part (Isiala) through south-western part (Ogbuebule) into 
Akwa-Ibom State on the western flank [22-26]. The Akoo River, Ehie River 
and Iyi-Oba River flow southerly from the eastern part of the study area. 
On the other hand, Anya River traverses the entire western flank of 
Ikwuano and joins with Ahi (the westernmost counterpart). This 
confluence together with others is the main tributary of the great Kwa Ibo 
River of Akwa-Ibom and Cross River States of Nigeria. 
 
Geologically, the area is situated in the Eastern Niger Delta. The geology of 
the area falls within two out of eleven geologic units in Abia State. They 
are Bende-Ameki Formation and the Benin Formation [8].  
 
The Bende-Ameki Formation was classified by some researcher into two 
lithological groups viz: the lower part which consists of fine to coarse grain 
sandstones and intercalations of calcareous shales and thin shelly 
limestone and upper part which comprise coarse, cross-bedded sandstone 
with bands of fine, grey-green sandstone and sandy fossiliferous clays 
[27]. The age of the formation has been given as early Eocene and early 
middle Eocene respectively [8,9]. The depositional environment of the 
Ameki Formation has been interpreted based on the faunal content. The 
depositional environment has been interpreted by various authors.  
 
A group researcher interpreted it to be an open marine depositional 
system suggesting that the fish may probably have been washed into the 
Ameki sea from inland waters whereas interpreted it to be near-shore to 
intertidal/sub-tidal zones of the shelf environment suggesting that the 
environment that ranged from near-shore to intertidal and sub-tidal zones 
[8,9,28]. White interpreted an estuarine environment because of the 
presence of the fish species of known estuarine affinity [9]. The sandstones 
of the study area belong to the Ameki Formation (Eocene) which underlies 
the Imo shale (Paleocene) which conformably overlies the Nsukka 

Formation. The Ameki Formation consists predominantly of alternating 
shales, clayey sandstone and fine–grained fossiliferous sandstone with 
thin limestone bands [29].  
 

                 
          

Figure 1: The Geographical Map of the Study Area 
 

 
 

Figure 2: The Geological Map of the Study Area 
 
3. METHODS OF STUDY 
 
The field study was carried out in which the coordinates and the altitudes 
of the gully sites were obtained with the use of Global Positioning System, 
GPS (Table 1). The photographs of the gully sites were captured during 
ground truthing with a digital camera [30].  The dimensions of the gully 
sites- the length, width and depth were measured using a measuring tape. 
The data acquired both the primary and secondary was analyzed in the GIS 
environment using MS-Excel and ArcGIS 10.5 software. The selected 
factors of erosion were analyzed using the GIS-based Multi-Criteria 
Evaluation approach by Analytical Hierarchy Process. 

Table 1: The Geographical Coordinates of Sampled Communities 
 

S/N Locality Longitudes Latitudes Gully Type 

1 Iyalu N050 26′ 49.02″ E0070 35′ 49.92″ Active 

2 Elemaga N050 26′ 20.52″ E0070 36′ 48.18″ Very active 

3 Itunta N050 27′ 4.72″ E0070 38′ 8.28″ -- 

5 Inyila N050 26′ 2.4″ E0070 36′    28.86″ Initiation 

6 Obuohia N050 25′ 13.5″ E0070 35′ 10.08″ Initiation 

7 Elu-Elu Ariam N050 20′ 36.66″ E0070 37′ 23.4″ Under check 

8 Ahaba Oloko N050 22′ 51.6″ E0070 32′ 22.26″ -- 

9 Ekwelu Ariam N050 20′ 33.12″ E0070 38′ 15.3″ Under check 

10 Amaoba N050 26′ 55,86″ E0070 32′ 33.48″ Under check 

11 Amawom N050 28′ 10.02″ E0070 33′ 52.32″ Active 

12 Umuariaga N050 28′ 51.06″ E0070 32′ 46.26″ -- 

13 Ihim N050 27′ 59.64″ E0070 34′ 39.66″ Under check 

14 Amuro N050 27′ 53.4″ E0070 35′ 7.32″ Under check 
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15 Umulu N050 26′ 22.68″ E0070 35′ 9.72″ Under check 

