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Abstract 

Soil erosion has been one of the most critical problems in the world and it is one of the 

largest obstacles to achieving sustainable development in agriculture and natural resource 

use. 80% of the world’s agricultural land suffers from moderate to severe erosion, adversely 

affecting agricultural productivity and thus casting doubt of food security in the south East. 

Hence, an attempt has been made in this project to determine the land use and land cover 

change detection of gully erosion impacted area of isuikwuato, Nigeria using Geospatial 

Techniques. This research therefore analyzed the quantitative and spatial characteristics of 

land use dynamic changes for 30-year period. The study made use of landsat 1988, 1998 and 

2018 using ARC GIS 10.7and ENVI 4.1 software. Results from land cover change dynamics 

show that Bare surface occupied the least class with just 6.6% in 1988 and it dropped to 

5.1% in 1998 and by 2018, bare surface though still occupying the least class is now 15%. 

Built-up area for 1988 was 7.6% and dropped to 5.48% in 1998 and by 2018 it has shot up to 

26% while light vegetation as at 1988 was 37% and it dropped to 25% in 2018, in the same 

scenario. Thick vegetation decreased from 48% in 1988 to 32% in 2018. It is recommended 

that the Government should digitize and update all analogue maps of the area to serve as 

basis for satellite image synchronization for effective planning and management of all 

physical developments. Also, since vegetation cover has been noted to be fast disappearing to 

other land uses, adequate measures should be put in place by the Abia State Government 

authority concerned to mitigate this observed scenario as its failure will have environmental 

consequences.      
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INTRODUCTION 

Soil is a very important natural resource. One factor which damages and reduces its 

productivity is soil erosion (Laosuwan, 2016). Many countries in sub-Saharan Africa are 

facing serious environmental degradation resulting in desert encroachment, draught and soil 

erosion due to climate variability and change manifesting either from wind impact or very 

high intensive rainfall resulting in heavy runoff and soil loss. Soil erosion has always been 

one of the most critical problems in the world; it can be considered one of the largest 

obstacles to achieving sustainable development in agriculture and natural resource use 

(Debelo, Tadele, and Koriche, 2017). 80% of the world‟s agricultural land suffers from 

moderate to severe erosion, adversely affecting agricultural productivity and thus casting 

doubt of food security. The ecological and social settings in South East Nigeria are often 

distorted sometimes leading to losses in human and material capitals. 

The environmental settings of southeastern Nigeria are the gradual but constant dissection of 

the landscape by soil erosion by water, although the incipient stages of soil erosion through 

rill and inter-rill are common and easily managed by the people through recommended soil 

conservation practices. However, the gullies in the area have assumed frightening dimensions 

such that settlements and scarce arable land are threatened. Prior to the 1980s, the classical 

gully sites in the region were the Agulu, Nanka, Ozuitem, Oko in Aguata area of Anambra 

State.  

With increased development activities the number and magnitude of gully erosion sites has 

escalated, no State in the South East can be said to be gully erosion free. Dramatic gully 

erosion sites now dot the plateau and escarpment in this States particularly along the scarp of 

the Awka-Orlu uplands and the Nsukka-Okigwe escarpment in the East (Iwuji, Iroh, Njoku, 

Anyanwu, Amangabara, and Ukaegbu, 2017). Less pronounce though, insidious sheet and rill 

erosion is also widespread across the region. In Abia State, soil erosion especially gully 

erosion have displaced many communities coupled with huge loss of farmland through the 

excessive removal of the top soil (Njoku, Amangabara, and Nkogho, 2017). Areas very 

commonly affected are Imenyi in Bende LGA, Agu Eze Amaogudu and Abiriba roundabout 

in Ohafia LGA and Umuda Isingwu in Umuahia North LGA and Isuikwuato. 

