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Abstract 
Gully erosion is one of the major causes of land degradation in most urban areas in Edo state of Nigeria. Many 
of the gullies have developed as a result of inappropriate land use, poor termination of drainage outlet, 
inadequate storm drainage facilities and in some cases, none availability of such drainage facilities where they 
are needed.The purpose of the study is to assess the volume of soil loss and sediments transport over a given 
area as a result of gully erosion. This paper discusses the use of GPS with Total Station Surveys, Remote 
Sensing and GIS in monitoring the Morphology and Land Degradation procesess within the Queen Ede 
Catchment Basin in Benin City. In the study, control points were established by method of differential GPS 
(DGPS), while detailed mapping of the Gully bed, Gully head, Gully banks and Finger were carried out using a 
total station Instrument. High resolution Ikonos Imageries were acquired and Georeferenced. Point coordinates 
and morphological parameters including depth, width, cross sectional areas and volume of soil loss were 
computed.  The coordinates were exported into ARGIS environment as an EXCEL shape file. With the aid of 
ARCGIS software various maps including spot height, Contour and Digital Elevation Model (DEM) were 
generated. From the morphological parameters cross sectional drawings and bed profiles were produced. 
Results of the studies revealed that the Gully width varied from 15.6m to 99.5m while the depth varied from 
0.5m to 13.8m, the width to depth ratio (WDR) vary from 1.6m to 41.7m. The volume of soil loss was 372, 775m 
3 over an area of 104.4m2 which is equivalent to 3.57 m3 / m2. Recent research in estimating Gully erosion in 
China and Spain produced results of 0.86 to 2.24 m 3/m2 and 2.11 m3/m2  respectively. The cross sections show 
that the Gully is U-shaped indicating a large catchment with large volume of discharge passing through the 
Gully. Analysis of the immediate catchment area around the Gullying showed that 17.4% of the land area is 
degraded by Gully, 30% by large sediment deposit and 52.6% by marsh land with mild to medium sediment 
deposit. The study revealed that GPS with total station surveys in combination with GIS and remote sensing can 
be used for monitoring gully morphology. The results of the study can be used for planning for further 
monitoring, gully erosion control and management within the catchment basin. 
__________________________________________________________________________________________ 
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INTRODUCTION 
Gully erosion occurs as a result of water cutting 
down into the soil along the line flow. Gully erosion 
is said to take place when excessive surface run off 
flowing with high velocity and force detach and carry 
soil particles down slope. They may also occur when 
run off volume from a steep slope increases 
sufficiently or increase in flow velocity as to cut a 
deep hole along in path (Ehiorobo and Izinyon, 
2011). Gully also develops on traces formed by the 
movement of machineries down slope.  
 
In the study area, high land use pressure as a result of 
astronomical migration of population to urban areas 
renders the landscape more vulnerable to Gully 
erosion. Many of the gullies within urban landscape 
in Nigeria were formed mainly as a result of 
improper termination of drains and water course; land 
use changes have caused development of bank gullies 

along some river banks. One of the main causes of 
Gully erosion in Edo State is road construction with 
inappropriately terminated drains. The road is said to 
induce a concentration of surface run off with a 
concentrated diversion of concentrated run off to 
other catchment and an increase in catchment size 
which enhances gully development after road 
construction (Nyssen et al, 2002). Changes in 
drainage pattern associated with urbanization result in 
Gullying particularly where illegal settlement without 
urban infrastructure exist. Gully processes are usually 
the main sources of sedimentation (Hum et al, 2005). 
Gullies have three-dimensional nature affected by a 
variety of factors and processes which include surface 
hydrology soil, topography and land use. Research 
carried out by various interest groups have shown 
that Gully erosion represent one of the most soil 
degradation process in Nigeria as it causes 
considerable soil loss, and produces large volume of 
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sediment. Gullies are also catalyst for transferring 
surface run off and sediment from upland to valley 
floors and creating up channels that aggravate the 
problem of flooding and water pollution. Many cases 
of damages to water courses and properties by runoff 
from agricultural land relate to the occurrence of 
Gully erosion (Verstraeten and Poesen, 1999, 
Bourdman, 2001, Poesen et al, 2003).  
 
