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ABSTRACT
The study assessed the factors controlling gully erosion in Zaria, Kaduna state, Nigeria with the view of
ameliorating the consequences of the gully erosion. Satellite imagery Quickbird 2013 1m resolution; 10 years
rainfall data; soil samples; and Shuttle Radar Topographic Mission (SRTM) imagery were the data sets
used. The study used Geographic Information Science and multi-criteria analysis to analyze the data sets
taking into consideration the slope steepness, rainfall, soil texture and land cover of the study area to derive
the results. The controlling factors of gully erosion shows that slope (56%) had the highest on gully erosion,
followed by rainfall (26%), land cover (12%) and soil with 6% in the study area. The effect of gully erosion in
the study area was in the form of loss of lands, houses, economic trees and lives. It is concluded that in some
areas, a single factor had an overwhelming effect over others in controlling soil loss among the research

sites.
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INTRODUCTION

Erosion, as it affects man and his environment, is
natural and is as old as the earth itself (Omfara,
2003). It is seen as the gradual washing away of soil
through the agents of denudation which include
wind, water and man (Abegunde, 2003).These
denudating agents loose, wear away, dislodge,
transport and deposit wear off soil particles and
nutrients in another location (Uche, 2012). Soil and
water resources are crucial for sustainable social
and economic development. Both soil and water
resources can be threatened by process of soil
erosion and sediment redistribution (Owenns, 2006
cited in Nasiri, 2013). In order to preserve sensitive
areas, land should be appropriately used based on
land cover classification, and illegal opening and
cutting must be prevented (Bozali, Yuksel and
Akay, 2008 cited in Nasiri, 2013). Of the types of
erosion, water-induced erosion is common.

Water erosion can be divided into various types
according to the mechanics of the processes in
operations as pointed out by Oas (2011). Water
induced soil erosion can be seen as a spectrum of

processes ranging from those which are dominantly
fluvial with relatively high water content under low
gradient at one extreme to those which are
gravitational with less water under gradient at the
other. They form the following sequence; stream
flow, mud flow, overland flow, soil creep, land
slump and land slide. Horton and Smith (2006)
categorized the first two as sheet and rill erosion,
the third as gully and the last three as mass
movement. All cause damage, both by the removal
and by the deposition of material. They may occur
singly or in combination and there is clearly some
overlap among them. Rills for instance, as merely
small gullies and sheet erosion is only a shallow
form of mass movement, while during heavy rain
storms, runoff water enlarges rill into deep channels
called gully erosion (Wangida, 2006).

Gully erosion is a widespread and often dramatic
form of soil erosion caused by flowing surface
water with open, unstable channels that have been
cut more than 30 centimetres deep into the ground
(www.environment.nsw.gov.au). Gullies can be
active (actively eroding) or inactive (stabilized).
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The former according to Poesen, Nachtergaele,
Verstracten and Valentin (2003) can occur where
the erosion is actively moving up in the landscape
by head-cut migration. The causes of gully erosion
are poorly understood but the processes and factors
involved in its growth and degradation are well
known (Bettis, 2008).

The United Nations Education Scientific and
Cultural  Organization ~ (UNESCO)  (2009)
recognized three main environmental problems
facing Nigerian to be soil degradation and loss,
water contamination and deforestation. Gully
erosion is related to each of the three main problems
and cause damage with an annual cost to the nation
estimated at $100 million in 1990. The World Bank
(1990:32) also reported that while there is much
awareness in the country of environmental
concerns, Nigeria’s institutional capacity to address
the challenges remains weak with population
skyrocketing, cities expanding and greater number
of Nigerians depending on a shrinking pool of
arable land while degradation continues to worsen.
As at 1997, there were 5,700 gully erosion sites
nationwide (Agagu, 2009). Unfortunately, the
situation has probably worsened by now.

Accelerated erosion with its effect on agriculture in
Nigeria is well documented. Urban gully erosion
affects only 18,517/km? representing only two
percent of the total area of Nigeria (Titilola and
Jeje, 2008) and so tends to be ignored in literature.
However, the area of land affected by gullies is not
the sole criterion for estimating the damage they
inflict on the national economy. Gully erosion
destroys valuable land, communication facilities,
lives and buildings and involves expensive control
measures, hence, requires more research.

