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ABSTRACT

Over 65% of the soil on earth is said to have displayed degradation phenomenon as a result of soil
erosion, salinity and desertification (Abegunde, et al., 2006). Anambra State is known to be under
severe erosion problems with the Agulu-Nanka-Oko and Ekwulobia gully as the epicenter of gully
development in the state. The study attempts to utilize the revised version of the Universal Soil
Loss Equation (RUSLE), combined with remote sensing and GIS technology to estimate the extent
of soil loss so that planning of management techniques can be suggested. GIS data layers including,
rainfall erosivity (R), soil erodability (K), slope length and steepness (LS), cover management (C)
and conservation practice (P) factors were computed to determine their effects on average annual
soil loss in the study area. The classified soil loss map shows that 4.92% of the total area has soil
loss between 0.432 — 12.473 (ton/halyr) followed by 49.93% of the total area with rate of soil
erosion between 12.474 — 30.534 (ton/ha/yr). Next is 16.88% of the total area with average annual
soil loss between 30.535 — 53.412 (ton/ha/yr). Other soil loss categories cover 27.33% and 0.94%
of total area with average annual soil loss between 53.413 — 88.330 (ton/ha/yr) and between 88.881
— 153. 953 respectively. The total area of soil loss is 599.17 (Km?). It is therefore recommended
that Sustainable solutions which increase vegetation cover and curtail soil erosion should be
integrated in the recovery plan for the study area. To reduce soil loss, intervention should be
focused on slope length and steepness factor (LS), Crop Management Factor (C) and Support
Practice (P) factors as the Soil Erodibility (K) and Rainfall Erosivity (R) factors cannot be changed.
It is necessary to educate and empower the communities of the need for vegetation, soil and water
conservation.
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Introduction

The highest concentration of severe gully erosion in Nigeria is found in five Eastern states of
Anambra, Enugu, Abia, Imo, and Akwa Ibom. Anambra is famous with its Agulu-Nanka-Oko and
Ekwulobia gullies. Gullies of about 120m depth and 2km width have been recorded in this area
(Obi et al., 2017). The Agulu — Nanka — Oko and Ekwulobia gully erosion complex is selected for
this study due to its devastating nature that has attracted wide attention over the years. The gully
complex has a large concentration of gully systems within the same drainage basin and geologic
formation and accounts for large loss of agricultural land in southeastern Nigeria. (Osadebe, et al.,
2014)

The Agulu-Nanka-Oko and Ekwulobia gullies are so terrifying that it has been declared a national
disaster. This has prompted the researcher to develop interest in this particular site with the aim of
making an input as part of contributing to restoration and management strategies. It will also serve

as a reference point for interest groups for further works on the subject.

A considerable number of researches on erosion have been conducted in the study area. Ajaero et
al., (2011) examined the impact of Agulu-Nanka gully erosion menace on the population of the
area with the use of questionnaire, findings showed that the menace has destroyed houses and land
of the people. Okengwo, et al., (2015) evaluated the geologic conditions and geotechnical
parameters that influence the formation of gullies at Ekwulobia, Oko and Nanka towns of
southeastern Nigeria. Field geological study of the area revealed that the erosion hazard/problem
has remained active over the years, defying control measures put in place by government,
communities and individuals. Osadebe, et al., (2014) evaluated the stability of gully wall profiles
in parts of Anambra State. The result shows that the observed profiles are consistently steeper
(especially at the bottom) than the predicted profiles. Ndubuisi et al., (2016) assessed the socio-
economic problems caused by soil erosion in Awka, Anambra state with the use of secondary data.

Results showed that Socio-economic problems caused by soil erosion include removal of nutrients
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from soil leading to low farm produce, destruction of farms resulting in collapse of buildings and

homeless inhabitants.

Even though there seem to be much research regarding the erosion hazard in the study area, little
information is available in the area of levels of erosion hazard and the extent and estimate of soil
loss in the study area. Every year new erosion sites develop while the existing ones increase.

