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ABSTRACT

The causes and impacts of the gully erosion menace in the Auchi community of Edo State, Nigeria,
have been investigated. It was established that various factors bordering on anthropogenic and
natural causes which include excessive rainfall, underlying geology of Auchi, nature of the soil at
the affected sites, deforestation, practices by residents in the area that encourage run-off, lack of
good drainage systems, absence of tangible erosion control measures by Governments at various
levels, were major causes of the gullying in the Auchi gully sites; that have led to the death of
several people and destruction of settlements and other facilities. But the natural causes of the
gullying far outweigh the anthropogenic ones. Three methods of data collection were adopted in
this study. These are the remote sensed data, data acquired from field observations and responses
from questionnaires. Digital Elevation Model data was also used to delineate the boundary of the
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contributing watershed upstream of the site. After appraising the causes of gullying in Auchi and its
impacts on the residents, recommendations which include adoption of concerted measures by
Governments at all levels to address erosion menace in the area, enactment of relevant laws to
discourage factors that promote erosion and expanding gullying in Auchi, putting in place specific
reclamation measures, deliberate efforts by the relevant Federal Ministries to refill and construct a
proper drainage system for the area that will be channelled to a safe discharge points down steam,
among other feasible recommendations, have been proffered to curb the menace of gully erosion

and its ravaging impacts on the community.

Keywords: Auchi community; gully erosion; causes and impacts of erosion; mitigation measures.

1. INRODUCTION

Gully erosion is a highly visible form of soil
erosion that affects soil productivity, restricts land
use and can threaten roads, fences, buildings
and human life [1]. Gully erosion enthrones
deprivation in its process and this affects soils in
many parts of the world [2]. It is a serious form of
soil degradation often involving an initial incision
in to the subsurface, by concentrated runoff
along lines or zones of weakness such as
tension and desiccation fractures [3]. Multiple on-
site and off-site effects of gully erosion threaten
sustainable development, which is especially
evident in dryland environments [4].

Gully erosion often indicates extreme land
degradation. Gully erosion is an cutting-edge
stage of rill erosion where surface channels have
been eroded to the point where they cannot be
smoothened over by normal tillage works [5]. It
reduces agricultural productivity by destroying
valuable land resources, increases sediment
concentrations, reduces water quality, and fills up
reservoirs; its rehabilitation has proven to be
challenging especially in the high-rainfall areas
[6]. In the highlands of Ethiopia for instance, wide
and deep gullies are common features,
significantly affecting land used for agriculture
[7]. The effect of soil erosion on bare and
vegetated soil had been studied using rainfall
simulation experiments by [8,9]. The results
showed a negligible sediment yield, runoff and
erosion in the vegetated soils, while the bare
slope experienced remarkable runoff rates. In the
Mediterranean countries, reservoir siltation is

highly practiced to boost economic and

agricultural development [10].

Population exploration as well as the attendants
increasing human activities which include but not
limited to deforestation, ever increasing
developmental facilities and many other human
factors/activities, have had negative impacts on
the slope failures and subsequently resulted in
gullying in many places, [11,12]. Recent efforts
geared towards better understanding of the
dynamics of gully erosion suggested that, the
phenomenon could be further branded and
studied using its relevant parameters like the
mean equivalent width and depth and its length
[13].

The surface geology, soil cover and prevailing
environmental surface processes of an area
greatly influence mechanism of gully erosion
[14]. The efficacy of soils to function as a filter
from polluting substances largely depends on the
behaviour of pollutants in the soil and the
hydrological transport processes as
demonstrated by [15].

Earlier studies like that of [16], indicated that the
nature of the underlying geology contribute
significantly to the origin and spread of gullies.
Their findings are summarized in Table 1. Most
observations from gully erosion studies in Nigeria
have also established that the menace principally
occurs in the sedimentary landscapes of the
country and in some cases, in areas where
basement/sediment contact occur [14].