Apparently, soil erosion has been recognized not
only within the rural but also in the urban
environment in Nigeria and in many other parts of
the world. In areas like Zaria, population explosion,
rapid urbanization, increased rainfall and poor
agricultural practices are some of the factors that
contribute to soil erosion (Michael, 2013). It is then
of universal importance to understand soil erosion
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issues since man’s activities, directly or indirectly,
depend on the soil. Soil erosion thus constitutes a
national hazard, and the containment is a
prerequisite to national development (Isikwue et al.,
2012).

The physical factors causing erosion are climate,
soil, vegetation and topography ((Clinciu et al.,
2010).). The principal factors that can be measured
or estimated, and that therefore are useful in soil
erosion modeling are rainfall erosivity, soil
erodibility, protective cover provided by vegetation,
landuse and management practices that affect the
protective cover, soil resources and topography
(Troech et al., 1991). It should be emphasized that
none of these parameters control the pattern and
magnitude of erosion (Morgan, 1995).

Soil erosion studies have some traditional
approaches, but in recent times, Geographic
Information System (GIS) has become versatile for
investigating several earth processes including
erosion modelling. The two types of erosion models
are empirically based, and process based, or
physically based. Empirical models such as those
used for soil erosion assessment include (Universal
Soil Loss Estimation model, Revised Universal Soil
Loss Estimation model, and Soil Loss Estimation
Model for South Africa among others). Empirical
models are based on observation and are usually
statistical in nature. They use inductive logic.
Generally, they need to be calibrated and should be
used only under conditions similar to those for
which the model was designed. Empirical models
by their nature are more reliable in the middle
ranges of the input variables than for either of the
extremes and can be applied with confidence only
to conditions for which its predictive capability has
been established (Bobe, 2004).

The physically based models are based on
knowledge of the fundamental erosion process and
incorporate the laws of conservation of mass and
energy (Petter, 1992). Ideally, physically based
models are developed to replace conceptually
distributed models because they are firmly based on
understanding of the physics of processes involved.
Examples of physically based models include
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Watershed Erosion Prediction Project (WEPP),
CREAMS (Chemicals, Runoff, and Erosion from
Agricultural Management Systems), European Soil
Erosion Model (EUROSEM) etc. The main
limitation of these models is that they are data
hungry.

Micheal (2013) and Agi (2015) modelled erosion in
Northern Makurdi, Benue State. The study used
RUSLE to estimate the amount of soil loss in the
study area as well as map and analyzed the
distribution of erosion within Northern Makurdi for
the years 2003 to 2013. The result shows that the
estimated amount of soil loss range between 0 to
48tons/ha/year. While Horton and Smith (2006)
concluded that soil erosion destroyed many farm
lands, plot of land and other land use structures such
as road, bridge, dug well, culverts and grave yard
while many at the risk of being consumed by the
menace of erosion in Uthai Thani Thailand.

Many lives have been lost as a result of the problem
of gully erosion. Some people either fell into these
gullies and sustained various degrees of injury or
died. Some instances have also been reported in
Southeastern Nigeria where people were drowned in
some of the gully sites (Igwe, Akanigbo and
Mbagwu, 1997). About 23 people reportedly lost
their lives in a single event of gullying activities in
Ibori, Ugbalo, Ewu-Eguare, ldogalo and Oludide
communities of Edo State, Nigeria (Abdulfatai et
al., 2014). Millions of people have been displaced
and vacated from their homes following gully
incidences. The erosion in Okoh community in
Anambra State also created a deep gully and wider
crater, threatening to sweep away the homes of
about 826 families as this channel is continuously
expanding at an alarming rate (Uche, 2012). For
decades, soil erosion has been a major
environmental problem in Anambra, Abia, Cross
River, Sokoto, Kaduna, Kano and Borno States
(Olofin, 1994).