Hence, there is need to assess the current situation of the gully hazard in the study area.

The study attempts to utilize the revised version of the Universal Soil Loss Equation (RUSLE),

combined with remote sensing and GIS technology to:
Estimate the extent of soil loss so that planning of management techniques can be suggested.

Background of the Study Area

The study area, (Agulu — Nanka — Oko and Ekwulobia gully complex) is located in the
Southeastern part of Anambra state. It is situated between latitudes 6° 10’ and 6° 05’ north of the
Equator and longitudes 7° 05" and 7°10’ east of the Greenwich meridian, covering an area of about
1709 km? within the Anambra Basin.

Agulu town is situated within Anaocha Local Government Area; Nanka and Oko towns are located
in Orumba North Local Government Area while Ekwulobia is within Aguata Local Government

Area.
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Figure 1: Study area (Anambra State showing Agulu, Nanka, Oko and Ekwulobia Communities)

The study area is situated within the sub-equatorial south climatic region characterized by
uniformly high temperatures and a seasonal distribution of precipitation and high relative
humidity. The climate is of humid tropical climatic condition. (Okoro et al., 2010).

The geologic formation of the study area is the Eocene Nanka unconsolidated or poorly
consolidated sands. The sand is poorly sorted, cross bedded and medium to coarse grained as well
as porous making it easily erodible. The highland region is a low asymmetrical ridge or cuesta in
the northern portion of the Awka Orlu Uplands, which trend roughly southeast to North West, in
line with the geological formations that underlie it (Okoro et al., 2010). The Agulu Nanka, Oko
and Ekwulobia soils are typified by the coastal plain sands characteristics and are highly
susceptible to erosion. The types of vegetation found include fresh water swamp forest, dominated

grass species and lowland rain forest.

Materials and methods
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Landsat TM imageries of 1985 and 1995 with 30m spatial resolution; Landsat (ETM +) and
Landsat 8 imagery for 2005 and 2020 respectively with spatial resolution of 30m were used for
the study. Annual rainfall distribution data was obtained from stations bordering the study area.
Existing vegetation/ Land use, geology, rainfall, relief, drainage, road and soil maps printed and
published by ministry of lands, Survey and Urban planning, Awka, Anambra State from 1985 to
2020 were obtained. The elevation data (DEM) and contour map of Anambra state was derived
from Advanced Space borne thermal Emission and Reflection (ASTER). Relevant data was also
obtained from archival sources. The study area was downloaded and images exported to (Arc GIS
10.1). Images were geo referenced and subsequently the affected areas were digitized and
calculated from the attribute table using the field geometry in metres. Features were processed

from DEM image and subsequent analysis.

Data were analyzed through the use of Digital image-processing software: (Erdas Imagine 9.2)
and GIS software: (Arc GIS 10.1) were used in processing and analyzing images as well as other
geographic data acquired for this research. The revised universal soil loss equation (RUSLE)
model is described by (Bonilla et al., 2010; Kouli et al., 2008; Renard et al., 1991) as

A=RXKXLSXCXP ............ccevvinnnnn. (1)

Where: A is the soil loss (t/ha/yr); R the rainfall run-off erosivity factor (MJ mm ha/h/yr); K the
soil erodibility factor (t h MJTmm™); LS the slope length and steepness factor; C the vegetative
cover factor (dimensionless); and P the conservation practice factor are dimensionless.

Rainfall Runoff Erosivity Factor (R)

The rainfall erosivity index R measured the potential ability of rain to cause soil erosion. High R
values mean high rainfall intensity with a higher potency of dislodging soils; hence the expected
soil erosion from the land surface will be high. Low R value implies low rainfall intensity and run-
off, consequently erosion and sediment yield will be low. Not all rainfall events caused erosion.
An erosive event is a rainfall event with more than 12.50 mm of total rainfall accumulation or with
at least 6 mm of rainfall accumulation in 15 minutes (Petkovsek and Mikos, 2004; USDA-ARS,
2008). Erosive rainfall events are called effective events and were denoted by Re in the study. In
this study the rainfall erosivity index was calculated using effective events (Re) to derive R of
equation (1). The Re factor map was derived from monthly EI130values using Shamshad et

al.,(2008) regression equation (2) based on the modified Fournier index (MFle?):

23



R = 227MFIe®5. . ........ Q).

