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Abstract- Soil erosion represents a natural risk which produces material and human losses annually. The 
assessment and mapping of erosion prone areas are essential for soil watershed management. The 
objective was to apply RUSLE model to determine the amount of soil loss in Urualla watershed of Imo, 
Nigeria. Land use and land cover map was obtained from Google earth satellite image; ground control 
point data was collected from GeoSmart Survey, Imo State, Nigeria; 25 year sannual rainfall data was 
obtained from NIMET; soil map was generated from Onyekanne et al. (2012) soil data. The various 
components of RUSLE were integrated into the ArcGIS 10.2.1 to estimate the annual soil loss in the area. 
The soil loss in the area ranged from6 to 1200 t/ha/year while the mean annual soil loss is 36 t/ha/yr. The 
erosion map obtained shows that in the study area, 25.9% has medium erosion rate of 10-15 t/ha/yr; 
33.6% has moderately high erosion rate of 15-25 t/ha/yr; 16.4% has high rate of 25-50 t/ha/yr while 14.7% 
has a rate greater than 50 t/ha/yr. The study shows that GIS presents simple and low cost tools for 
assessing erosion potential and risk in a watershed. 
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Abstract-

  

Soil erosion represents a natural risk which 
produces material and human losses annually.

 

The 
assessment and mapping of erosion prone areas are essential 
for soil watershed management. The objective was to apply 
RUSLE model to determine the amount of soil loss in Urualla 
watershed of Imo,

 

Nigeria. Land use and land cover map was 
obtained from Google earth satellite image; ground control 
point data was collected from GeoSmart Survey, Imo State, 
Nigeria; 25 years-

 

annual rainfall data was obtained from 
NIMET; soil map was generated from Onyekanne et al. (2012) 
soil data. The various components of RUSLE were integrated 
into the ArcGIS 10.2.1 to estimate the annual soil loss in the 
area. The soil loss in the area ranged from6 to 1200 t/ha/year 
while the mean annual soil loss is 36 t/ha/yr. The erosion map 
obtained shows that in the study area, 25.9% has medium 
erosion rate of 10-15 t/ha/yr; 33.6% has moderately high 
erosion rate of 15-25 t/ha/yr; 16.4%  has high rate of 25-50

 

t/ha/yr while 14.7% has a rate greater than 50 t/ha/yr. The 
study shows that GIS presents simple and low cost tools for 
assessing erosion potential and risk in a watershed. 

 

Keywords:

 

soil erosion, GIS, RUSLE, urualla watershed, 
map, erosion factors.

 
I.

 

Introduction

 
oil erosion is one of the most serious 
environmental problems in the world today 
because it threatens agriculture and also the 

natural environment [8].The factors which influence the 
rate of erosion are rainfall, runoff, soil, slope, plant cover

 

and presence or absence of conservation measures, 
[6]. Erosion control requires a quantitative and 
qualitative evaluation of potential soil erosion 
considering these factors [9].

 

Urualla watershed has massive active erosions 
currently devastating the land. This has been attributed 
to several causes [16]. Assessing soil erosion rate is 
essential for the development

 

of adequate erosion 
prevention measures for sustainable

 

management of 
land and water resources [3].  

 

Soil erosion modelling can be undertaken using 
deterministic, stochastic, or empirical approaches [1]. In 
an empirical model, theoretically-based procedures are 
employed using parameters like Universal Soil Loss 
Equation (USLE), Revised USLE

 

or its modifications and 
derivatives ([17, [13] and[14]). Geographic Information 
System (GIS) technologies are

 

valuable tools in 
developing environmental models through

 

their advance 

features of data storage, management, analysis and 
display. There are several GIS-Based models used to 
estimate soil loss. RUSLE is frequently used due to its 
simplicity and suitability for integration with GIS. RUSLE 
has several improvements over USLE in estimation of 
factors and application to different conditions including 
forest, rangelands and disturbed areas [5]. Several 
studies has been carried out in recent years using 
RUSLE ([2],[10],[3],[4]etc.). With appropriate selection 
of factors, RUSLE computes average soil loss [13] as 
follows 

            A = R × K × LS × C × P     (1) 

Where: A = Computed average annual soil loss 
in (tons/ha/year), R = Rainfall erosivity factor in 
(MJ.mm/(ha.h.year-1)); K = Soil erodibility factor in 
(t.ha.h/(ha.MJ.mm); LS = Surface characteristic factor 
comprising of L = Slope length factor and S = Slope 
steepness factor; C = Cover management factor; P = 
Conservation practice factor or support practice 
factor.LS, C, and Paredimensionless.  
The runoff factor [7]is computed as 

R = 38.5 + 0.35 × Pr                                                            

                                                                                       
(2)

 
Where, Pr = annual average rainfall (mm/yr) 
The LS factor is estimated [17] as  

LS  =  �
Flow  accumulation  ×  Cell  value  

22.1 �
m

(0.065  +  0.045  S  

+  0.0065  S2)                           

(3)
 

Where cell value = resolution of DEM, S = 
slope (%) generated from DEM, m is estimated from 
[17] table. 