As part of government commitment for the
transformation  of  Nigeria’s  socio-economic
landscape, a multi-sector project is being executed
in Nigeria to mitigate the vulnerability to erosion
and support the people as they relate to their land.
The Nigeria Erosion and Watershed Management
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Project (NEWMAP) (2013) is an 8-year multi-
sectoral and multi-scale program that targets states
with acute gully erosion. In order to achieve this,
the Federal Government of Nigeria (FGN) has
received a credit of US$500 million from the
International Development Association (IDA) for
the implementation of the project. The Federal
Government of Nigeria spent over 3 billion Naira to
check the menace of soil erosion in some parts of
the country which involved Auchi, Edo State in
1989, Bida, Niger State in 1988, Ebeu Ohiado, Abia
State in 1990, Billiri, Bauchi State in 1990,
Bambissa, Plateau State in 1990, Dawakin Tofa,
Kano State and Kaduna State in 1990 and many
other areas. However, the situation is still at an
alarming rate.

This study therefore decided to assess the
controlling factors of erosion in Zaria, Kaduna state
so as to be able to ameliorate the ever increasing
incidence of the effects.

MATERIALS AND METHODS

The data for this study are: Satellite imagery
Quickbird 2013 1m resolution obtained from office
of the Surveyor general of the federation; rainfall
data was obtained from Institute of Agricultural
Research, ABU, Zaria; soil samples were collected
from gully erosion sites in the study area; SRTM
imagery of the study area was sourced
froglcfaap.glcf.umd.edu/data/; and satellite imagery,
a 30m resolution LANDSAT ETM+ multispectral
satellite imagery of the year 2014 of the study area
was obtained from www.glovisusgs.gov.

A multi-criteria analysis was used to examine
factors controlling gully erosion in the study area.
This is by assigning weight to each gully erosion
factor in order to get their percentage. The factors
considered are slope steepness, rainfall, soil texture
and land cover of the study area. The topographic
map was geo-referenced or geo-rectified
(registration) to a geographic coordinate system.
The images were imported into Erdas Imagine 9.2
environment where they were rectified to a common
projection (Universal Traverse Mercator). This was
done to translate the images real world coordinate to
digital format so that it can be matched with other
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relevant and related maps used in this study. Geo-
referencing was carried out by assigning geographic
information like location and position, to the data
sets (images) to define the existence of those data
sets in physical space as well as establishing their
location in the real world.

Landsat imagery 8 was subset from each of the
larger scenes using Erdas Imagine 9.2 software
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since the satellite images cover a large area.
Supervised classification technique was performed
using Maximum Likelihood Classification (MLC)
algorithm. Based on the prior knowledge of the area
and reconnaissance survey, a classification theme
after Anderson, Hardey, Roach and Witmer (1976)
was adopted for the study as in table 1.

Table 1: Land use and Land cover Classification System

Code Land use/Land classes

Cover description

1 Buil-up land

2 Vegetated land

Land used for settlement and building of urban infrastructure such as
schools, roads, etc
Land covered with natural vegetation such as grasses, shrubs, grass

like plants and natural forest

3 Crop land
4 Water body
5 Bare surface

Land used as crop land, agricultural farmland etc
Rivers, streams, ponds and dams
Land devoid of vegetation cover and exposed soils

Source: Adapted from Anderson, Hardey, Roach and Witmer (1976)

Coordinates information collected was used for
visual assessment and development of training site
in Erdas Imagine 9.2. The SRTM was used to
generate a digital elevation model (DEM) where the
slope length (L) and thus the slope steepness (S)
were calculated. This is one of the parameters used
in estimating the controlling factors of gully erosion
in the study area. The rainfall data was used to
calculate the seasonal energy (E) which is also
another parameter used in the SLEMSA equation
for estimating the average amount of soil loss.
Rainfall data using non recording rain gauge was
sourced at the Institute of Agricultural Research,
ABU, Zaria. The long term non recording rain
gauge data (2003-2013) were used to compute long
term averages for the study area. Rainfall data of 10
years was used as stated in the RUSLE handbook
(Renard, Foster, Weesies, McCool and Yoder,
1997). Each of the rainfall charts was analysed by
summing up the monthly averages to the yearly
averages. To obtain rainfall amount in mm, the
rainfall from January — December averages for the
10 years was calculated. Related to the rainfall
runoff erosivity factor, the values of the rainfall
records in the study area were used to generate the
rainfall map. But due to the unavailability of other

rainfall stations in the study besides the NIMET
station in Zaria, surrounding rainfall stations and
their averages were used and hence, the rainfall map
of the study area extracted.