The modified Fournier index (MFle) was estimated using total effective monthly erosive rainfall
amounts (Smithen and Schulze, 1982):

MFle = pei?/pt......... (3)

Where: Pei, represents effective monthly precipitation of month i, Pt, annual rainfall amount (mm).
Erosive event was fixed at > 12.5 mm of total rainfall accumulation within 24 hours (Petkovsek
and Mikos, 2004; USDA-ARS, 2008). The rationale for the choice of these equations is that they
were developed in humid tropics such as West Africa and Malaysia which are characterized by
similar rainfall conditions (intensity and amounts) as the study area. The mean annual erosivity
map was then produced in ArcGIS for the erosivity index using effective rainfall data (i.e, Re).
Soil Erodibility Factor (K)

K is a measure of the susceptibility of soil particles to detachment and transport by rainfall and
run-off (Stone and Hilborn, 2000). When the K value is high, it implies deterioration in the physical
properties of the soil such as low organic matter, coarse soil texture, coarse granular structure etc.;
thus the soil is more prone to erosion. Therefore, the higher the K value, the more the soil is prone
to erosion. When K values are low, it implies an enhancement in the physical properties of the soil
such as increase in organic matter, fine soil texture, fine granular structure etc., which increases
the cohesiveness of soil particles to resist erosion. This will result in low soil erosion. The FAO K
factor values of soils in the study area were used to produce a raster layer of K factor map.

Table 1: Soil erodibility K-Factor values of the soil type in the study area

Soil type K-Factor
Fluvisols 0.0646
Acrisols 0.0009
Nitisols 0.004
Lixisols 0.000

Source: FAO (1987)
Slope length and steepness factor (LS)

Slope length and steepness factor (LS) measure the effects of topography on soil erosion and the

steeper and longer the slope, the higher the risk for erosion, and vice versa. The LS factor map for
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a cell area was computed with equation (4) below in ArcGIS using upslope contributing area and
slope gradient computed from the digital elevation model (DEM) of the study area. The DEM was
generated from a 1:50,000 scale contour map. The contours were interpolated at 30 m pixel
resolution using the ‘topo to raster’ command in ArcGIS to create a hydrologically correct DEM
(e.g., Jain et al. 2010; Jain and Das, 2010). The generated DEM was further reconditioned to a
depressionless DEM using the ‘fill sink’ command to determine the maximum downhill slope and
the flow direction (e.g., Jain et al., 2010; Jain and Das, 2010). The slope (S) factor and flow
accumulation were then derived from the depressionless DEM and then an LS map was generated
based on equation (4) in ArcGIS using the raster calculator module (Jain et al., 2010; Jain and Das,
2010; Engel, 2003):

LS = (,252)% (Shace) ™ oo (4)

22.13 0.0896

Where As is the upslope contributing area for overland grid per unit width normal to flow direction
and @ is the slope angle in degrees. On the basis of total length of erosion channel of a 1:50,000
topographic map of the study area and the study area, a channel initiation threshold value of
0.65km? was extracted and used to define channel cells (Jain and Das, 2010).