The support practice factor P classified 
according to cultivation and slope are obtained from 
[15]. The objective of the study therefore is to predict 
soil loss rate in Urualla watershed using RUSLE and 
compare results with physical site assessment. 

a) Study Area 
Urualla is located in the north-western region of 

Idea to North L.G.A of Imo State, Nigeria. It covers a 
total of approximately 19.570 sq km and is situated 
between latitude 5° 50´N and 5° 55´N; and longitudes 
7° 00´E and 7° 05´E. The area is semi-urban consisting 
mainly of built up areas which is characterized by humid 
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tropical wet and dry climate governed primarily by 
rainfall. The annual rainfall ranges from 1,990mm to 
2,200mm with average annual temperature of 25.8 °C. 
The study area is shown in Fig. 1. 

 

Fig. 1:
 
Location map of the study area

 

II.
 

Materials And Methods
 

The primarydata include DEM of Urualla, which 
was generated from ground control point (GCP) data 
collected from GeoSmart survey unit in Imo State. A high 
resolution Google earth satellite image used to obtain 
the land use and land cover map of the study area.

 
The 

annual rainfall Owerri, Enugu and Onitsha stations were 
collected

 
from the Nigerian Meteorological Agency 

(NIMET) for a period of 25years (1981-2005). The study 
area soil map was generated from soil data [12]. The 
various components of RUSLE namely rainfall 
erosivity(R), soil erodibility(K), topographic factor(LS), 
crop management factor(c) and conservation practice 
factor (P) were obtained using equations specified in 
literature and integrated in ArcGIS 10.2.1to estimate the 
amount of annual soil loss. A schematic presentation of 
the procedure as adopted from [11] is shown in Fig.2.

 
 
 

 

 Procedures of RUSLE integrated in ArcGIS 

Source: Omar, (2010) 

III. Results And Discussion 

The rainfall erosivity factor (R) ranged 
from98.8939 to100.04 MJ.mm.ha-1.hr-1.year-1 (Fig. 3). 
Based on rainfall erosivity, the higher value which is 
100.04 found in the lower part of the study area shows 
it’smore likely to cause erosion while  the lower value in 
the upper part of the study area indicates less 

vulnerability to erosion when considering rainfall. 
 

 

Fig. 3:
 
R factor Map

 

The value of K-factor in the study area ranged 
from 0.131454 to 0.140551 ton.

 
ha/MJ.mm (Fig.4). The 

high K-factor value found in the upper side of the 
watershed shows that the soil type is more likely to be 
eroded while the smaller value found in the south-
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Fig. 2:



eastern part of the watershed shows the soil to be less 
vulnerable to erosion.  

 

Fig. 4:
 
K Factor Map

 

The topographic factor, LS increases in the 
range of 0.0-39.045 (Fig.5) as the slope and flow 
accumulation increases. The high LS values are 
associated with steep slopes between 15% -

 
50% and 

greater than 50%. Areas of high LS value are more likely 
to be eroded than other areas.

 

 

Fig. 5:

 

LS Factor Map

 

Fig. 6 shows spatial distribution of crop 
management factor C which ranged from 0 to 0.5. Thus, 
based on C-factor the large value shows more 
vulnerable land use/land cover to erosion and on the 
other hand the lower value shows less vulnerable land 
use/land

 

cover to erosion. From the result bare lands 
have a large value of C-factor of 0.5.

 

 
Fig.

 

6:

 

C Factor Map

 
The P factor ranged from 0.55 to 1.0 (Fig.7). By 

contrast, maximum P values correspond exactly with 
areas of steep slopes while the minimum values 
corresponds with areas of gentle slope

 
 

 
Fig.

 

7:

 

P Factor Map

 
This five (R, K, LS, C and P)maps were 

multiplied interactively using raster calculator tool in 
ArcGIS 10.2.1. The output gives an erosion map which 
shows that the potential annual soil loss of Urualla 
watershed ranges from 6 to 1200 ton/ha/year (Fig. 8). 
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Fig. 8:

 
A Map (Soil loss Map)

 
The lowest soil loss rate

 
is 6 t/ha/yr while 1200 

t/ha/yr shows highest soil loss rate in the study area. The 
mean annual soil loss rate is 36 ton/ha/year which is 
much greater than the tolerable level of 10 ton/ha/year 
(Hurni, 1983). 