 

In the study area, exposed lithostratigraphic units range from Precambrian to Quaternary 

in age and mainly consist of sedimentary rocks. The area has different soil types that 

have been derived from parent material of different origins, and parent material plays an 

important role in determining characteristic of these soils. Because of the large variability 

in the properties of tropical soils, what could account for erosion erodibility indices in one 

area may not necessarily be the same for the other area, a large number of tolerance limits 

may be calculated, each for a specific soil and criterion.  

 

Erosion models are used to predict soil erosion. Soil erosion modeling is able to consider 

many of the complex interactions that influence rates of erosion by simulating erosion 

processes in a given watershed. These models are comparatively over-parameterized (Ismail, 

2008). Most of these models need information related to soil type, land use, landform, climate 

and topography to estimate soil loss. They are designed for specific set of conditions of 

particular area. The concern over these environmental issues has resulted in the use of remote 

sensing and Geographic Information System (GIS). With the advent of remote sensing 

technology, deriving the spatial information on input parameters has become handier and 

more cost-effective. Besides with the powerful spatial processing capabilities of GIS and its 

compatibility with remote sensing data, the soil erosion modeling approaches have become 
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more comprehensive and robust. Remote Sensing can facilitate studying the factors 

enhancing the process, such as soil type, slope gradient, drainage, geology and land cover. 

Hence, by integrating Remote Sensing and GIS by way of Land use/land cover analysis in the 

study of soil erosion, the spatial distribution of erosion location and intensity can be obtained. 

This technique makes determination of the cause(s) of gully erosion and its spatial 

distribution reasonably cost effective. 

The study area 

Isuikwuato Local Government Area is in Abia State in South eastern Nigeria. It lies between 

latitudes 5
0
45´N and 5

0
45´N and longitudes 7

0
27´E and 7

0
28

´
E (Fig. 3.1).    

It is bordered to the North by Umunneochi LGA and to the West is Okigwe in Imo State. The 

eastern boundary is Bende Local Government Area of Abia State and part of 

Ohaozara/Afikpo LGA of Ebonyi State. Its Southern boundary is Umuahia North Local 

Government Area. 

 

Relief and Drainage of the Study Area  

The study area is a rolling topography with hills and highlands. The topography is 

characterized by rolling terrain and steep slope undulating surface area rising from about 160 

metres in the eastern end to about 350 metres in the Northern and western end giving a 

difference of 190 metres. The drop-in elevation and associated steep gradients result in a high 

velocity of flow of water along the road since there is no drainage and has led to the 

development of the gullies. The area is dissected by streams which include Eze-Iyi, Adaoma, 

Ubiyi, Nneochie, etc. These streams are perennial except Adaoma that is seasonal (figure 

3.2). 
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Drainage Pattern of the Study Area. 

Source: (Cooperative Information Network (COPINE) Obafemi Awolowo in Ile-Ife, 2015) 

Geology and Soil 
Isuikwuato area falls within the oldest known geologic unit in Abia State the Anambra - Imo 

River Basin. The major geologic formation existing in the area include: Imo shale group, 

Bende – Ameke formation, Asata Nkporo Group, Asu River Group, Eze Aku shale group and 

other coal measures.  The lithology of Imo shale comprises of bluish-grey fossiliferous shale 

that is locally sandy and consists of thin bed of mud stone and siltstone. The sand stone forms 

a good aquifer which is exploited for water supplies in different parts of the Local 

Government Area.  Along the corridor, in addition to being within this formation, shale units 

could be seen exposed.   
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  Geologic Formation of the Area 

Source: (Cooperative Information Network (COPINE) Obafemi Awolowo in Ile-Ife, 2015) 

The Soil of the area is dark reddish brown at top. It can be described as sandy loam and has a 

tendency to be eroded by weathering agent mostly by water. In most part of the areas, the soil 

profile consists of relatively uniform dark brown to reddish non-indurate lateritic sandy soils 

grading into yellowish white sand stones with pebbles of unconsolidated and consolidated 

mud stones, silt stones, and sand stones.  