Table 1. Gully types, modes and conditions of formation and common advance mechanism,

[16]
Gully type Modes and condition of formation = Common advance mechanism
Base level  Groundwater flow Slope undermine, sliding and slumping
Scarp Runoff and slope change Slope undermining, sliding/slumping, toppling
Fracture Runoff and shrinkage fracture Collapsing, also block failure
Incidental Runoff concentration and vulnerable = Common sliding/slumping

soil exposure by man
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Although, the major causes of gully erosion are
not well-understood; the dynamics involved in its
progression and ruin are obvious [17].

For instance vegetation on land-side slopes
protects embankments from erosion resulting
from heavy rains or overtopping waves,
particularly in many estuarine areas around the
world [18]. Gullies can be categorized as active
and inactive [14]. Active gullies move up in the
affected site by head-cut movement [19].

The morphological evidences of past soil erosion
can be easily inferred from the visible impacts of
environmental variations in the landscape [20].
Most of the available erosion research could not
provide adequate knowledge of gully erosion in
the past as it concerned the gauging methods,
creation of gully erosion models, and workable
preventive and mitigating actions, which are
certainly known challenges facing gully erosion
research today [20].

Many parts in Nigeria, especially in the South-
eastern region of the country are under serious
threats of the gully erosion and its attendants
consequences. The feasible causes of this
unbelievable trait are traceable to both man-
made and anthropogenic roots. However, the
geology of the site where gully erosion is
prevalent and the severity of attendant surface
processes, are majorly the known causes. Study
had proved that steep landscapes are commonly
susceptible to slope failure under the influence of
various factors already documented in this work
[21].

Soil erosion is a major environmental problem in
Nigeria. Auchi is one of the cities in Nigeria that
are worst hit by this ecological hazard. According
to previous reports, gullying processes at some
sites in Auchi have narrow incisions which are
then broadened and extended by sidewall
processes fractures as the gully erosion
progresses [3]. The problem of soil erosion in
Auchi has been on for more than 13 years. It had
claimed over 20 lives, displaced more than 300
persons and has destroyed properties worth
millions of naira. Prominent sites in the study
area (Figs. 1 and 6) include Egelessor, Gaz
Momoh, Oben Zogo, lyekhin and Akpekpe
Grammar school road, pose serious threats to
human habitation, transportation, agriculture and
other forms of land use.

As gullying is a serious menace and complex
too, three-dimensional photo-reconstruction (PR)

techniques as suggested by [22], is very apt for
the production of high-resolution surface models
for different applications and over different spatial
scales. This straightforward image collection and
processing approach can be of great benefit for
non-expert users working on gully erosion
assessment.

A holistic understanding of the formation and
mechanism of gully erosion should therefore,
involve collaborative inputs from experts in
diverse fields like biologists, chemists,
geologists, physicists, anthropologists,
economists, engineers, medical professionals,
military professionals, sociologists, and even
artists amongst others as suggested by [23].

The objectives of this study therefore is to
investigate the causes and impacts of erosion
menace in Auchi community, map out erosion
hot spots in the area, and recommend measures
that will strengthen mitigation strategies and
reduce risks.

1.1 Location of the Study Area

Geographically, Auchi is located in the Southern
part of Nigeria on Latitude 7.07259° North and
Longitude 6.26566° East, on altitude of 164 m. It
is a very important settlement in Edo State
because the administrative headquarters of
Etsako West local government is located there.
Apart from this, it has an estimated population of
100,000 who are majorly farmers. Its undulating
landscape is deeply incised by a runoff from
upland to the stream valley, where the erosive
action of running water is less. The soil in this
area is mostly sandy with high iron content. The
sands are loose and easily eroded when
exposed to erosion. Fig. 1 shows the location of
Auchi in Edo State. Auchi is the second most
urbanised city in Edo State, after the state
capital, Benin City. The town has been described
by many as the fastest growing town in the
country.

With respect to the physiographic settings of the
area of study, Auchi is located in the equatorial
region with average annual maximum
temperature varying from 31°C and average
annual minimum from 23°C [1]. The annual
average rainfall is between 2000 mm and 3000
mm. Also as previously reported, the landscape
of Auchi is steep with mean elevation of 200
meters. The observed minimum and maximum
elevations at Auchi are respectively 110 and 290
meters [3].
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Fig. 1. Location of Auchi in Edo State; (inset: map of Nigeria)

1.2 A Brief Geology of the Area of Study

Nigeria’s landmass is made up of both crystalline
basement rocks and sedimentary rocks [14].
Field observations had shown that that the
geologic material underlying Auchi belongs to the
Ajali formation. This formation, which was before
the present time described as upper coal
measure, is made up of false-bedded sandstone,
tinny lenticular Shales, coal and pebbly gravel,
and it is coarse in texture [24].