16 Amaegbu N050 21′ 34.26″ E0070 38′ 10.08″ Very active 

17 Iberenta N050 26′ 35.4″ E0070 36′ 24.96″ Active 

19 Isiala Oboro N050 24′ 19.14″ E0070 34′ 14.34″ -- 

Table 2: Sources of Data 
 

DATA SOURCES CLASS PRINCIPAL PRODUCT 

Rainfall NIMET, Umudike Secondary Data Rainfall Erosivity Map 

Soil NRCRI, Umudike Secondary Data Soil Erodibility Map 

Slope Google Satellite Image Secondary Data Slope Factor 

Land Use SRTM Secondary Data Land Use Map 

Conservation Practice SRTM Secondary Data Conservation Practice Map 

Coordinates Ground truthing  Primary Data Gully sites 

Gully dimensions Ground truthing  Primary Data Gully size 

4. DATA ANALYSIS 
 
The watershed of the study area was computed from the meteorological 
samples collected including the different localities, their longitudes, 
latitudes, altitudes and rainfall amount. The base map was geo-referenced 
with the coordinates. The rainfall erosivity (R factor), soil erodibility (K 
factor), slope (LS factor), vegetative cover (C factor) and the conservation 
practice (P factor) maps were computed from the watershed (Figures 3, 4, 
5, 6 and 7). The streams and basins, flow directions and accumulations 
were obtained.  
 
The meteorological samples were computed in the Excel. The data was 
imported to ArcGIS. This was converted to shape files. The erosivity values 
were inputted through the geostatical analyst [31]. The soil data was 
imported to GIS environment to generate the soil erodibility map. The 
DEM file of the watershed was used to obtain the field, flow accumulation 
and the slope of the DEM. This gave the slope factor. The DEM file of the 
watershed was used to extract the slope in raster algebra. The slope was 
reclassified. The conservation map was obtained as the final result from 

the reclassification of the slope.  
 
The GIS-based multi-criteria evaluation approach of pairwise comparison 
matrix by analytical hierarchy process was used to assign and calculate the 
criteria weights of the five erosion parameters. The pairwise comparison 
matrix of the parameters was tested using Saaty Consistency Ratio (Table 
6) to ensure accuracy [32-35]. The susceptibility map of the study area was 
produced (Figure 8). The susceptibility map was validated by comparing 
with ground truth data geolocated on the susceptibility map (Figure 9).
  
The Criteria weighting: Analytical Hierarchy Process, one of the most 
popular methods for calculating criteria weights in Multi-Criteria 
Evaluation approach through an expert pairwise matrix was used [10]. 
Two criteria were evaluated one at a time in terms of their relative 
importance (Table 3). The five criteria evaluated included rainfall 
erosivity (R), soil erodibility (K), slope (LS), vegetative cover (C) and 
conservation practice (P). Table 3 is the pairwise comparison matrix. The 
weights of the individual criteria were calculated (Table 4).The sum of the 
weights are always 1. 

 
Table 3: Completion of Pairwise Comparison Matrix 

 

S/N Indicator/ Criteria R Factor  K Factor LS Factor C Factor P Factor 

1 R Factor 1 3/1 2/1 4/1 5/1 
2 K Factor 1/3 1 2/1 5/1 4/1 
3 LS Factor  ½ ½ 1 3/1 3/1 
4 C Factor ¼ 1/5 1/3 1 2/1 
5 P Factor 1/5 ¼ 1/3 1/2 1 

 
Table 4: Calculation of Criteria weights 

 

 R Factor  K 
Factor 

LS 
Factor 

C 
Factor 

P 
Factor 

Sum of the 
Row 

Average of the 
Row 

Criteria 
Weights  
(w) 

Weight (%) 

R Factor 1.00 3.00 2.00 4.00 5.00 15.00 3.00 0.36 36 
K Factor 0.33 1.00 2.00 5.00 4.00 12.33 2.466 0.30 30 
LS Factor  0.50 0.50 1.00 3.00 3.00 8.00 1.60 0.19 19 
C Factor 0.25 0.20 0.33 1.00 2.00 3.78 0.756 0.09 9 
P Factor 0.20 0.25 0.33 0.50 1.00 2.28 0.456 0.06 6 
Total 2.28 4.95 5.67 13.50 15.00 41.39 8.278 1.00 100 

 
Criteria weight (%) = rank (sum of row)/total ranking (total sum of row) ×100 
 
The Consistency Ratio (CR): A statistically reliable estimate of the 
consistency of the criteria weights was made in accordance with a study 
[10]. The Consistency Ratio (CR) is considered adequately consistent if the 

corresponding CR is less than 10% [11]. First, a normalized comparison 
matrix was created. The sum of a normalized is always 1. Table 4 is the 
normalized matrix. 