 
Google earth view of one of the ravaging gullies at Oguduasa, Isuikwuato LGA 

(https://earthexplorer.usgs.gov/) 

https://earthexplorer.usgs.gov/
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 Gully site at Isuikwuato – Okigwe Road, Oruruala-Oguduasa.   

 

The gully area lies at the end of the highland areas defined as the Enugu-Nsukka - Okigwe 

cuesta. From Okigwe (Imo State), this escarpment extends in a west-east direction and, on 

getting to Afikpo (Ebonyi State), veers South-eastwards to Arochukwu where it terminates. 

This area has an average height of between 120 m and 180 m above sea-level and lies within 

Imo shale and Bende-Ameki formation. The area has been described as comprising mainly of 

coarse grains, alternating sediments of grey sands, dark shale which contains sands of impure 

coal in place of vertical horizon.  

Results 

The figures below represent the static area of each landuse/land cover category for each study year. 

Bare surface occupied the least class with just 6.6% it dropped to 5.1% and by 2018, bare surface 

though still occupying the least class is now15%. Built-up area for 1988 was 7.6% dropped to 5.48% 

in 1998 and by 2018 it has shot up to 26% while light vegetation as at 1988 was 37% it dropped to 

25% in 2018 in the same scenario, thick vegetation decreased from 48% in 1988 to 32% in 2018. 
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Table 4.1: Land use/Land Cover Distribution (1988,1998,2018)

 

LANDUSE/LAND COVER 

CATEGORIES 

 

 1988 1998 2018 

AREA 

(M
2
) 

AREA 

(%) 

AREA 

(M2) 

AREA 

(%) 

AREA 

(M2.) 

AREA 

(%) 

Bare Surface 

4166100 6.619949946 3245400 

5.15695387

9 9686700 15.39220593 

Built-up 

4820400 7.659635324 3448800 

5.48015731

1 16735500 26.59277798 

Light Vegetation 

23371200 37.13693243 26426700 

41.9921344

3 15805800 25.11548087 

Thick Vegetation 

30574800 48.5834823 29811600 

47.3707543

8 20704500 32.89953522 

Water Body 0 0 0 0 0 0 

TOTAL 

62932500 

100         

62932500 

   100 

62932500 100 
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Table 4.2A: Land Cover Change Analysis: Trend, Rate and Magnitude between 1988 and 1998 (10 

years) 

S/No Classification 1988 (m
2
)  1998 (m

2
) Percentage  

Change 

Annual Rate of C 

Change  

Dynamicity 

1 Bare Surface 4166100 3245400 -22.09980557 -92070 -2.209980557 

2 Built Up 4820400 3448800 -28.4540702 -137160 -2.84540702 

3 Light 

Vegetation 

23371200 26426700 13.07378312 305550 1.307378312 

4 Thick 

Vegetation 

30574800 29811600 -2.496173319 -76320 -0.249617332 

 

 

Table 4.2B: Land Cover Change Transfer Analysis between 1988 and 1998 (10 years) 

S/No Classification Built-up  Light Vegetation Thick  

Vegetation 

Bare Surface Converted  

from (Loss) 

1 Built-up 0 2709000 54000 485100 3248100 

2 Light Vegetation 1304100 0 6877800 1609200 9791100 

3 Thick Vegetation 158400 7367400 0 301500 7827300 

4 Bare Surface 414000 2770200 132300 0 3316500 

5 Converted to 

 (Gain) 
1876500 12846600 7064100 2395800  
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Table 4.3: Summary Analysis of Land Cover Change 1988 - 1998 (10 years) 

S/N Classification Converted 

into (Gain) 

Percentage of 

Total Gain 

Converted 

from (Loss) 

Percentage of 

Total loss 

Total 

Change 

Spatial 

Position 

Conversion 

Quantitative 

Change 

(Absolute 

Change) 