The intensity of gulling in Auchi is being
controlled by the hydrodynamic forces lining the
geotechnical properties of the eroded soils [3].
This makes gullying to be moderate within the
clayey top layer of the soil, but severe within the
layer where loose sands are exposed and
disastrous in areas where the water table has
been found to be truncated within the loose sand
substratum [3].

2. METHODS OF DATA COLLECTION

Three methods of data collection were adopted
in this study. They are the remote Sensed data,

data acquired from field/ground observations and
semi- structured interviews/ questionnaires.

The boundary of the contributing crunch of the
site as shown in Fig. 2, was delineated using the
digital elevation model data obtained from the [3].

2.1 Remote Sensed Data

The remote sensed data are presented in
Figs. 3-6. Fig. 3 shows erosion affected areas in
Auchi town while Fig. 4 shows termination of
drainage at the centre of the town.

Fig. 5 is the Land cover map of Auchi area
showing vegetation (Green patches), bare
ground (Brown) and Built-up area (Blue patches).
In Fig. 6, the areas vulnerable to threat of the
gully have been clearly indicated on Fig. 5 to
show built-up sites at risk. Therefore, Fig. 6 is
showing settlements and facilities at 200 m buffer
around the centre of the gully site which have
been considered to be at Risk. It falls between
Longitude 6° 14! 26.93" and 6° 15' 32.271,
Latitude 7° 04! 16.15" and 7° 03! 42.311,
respectively.
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Fig. 2. Auchi satellite image and the catch basins that contribute to soil erosion
(Source: [3])

Fig. 3. Image from remote sensed data showing erosion affected areas
(Source: [25])
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Fig. 4. Synoptic view from remote sensed data showing termination of drainage at the
center of the town
(Source: [25])

Landcover Map of Auchi Area

Fig. 5. Land cover map of Auchi area showing vegetation (green patches), bare ground (brown)
and built-up area (blue patches)

2.2 Field/Ground Observation taken to demonstrate the reality of erosion
menace in the study area, and are presented in

The investigation also utilized personal Figs. 8-10.
observation methods and some pictures were
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Fig. 6. Risk map of Auchi showing the centre of the gully (red thin line) within the gully site

Fig. 7. Buildings about to be swallowed by gully erosion in Auchi
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Fig. 9. Buildings under the threat of gully erosion in Auchi
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Table 2. Variable, occurrence and
representative percentage of respondents to
administered questionnaires

Variable Occurrence Percentage
Gender 250 100
Male 120 48
Female 130 52
Age 250 100
15-25 35 14
26-35 49 19.6
36-45 68 27.2
46 and above 98 39.2
Occupation 250 100
Civil/Public 30 12
servants 22 8.8
Business/trade 45 18
Craftsmen/ 135 54
Technicians 18 7.2
Farming

unemployed

Marital status 250 100
Single 55 22
Married 165 66
Divorced 30 12
Educational 250 100
Qualification

Primary 106 42.2
Secondary 65 26
Tertiary 47 18.8
Informal 18 7.2
education 14 5.6
No schooling

Household size 250 100
2-5 persons 135 54
5-9 persons 89 35.6
10 and above 26 10.4
Average 250 100
income/month

(Naira)

Below 15,000 15 6
15,000-25,000 67 54.8
26,000-35,000 137 26.8
36,000 and above 31 12.4

(Source: Authors fieldwork)

2.3 Data Acquired from Semi-structured
Interviews/Questionnaires

Semi-structured interviews/ questionnaires were
administered to selected residents in the affected
areas under study. The questions were
structured mainly to reflect the scope of this
study which is, to establish the causes and
impacts of the erosion in Auchi community. Other
people familiar with the study area such as Union
leaders, traditional leaders, some retired civil

servants as well as politicians were interviewed
separately for added information. Information
from published and unpublished literatures were
also used to analysis the causes of erosion in the
study area. The outcome of the questionnaires
have been summarised on Tables 2-3.