Gully erosion has for some time been neglected 
because Gully processes are difficult to study and 
difficult to control. Many studies have investigated 
the susceptibility of soil to inter rill and rill erosion 
but very few studies exist on the susceptibility of 
soils to Gully erosion. A great research efforts and 
resources have been invested in developing soil 
erosion models resulting in a variety of empirical and 
other models. These include universal soil loss 
equation (USLE), its revised version (RUSLE), the 
water prediction projection WEPP and coordination 
of information on the environments (CORINE). The 
prediction of Gully development using mathematical 
models is difficult as the different factors involved in 
the prediction are not so easy to determine. Soil type 
and in particular the vertical distribution of the 
erosion resistance of the various soil horizons largely 
control the size, the depth and cross sectional 
morphology of the gullies (Poesan et al, 2003, 
Thomas et al, 2004, Valentin, Peosen and Li 2005), 
have shown that many gullies grow initially rapidly 
to large dimension making effective control 
technically difficult or prohibitively expensive. This 
is why studies on Gully processes (Gomez et al, 
2003) and their modeling (Siderchuk, 2005) are 
scarce. 
 
Although gullies are visually shirking their small 
spatial extent renders them undetectable in most 
generally available maps and satellite imageries. The 
use of GPS and Total station data along with high 
resolution satellite imageries and GIS offers the 
potential to effectively measure Gully volume at the 
landscape scale. Monitoring and experimental studies 
of the initiation and development of gullies at various 
temporal and spatial scales need to be carried out. 
Short term monitoring of Gully head and Gully wall 
retreat has been conducted by measuring the change 
in distance between the edge of the Gully or well and 
bench mark point, installed on the Gully walls, 
(Vandekerekhova et al 2003, Oostwood, Wu denes 
and Bryan, 2001). Some other studies have used 
aerial photographic methods to determine the volume 
of soil loss by concentrated flow erosion, (Thomas et 
al, 1986, Ries and Marzolf, 2003). One of the most 
common methods in use lately is by integration of 
GPS, GIS and remote sensing technologies (Ehiorobo 
and Izinyon, 2011). In the current study DGPS was 
used to establish 3-D controls for the Gully site while 
total station instrument was used to measure the 
morphological parameters of the Gully. Land use 

classification within the Gully area was carried out by 
high resolution satellite imageries.      

  
METHODOLOGY 
The Study Area 
The Queen Ede Gully erosion site is located within 
the UTM zone 31 to the North Eastern part of Benin 
City, the capital of Edo State of Nigeria. The study 
area is bounded by UTM coordinates 700800mN to 
702500mN and 795800mE to 796000mE. The main 
Gully run in a South Easternly direction down to 
Ikpoba river Fig 1. 
 
The elevation of the study area ranges from 16m to 
84m above mean sea level. The average temperature 
in this area is approximately 28 0c and annual 
precipitation ranges The rainy season is from April to 
October with a break during the month of August 
commonly referred to as the August Break. 
Maximum rainfall is 439mm with minimum of 
3.75mm. Humidity is normally about 98% most of 
the time. The study area lies within the tropical 
rainforest zone 

 
Fig 1: Study Area Map Of Queen Ede Gully  
 
Field Measurements 
Topographical survey of the study area was carried 
out using a combination of LEICA Total Station  
with the Leica 500 GPS receivers. In order to 
carryout the topographical survey, an existing CFG 
control point was used as a reference station. The 
national coordinates of this control point was then 
converted to UTM zone 31N reference frame to be 
consistent with the satellite imagery that was to be 
used for site analysis. 
 