1 Built Up 1876500 7.759583178 3248100 13.43133606 5124600 3753000 1371600 

2 Light 

Vegetation 

12846600 53.12244138 9791100 40.48753256 22637700 19582200 3055500 

3 Thick 

Vegetation 

7064100 29.211016 7827300 32.36695199 14891400 14128200 763200 

4 Bare Surface 2395800 9.906959434 3316500 13.71417938 5712300 4791600 920700 

Table 4.4A: Land Cover Change Analysis: Trend, Rate and Magnitude between 1998 and 2018 (20 years) 

S/No Classification 1998 (m
2
)  2018 (m

2
) Percentage  

Change 

Annual Rate of C 

Change  

Dynamicity 

1 Bare Surface 3448800 16735500 385.2557411 664335 19.26278706 

2 Built Up 26426700 15805800 -40.19003508 -531045 -2.009501754 

3 Light Vegetation 29811600 20704500 -30.54884676 -455355 -1.527442338 

4 Thick Vegetation 3245400 9686700 198.4747643 322065 9.923738214 

 

Table 4.4B: Land Cover Change Transfer Analysis between 1998 and 2018 (20 years) 

S/No Classification Built-up  Light Vegetation Thick  

Vegetation 

Bare Surface Converted  

from (Loss) 

1 Built-up 0 2709000 54000 485100 3248100 

2 Light Vegetation 1304100 0 6877800 1609200 9791100 

3 Thick Vegetation 158400 7367400 0 301500 7827300 

4 Bare Surface 414000 2770200 132300 0 3316500 

5 Converted to 

 (Gain) 
1876500 12846600 7064100 2395800  
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Table 4.5: Summary Analysis of Land Cover Change 1998 - 2018 (20 years) 

S/N Classification Converted  

into (Gain) 

Percentage of  

Total Gain 

Converted  

from (Loss) 

Percentage of  

Total loss 

Total  

Change 

Spatial  

Position  

Conversion 

Quantitative  

Change  

(Absolute 

Change) 
 

1 

 

Built Up 
 

14598000 

 

37.18648264 

 

1311300 

 

3.34036407 

 

15909300 

 

2622600 

 

13286700 

2 Light Vegetation 9758700 24.85900316 20379600 51.91434729 30138300 19517400 10620900 

3 Thick Vegetation 5778000 14.71869412 14885100 37.91783209 20663100 11556000 9107100 

4 Bare Surface 9121500 23.23582007 2680200 6.827456555 11801700 5360400 6441300 

 

Fig 4.1 1988 Classification image of the Study Area 

 

 

 



Scholarly Journal of Science and Technology Research & Development | ISSN: 2955-0807 

Vol. 2, Issue 2 (February, 2023) | www.ijaar.org/sjstrd 

 

31 
 

Fig 4.2A Corresponding NDVI Image of Same Area, Same year (1988) 

 

Fig 4.3 1998 Classification image of the Study Area 
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Fig 4.4 2018 Image Classification of the Study Area 
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Fig 4.5 2018 NDVI image of the Study Area 

 

From figs 4.1, 4.3, and 4.4 Table 4.1 is extracted to show in numerical values the total area 

occupied by each land cover/ Land use identified in the study area.
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 Discussion  

Analysis of Land use Quantity and Spatial Characteristics 

Based on the land use spatial classification data of the 1988 to 2018 in the research region, the spatial 

distribution map of land use in different periods was produced (Figures 4.1 to 4.5), and the statistical 

tables of land use in the corresponding years (Tables 4.1 to 4.5) were also produced to analyze the 

quantitative and spatial characteristics of land use changes. The main land categories were bare land, 

Built-up Area, Light Vegetation and Thick vegetation and among which, the thick vegetation was the 

largest (32.89%), followed by Built-up Area 26.5% and light vegetation 25% as at 2018. 