 
Table 5: Estimating the value of λmax 

 

 R K LS C P 
 

Geometric mean 
(nth root) 

SUM of 
column 

Normalized 
value 

Maximum 
eigenvalue 

R 1.00 3.00 2.00 4.00 5.00 2.605 0.411 0.411 0.936 
K 0.33 1.00 2.00 5.00 4.00 1.675 0.264 0.264 1.307 
LS 0.50 0.50 1.00 3.00 3.00 1.176 0.185 0.185 1.051 
C 0.25 0.20 0.33 1.00 2.00 0.505 0.080 0.080 1.075 
P 0.20 0.25 0.33 0.50 1.00 0.383 0.060 0.060 0.906 
Total 2.28 4.95 5.67 13.50 15.0 6.344 1.00 1.000 𝛌𝐦𝐚𝐱 =5.275 
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where Geometric Mean is the nth root of the product of n observations, 
that is,  
 

𝐺 =  √𝑥₁ × 𝑥 ₂  ×  − − − × 𝑥𝘯 
𝑛

                 (1) 
 
Normalized Value (NV) = nth root/summation of nth root 
Maximum eigen value (λmax) = Normalized Value x Sum of Column 
The Consistency Index, CI is first computed using 
 

CI =  
( max −  n)

n − 1
                                                      (2) 

 
where n = number of criteria and λmax = maximum eigenvalue. Table 5 
shows how the maximum eigenvalue (λmax) was obtained. 
 
CR is then computed using  
 

CR =
CI

RCI
                                                                           (3) 

 
where Random Consistency Index (RCI) in this study is the value for n = 5 
(Table 6). 
 
From equation (4), 
 

∴  CI =  
(5.275 −  5)

5 − 1
=  

0.275

4
=  0.06875                   (4) 

 
Table 6: Random Consistency Index (RCI) values for different values of n 
 

N 2 3 4 5 6 7 8 9 10 

RI 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.51 

 
Source: Saaty (1999) [10] 
From equation (5), 
 

    CR =
0.06875

1.12
= 0.06                                           (5) 

 
The Consistency Ratio (CR) is 6% (which is less than or equal to 10%). 
Therefore, the matrix is adequately consistent for the decision making 
process of producing an erosion susceptibility map. 
 
5. RESULTS AND DISCUSSIONS 
 
The gully sites are of three classes: initiations, dormant and active sites. 
The active sites are found within the areas with moderate to high 
susceptibility to soil erosion [36]. The dormant sites at Umulu, Ihim and 
Amuro communities are under check with bambusa vulgaris. The 
initiations are wide spread in the study area (Table 1). These are common 
along abandoned road constructions and places where sand mining and 
lumbering are going on. The active gullies are found in Elemaga, Amaegbu, 
Amawom, Iyalu and Iberenta. These fall within areas of high susceptibility 
[37]. 
 
The factors of soil erosion including rainfall erosivity (R), soil erodibility 
(K), slope factor (LS), vegetation cover (C) and conservation practice (P) 
were analyzed. Figures 3, 4, 5, 6, 7, and 8 are the results [38]. Most parts 
of the study area fall within the areas with moderate to high susceptibility 
to soil erosion. This is against the finding in which the whole area was 
identified as low to moderate with respect to gully erosion susceptibility 
[3]. This is not far from the findings of researchers in which it was 
observed that intensified rainfall and human activities where natural rate 
of erosion has been significantly increased by human activities such as 
incessant lumbering, sand mining and bad farming practices in the area 
would have been the cause for this deviation [12-14,39]. 
 
The two major gully sites are Amaegbu-Ariam gully along Ariam-Usaka 
ring road (Plate 1) and Elemaga-Ibere gully along Ndoro-Itunta road (Plate 
2) The gullies have led to the cutting off of some villages from the adjoining 
ones including Ariam Ala-Ala, Ugwuegbu, Amaegbu and Usaka (by 
Amaegbu gully site) and Elemaga, Itunta and Obuoro (by Elemaga gully 
site) [40]. The contributing factors were analyzed and prioritized as 
rainfall erosivity (R factor), soil erodibility (K factor), slope (LS factor), 
vegetative cover (C factor) and conservation practice (P factor) in that 
order with the criteria weights of 36%, 30%, 19%, 9% and 6% respectively 
(Figure 8).  
 
Rainfall erosivity has the highest criteria weight (36%, Figure 3). This 

corresponds with the expert opinion of the Erosion Control Unit of Abia 
State Ministry of Environment in which rainfall’s influence on the 
susceptibility of gully erosion in the study area was ranked the highest. 
Rainfall is an important erosion factor as reported by some researchers 
[3,4, 41]. The northern part of the watershed has low erosive potential 
with erosivity value of 127 whereas the central and southern parts have 
high erosive potential with erosivity value of 339. Figure 10 is the drainage 
pattern of Ikwuano Local Government Area. 
 
