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Abstract 

Gully erosion and flood is a major environmental disaster in south eastern part of Nigeria. This study adopts 

Geographic Information System (GIS) as a tool in the identification of flood and gully erosion locations in Ebonyi 

State. 31 flood and erosion locations were identified using GPS receiver and field ground investigation. Gully 

erosion and flood severity map was produced using the SRTM (Shuttle Radar Topographic Mission), which was 

imported into the ArcGIS platform. The result shows that gully erosion sites were well dispersed around Ajali 

Sandstone geological Formation. The slope characteristic was ascertained to be greater than 15o which 

encourages flood and gully erosion activities. The flood and erosion severity map produced showed risk and 

vulnerability of settlements and infrastructure while the observation on site showed loss of properties, economic 

trees, biodiversity and obstructed access; thus endangered human existence. This study therefore recommended 

public enlightenment on their role in flood and erosion control, enlistment of geologists, environmental managers 

and other experts in flood and erosion control planning for better understanding of the terrain before adopting 

any measure of control. Also the production of gully and flood severity map for other areas within the south-

eastern Nigeria is necessary to enable better control of these environmental hazards. 

Keywords: Gully Erosion, Flood Locations, GIS 

DOI: 10.7176/JEES/10-2-11 

Publication date: February 29th 2020 

 

1.0 Introduction 

Erosion is a natural geological process in which soils and bedrocks are detached and transported away by water, 

wind or glacier (Posen et al, 2011). In the Nigeria environment water is the main agent of erosion. The simplest 

form of erosion is as raindrop which involves detachment of soil particles. Sheet erosion occurs as uniform wear 

while rills and gullies are formed from concentrated flow. 

 Erosion is a worldwide phenomenon involving several geological processes tending to reduce land surface to 

equilibrium (Allen, 1997). It is the part of normal processes of denudation associated with climatic factors and 

hydrological cycles. Erosion processes are usually gravity driven and are related to second law of thermodynamics 

which states that there is always a tendency towards increase in entropy in any natural system. This implies that 

every natural system always strives to achieve a lower energy state and this induces breakdown (Angrist and 

Hepler, 1967). Gully development is a threshold phenomenon. It occurs only when a threshold in terms of flow 

hydraulics, rainfall, topography, pedology and land use has been exceeded (Possen et al., 2011).  

Generally erosion has destructive impacts in all over Nigeria. It devastates the land and crops, destroys 

infrastructure such as roads and houses and has occasionally resulted in loss of lives. 

1.1 Aim and Objectives 

The aim of this study is to assess Ebonyi State with specific reference to only five (5) prioritized sites earmarked 

for detailed investigation to determine erosion and flood severity. To achieve this aim, the following objectives 

will be pursued: 
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1. To derive a geo-database of the selected five gully erosion and flood sites in Ebonyi State, 

2. to acquire spatial reference data to facilitate data integration and analysis  

3. to identify areas prone to gully erosion and flooding; areas liable to gully erosion and flooding; and 

areas not vulnerable to gully erosion and flooding for the purposes of relocation and resettlement, and  

4. to assess the socio-economic impacts of gully erosion and flood hazards on the people. 

2.0 Study area  

The study area lies within latitude 5o40l 0ll N to 6o45l0llN and longitude 7o35l0llE to 8o20l 60llE. It has a land mass 

of about 5,530 km2.  Ebonyi state has 13 Local Government Areas as shown in Figure 1. 

Figure 2: Administrative map of Ebonyi State (Source: National Geohazards, Awka) 

 

2.0.1 Climate and Vegetation 

The study area lies within the tropical rain forest belt of Nigeria and has two major climate regimes: the dry and 

the rainy seasons. The dry season lasts from November to April. It is characterized by intense scorching insolation 

and moderate relative humidity with temperatures between 29.5oC and 35oC. November to February is the 
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harmattan period during which dry north easterly winds decrease humidity, bring in dust and depress the average 

temperatures especially at night. 

The rainy season, which starts in April and ends in is October, is characterized by high relative humidity and heavy 

precipitation in the form of large battering raindrops. The convectional nature of the heavy rainfall results in 

alternating periods of sunny and rainy conditions. July and September are usually the peak periods of the rains, 

usually separated by a short relatively dry spell called “August break”. The average annual rainfall ranges of 2,284 

mm (Iloeje, 1981). 

The southeastern Nigeria lies within the climax vegetation of tropical rain forest which is now reduced to a sub – 

climax secondary forest by human interference. Several hundred square kilometers have been replaced by palm 

tree plantations 

 

2.0.2 Geology 

Southeastern Nigeria lies within the Southern Benue Trough, Anambra and Niger Delta Basins. The states are 

underlain by the representative lithofacies of the three basins. The evolution of Benue Trough, Anambra and Niger 

Delta Basins are intricately related, though they differ in age and complexity. Benue Trough is thought to have 

originated as a part of the very extensive West and Central African Rift System (ARS) following weaknesses 

reactivated within the Pan-African Basement Complex during the break-up of the Gondwana Supercontinent, as 

supported by Plate Tectonic Theory (Grant, 1971). Chronologically, Anambra Basin originated following the 

tectonic depression of the area around the southern Benue Trough contemporaneous with the folding episode in 

the Santonian. On the other hand, the evolution of the Niger Delta Basin was due to the continued subsidence of 

the southern Benue Trough and Anambra Basins as defined by Chain and Charcot Fracture Zones.  