 

Bare land surface area was 6.6% of the total research area in 1988, it lost some percentage in 1998 

and it may be due to afforestation project of the government and total area occupied became 5.1% 

however within the next 20 years between 1998 and 2018, the afforestation program failed in the 

area leading to the loss of vegetation and bare surface now accounted for 15% of the total study area 

which could also be represented in the areas occupied by gully erosion. Built-up was 7.6% in 1988, 

dropped to 5.4% in 1998 and by 2018 26.5% of the study area have been built-up with impervious 

surfaces which contribute to loss of vegetation, increased in bare surfaces and generation of surface 

runoff that trigger erosion this is reflected in the steady decline of both light and thick vegetation in 

the study area (table 4.1)  

 

Between 1988 and 2018, the area of forest land (both light vegetation and thick vegetation) was 

relatively stable and had less fluctuation. By 1998 there was net gain in light vegetation (accounting 

for about 41%of the total area) and thick vegetation 47% of the study area, however from that year 

upward, light vegetation decreased to about 25% and thick vegetation to about 33% and it was within 

this epoch that the gully erosion in the area became very pronounced. Although the area of built-up 

land was less than that of light vegetation forest land, the relative change was more intense, with an 

increasing trend year by year from 1998 to 2018. From the space view point, mainly distributed in 

Mbalanor area and along the Okigwe road in the rolling hills and valley plain of the studied area. 

 

 Analysis of Land use Transfer Features 

The land use transfer matrix in the studied region in periods of 1988–1998, 1998–2018, is shown in 

Tables 4.2B and 4.4B. The main land category transferred from light vegetation forest during 1988 - 

1998 was bare surface, with an area of 485100 m
2
, accounting for about 9% of the light vegetation 

area in1988. Between 1998 - 2018, there were no changes in the categories of transferred-outland, 

light vegetation still leads in the loss of 

 

land closely followed by thick vegetation area. The transferred-out area increased rapidly, built-up 

area and bare surface gained tremendously which amounted to 23,719,500 m
2
, accounting or 70% of 

the study area. Overall, from 1988 – 2018, the main transferred-out land categories from light 

Vegetation and thick vegetation, and the main transferred-in land categories were built-up                                                                                           

land, and bare surface area, secondly the transferred-out area was far more than the transferred-in 

area, so the area of light and thick vegetation was decreasing year by year. It can be seen that most of 

the transferred-out forest area was transferred into built-up land, and bare surface which supported 

the need of economic development (farming and Housing development as well as road construction) 

in this area.  

 

  Analysis of Spatial Pattern Distribution of Land Use Transfer.  

The spatial pattern distribution of land use transfer from 1988-2018 is shown in Tables 4.2– 4.6.  

During the period under study, there were obvious spatial differences in the area. In 1988–1998, the 

transferred land of the studied area was located around the main urban area of Amakama, Ohiya, 

Umunjata, Umunakwu and Oguduasa, with many light vegetation converted to built-up land and bare 
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surfaces. From 1998 - 2018, the active area of land transfer was still located in the same area but 

Ekanobizi Amankwe, Uturu and other satellite communities joined in losing both light and thick 

vegetation especially with construction of roads and farming activities in the region. 

Umunakwe and Mbalanor, as the key communities and Local Government Headquarters through 

which the Isuikwuato – Okigwe Federal Highway Passes, has been developing rapidly since 1998 

with the opportunity of hosting weekly and daily community markets, its economic level and 

population scale have been expanding. There is also some report of iron ore and kaolin which people 

exploit as a result expansion is mainly around major towns. Correspondingly, the Okigwe Federal 

Highway was being maintained or rehabilitated which leads to clearing more vegetation and with the 

onset of rains, generates sufficient runoffs on the rolling hills triggers landslides and gully erosion.  

 

The soil in the study area especially where the federal Highway passes is mainly sandy loam with 

under burden of Asata/Nkporo Shale group, False bedded sandstone and coal measures. When rain 

falls, it infiltrates into the sandy overburden, through the false bedded sandstones and held down 

from deep percolation by the Shale and Coal measures. When the soil gets saturated, it gets unstable 

and the Shale Group now provide lubrication upon which the over burden slides (landslide), once 

there is a „heave‟ the false bedded sandstone will begin to lose its compaction leading to the severe 

gully erosion observed in the area. 