Table 2 above presented the category of people
whose responses were used to prepare Table 3
as below.

Table 3. Responses to identified causes of
gully erosion in Auchi area (%)

Responses from Frequency Percentage

random variable from (250) (100)
Pavement 30 12
compound

Run-off 35 14
Continuous 1 04
cropping

Lack of capital, 9 3.6
knowledge and

will

Lack of 12 4.8
Government

erosion control

measures

Removal of 6 24
vegetation

Deforestation/ 12 4.8
logging activities

Type of soll 17 6.8
Bush burning 11 44
Risk of flooding 17 6.8
Road building 7 2.8
Lack of good 39 15.6
drainage system

High rainfall 43 17.2
Topography/relief 5 2
Excavation of soil 4 1.6
Bush burning 2 0.8

(Source: Authors fieldwork)
3. RESULTS AND DISCUSSION

The main factors found to influence the extent of
gullying include local geologic setting, depth to
water table and annual rainfall. Others are
permeability, porosity, cohesion and
hydrodynamic events in the areas. The Auchi
erosion menace is thriving as a result of absence
of well-coordinated control measures and
inadequate and urgent attention it deserves. For
instance, in spite of the devastating impact on
humans and structures and potential threats on
more structures if not well managed (Figs. 8-10),
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Fig. 10. A building damaged by gully in Auchi

the synoptic view of the affected area (Fig. 4)
showed a deliberate and dangerous termination
of a drainage right at the center of Auchi town.

Although there are a number of modern buildings
erected by a few well-to-do persons in the
erosion ravaging areas, most people living in the
area were not wealthy. Findings (Table 2) from
the survey revealed that lack of knowledge, will
and capital to address the problem adequately
has further aggravated erosion menace. Table 2
also showed that most respondents to the
questionnaires are farmers, married, mostly
adults of 36 years and above, with primary
education and low income earners. Run-off
played significant role in gullying in the study
area, although this is represented by 14% in
Table 3. However, the major causes of gully
erosion from the survey were high rainfall
(17.2%), lack of good drainage system (15.6%),
self-effort by residents towards erosion control
like pavement of their compounds (12%),
indiscriminate logging activities (4.8%), lack of or
inconsistent implementation of erosion control
measures by Governments at all levels (4.8%)
etc. Although this is not true representation of the
reality on ground as shown in the percentage of
responses in (Table 3), the soil in the study area
is now susceptible to erosion due to removal of
vegetation from the area and other human
activities.

10

In addition to the responses from semi-structured
questionnaires, field observations also revealed
that there was poor land use planning in the
study area, drainages are not channelled to the
appropriate discharge points such as Streams
and Rivers, Government erosion control
measures are inconclusive, thereby aggravating
the problem. In spite of warnings from various
authorities, people residing in the affected
houses have refused to relocate because they
have limited means of relocation. In some of the
sites visited, there were evidences of community
efforts to divert the runoffs but were
overwhelmed by the severity of the problem.

The human factors cannot be separated from the
erosion menace in Auchi. But the natural causes
far outweigh the anthropogenic ones. For
instance, the local geologic setting, depth to
water table and annual rainfall, as well as
permeability, porosity, cohesion and
hydrodynamic events in the study areas, are the
main factors influencing extent of gullying in
Auchi. The history of the problem shows that the
area became distressed from land use activities.
As these areas lie on sloppy land, the porous red
soil and heavy rainfall is natural causative agent
for gully erosion.

Slope failures in Auchi go through four stages of
flowage, gliding, tumbling and falling over. The
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rates of the failures are more pronounced during
heavy precipitation than during the dry season.
From the field observations and semi-structured
questionnaires, runoff was established as the
main contributor of gully erosion in Auchi.

During the peak of rainy season at Auchi which
usually resulted in the flooding of the soils, much
of the rainfall flows as runoff, causing remarkable
damages to regions with lose sands towards the
foot of the slope. This is because of the rise in
volume of the flood and its increased velocity and
density as it moves downward the slope, below
the clayey top strata found in the upper regions
of the site. Such type of evidences abound in
other parts of the world and have been presented
in the works of [26,27,28].