The region is underlain by Late Cretaceous to Quaternary sediments of Southern Benue Trough, Anambra and 

Niger Delta Basins. The lithic fills include the followings: Albian Asu River Group, Coniacian Eze-Aku Group, 

Santonian Awgu Shale Formation, Campanian Nkporo Group, the Maastrichtian Coal Measures (Nsukka, Ajali 

and Mamu), Paleocene Imo Shale, Eocene Ameki Group and Miocene to Quaternary Ogwashi Asaba and Benin 

Formations. Igneous rocks outcrops are equally exposed south of Awgu, Afikpo and Abakaliki are evidence of 

volcanic activity in the Cretaceous times. 

2.0.3 Topography 

Hudson, 1981 observed that in simplest terms steep land is more vulnerable to water erosion than flat land for 

reasons that erosive forces, splash, scour and transport, all have greater effect on steep slopes. Gully erosion 

generally is a function of slope attributes. The slope length and the amount of soil erosion have always been 

proportional to the steepness of the slope. Also the slope geometry of hill sides (i.e. whether convex or concave) 

often contribute significantly to soil loss and gully development. 

Topography of the southeastern region is characterized by steep slopes in cuesta areas. The region is traversed by 

two distinctive cuestiform topographies (i.e. Idah-Enugu-Okigwe-Arochukuwu and Awka-Orlu). The cuestiform 

lands attain heights of between (170 -500m) above sea level and act as driving force to gullying processes. 

3.0 Methodology 

The study approach involves three major stages: 

A. Desk Study 

B. Field Investigation 

C. Data integration and analysis for derivation of geo-spatial information 

A. Desk Study 

This primarily includes: 

 Literature review on all available geology, geomorphology, flood and erosion related materials 

in relation to Ebonyi State – Lower Benue Trough 

 Geospatial data generation through the acquisition of high resolution Satellite imageries, 

remote sensing materials, available administrative map of the State and production of base 

maps (Igbokwe et al, 2006). 

B. Field Investigation 

The field investigations include: 

 Ground truthing survey of the prioritized and other sites across the entire state 
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 Non-spatial attribute dataset were generated for analysis 

C. Data Integration, Analysis and Derivation of geospatial Information 

Data processing was conducted through: 

 Data correction, on digital and non-spatial attribute data 

 Data Formatting, of digital and non-spatial attribute data 

 Digital Image processing through image classification, image data integration and merging 

 Biophysical modelling with the sole aim of deriving and generating geospatial information on 

gully erosion and flood hazards and resettlement action plan. 

 

4.0 Data Presentation and Discussion 

This section presents the data generated from the field work and the maps produced as follows: 

Table 1: Table showing the Location by GPS and Geometry of the Gully and Flood Sites investigated in Ebonyi 

State. 
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Figure 3: Classified Land cover map of Ebonyi State (Source: NGMC/NGSA, Awka, 2016) 
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Figure 4: Flood severity map of Ebonyi State (Source: NGMC/NGSA, Awka, 2016) 

Figures 3 and 4 shows the land use, land cover and flood severity maps of Ebonyi state. The two maps were 

produced using the SRTM (Shuttle Radar Topographic Mission), with resolution of 80meters. The principle of 

this software is that of using an aircraft with a sensor camera inbuilt, to capture the picture of the physical features 

of the earth. It gives information about the water bodies, elevation contour, digital terrain model, slopes and 

hillshades; which helps in determining flood and gully prone areas. The SRTM was imported into the ArcGIS 

platform and the section of Ebonyi state (study area) was cut out and subsequently the physical features present 

where extracted and identified.  

The land use land cover map (figure 3) shows that there is greater percentage of bare land and vegetation in the 

North-eastern and South-western parts of the State respectively than settlement and water bodies. The flood 

severity map (figure 4) shows that the South-western part of the State (around Afikpo North and South, Ezza North 

and South) is more severely flood-prone than the North-eastern part. From these findings one will be able to plan 



Journal of Environment and Earth Science                                                                                                                                        www.iiste.org 

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online)  

Vol.10, No.2, 2020 

 

113 

for flood management and control within the state. Also considering the geology of the area the more severely 

flooded area is underlain by shale while the gully-prone areas are underlain mainly by Ajalli sandstone. 

4.1 Impacts of flood and gully erosion 

The impacts of flood and gully erosion as observed in Figures 3-7, includes the following: 

 Soil and land loss (about 8 % of total land mass) leading to shortage of land  

 Destruction of houses and infrastructure 

 Loss of economic crops and trees leading to low agricultural produces 

 Population displacement and physiological trauma   

 Threat to human lives and residential houses 

  

Figure 5: Court house destroyed by gully erosion at Afikpo South LGA 

 
Figure 6: Federal Medical Centre Abakiliki and residence areas in Afikpo affected by flood 
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Figure 7: Electric poles and wires under threat by gully erosion at Nguzu Edda and catholic Church fence 

destroyed by flood water 

 

5.0 Recommendations 

1. At the individual level, runoff within compounds should be controlled by harvesting rain water and by 

channeling floods into deep wells or sumps. 

2. In gully-flood prone areas, each community should protect their roads by using sumps and catch pits 

and enforcing the rules prohibiting releasing of floods out of walled premises.   

3. The various tiers of government should enact and enforce laws aimed at general environmental 

conservation, including land and soil protection in susceptible areas.  

4. It is also the duty of governments at various levels to organize enlightenment campaigns regarding 

nature conservation in general and gully prevention in particular. 

5. Professional and expert study of terrains prior to designs and construction of erosion control works 

should be seriously done. 

6. The three tiers of government should specifically prohibit farming, buildings, construction of roads near 

and habitation on slopes and breaks of slope. Also periodic maintenance of existing civil works on 

ground should be ensured. 

7. Finally, adequate disposal of refuse waste should be enforced to allow easy passage of flood water 

along waterways. 
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