 

Analysis on Hotspot Area in Dynamic Change of Land use 

In order to analyze the regional hotspots of land use dynamic change, the research region was 

divided into 209,775 pixels, and the integrated dynamic degree of land use in every grid was 

calculated. Then, the spatial analysis tools of ArcGIS were used to produce the spatial distribution of 

integrated dynamic degree of land use in the studied area from 1988 to 2018. As shown in Figures 

4.2 – 4.6, there were significant spatial differences of dynamic degree of land use during the three 

research periods. In 1988-1998, the area with the least dynamic change of land use was located in the 

western and eastern part of the studied area, and the southern and northern areas were less varied 

(Fig 4.1-4.2). The NDVI figure (4.2) clearly show the vegetation reflectance. In 1998, the dynamic 

change of land use was more in the central part of the study area. By 2018, the dynamic change of 

land use is even spreading across the study area, except for the small part regions in the northern and 

western, the dynamic changes of land use were great in most areas, especially the eastern and 

southern part, the period 1998 to 2018 can be described as the regions with the largest dynamic 

change of land use in the study area. 

 

The center of gravity analysis could be used to reflect the regional transfer of the integrated dynamic 

degree of land use over the thirty years. Based on data of the 189 grids (209,775 pixel) and ArcGIS 

spatial statistical tool, the center of gravity change in the research region was obtained and is located 

in the central region, which was close to the geometric center and this area corresponds with the 

highest human activity in the study area ranging from farming, transportation, human urban 

development and settlement and commerce. In the first period, the center of gravity moved from 

northwest to southwest, reflecting the impetus of urbanization development to land use change in the 

southern region of the studied area, making the south region hotspots. In the second and third 

periods, the center of gravity migrated from south to the Center, which reflected that the south and 

later the central area became the hotspots of land use dynamic change in the study area. 

In order to further identify the land use driver in the hotspots in the target area, the Crimestat5.2 was 

used to carry out hotspots analysis, it was discovered that agriculture and transportation are the main 

driving force of land use change. With the improvement of regional traffic conditions, especially the 

construction of inter-State Federal highways, the land use situation along the traffic can be changed, 

major transport routes have been spotted as sites of gully erosion. 
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Nature, Magnitude and Location of Change in Land Use Land Cover 

An important aspect of change detection is to determine what is actually changing to what i.e. which 

land use class is changing to the other. This information will reveal both the desirable and 

undesirable changes and classes that are “relatively” stable overtime. This information will also serve 

as a vital tool in management decisions. This process involves a pixel-to-pixel comparison of the 

study year images through overlay. 

In terms of location of change, the emphasis is on built-up land and bare surface area. Fig 4.3 shows 

this change between 1988 and 2018. Although the pattern seems to be uniform, there exists more 

growth towards the south western part of the city comprising of the Amayi, Oguduasa, Ohiya, 

Amakama, Umunakwu. Between 1988 and 1998, there exist drastic reductions in the spatial 

expansion of the city. The only noticeable growths are on the edges of the developed areas and the 

loss of light vegetation. For the projected change, the edges of Light Vegetation Areas and pockets of 

Thick Vegetation Areas seems to have been filled up with developments by 2018, these therefore 

suggest that there might be a high-level vegetation clearance which exposes the surface soil to 

pluvial erosion which subsequently leads to rill and gullying. 

The result as shown above is somewhat similar to the findings of (Yesmin, Mohiuddin, Uddin, and 

Shahid, 2014) who reported that Land use and land cover change detection at Mirzapur Union of 

Gazipur District of Bangladesh using remote sensing and GIS technology (The changes occurred in 

different land covers like forest, water bodies were decreased by 20.29%, 6.25% respectively and 

where settlement (homestead), bare land (fallow land) were increased by 28.64% and 20.91% 

respectively. All of these changes were absolutely due to the increase in population or unplanned 

urbanization destroying the local forest resources). 