Soil erodibility with the criteria weight of 30% (Figure 2) plays an 
important role in causing soil erosion in the study area. This is in 
agreement with the NEWMAP report which observed that soils in the 
southeastern Nigeria are friable and highly susceptible to erosion [15]. 
The friability of the soil reflects the ease with which the soil is detached by 
splash during rainfall and/or by surface flow. The southern and western 
parts of the watershed have high erodibility value of >0.3 whereas the 
eastern part has low erodibility value of 0.03. Figure 11 is the soil map of 
the study area [42-46]. 
Slope factor is a contributing factor to soil erosion in the study area with 
criteria weight of 19% (Figure 5). The gully erosion is widespread within 
the areas with steep slope. Some researchers observed that the steepness 
factor represented by S reflects the influence of slope steepness on erosion 
[16, 47-50]. Most of the watershed area has low to moderate slope value 
whereas a small portion within the central part has high slope value up to 
7.48. Figures 12 and 13 are the slope map and the Digital Elevation Model 
(DEM) of the area [51-53]. 
 
Vegetative cover exerts influence on the soil erosion with criteria weight 
of 9% (Figure 6). This factor has been affected by the bad agricultural 
practices generally in place and the incessant lumbering activities going 
on within the northeastern part of the study area. The northern, eastern 
and southern parts of the watershed show bare soils [54]. This could be 
attributed to the incessant lumbering of trees and poor agricultural 
practices. The vegetative cover is the factor which is mostly readily 
changed by human activities [17]. 
 
The vegetative cover is influenced by conservation support practices. 
Pressure for settlements, farming and other activities which depend on 
both land and existing vegetation have given little or no room for soil and 
water conservation practices. Little contour farming and terracing are 
carried out in few areas [55,56]. This contributes 6% to soil erosion in the 
study area (Figure 7). The conservation support practices carried out in 
almost all the parts of the watershed have only 27% ability to reduce soil 
erosion with P-value of 0.73. Only a smaller portion within the central part 
of the watershed has conservation support practice which can reduce soil 
erosion by 45%, with P-value of 0.55.   
 

6. CONCLUSIONS  
 

The GIS-based multi-criteria evaluation approach for the assessment of 
the susceptibility of gully erosion has proved both useful and effective in 
the mapping of gully erosion susceptibility in Ikwuano Local Government 
Area of Abia State, Nigeria. The final result of the research which is the 
gully erosion susceptibility map (Figure 8) has shown the spatial 
distribution of gully sites in the study area. This has enabled the study to 
point out the major gully sites in the area which are found at Elemaga-
Ibere and Amaegbu-Ariam communities. 
 

The leading factors contributing to soil erosion in the study area were 
analyzed and prioritized as follows: rainfall erosivity, R (36%), soil 
erodibility, K (30%), slope factor, LS (19%), vegetation cover 
management, C (9%) and conservation practices, P (6%). The first four 
factors are natural causes of soil erosion. The R factor has erosivity values 
ranging from 127 (low erosive potential) to 339 (high erosive potential). 
The K factor has values ranging from 0.03956 (low erodibility) to 
0.329579 (high erodibility). The LS factor has values ranging from 0 to 
7.48. The P values are 0.55 (45%) and 0.73 (27%). The rate of erosion is 
accelerated by anthropogenic activities. These included sand excavation, 
bad farming practices, lumbering activities, abandoned road construction 
and poor drainage system. 
 

The impacts of gully erosion in the study area were found to include the 
following: the destruction of houses and road, isolation of villages, loss of 
farmlands, vehicles stuck on the road and the siltation of streams and 
springs.  The control measures recommended by the study include the 
following: regrassing (using lemon and vetiver grasses) and planting of 
trees such as bambusa vulgaris and gmelina tree; improved farming 
practices, proper road constructions, improved engineering/structural 
designs to channel runoff, engaging in early stage preventive measures; 
and carrying out enlightenment campaign.  
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Figure 3: Rainfall Erosivity (R factor) Map 

 
 

Figure 4: Soil Erodibility (K factor) Map 
 

 
 

Figure 5: Slope (LS factor) Map 
 

 
 

Figure 6: Vegetation Cover (C factor) Map 
 

 
 

Figure 7: Conservation Practice (P factor) Map 

 
 

Figure 8: Gully Erosion Susceptibility Map of Ikwuano L.G.A 
 

 
 

Figure 9: Gully Erosion Validation Map of Ikwuano L.G.A 
 

 
 

Figure 10: Drainage Map of Ikwuano L.G.A 
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Figure 11: Soil Map of the Study Area 

 

 
Figure 12: Slope map of Ikwuano L.G.A obtained from SRTM 

 

 
 

Figure 13: Digital elevation Model (DEM) of Ikwuano L.G.A 
 
 

 
 

Plate 1: Amaegbu gully site (Ariam-Usaka ring road) N050 21′ 34.26″ & E0070 38′ 10.08″
  

Depth=10m 

Length=91m 
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Plate 2: Elemaga gully site (Ndoro-Itunta road) N050 26′ 49.02″ & E0070 36′ 48.18″ 
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