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Abstract: Gully erosion has serious consequences if left unchecked or uncontrolled and these effects range from ecological, social and
economical effect. It also poses potential threat to the physical infrastructure. The objectives of this study were to, map out gully sites in
Katsina-Ala Town using GIS techniques, assess the relationship between gully parameters and their effects on infrastructure in Katsina-
Ala Town, evaluate the effects of gully erosion on infrastructure in Katsina-Ala town and suggest appropriate recommendations for
measures of control. Data were collected using primary and secondary sources, analysis was done using descriptive and inferential
statistics, Findings from the study revealed that: a strong correlation exists between gully width and damages on physical infrastructure,
weak correlation between depth of gullies and damages to infrastructure and moderate correlation between gully length and physical
infrastructure damage in the study area; gully erosion has affected or has potential effects on 67 buildings, 10 pipelines, 25 electric poles
47 streets and 21 culverts. The study recommends preventive measures to avert the adverse effects of gully erosion on infrastructural

facilities in Katsina-Ala town.
1. Introduction

Soil erosion by water body is a serious and growing problem
in many countries of the world (Afegbua, Uwazuruonye &
Jafaru, 2016). ldeally, the natural environment provides the
frame work necessary for the existence of life including that
of human beings. However, the environment undergoes
several forms of degradation that threaten to rob it of its
supportive roles. According to Franco (2010), the factors
that determine erosion by wind and water are soil type,
topography, climate, vegetation and human activity.

Afegbua, Uwazuruonye and Jafaru (2016) maintained that
there is no soil phenomenon that is more destructive
worldwide than soil erosion, it is a worldwide problem that
is not particular to any country. In Nigeria, it is also
reported to be single most threatening form of land
degradation ravaging over 80% of the country’s landmass
(Oyedepo & Oluwajana, 2013). Again, the loss of soil from
both agricultural and non-agricultural land continues to be a
serious problem in the United States. Pineo and Barton
(2009) further explained that soil erosion thus poses a great
danger to human livelihood depending on soil resources
which have no immediate alternative.

Over the years, tremendous contributions were recorded in
understanding the behavior of gully erosion and its
controlling factors by many scholars using different criteria.
Poesen (2011) observed that Gullies are among the
morphological indication of long periods of soil erosion
revealing the effects of atmospheric adjustment for example
heavy rain fall and land use practices in the landscape. This
phenomenon is the principled geomorphic feature which
loosens human environment relations and brings about
particular socio-economic circumstances.

Ehiorobo and Audu (2012) investigated gully erosion in an
urban area and reported that gully erosion occur due to
extreme overflow of fluid with a very high speed and energy
to remove and transmit soil particles downhill slope. In
Nigeria, several of the gullies that occurred in towns were
due to inappropriate termination of drains and stream paths,

the increase in gully pools by the side of a few water courses
resulting from changes in land use practices remains a
source of worry. Many scholars have examined the
vulnerability of soil to inter-rill and rill erosion, but little
research explored the propensity of soils to gully erosion.

Shit and Maiti (2012) argued that gully erosion is one of the
major devastating catastrophe that speed up soil erosion. The
incidence of this hazard signifies a severe type of land
degradation that deserves a very exceptional consideration.
Rill-gully erosion represents an essential basis of sediment
in various environments. The impact of gully erosion has
attracted the attention of many scholars including
Conoscenti, Angileri, Cappadonia, Rotigliano, Agnesi, &
Marker, (2014) viewed that gully erosion causes a
significant soil and water losses, decreases crop Yyield,
degrades of ecosystem, roads and bridges, farmlands as well
as settlements.