 The result of reclassifying Urualla soil loss rate 
map into six soil erosion risk categories (Fig. 9) shows 
that the three identified gullies discovered during site 
visit falls on the areas having very high and high rate of 

soil loss. Thus, this accounts for the massive soil loss at 
the gullies more especially gully 1 to an estimated depth 
of about 20 m.

 
The result of analyzing the soil loss map 

to estimate the area of coverage (Fig. 10) shows that 
0.2% and 9.2% of the watershed area has very low and 
low rate of soil loss respectively while 25.9% and 33.6% 
of the area has medium and moderately high rate of

 
soil 

loss. 16.4% and 14.7% of the watershed area has high 
and very high soil loss rate. 

 

 

Fig. 9: Reclassified soil loss rate (A) Map 
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Fig.10: Classes of average annual soil loss and 
corresponding area 

From the results shown in Figs.8,9 and 10, this 
study has however, clearly highlighted the spatial 
distribution of erosion hotspots in the region, thus 
providing a great insight of erosion impact trends in the 
study area. These results are expected to serve as a 
relevant guide to environmental and water resources 
managers involved in the mitigation of the impact of 
erosion in the study area. It is obvious that surface 
erosion can vary spatially due to rainfall variability, 
topographic changes, different soil types and 
characteristics, and human-induced disturbances. The 
C and P factors can be improved to reduce the soil 
erosion loss through afforestation and shifting 
community environmental practice. The LS factor also 
can be modified by shortening the length and steepness 
of slopes by the construction of contour walls and 
terraces. Construction of soil conservation measures like 
cistern to harness precipitation is vital to control runoff 
and soil erosion across different agro-ecological zones 
and under various land uses/land cover. Expected 
benefits of enhancing soil and water conservation in the 
studied area could be summarized in the following: 
reduction in sediment load of Urualla; and reducing the 
peak flows of the Urualla watershed. Also, the 
construction of check dams along gullies is an essential 
measure to minimize gully erosion. 

IV. Conclusion 

The extent of soil erosion occurring in the study 
area is still increasing and is now a major cause for 
concern. The present determination of RUSLE 
parameters for mapping potential soil loss rates in 
Urualla, Imo State has revealed the severity of soil 
erosion in the area and identified critical areas for soil 
conservation measures and sustainable environment. 
The approximate mean annual rate of soil loss in the 
watershed is 36 ton/ha/year, which is very large enough 

to degrade the area, with the six erosion risk classes, 
ranging from 6-1200 t/ha/year. 14.7%, 16.4% and 33.6% 
of the area experience very high, high and moderately 
high erosion rate which shows that greater part of the 
study area are highly at risk. This has also been proven 
to be correct from site visitation results. They study also 
revealed that high rainfall erosivity and soil erodibility 
combined with moderate to high slope and decreasing 
vegetal cover are the major factors driving soil loss in 
the area. 

Finally, the present investigation has 
demonstrated that GIS techniques are simple and low-
cost tools for modeling soil erosion, with the purpose of 
assessing erosion potential and risk for Urualla 
watershed. 

References  Références Referencias 

1. L. C. Alatorre, S. Begueria, N. Lana-Renault, A. 
Navas, and J.M. Garcia-Ruiz, Soil erosion and 
sediment delivery in a mountain catchment under 
scenarios of land use change using a spatially 
distributed numerical model. Hydrology and Earth 
System Sciences, vol. 16, pp. 1321-1334, 2012. 

2. J. F. Babatunde, O. A. Olabanji, Y. B. A. Adeleye, I. 
A. Adegoke and O. Chris, GIS-based estimation of 
soil erosion rates and identification of critical areas 
in Anambra  sub-basin, Nigeria. Model. Earth Syst. 
Environ. DOI 10.1007/s40808-016-0218-3. Springer 
International Publishing Switzerland, 2016. 

3. A. C. Emeribeole and C. J. Iheaturu, Mapping of 
potential soil erosion risk areas in Imo State using 
the Revised Universal Soil Loss (RUSLE), Remote 
Sensing (RS) and  Geospatial Information System 
(GIS) Techniques. International Journal for Research 
in Emerging Science and Technology, Vol. 2, Issue-
10, Oct-2015 

4. Y. Farhan, Z. Dalal, and F. Ibrahim,  Spatial 
Estimation of Soil Erosion Risk Using RUSLE 
Approach, RS, and GIS Techniques: A Case Study 
of   Kufranja Watershed, Northern Jordan. Journal of 
Water Resource and Protection, vol. 5, pp. 1247-
1261, 2013. 

5. I. Z. Gitas, K. Douros, C. Minakou, G. N. Silleos, and 
C. G. Karydas, Multi-temporal soil erosion risk 
assessment. In: Chalkidiki N.Using modified USLE 
raster model. EARSeL pp. 40–52, 2009. 