 

In a similar study on Aba by   al., 2006 using two multi-date datasets (Landsat ETM+ image of 2000 

and NigeriaSat-1 image of 2005) respectively and analogue base map of Aba main town (produced 

in 1991), blame changes in and around Aba Metropolis to unplanned uses of land area; he reported 

that between 1991 and 2005, Built-up area increased from 21.7% to 26.8% and finally to 36.5%. 

Same observation was made for vegetation; there was a significant disparity and trend in vegetation 

Landcover due to rapid urbanization and other socio-economic activities 

 

On the other hand, looking at the nature of change under stability i.e. areas with no change and 

instability- loss or gain by each class between 1988 and 2018 particularly in the change in hectares as 

observable in table 4.3 and 4.5, stability seems to be a relative term as no class is actually stable 

during this period except when observed from the percentage change. Thus, between 1988 and 1998, 

Built-up gained 7.8% and lost 13.4% but gained by 37% between 1998 and 2018, losing just 3.3%. 

Light Vegetation Area on the other hand gained by 53% between 1988 and 1998(lost 40.5%) while 

between 1998 – 2018 it lost by nearly 52% gained only 24.85. Thick Vegetation gained 29.1% 

between 1988 -1998 and 14.71% from 1998-2018 and lost 32.36% and 37.91% correspondingly. 

Bare-land Surface gained by 9% between 1988 and 1998, 23.23% between 1998-2018 losing 13.71% 

in 1988 – 1998 which is incomparable with the reduced loss increase of 6% between 1998 and 2018.  

 

Possible Influence of LULC change on the formation of deep gullies in Isuikwuato 
Generally, the soil in the study area is sandy loam with an under burden that is mainly false bedded 

sandstone and shale in some areas and coal measures in other areas. The result of land use/landcover 

show that most of the vegetated areas have been cleared for urban development, this increase the 

impervious surfaces of the area, when rain falls, there is no sufficient vegetation to trap the surface 

runoff generated, the precipitated water infiltrate into the soil and the under burden hold the water 

until it is saturated and under the influence of gravity, the soil gives way from the hills as landslides, 

this in a way influences the formation of gully erosion. 
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When this situation is not arrested on time, continuous rainfall will continue to erode the 

exposed soil and the false bedded sandstones that are often unconsolidated get disaggregated 

and are transported as sediment to downstream of the hills. 

According to Aber and Reis (2010), vegetation cover reduces splash erosion due to 

interception of rainfall, decreases overland flow, and improves infiltration of precipitation and 

runoff water into the soil. One example for such vegetation regeneration measures was 

documented on the wide and flat glacis areas of northern Burkina Faso, where the 

international non-governmental organization ADRA conducted tillage experiments in 2000 

and 2001. A specially developed plow was used for carving deep furrows into the hard and 

bare clayey surface in order to reduce overland flow and encourage infiltration. On the ridges 

piled up next to the furrows, various tree species were planted. It was expected that grasses 

would come up both in the furrows and the interlaced glacis strips, further increasing the 

erosion-control effects. Fundamentally, the magnitude of soil erosion is contingent on a 

causative effect, a modulating effect, and a resistance effect.  

In the context of conserving topsoil on sloping farmland, the resistance effect can be 

attributed in large measure to live cover. 

Summary 

Isuikwuato is hotspot region for gully erosion and other geo-environmental hazards such as 

landslide, many researches have been conducted with reference to factors of erosion but none 

has linked land use dynamic change with erosion. This research therefore analyzed the 

quantitative and spatial characteristics of land use dynamic change for 30 years period, from 

1988 to 2018, using ARC GIS to analyze land use/landcover change, magnitude of change, 

land use transfer and correlate if LULC has any influence in the formation of the massive 

gullies in the area. 