In Nigeria, generally, the threat of soil erosion today is more
obvious than any time in history. To produce more food,
areas under cultivation necessarily have to be expanded and
clearing and burning of steep, forested slopes and ploughing
grassland occur. In addition, population pressure has led to
rapid urbanization, overgrazing rangelands and over
exploitation of timber resources. These activities degrade or
remove natural vegetation. Moreso, the fine particles
washed from these areas are subsequently deposited in near-
low-lying landscape sites on river flood plains or in
downstream reservoirs, lakes, river and harbours; these
sediments pollute the river with high economic and social
cost implications. For instance, in Imo State of Nigeria,
erosion has ravaged about 120,000km? of land area, 8
villages destroyed and about 30,000 people relocated. In
addition, erosion problems in both Imo and Anambra States
of Nigeria have been observed to have caused an estimated
loss of metric tons of soil, leading to high economic costs of
over two hundred million naira (200,000,000.00) per annum.
In Akure, Ondo State, erosion effects include: Rendering of
road ways non-motorable through creation of gullies,
carving in (slope instability) of drains ditches that were not
lined, Flooding of road ways during rain due to blockage of
drains, pollution of water bodies in the environment as a
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result of sediment deposition, destruction of pavement
infrastructure i.e. pavement, culverts and drainages. In
Auchi, Edo State, erosion has led to the death of several
people and destruction of settlements and other facilities
(Oyedepo & Oluwajana 2013; Auzet, 2005).

Similar studies on erosion have been carried out by various
scholars in various regions of the country. Mansur (2014) in
Jigawa State, Dalil, llegieuno, Babangida, & Husain (2016).
in Edo State, South Western Nigeria and Danladi and Ray,
(2014) in Gombe State constitute a few examples.

Soil erosion is a product of process and time. This implies
that when the full impact of the process is not estimated and
timely combated, the result will be disastrous. This study
therefore will help in bringing to knowledge the extent to
which gully erosion has affected the infrastructure facility in
Katsina-Ala Township. This study shall also initiate and
encourage healthy environmental ~management and
sustenance.

2. Material and Methods

Study area
Katsina-Ala Local Government Area (LGA) lies between
latitudes 7° 5’ 0” N and 7° 30’ 0" N, longitudes 9° 15’ 0" E

and 9° 55’ 0” E. It is one of the 23 (LGASs) of Benue State.
It is located in the North-Eastern part of the State and shares
boundaries with Taraba State in the North-East, Ukum Local
Government in the North, Logo in the North-West, Buruku
in the West, Ushongo in the South and Kwande in the South-
East of Benue State. The town itself lies between latitudes
7°9'0"N and 7°11'0"N, longitudes 9°16’0”E and
9° 18’ 30" E, the town covers and an area of about 15.05km?
and lies on the South-western part of the local government
and is situated on the loop of River Katsina-Ala (Figure 1)

According to the 2006 national census, Katsina-Ala town
has a population of 23,801 with f 12,962 males and of
10,839 females (National Populations Commission 1991). It
inhabits a heterogeneous urban population composed of Tiv,
as the majority, Etulo, Hausa, Igbo and Yoruba
communities. The Etulo reside along the River banks as
fishermen; Hausa constitute a crop of dry season farmers,
most of who were attracted to the town by previous trading
activities of Yoruba and Igho businessmen.

The population of the town is primarily engaged in
agriculture, civil service, trading, transport business, fishing,
brick making and sand harvest. Others are carpentry and
farming as well as education. It is these activities that hold
and sustain the town.
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Figure 1: Katsina-ala Local Government Area showing Township ward

Volume 8 Issue 6, June 2019

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20196783

10.21275/ART20196783

1204



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2018): 7.426

167308 ST

S1T30E S0 187308

Data Source: Digital Globe Satellits Image.
 Produced by: Hundu Wilkiams Terseer
025 05 1IQI

T T
s180E 518308

Figure 2: Map of Katsina-Ala Town

Research design

This involves all the streets within the settled are of the
town, various physical infrastructure in the town which
include buildings, roads/streets, electric poles, water
connections, farms or gardens, drainage channels and
culverts and recreational resort.

To carry out this study, the following data were obtained in
line with the objectives of the study. Data on the total
number and dimensions of gullies in the study area was
obtained using GIS and remote Sensing techniques. Data on
the effects of gully erosion on infrastructures such as
collapsed buildings, fallen electric poles, cut transport
routes, exposition/disconnection of water lines, collapse of
drainage channels and culverts along gully sites and so on.

Sampling design

Built-up areas of the town were used for the study. This
enabled a more complete and valid assessment of the
problem under study. Thus, streets within the specific areas
were followed and the required data obtained appropriately.