After data collection, R factor was determined for
the selected rainfall gauging stations. Isohyet maps
for R factor were generated using ArcGIS 10.1. All
the data points were interpolated spatially using the
Ordinary Kriging method found in the ArcGIS 10.1
Spatially Analyst tool to make the same resolution
or grid cell size as the other maps inserted in the
ArcGIS. Soil samples of various horizons from the
sampled gully erosion sites in the study area were
collected to carry out soil analysis to establish soil
data base. Weighed samples were poured on to
2mm sieve and sieved. The collected soil samples
were analysed in laboratory to generate the soil
textural classes.

The value of 51.0g of air dry soil was passed
through a 2mm sieve and transferred to a milkshake
mix cu.50cc of 5.0% sodium hexametaphosphate
along with 100cc of distilled water was added, the
suspension was mixed together and allowed to set
for 30 minutes. The suspension was stirred for 15
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minutes with the multimix machine. The suspension
was transferred to a cylinder, distilled water was
added and the volume increased to 1130cc. The first
and second reading was recorded on the
hydrometer; the temperature was recorded as well.
The first reading measures the percentage of silt and
clay while the second reading measures the
percentage of 2 micron (total) clay in suspension.

The slope factor (X) of the USLE (Wischmeier and
Smith, 1965) was adapted to be more representative
of the conditions of the experiments during the
development of the model. Hence, the topographic
factor is given by:

X = VL (076 + 0535 + 0.07652)/25.65
Where,
X = the ratio of soil loss from a plot of length L and

slope percent S, to that lost from the standard plot

Table 2: Slope Classes of Zaria
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L = slope length in metre
S = slope gradient in percentage.

The DEM of the study area was extracted from the
Shuttle Radar Topographic Mission (SRTM) data.
This was achieved by using the extraction by mask
Spatial Analyst tool of ArcGIS. DEM represents the
surface terrain of the study area and permits to
retrieve geographical information. Slopes of DEM
in percentage were also generated using Surface
Analysis under the Spatial Analyst function.
Surfacing function was used to generate a DEM and
to represent as a surface or one-band image file
where the value of each pixel was a specific
elevation value. A gray scale was used to
differentiate variations in terrain. The slope map
was generated in ArcGIS 10.1 software by using
DEM. Slope map was classified based on USDA
criteria given in the table 2.

Class Slope Range (%) Slope Class

A 0-1 Nearly level

B 1-3 Very gentle sloping

C 3-5 Gently sloping

D 5-10 Moderately sloping

E 10-15 Strongly sloping

F 15-25 Moderately steep to steep Sloping
G 25-33 Steep sloping

H 33-50 Very steep

I >50 Extremely steep slope

Source: Soil Survey Manual (Bhaware, 2006)

As the first step, the elevation value was modified
by filling the sinks in the grid. This is done to avoid
the problem of discontinuous flow when water is
trapped in a cell which is surrounded by cells with
higher elevation. This was done by using the Fill
tool under Hydrology section found under Spatial
Analyst Tool Function in ArcGIS 10.1. Then Flow
direction was generated from the Fill grid. The
Flow direction tool takes a terrain surface and
identifies the down slope direction for each cell.
This grid shows the on surface water flow direction
from one cell to one of the eight neighbouring cells.
This was done by using the Flow direction tool

under Hydrology section found under Spatial
Analyst Tool function in ArcGIS. Based on the
Flow direction, Flow accumulation was calculated.
Flow accumulation tool identifies how much
surface flow accumulates in each cell; cells with
high accumulation values are usually stream or river
channels. It also identifies local topographic highs
(areas of zero flow accumulation) such as mountain
peaks and ridgelines. This was done by using the
Flow accumulation tool under Hydrology section
found under Spatial Analyst Tool Function in
ArcGIS 10.1.
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The crop management factor (C), calculated from
the value of soil loss from standard bare soil
condition and that of a cropped field (Morgan,
1995) depends on the percentage of the rainfall
energy intercepted by the crop (i).