Cover Management Factor (C)

The cover management factor C is used to determine the relative effectiveness of soil and crop
management systems in terms of preventing soil loss. High C factor implies low vegetation cover
in the area, and when C values are low, it implies good vegetative cover and erosion will be low.
The cover management factor map for C was determined using a classified land cover and land
use map of Landsat 8 OLI 2020 (e.g., Jain et al., 2010; Jain and Das, 2010; Jain and Kothyari,
2000). The image was classified with reference to topographical maps, Google Earth and training
areas of sites taken in the field using a global positioning system (GPS). Five land cover types
were classified using the maximum likelihood classifier module in Idrisi (Table 2). C factor values
suggested by Wischmeier and Smith (1978) were assigned to cells of the respective classes as
shown in Table 2.

Table 2: Land Cover Types and Cover Management (C) factor values

Land cover C-Factor
Built-up Land 0.3500
Water body 0.000
Bare land 0.3500
Vegetation 0.0001
Agricultural Land 0.5429
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Source: Jain and Kothyari, 2000
Support Practice (P) Factor

The support Practice (P) factor reflects the effects of soil erosion support practices that will reduce
the amount and rate of the water runoff and thus reduce the amount of erosion. The P factor varies
from 1 for bare soil with no erosion control to 0.01 where there is much cover on gentle slopes
(Arekhi, 2008). No specific soil erosion control management is practiced by farmers. A P factor
of 1 was assigned to the built-up land, 0 to water bodies and 0.5 was the factor for strip cropping
of 2 year rotation to other classes of the classified image which had some form of land cover.

Results and Discussion

Figure 2 shows the variation of R factor from 9,723 to 10,485 MJ.mm/ha.h.yr. With a mean value
of 10,104 MJmm/ha/h/yr. The western part of the study area is observed to have the highest R
factor value. Areas in the south western side also showed high R factor value. Both areas are very

rugged areas.

Figure 2 shows that higher intensities of R prevail around Agulu, Nanka, Oko and Ekwulobia, the
zones of high erosivity will be more erosive due to the higher intensity of rainfall events. Similar
pattern in rainfall erosivity of the study were observed in an erosivity map of Ghana and west
Africa produced by Oduro-Afriyie (1996) and Roose (1997) With reference to R classification of
R < 2,452 = low erosivity; 2,452 <R < 4,905 = medium erosivity; 4,905 <R < 7,357 = medium-
strong erosivity; 7,357 <R < 9,810 = strong erosivity; R > 9,810 = very strong erosivity (Silva,
2004), the rainfall erosivity index of the study area is very strong indeed.

This result encourages high erosion potential. The result was correlated with similar studies carried
out in Ghana and India (Ashiagbor et al., 2013 and Rahaman et al., 2015)
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Figure 2: Spatially distributed map of R factor of the study area (MJ. mm/ha.h.yr)

Figure 3 shows the variation of K factor from 0 to 0.646 t.ha.h.hal MJ. study area is underlain by
four (4) major soil types (Fluvisols, Acrisols, Nitisols, Lixisols), with Lixisols and Nitisols having
erodibility values of 0 and 0.004 respectively, Acrisols with erodibility value of 0.0009 and
Fluvisols being the most erodible (0.0646thMJ™*mm™) (Table 1) the most erodible soils (fluvisols)
are concentrated in almost all the study area. Result show that soil erodibility is highly dominated

by Fluvisols.
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Figure 3: Spatially distributed map of K Factor of the study area (t.ha.h./ha.MJ.mm)
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Figure 4 shows the variation of LS factor from 0 to 95.66. It can be observed that LS factor is high
for areas with high elevation or hilly area and low for areas with low elevation. It is observed that

the slope length is long which encourages cumulative runoff. (Figure 4)
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Figure 4: Spatially distributed LS factor map of the study area

The C factor value of the study area varies from 0.0001 to 0.5429 as shown in figure 5. Areas with
the highest C factor value occur around the Northern tip of the study area while areas with the
lowest C factor value dominate the western part of the study area. It can be observed that the
heavily forested hilly areas are having very low C value. However, with less vegetation in the other
parts of the study area. Forest vegetation making up the closed canopy had the best vegetative

cover while built-up area had sparse vegetative cover.
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Figure 5: Spatially distributed map of C Factor of the study area
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Figure 6 shows the variation of P factor from 0.2 to 0.24512. The P factor reflects the land use and

land cover of the study area.