Using the CFG control as a reference station, three 
control points QED1 – QED3 were established 
around the Gully area by method of Differential GPS. 
These control points were then used for detailed 
topographical mapping of the Gully bed, Gully bank 
and the entire flood basin. All details including 
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buildings and other infrastructures at risk were 
surveyed with the Total Station Instrument. During 
the topographical surveys, the average points density 
in some areas such as the Gully head, edges and 
terraces were more intense than in other parts of the 
flood basin. The Gully cross sections along with 
topographical profiles running along the Gully 
channel were recorded at a spacing of 20m interval in 
the longitudinal direction 
 
Morphological parameters of the Gully including 
depth, width, length and cross sectional areas were 
recorded at the 20m interval. The total station data 
were collected at centimeter level resolution to 
capture break in slope and other topographical 
features important for producing accurate Digital 
Elevation Models DEM 
 
DATA PROCESSING AND RESULTS 
Spot elevations along with X and Y coordinates were 
obtained from the Total Station Surveys based on the 
DGPS derived control coordinates using the  in-built 
software in the Total Station System. The project 
coordinates were down loaded into Arc GIS 
environment as an Excel spreadsheets file for further 
processing. 
 
Shape files were created for the elevation data. The 
shape files were then used   for the creation of 
Triangulated Irregular Network (TIN) using the Z- 
Coordinates Digital Elevation Model (DEM) were 
generated by converting the TIN into Raster. 
Contours lines were generated using the created TIN 
to interpolate for contours with the aid of 3D Analyst 
extension 
 
Arc scene was then used for visualization of the 3D 
model generated from the contour maps. Slopes were 
generated as necessary. The pixel size of the DEM 
was 1m. Using the morphological data, cross section 
were plotted to determine the shape of the gullies V 
or U shaped as this will help in determining the 
method of bank stabilization to be adopted. The cross 
section data were also used to compute cross 
sectional area and volume of soil loss. 
 
The cross sectional areas were computed at 20m 
interval using the end Area formula given as : 

A = h(b+s.h)                                              (1) 
Where h – depth of Gully 
b – breadth of Gully 
s – side slope of Gully 
A – cross sectional area 

Using the area of the cross sections, volume of soil 
loss was computed for the various sections using the 
Simpson rule given as (Schoffield 1993) as: 

 1 24 (3)
6L m
LV A A A  

Where LV  -  volume of soil loss between the 
sections. 

1A  -  cross sectional area of first section 

2A - cross sectional area of second section 

mA - cross sectional area of section midway between 
the first and second section 
 
Also computed were the breadth and depth ratio and 
the slope gradient to enable us determine the time of 
concentration for hydraulic design. 
 
The time of concentration was computed using the 
kirpich equation given by Suresh (2006) as:  

 
0.770

0.385
0.0195 4c

LT
S



 
Where  
Tc – Time of concentration in minutes        
L – Length of channel reach in meters 
S – Average slope of the channel reach in m/m 
 
In order to determine L and S, a topographical map 
covering the catchment basin with contour interval of 
1m was produced from 1/25000 Benin City sheets.  
The Gully area together with the catchment basin 
were delineated in this topographical map. High 
resolution Ikono Satellite Imagery was also acquired 
and the topographical map super imposed on the 
imagery for land cover analysis. The morphological 
parameters of the Gully from ch 00 +00 – ch 00+960 
along with the cross sectional areas and volume of 
soil loss are shown in Table I 

Fig 2: High Resolution Imagery of Queen Ede       
          Gully Erosion site 
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Table I: Morphological Parameters and Volume of Soil Loss in Queen Ede Erosion Gully site  
S/NO CHAINAGES Top width 