To generate the scenario of land use land cover, a
30m LANDSAT ETM+ multispectral image of
Zaria was downloaded from www.usgs.gov website
and the image bands from 1-1.0 were stacked and
subsetted for the study area using using the ERDAS
IMAGINE 9.2 software. The satellite image was
interpreted making use of interpretation keys such
as tone, texture, pattern, shape, size, shadow, site
and association to derive thematic information.
Characteristics of the land surface, including natural
and artificial cover were considered. Existing land
use practices were investigated through field survey
and training sites for different land uses were
marked to derive information about land use
activities and land cover for plotting land use land
(LULC) map cover. A maximum likelihood
supervised classification was then applied to the
imagery using the ArcGIS 10.1 software with the
following training sites namely; Built-up land,
Vegetated land, Crop land, Water body and bare
surface as shown in table 3. From the LULC map
derived C factor values were assigned for the
various classes accordingly (Donald, 1997).

Table 3: Weights of slope of Zaria
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RESULTS

In an attempt to determine which factor influences
gully erosion most in Zaria, Analytical Hierarchical
Process (AHP) test was carried out on the criterion
preferences. It was evaluated based on four
preference factors thought to influence weightings.
The preferences given to the factors are: slope,
rainfall, soil and land cover. A separate hierarchical
pair wise comparison of main criterion factors were
made for each preference to analyze the sensitivity
of the weights obtained. The pair wise comparisons
of criteria factors were carried out independently
and given same judgments for all the preferences.
To reflect the preferences toward a certain factor, a
definite to very strong preferences was given to that
factor in their pair wise comparisons. The next stage
in the analysis was that the consistency must be
checked to verify the reliability of the judgment of
the decision making. If CR <0.10, the ratio indicates
a reasonable level of consistency in the pair wise
comparisons (Malczewski, 1999). The assessment
of the factors are:

Slope of Zaria

Slope steepness is one of the criteria for the
estimation of erosivity potential. Run-off and
erosion potential will increase as the slope steepness
increases. Five classes were identified from the
slope map (figure 1). The slope for the study area as
weighed is shown in table 3 and figure 1. Where O -
0.8% slope represents slopes with the lowest run-off
potential and 11.5 - 25.5% with the highest.

Slope%  0-0.8 0.9-1.6 1.7-4.2 4.3-11.6 11.7-25.5 Weight %
0-0.8 1 1/3 1/5 17 1/9 3

0.9-1.6 3 1 1/3 1/5 1/7 6

1.7-4.2 5 3 1 1/3 1/5 13
4.3-11.6 7 5 3 1 1/3 26
11.7-255 9 7 5 3 1 51

Consistency Ratio = 0.03
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Figure 1: Slope Steepness of Zaria

Rainfall of Zaria

It is well established that the amount of soil loss that
is detached by a particular rain event is related to
the intensity at which this rain falls. Smaller drops
that dominate low intensity rainfall are less efficient
in detaching soil (Salles and Poesen and Govers,

Table 4: Weights of Rainfall of Zaria

2000) but at high intensity, rainfall may increase the
efficiency of detachment. The result of the pairwise
comparison in table 4 shows that increase in rainfall
results to an increase in soil erosion in the study
area. The energy of soil erosion by the rain is shown
in figure 2.

Rainfall (mm) 308-536 537-701 702-895

896-1,082  1083-1257 Weight %

308-536 1 1/3 1/5
537-701 3 1 1/3
702-895 5 3 1
896-1,082 7 5 3
1,083-1,257 9 7 5

17 1/9 3
1/5 177 6
1/3 1/5 13
1 1/3 26
3 1 51

Consistency ratio = 0.05
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Figure 2: Rainfall Kinetic Energy of Zaria

Soil Texture of Zaria

Soil texture was taken as one of the factors for
multi-criteria analysis. The soil was weighed based
on the textural class as shown in table 3 and
displayed in figure 3. Soil texture is important in
determining aggregate stability, infiltration rate,
run-off and erosion (Le Bissonnais and Singer,
1993). According to Bradford and Huang (1992),

Table 3: Weights of Soil Texture of Zaria
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soil texture seems to be one of the most important
soil variables influencing soil surface sealing and
splash detachment. Although, crusts can form on
soils of any texture, soils with high silt contents are
more conducive to surface sealing. Table 3 shows
that sandy soil has high infiltration rate and clay is
low in the study area.