z
50
3

Source: GIS Analysis, 2021
Figure 6: Spatially distributed map of P Factor of the study area

Soil loss map of the study area

After multiplication of the six factors as per RUSLE formula (Eq. 1) average annual soil loss of
the study area figure 7 was generated. Figure 7 illustrate soil loss map. Estimated soil loss from a
cell ranged from 0-153.953 t/ha/yr with a mean of 70.5887 t/ha/yr and standard deviation of
49.7426 t/ha/yr. comparing the mean value of soil loss to the classification scheme of FAO (1987,
cited by Silva et al.,2010) in t/ha/yr (a) < 10 = very low, (b) 10-50 = moderate, (c) 50-120 = high,
and (d) >120 = very high, the study area is characterized by high soil loss risk.

The high soil loss risk is attributed to steep slopes underlain by fluvisols which is very susceptible
to erosion figure 7. The highest soil loss occurs in Nanka community followed by Agulu,
Ekwulobia and Oko. High runoffs generated during rainfalls cause serious erosion, creating rills
and gullies.

The classified soil loss map shows that 4.92% of the total area has soil loss between 0.432 — 12.473
(ton/halyr) followed by 49.93% of the total area with rate of soil erosion between 12.474 — 30.534
(ton/halyr). Next is16.88% of the total area with average annual soil loss between 30.535 — 53.412
(ton/ha/yr). Other soil loss categories cover 27.33% and 0.94% of total area with average annual
soil loss between 53.413 — 88.330 (ton/ha/yr) and between 88.881 — 153. 953 respectively table 1.
The total area of soil loss is 599.17 (Km?) (table 3)
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The results were correlated with similar studies carried out in Ghana and India (Ashiagbor et al.,
2013 and Rahaman et al., 2015).
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Figure 7: Spatially distributed soil loss map of the study area

Table 3: Soil loss in relation to different range in the Area

Soil Loss (ton/halyr) Area (Km?) %
0.432-12.473 29.48 4.92
12.474 - 30.534 299.17 49.93
30.535-53.412 101.14 16.88
53.413 - 88.330 163.75 27.33
88.881 - 153.953 5.63 0.94
Total 599.17 100

From the forgoing which is a quantitative assessment of average annual soil loss in the erosion
area which was performed with RUSLE method in GIS platform considering rainfall, soil,
topographic and satellite imagery datasets. GIS and remote sensing technique was successfully
used to calculate all the factors and prepare a 30 m resolution spatially distributed raster map for
each factors (i.e. R, K, LS and C). The spatially distributed map of annual average soil loss rate

was prepared by multiplying the raster maps of each factor using raster calculator in GIS platform.

30



Conclusion

The study area is characterized by high soil loss risk which is attributed to steep slope and
Fluvisols. The highest soil loss occurred in Nanka community followed by Agulu, Ekwulobia and
Oko. High runoffs generated during rainfalls cause serious erosion, creating rills and gullies. Total
area soil loss is estimated to range from 4.92% - 0.94%. The loss of soil in the area will lead to

loss of agricultural productivity and disruption of socio-economic activity in the area of study.

Based on the findings of this study, the following recommendations were suggested. To reduce
soil loss, intervention should be focused on LS, C and P factors as the K and R factors cannot be
changed. For the LS factor, the management of terraces will reduce the length of the slope and
consequently the soil loss. For the C factor, the choice of the types of cultivation and tillage
methods will lead to reduction of erosion. For the P factor, conservation practices, such as culture
against the slope, should be used to ensure that sediments are deposited close to their source.
Extensive afforestation program can be very effective in the control of gully erosion especially
when well applied. This helps to protect the soil from the direct impact of raindrops and runoff as

well as maintain the moisture content of the soil at responsible level during the dry season.
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