(B) 
Depth  

(D) 
BDR Cross Sectional 

Area (A) 
Volume  

V  
Cummulative 

Volume Of Soil Loss 
REMARKS 

1 00+00 15.604 0.374 41.722 3.510 0 0 Beginning of Gully 
2 00+20 36.993 3.478 10.636 55.172 1103.44 1103.44  
3 00+40 62.702 4.751 13.198 173.467 3469.34 4572.78  
4 00+60 39.300 9.889 3.974 242.322 4846.44 9419.22  
5 00+80 61.687 7.846 7.862 316.256 6325.12 15744.34  
6 00+100 99.454 9.155 10.863 429.739 8594.78 24339.12  
7 00+120 76.554 6.988 10.955 328.321 6566.42 30905.54  
8 00+140 80.297 13.788 5.824 726.142 14522.84 45428.38  
9 00+160 81.627 10.585 7.712 593.031 11860.62 57289  

10 00+180 76.533 7.112 10.761 283.207 5664.14 62953.14  
11 00+200 74.184 12.394 5.985 709.756 14195.12 77148.26  
12 00+220 75.820 13.007 5.829 897.077 17941.54 95089.8  
13 00+240 40.418 10.727 3.768 357.197 7143.94 102233.74  
14 00+260 41.971 7.492 5.602 288.332 5766.64 108000.38  
15 00+280 36.292 7.208 5.035 204.210 4084.2 112084.58  
16 00+300 31.752 8.432 3.766 213.881 4277.62 116362.2  
17 00+320 32.290 8.855 3.647 220.372 4407.44 120769.64  
18 00+340 30.00 7.975 3.762 218.855 4377.1 125146.74  
19 00+360 31.780 7.046 4.510 179.625 3592.5 128739.24  
20 00+380 41.297 8.737 4.727 283.715 5674.3 134413.54  
21 00+400 56.205 8.981 6.258 391.768 7835.36 142248.9  
22 00+420 62.090 10.306 6.025 499.879 9997.58 152246.48  
23 00+440 62.348 11.046 5.644 533.251 10665.02 162911.5  
24 00+460 80.045 21.614 3.703 1523.144 30662.88 193574.38  
25 00+480 69.267 16.874 4.105 774.903 15498.06 209072.44  
26 00+500 70.00 16.378 4.274 841.278 16825.56 225898  
27 00+520 69.477 16.125 4.309 768.434 15368.68 241266.68  
28 00+540 86.865 19.078 4.553 1167.323 23346.46 264613.14  
29 00+560 85.458 9.362 9.128 445.352 8907.04 273520.18  
30 00+580 111.139 12.857 8.644 969.522 19390.44 292910.62  
31 00+600 112.00 13.409 8.353 970.039 19400.78 312311.4  
32 00+620 43.992 15.080 2.917 526.558 10531.16 322842.56  
33 00+640 31.865 11.392 2.797 286.565 5731.3 328573.86  
34 00+660 32.077 13.889 2.310 372.530 7450.6 336024.46  
35 00+680 23.191 11.00 2.108 180.686 3613.72 339638.18  
36 00+700 17.363 9.854 1.762 128.751 2575.02 339638.18  
37 00+720 15.00 9.586 1.565 105.702 2114.04 341752.22  
38 00+740 16.790 8.496 1.976 103.483 2069.66 343821.88  
39 00+760 12.312 4.393 2.803 46.675 933.5 344785.38  
40 00+780 22.282 8.877 2.510 149.781 2995.62 347781  
41 00+800 19.363 7.780 2.489 127.897 2557.94 350338.94  
42 00+820 21.557 7.202 2.993 133.749 2674.98 353013.92  
43 00+840 24.080 6.422 3.750 124.698 2493.96 355507.88  
44 00+860 31.696 5.361 5.912 128.396 2567.92 358075.8  
45 00+880 42.771 3.771 11.342 118.461 2369.22 360445.02  
46 00+900 77.226 3.89 19.852 196.260 3925 364370.22  
47 00+920 119.049 5.458 21.812 298.924 5978.48 370348.7  
48 00+940 22.401 5.126 4.370 70.761 1415.22 371761.92  
49 00+960 18.367 4.480 4.100 50.656 1013 372774.92  

 
Table II: Land cover classification for Degradation 
Land in Queen Ede catchment basin 
S/N TYPE OF 

DEGRADATION 
AREA 
(Ha) 

% 

1. Area under Gullying 10.435 17.4 
2 Highly sedimented area  18.021 30.0 
3 Damaged wetland (mild to 

medium sediment deposit) 
31.655 52.6 

 Total 60.111 100 

Fig 3: Image map for Land Degradation Analysis  
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Fig 4a: Spot Height Map of Queen Ede 
 Gully Site. 