Soil Sand Loamy Clay Weight %
Sand 1 3 6 64

Loamy 1/3 1 4 37

Clay 1/6 Ya 1 9

Consistency Ratio = 0.06
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Figure 3: Soil Textural Class of Zaria

Land cover of Zaria

A land which has a good surface cover is
characterized by low run-off while land with poor
surface cover is characterized by high run-off and
quick response to rainfall which is because of low
surface roughness. Thus, spatial data on surface
cover type was used to assess the resistance of

Table 6: Weights of Land Cover of Zaria

terrain to erosion as a result of surface protection.
The five LULC categories which were generated
using supervised classification method were
weighed as shown in table 6 and figure 4 where
water body represents lowest erosion potential and
bare-surface represents the highest.

LULC Bare surface Crop land Vegetation Built-up Water Body Weight %
Bare surface 1 2 3 5 9 41

Crop land Yo 1 3 5 9 31
Vegetation 1/3 1/3 1 3 9 17
Built-up 1/5 1/5 1/3 1 9 9

Water body 1/9 1/9 1/9 1/9 1 2

Consistency Ratio = 0.08

JOURNAL OF RESEARCH IN FORESTRY, WILDLIFE AND ENVIRONMENT, VOLUME 12, NO. 4, DECEMBER, 2020



FACTORS THAT INFLUENCE THE GULLY EROSION SITUATION IN ZARIA, KADUNA STATE, NIGERIA

C Factor l

Valueae
LA

LingidAsiganvg - -
g Zango

33

Py O

¥
o1 MO

Figure 4: Land Cover of Zaria

The factors contributing to gully erosion in the
study area were further assessed to determine the
factor that most contributed to erosion process. The
analytical hierarchical process was carried out using

¥ Mo tasr §

a pairwise comparison. Table 7 shows the various
weights of the factors controlling gully erosion in
the study area.

Table 7: Weight of Factors Controlling Gully Erosion in Zaria

Controlling Slope Rainfall Land cover  Soil Weight %
factor

Slope 1 3 5 7 56
Rainfall 1/3 1 3 5 26

Land cover  1/5 1/3 1 3 12

Soil 1/7 1/5 1/3 1 6

Consistency Ratio = 0.08

DISCUSSION

The research finding above is similar to that of Qi
(2011), who assessd soil erosion risk in the hilly-
gullied area of Luoyugou watershed in Tianshui and
observed that the probability of soil erosion had
higher growth rate without vegetation cover than that

having vegetation cover. Similar to findings by
Gebreyesus, Tesfahunegn and Paul (2014) in Northern
Ethiopia catchment. Also in most parts of the
watershed (>80%), the model predicted soil loss rates
higher than the maximum tolerable rate (18 t ha-1y-1)
estimated for Ethiopia.
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John et al. (2014) evaluated soil erosion risk in the
basement complex terrain of Akure Metropolis,
Southwestern Nigeria and found that most parts
(91.4%) of the metropolis fell within the very low to
low risk zones with tendency for erosional features.
Soil erosion in the study area also altered vegetation
cover, ground slope, slope length and shape, thereby
influencing soil erosion rate leading to the formation
of gullies and rills erosion. It also leads to significant
soil loss and degradation, destruction of physical
infrastructures such as buildings, drainages, roads and
culverts especially. This demonstrates the importance
of remote sensing data and GIS in successfully
enabling rapid, as well as detailed, assessment of soil
erosion risk/hazards (Kouli et al., 2009). Steep slope,
high rainfall, poor soil management, poor cover
management and support practices, deforestation
and land clearing in Zaria for agricultural,
urbanization and infrastructural development have
resulted in widespread of soil erosion over the land
surface as equally attested to by Abbas and Lamido
(2012). Soil as a contributory factor controlling
gully erosion in the study area is in tandem with Le
Bissonnais (1996) who indicated that soil erodibility
increases when silt and fine sand fraction increases
and clay decreases. The overbearing effect of slope
on the cause of gully erosion in the study area is in
conformity with the findings of Ezechi and
Okagbue (1999).

The areas with very high were as the result of clay
content between 9 and 30% and are the most
susceptible to erosion (Richter and Negendank, 1977;
Evans, 1980). From the study, erodibility of different
soils causes erosion damages as confirmed by
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