6. M. Kokh-Shrestha, Soil erosion modeling using 
remote sensing and GIS: A case study of Jhikhu 
Khola Watershed, Nepal, 2002. 

7. G. S. Lee and K. H. Lee, “Scaling effect for 
estimating soil loss in the RUSLE model using 
remotely sensed geospatial data in Korea”. 
Hydrology and Earth System Sciences 
Discussionsvol. 3, pp. 135–157, 2006. Korea Water 
Resource Corporation, 462-1 Jeonmin-dong, 
Yusung-gu, Daejeon, Korea. 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

0.16
9.21

25.90

33.58

16.41 14.73

A
re

a 
C

ov
er

ag
e 

in
 %

Potential Soil Loss Rates in Urualla, Nigeria using Rusle

     

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
V
ol
um

e
X
V
III  

 I
ss
ue

  
  
 e

rs
io
n 

I
V

II
Y
ea

r
20

18

47

  
 

( H
)

© 2018   Global Journals



8. I. Norkhair, "An Analysis of the Sensitivity of Soil 
Erosion Models within a Geographical Information 
System". PhD Thesis, University of Nothingham, 
1998. 

9. B. Nuket, “Using the Geographical Information 
System and Remote Sensing Techniques for Soil 
Introduction Erosion Assessment”. Polish J. of 
Environ. Stud. Vol. 19, No. 5 (2010), 881-886. 

10. E.K.Nwakor, C.C. Mbajiorguand K.N. Ogbu, 
“Assessment of Soil Erosion Using Rusle2 Model 
and Gisin Upper Ebonyi River Watershed, Enugu 
State, Nigeria”. International Journal of Remote 
Sensing & Geoscience (IJRSG). Vol. 4, Issue 4. pp 
7-17, 2015. www.ijrsg.com. ISSN No: 2319-3484. 

11. C. Omar, Geographic Information System Manual. 
Tenaga National Berhad. Passion Asia. (n.d.). 

Retrieved from http://www.passionasia.com/malay 
siahotels.html, 2010. 

12. C. F. Onyekanne, F.O.R. Akamigbo and G.U. Nnaji, 
“Characterization and classification of soils of Idea 

to north local government area”. Nigerian Journal of 
Soil Science VoL. 22(1). ISSN-1597-4488, published 
by the Soil Science Society of Nigeria, 2012. 

13. K. G. Renard, G. R. Foster, G. A. Weesies, D. K.Mc 

Cooland D. C. Yoder, Predicting Soil Erosion by 
Water: A guide to Conservation Planning with the 
Revised Universal Soil Loss Equation (RUSLE). 

USDA Agriculture Handbook No 703, Washington 
D.C. River Perkerra Catchment in Kenya. Water 
Resour. Manage. 19: pp. 133–143,1997. 

14. C. J.Rosewell, SOILOSS: A Program to Assist in the 
Selection of Management Practices to Reduce 
Erosion. (SOILOSS Handbook, 2nd Ed.). NSW Soil 
Conservation Service Technical Handbook No 
11.NSW Soil Conservation Service, Sydney, 1993. 

15.
 
G. J. Shin, “The Analysis of Soil Erosion Analysis in 
Watershed Using GIS,” Ph.D. Dissertation, 
Department of Civil Engineering, Gang-Won 
National University, Chuncheon, 1999.

 

16.
 
N.C. Ume, A.I. Enwereuzor, C.A.Egbe, M.C.Ike and 
S.I.Umo,

 
“Application of Geographic Information 

System (GIS) and Satellite Remote Sensing (SRS) 
Technologies In Identifying Impacts of Gully Erosion 
in Urualla, Ideato-North Local Government Area, 
Imo State, Nigeria”. Global Research Journal of 
Science (GRJS online)

 
ISSN: 2276-8300 © 

Academic Publications. Pp. 1-8, 2014.
 

17.
 
W. H. Wischmeier and D. D. Smith,

 
Predicting 

Rainfall Erosion Losses: A Guide to Conservation 
Planning. USDA Agriculture Handbook No 537. U.S. 
Department of Agriculture, Washington D.C., 1978.

 
 

     

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
V
ol
um

e
X
V
III  

 I
ss
ue

  
  
 e

rs
io
n 

I
V

II
Y
ea

r
20

18

48

  
 

( H
)

© 2018   Global Journals

Potential Soil Loss Rates in Urualla, Nigeria using Rusle


	Potential Soil Loss Rates in Urualla, Nigeria using Rusle
	Author
	Keywords
	I. Introduction
	II. Materials And Methods
	III. Results And Discussion
	IV. Conclusion
	References Références Referencias