Fig 4b: Contour Map of Queen Ede Gully Site 
Fig 4c: DEM of Queen Ede Gully Site 

Typical cross sections of the Gully area are shown in 
fig 5 below. 

 
Fig 5: Typical Cross Sections of Queen Ede Gully 
 
Using equation (4), the time of concentration Tc was 
computed to be 34 minutes. This is the time required 
to move the surface run off from the most remote 
point of the watershed to its outlet. It should be noted 
that when the duration of rainfall becomes equal to 
the time of concentration, then all parts of the 
watershed are able to contribute discharge to the 
outlet, simultaneously and the cumulative discharge 
takes the form of maximum run off commonly 
referred to as peak discharge. Hence the time of 
concentration should always be considered in 
hydraulics design for Gully erosion control. 
 
DATA ANANLYSIS AND DISCUSSION 
From table 1, the maximum width of the Gully was 
99.454m and the minimum width 15.604m. The 
maximum depth was found to be 13.8m while the 
minimum depth of 0.5m occurred in chainage 00+00. 
The width to depth ratio (WDR) varies from 1.56 to 
41.72. The volume of soil loss was 372,775m3 over 
an area of 104,350m2 which is equivalent to 
3.57m3/m2. Recent research work on estimating 
Gully erosion volume of soil loss from active gullies 
in the black soil region of northeastern China gives 
values of 0.86 to 2.24m3/m2 and the Gaudalentin 
Basin in south eastern Spain produces 2.11m3/m2 (see 
Yongqui Wu and Hong Chang 2005.) The above are 
less than in the case of the study area in Nigeria. 
During the period between field measurement in May 
2011 and December 2011 it was noticed that there 
were morphological changes in the Gully head as 
there was a retreat of the Gully head by 6m between 
the period which is equivalent to about 12m per 
annum. An examination of the morphological 
parameters in Table 1 and the typical cross sections 
in Fig 5 show that the Gully is U-shaped. Based on 
the above we can infer that: 
1. The run-off contributing catchment area is large 
and therefore the discharge passing through the Gully 
is also large. 



 
Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 3(2):270-275 (ISSN: 2141-7016)  

275 

 

2. The longitudinal slope of the Gully bottom is 
parallel to the land slope. 
3. The run-off enters the Gully from the head and 
from the sides at points where adjacent land is 
slightly lower such as the case of both sides of the old 
Benin-Agbor road into the Queen Ede Gully. 
4. The Gully under study have been formed by 
under cutting and collapse of the bank as can be seen 
on both sides of the Gully both at the Queen Ede 
secondary school and the St. Thomas Aquinas 
catholic church ends of the Gully. 
5. It was noticed that this Gully have continued to 
grow head wards and active erosion occur mainly 
from sidewalls and head walls as a result of under 
cutting of the base of the vertical cut. 
 
Analysis of the catchment basin from high resolution 
IKONOS imagery revealed that 17.4% of the Land 
area is degraded by the effect of Gullying, 30% by 
the effect of sediment deposit, while the remaining 
52.6% is wetland containing mid to medium sediment 
deposits.  
 
CONCLUSION  
In this study, GPS, Total station instrument along 
with remote sensing and GIS were integrated for the 
study of the spatial distribution pattern of Gully 
erosion, topographical threshold for Gully initiation 
and development. Measurement carried out enabled 
us to monitor and quantify soil loss in erosion Gully 
at Queen Ede for better land reclamation and land 
resources management. The combination of remote 
sensing with GIS /total station data and GIS enabled 
us generate time –series data set for monitoring Gully 
process and their development.  
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