Field observations by this study showed that
local geology, run-off as encouraged by the
residents of community in the affected areas,
nature of the soil porosity and loose sands, as
well as the condition of groundwater at the sites
were prominent contributors to the rates and
magnitude of gullying in parts of Auchi
community. These observations confirmed earlier
results by [3].

The risk map, Fig. 5 clearly showed settlements
and facilities at 200 m buffer around the centre of
the gully site which have been considered to be
at Risk. It falls between Longitude 6° 14! 26.93!l
and 6° 15! 32.271, Latitude 7° 04! 16.15! and 7°
03!42.311, respectively.

4. RECOMMENDATIONS

(a) There should be deliberate efforts by the
Ministry to refill and construct a proper
drainage system that will be channelled to
a safe discharge points down steam.

The local government authorities and the
vulnerable communities should imbibe the
culture of planting trees such as Bamboo
and Cashew, in the affected areas, as
vegetation cover will slow the rate of runoff
as well as soil loss. This effort should be
encouraged and supported by State and
Federal Ministry of Agriculture.

The town planning department should not
approve construction of buildings along
water ways.

They should also recommend and prohibit
new developers not to cement their
compounds and also advise them to
embark on rainfall harvesting.

(b)
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For a holistic understanding of this disasters and
provision of solution, understanding the factors
responsible for its inception and development is
imperative. That means, more detailed studies
about causative agents of gully erosion in parts
of Auchi community is highly desirable. Efforts
should be made to also know in details, the type
of erosion that exists in that region and its spatial
distribution.  Therefore, studies should be
undertaken in details on the adopted control
measures in order to comprehend the extent of
their individual contributions to the gullying
phenomenal with a view to proffering tangible
and workable solutions to the respective
contributing factors.

For instance, a detailed investigation could be
carried out to determine the possible effect of
lowering the porosity of the eroded soils in Auchi
would have on the permeability and possibly and
the cohesive strengths. Some feasible measures
to be could be considered include afforestation,
discouraging residents of the affected areas from
using tiles in their compounds and surroundings
to reduce run-off, design a measure to control
groundwater and increase sand cohesion, etc.

As for Design Flood Return Period, a 5 years
return storm is recommended for the purpose of
estimating the peak discharges and for sizing the
drainage facilities. The design of culverts should
be able to meet certain conditions that would
prevent habits of washing, scrubbing and
burnishing at the culverts outlet.

Recent research by [4] suggested how soil
erosion could be controlled effectively by gullying
using very low permeability synthetic membrane
barrier or dam to reduce subsurface flow in soil
pipes near gullies.

[29] also pointed out in this study the relevance
of revegetation as the primary management
approach for solving the problems caused by
severe soil erosion in the Loess Plateau.
Depending on their applicability and peculiarity,
recent findings by [4,29] could also be of
relevance towards addressing challenges posed
by the gully erosion in Auchi community.

5. CONCLUSION

The causes and impacts of gully erosion in Auchi
had been investigated using various techniques
highlighted in this work and others from previous
works on gully erosion in Auchi. It was observed
that both anthropogenic and the human-induced
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factors were responsible for the phenomenal,
which has resulted in devastating impacts on the
residents, property and their environment. Field
observations by this study had shown that local
geology, run-off as encouraged by most
residents of community in the affected areas,
nature of the soil porosity and loose sands, as
well as the condition of groundwater at the sites
were prominent contributors to the rates and
magnitude of gullying in parts of Auchi
community.

By way of proffering tangible measures that
would help in no small measures in tackling the
menace of gully erosion in Auchi community,
Governments at all levels should collaborate to
find a lasting solution to the phenomenal by
adopting recommendations contained in this
study as well as integrating other ones not
mentioned here but would complement the
efforts of an holistic tackling of the menace.

If the recommendations advanced in this work
are fully and carefully implemented, it is hoped
that the incidence of gully erosion in parts of
Auchi would be drastically reduced and the
security of the lives of residents and their
properties will be guaranteed.
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