Data and method of data collection

Data collected for this study was through a combination of
remote sensing and GIS techniques and field observation
and measurement. Gully sites were identified; erosion
frequencies, gully depth and width were measured using
field observation. Lengths of gullies were measure using
GIS and remote sensing techniques. A Spot 5 Satellite image
of the study area and Google Earth Pro image of 2016 were
used to create spatial dataset of the required data including
gully sites and streets. Global Positioning System (GPS)
was used to collect data on collapsed infrastructure such as
buildings, electric poles, culverts, pipe lines and culvert.
This was achieved through the use of five (5) Research
Assistants for effective data collection exercise. Log books
were created for proper documentation and record keeping.

Measurement of gully characteristics

Gully Length

Lengths of gullies were automatically measured using
ArcGIS 10.2 software. Gullies where identified through
satellite image and digitized into GIS environment using
ArcMap Software. A geodatabase of the gullies were created
using ArcCatalouge Software from which the length of each
gully was automatically determined.

Bed and shoulder widths:

Gully widths were taken at each of the sampled points for
shorter gullies of 15m interval. For longer gullies, the
measurement was taken at every two of the sampled points
which made an interval of 30m. At each of these points, the
tape was stretched across the gully bed and shoulder to the
opposite bank and readings were taken in meters. This
process was continued to the mouth of each gully at the end
of which a mean value was derived for the width of the

gully.

Gully depth:

The depths of each of the gullies were obtained with the use
of ranging poles and the linen tape. One of the poles was
fixed at the deepest of the gully bottom (at sample points
where shoulder width were taken) stretching the tape across
the gully over the ranging pole. One of the assistants noted
where it met the tape, and the appropriate measurement were
taken and recoded. Where one pole was not enough to cover
the depth, two poles were tied together to increase their
lengths. It is these depths measured at such point that was
computed into a mean value of depth for each of the gullies.

Volume 8 Issue 6, June 2019

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20196783

10.21275/ART20196783

1205



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2018): 7.426

3. Result and Discussion

Gully Sites in Katsina-Ala Town and their
characteristics

Field Survey and satellite image analysis reveal that there
exist six (6) major gully sites in Katsina Ala Township
(Figure 3). In this study, the gullies are described using
relative location; the gullies are spatially distributed in the
township. For purpose of identification, the gullies are
numbered from Sites A to F and Site A, E, F navigate

through North-Western part of the town towards the bank of

the River Katsina-Ala while sites B, C, and D navigate
through North-Eastern part of the town towards the river.

Table 17: Gully Parameters in the Study Area

Description | Width | Depth | Length
Gully A 5.82 2.20 | 1268.67
Gully B 2.95 1.88 | 286.33
Gully C 3.53 436 | 958.68
Gully D 4.81 3.91 | 1495.88
Gully E 5.12 3.82 | 270.05
Gully F 3.98 3.18 | 838.65

Source: Field Survey, 2017
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Figure 3: Katsina-Ala Town showing Gully Sites

The relationship between gully parameters and
magnitude on physical infrastructure in Katsina-Ala
Town

Gully width and physical infrastructure in the Study
Area

The effect and magnitude of gully erosion on physical
infrastructure in the study area is determined by gully width,
depth and length. The relationships between the these gully
parameters and their effect and magnitude on infrastructure
in the study area have being assessed using Pearson product
moment correlation coefficient (r) (Table 2)

Table 2: Relationship between width of Gullies and their
magnitude on physical infrastructure in the Study Area using
Pearson Product Moment correlation (r)

Physical Infrastructure | Width | Depth | Length
Buildings 0.73 0.42 0.63
Pipes 0.86 0.06 0.15

Poles 0.38 0.04 -0.05

Streets 0.72 0.67 0.75
Coverts 0.92 0.33 0.27

Source: Author’s Computation, 2017

Results obtained from Pearson product moment correlation
coefficient (r) on the relationship between magnitude and
effect of gully width on physical infrastructure in the study
area revealed that there is a strong correlation between gully
width and collapse of buildings (r=0.73), gully width and
damaged pipe lines (r=0.86), gully width and streets affected
(r=72), gully width and damaged coverts (r=0.92) but a
weak correlation between gully width and electric poles
affected (r=0.38). This implies that as the gullies get wider,
more buildings, pipelines, streets and coverts are affected,
(Table 2).