Based on land use dynamic index, land use transfer matrix and hotspots detection. The trend 

of land use dynamic change and, the hotspots of land use change were also detected in their 

search area. The results showed that forest areas (light and thick vegetation) were the largest 

area in the study area, accounting for more than 60%of the total area, which was mainly 

distributed in the east, west and central part of the research region, which experienced 

decreased year by year from 1988 – 2018, giving way for vegetation loss. The transferred-out 

land was mainly used as built-up land and bare surface. The period 1998 – 2018 experienced 

the most dynamicity as urban development translating into impervious covers as result of 

road construction and housing and as well as agricultural activities can be finger printed in 

the changes that influence loss of soil cover and subsequent erosion in the area. 

In the whole process, the human factor played a decisive role in the land use change. 

Therefore, when analyzing the driving force of land use change, it should start from the 

human factors, mainly including population, economics, and policy. As one of main areas in 

Abia State, the study area plays an important role in the State‟s economic system. Possibly 

the economic gap between the study area and perhaps the southern part like Aba could be 

relatively large.  

Generally, agriculture is found to be the major driver of land cover change in tropical regions 

(Lambin et al., 2001). Before 1950, semi-arid and sub-humid areas were predominantly 

pastoral with scattered settlement and cultivation but from then onwards, there has been 
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significant transformation of grazing land to mixed crop-livestock agriculture. Understanding 

the mechanisms leading to land use and land cover changes in the past is crucial to 

understand the current changes and predict future ones.  

 However, one of the major challenges in LUCC analysis is to link behavior of people to 

biophysical information in the appropriate spatial and temporal scales (Codjoe, 2007). But it 

is argued that land use and land cover change trends can be easily assessed and linked to 

population data, if the unit of analysis is the national, regional, district or municipal level. In 

this study, the Local Government Area was adopted. 

Conclusion 

Remote sensing technology is the widely applied technology used for landuse and landcover 

change detection analysis. Gully erosion has been identified to be a serious environmental 

hazard in Isuikwuato and so this study was carried out using geospatial techniques to classify 

three satellite images of different years 1988, 1998 and 2018 with ARC GIS 10.7 and ENVI 

4.1 softwares.  Normalized Difference Vegetation Index (NDVI) was produced. Bare surface 

occupied the least class with just 6.6% in 1988 and this dropped to 15% by 1998 and by 2018 

bare surface, though still occupying the least class, is now15%. Built-up area for 1988 was 

7.6% dropped to 5.48% in 1998 and by 2018 it has shot up to 26% while light vegetation as 

at 1988 was 37% it dropped to 25% in 2018 in the same scenario, thick vegetation decreased 

from 48% in 1988 to 32% in 2018.  

There is increase in population in the study area leading to deforestation. Infrastructural 

development such as buildings, roads, open spaces are constructed and these structures create 

impermeable surfaces which reduce infiltration rate and increases runoff. This runoff gathers 

velocity and kinetic energy which impacts on the gullies widening and deepening them. 

Recommendations  

Since vegetation cover has been noted to be fast disappearing to other land uses, adequate 

measures such as afforestation should be put in place by the Abia State Government and the 

local Government authority concerned to mitigate this observed scenario as its failure will 

have global consequences. 

1. The Government should digitize and update all analogue maps of the area to serve as 

basis for satellite image synchronization for effective planning and management of all 

physical developments. 

2. The Government should embark on land use/land cover mapping of the entire region 

in order to facilitate the availability of accurate resource base map of Abia State. 

3. The land parcel holders are encouraged to preserve land cover in its natural state 

through incentives such as tax breaks for conservation measures 

4. There should be effective land use/land cover policy put in place.  

5.  More researches should be made in this area using results of this study for base line 

data. 

6. There should be awareness campaign to prevent and control gully erosion in the 

community. 
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