Gully depth and physical infrastructure in the Study
Area

Results on the relationship between magnitude and effect of
gully depth on physical infrastructure in the study area
revealed that there is a strong correlation between gully
depth and damaged streets (r=0.67), but a weak correlation
between gully depth and damaged pipe lines (r=0.06), gully
depth and damaged electric poles (r=0.04), gully depth and
damaged culverts (r=0.33) and gully depth and damaged
buildings (r=0.42). This implies that the depth of the gullies
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have little or no effect on pipelines, electric poles, coverts
and buildings but has significant effects on streets (Table 2).

Gully Length and physical infrastructure in the Study
Area

Results on the relationship between magnitude and effect of
gully lengths on physical infrastructure in the study area
revealed that there is: a strong correlation between gully
length and damaged streets (r=0.75), gully lengths and
damaged buildings, but a weak correlation between gully
length and damaged pipe lines (r=0.15), gully length
damaged coverts (r=0.27), and a negative correlation
between gully lengths and damaged electric poles (r=-0.05).
This implies that the length of the gullies have little or no
effect on pipelines, electric poles, coverts but have
significant effects on streets and buildings (Table 2).

Effect of Gully Erosion on physical infrastructure in
Katsina-Ala Town

Table 3 Gully Impact on physical Infrastructure in Katsina-

Ala Town
Description |Buildings |Pipeline [Electric Poles |Streets |Culverts

Gully A 10 2 7 12 4
Gully B 5 4 3 12 6
Gully C 13 0 1 3 7
Gully D 23 3 0 7 2
Gully E 3 1 5 10 2
Gully F 13 0 9 3 0

Total 67 10 25 47 21

Source: Field Survey 2017

Table 3 shows data presentation on infrastructures affected
by gqully erosion in Katsina-Ala Township, from the
presentation, it can be observed that six (6) major gullies
were identified labeled (A — F) and infrastructure facilities
such as buildings, pipelines, electric poles, streets and
culverts. Results show that Gully ‘A’ affected 10 buildings,
2 pipelines, 7 electric poles, 12 streets and 4 culverts; Gully
‘B’ affected 5 buildings, 4 pipeline, 3 electric poles, 12
streets and 6 culverts; Gully ‘C’ affected 13 buildings, 1
electric poles, 3 streets and 7 culverts; Gully ‘D’ affected 23,
buildings, 3 pipelines, 7 streets and 2 culverts; Gully ‘E’
affected 3 buildings, 1 pipeline, 5 electric poles, 10 streets
and 2 culverts; Gully ‘F’ affected 13 buildings, 9 electric
poles, and 3 streets. Holistically, 67 buildings has been
affected by gully erosion in the study area and this by
extension, has negatively impacted on the household
members, ten pipelines are affected which directly and
indirectly has health implication, 25 electric poles are
affected which has direct effect on power supply, 47 streets
are affected which negatively affects movement around and
within the Township and directly or indirectly affect smooth
running of business activities and 21 culverts are also
affected aggravating gully erosion and negatively affecting
transportation in the study area see (table 3).

4. Conclusion

This study attempted to investigate the effects of gully
erosion on physical infrastructure in Katsina-Ala town.. To
achieve the purpose for the study, gully sites in Katsina-Ala
Town were mapped using GIS techniques, the relationship

between gully parameters and their effects on infrastructure
in Katsina-Ala Tow assessed and evaluated and appropriate
recommendations for measures of control made. Data were
collected using primary and secondary sources and analysis
was done using descriptive and inferential statistics.
Findings from the study also show a strong correlation
between gully width and damages on physical infrastructure,
weak correlation between depth of gullies and damages in
physical infrastructure and moderate correlation between
gully length and physical infrastructure damage in the study
area. Findings further revealed that a huge infrastructure is
already affected by impact of gully erosion in the study area.

5. Recommendations

Based o he findings of the study, the following
recommendation have been made to curb the menace of
gully erosion.

1) Efforts should also be made by relevant authorities to
enact a law against location of engineering structures on
waterways.

2) The government at all levels in Nigeria should take it as
matter of urgency to yield to addressing issues relating to
erosion especially gully erosion at an early stage so as to
avoid loss of lives of the inhabitants and their properties.

3) Erosion along the roads and other affected settlements
may be controled through the provision of appropriate
drains and in the case of roads through sufficient
maintenance.

4) Drainage network should be constructed within the
township to pave way for smooth flow of water
especially during heavy rainfall.
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