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Abstract In this study, impacts of rainfall and land use changes on soil erosion in Nasarawa State, Nigeria in 
changing climate, were investigated by applying remote sensing techniques, Geographical Information System (GIS) 
and the Revised Universal Soil Loss Equation (RUSLE). Results revealed that, changes in rainfall intensity and land 
cover types are the core drivers of soil erosion in Nasarawa State over 30-year (1985–2014) periods. Besides, 
erosion rates and magnitude were more affected by changes in soil cover than changes in rainfall amount. Therefore, 
agroecology agricultural systems (e.g. soil mulching, minimum tillage, agroforestry, rotational cropping systems, use 
of mechanical and biological anti erosive measures) could be the most efficient way of combatting soil erosion 
concerns while scaling-up rainfed agriculture adaptation. 
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1. Introduction 

Soil erosion is a complex process that physically takes 
place by the movement of soil particles from a given site. 
Soil erosion can affect soil quality and induce soil 
deterioration by the loss of topsoil enriched with organic 
matter [1]. It is a major global environmental problem, 
having widespread and serious negative effects on 
agricultural production, infrastructure, water quality and 
biodiversity [2,3]. Causative factors of soil erosion include: 
climate, soil type, topography, vegetation and human 
activities. Soil and topography are non-time dependent 
factors of erosion by water, while rainfall and land cover 
or vegetation cover (which is strongly dependent on land 
use) vary with time and affect the degree, extent and 
frequency of soil erosion by water [4]. Since soil erosion 
generally occurs when the soil is displaced by rain and 
transported from the specific area, rainfall is considered as 
the driving factor of soil erosion. However, the factor that 
significantly affects the soil displacement by rain is land 
cover or vegetation cover change. The reduction of 
vegetation cover can decrease significantly soil water 

retention capacity and infiltration while increasing 
erosivity [5-10]. 

Nigeria in general and Nasarawa State in particular 
observed changes in land use land cover affecting 
different natural resources such as water, forest, soil and 
biodiversity [11,12,13]. Some land use changes lead to 
soil erosion, while other changes entail improvement of 
erosion status (e.g. soil conservation measures, 
agroecology systems). Moreover, Nasarawa State has been 
experiencing droughts spells while observed rainfall 
pattern appears to be increasing, and it is projected to 
continue associated with changes in river flow, flooding, 
and the distribution in the ecosystems [14]. Changes in 
rainfall and land use can therefore affect soil erosion 
status in the study area. However, in-deep approach and 
spatial analysis of soil erosion evolution, with regard to 
spatio-temporal changes in rainfall and land use, have not 
been explicitly conducted in Nasarawa State; resulting in 
poorly practiced conservation measures in most areas of 
the State. The objectives of this study are to (i) investigate 
the rainfall and land use changes and (ii) assess their 
impacts on soil erosion status in the past 30- year. The 
quantitative soil loss can be modelled by the Revised 
Universal Soil Loss Equation (RUSLE) [15], which is the 
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most widely used for soil loss evaluation by taking into 
consideration rainfall, soil properties, topography, land 
cover, and conservation practice. 

2. Materials and Methods 

2.1. Study Area 
Nasarawa State area is located in the North-central 

region of Nigeria between Latitude 8-90 North and 
Longitude 7-8 ° East and is bounds by Kaduna State in the 
North, West by the Abuja Federal Capital Territory, Kogi 
State and Benue States at the southern part, and by Taraba 
and Plateau State in the eastern part. The State covers a 
total landmass of 27,117km2.  

The selected study area is approximately 2,175,268 
hectares and comprised ten local government areas: 
Akwanga, Karu, Kokona, Wamba, Keffi, Nasarawa, 
Nassarawa Egon, Lafia, Keana and Obi (Figure 1). It is 
located at an Altitude between 17 and 1309 m above sea 
level. The area has a tropical climate with long-term 
annual average precipitation of 1200mm and average 
mean temperature is 24°C. It has Guinea savannah as 
vegetation type with five soil units: Ultisols, Alfisols, 
Entisols, Inceptisols and Vertisols.  

 
Figure 1. Location of the study area 

2.2. Data and Procedures 

2.2.1. Analysis of Spatio-Temporal Changes in Rainfall 
Thirty-year data of annual total rainfall (1985-2014) 

were collected for eight meteorological stations from 
Lower Benue River Basin Development Authority 
(LBRBDA) at Makurdi, Benue State. Two 15-year 
average values of total rainfall for the periods 1985-1999 

and 2000-2014 were produced for each station. Through 
ordinary kriging and were used to produce two maps of 
15-year average rainfall over the study area. The 
subtraction of the map of the second period (2000-2014) 
from that of the first period (1985-1999) was performed 
pixel by pixel to generate the spatio-temporal change map. 

2.2.2. Land Use Change Detection 
Land use is “the total of all arrangements, activities and 

inputs that people undertake in a certain land cover type” 
(UNFAO, 1997); Land use change, usually couples with 
land cover change (LULCC) is a general term for the 
anthropogenic modifications of Earth's terrestrial surface. 
The mapping of the various Land Use Land Cover classes 
over the study area was carried out using the Landsat TM 
and OLI images of 1985 and 2014, respectively. The 
methodology applied involved ENVI 5.1 Maximum 
Likelihood classification and ArcGIS 10.3 post-processing 
with seven land use land cover classes identified from 
ground truthing. The overall accuracy was 89 % for both 
maps (1985, 2014) with kappa coefficient 0.8 and 
separability test 1.6. 

2.2.3. Soil Erosion Assessment 
The Revised Universal Soil Loss Equation model [15] 

was applied to produce the soil loss map of the years 1985 
and 2014.This model (Equation 1) uses six (06) factors to 
estimate annual soil loss. 

 = × × × × ×A R K L S C P  (1) 
A= Soil loss (tons/ha/year) 
R= Rainfall and runoff erosivity factor 
K= Soil erodibility factor 
L= Slope length factor 
S= Slope gradient factor 
C= Soil cover management factor 
P= Conservation practice factor. 

R factor (Equation 2) is the coefficient of the average 
erosion by rain. Rain is a direct impact to the surface of 
soil; its kinetic energy is destroying the soil structure and 
brings the soil components together with runoff water. 
The R coefficient was computed based on the 30 –year 
average rainfall (H) [16]. The two maps of 15-year 
average rainfall were used to generate R factor maps of 
the two periods.  

 R = 0.5 R.×  (2)  
On the other hand, the soil erodibility factor (K), 

represents both susceptibility of soil to erosion and the 
amount and rate of runoff, as measured under standard 
plot conditions. In this study, the soil properties required 
for the determination of K (equation 3) factor were 
collected for the five soil units identified in the study area. 
These properties (soil organic matter content, soil texture, 
structure and permeability) were collected through field 
survey and laboratory analysis. Then, the soil erodibility 
factor map K was generated using the soil map of the 
study area and the soil properties collected for the 
different soil units. 
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A = percentage (%) of organic matter 
B = texture class 
C= permeability class   

 ( ) ( )( )M = 100 %Clay %very sand +%Silt .− ×  

The slope length and slope steepness (equation 4) can 
be used in a single index, which expresses the ratio of soil 
loss as defined by [17]. LS (Equation 4) factor map was 
established from 30m*30m Digital Elevation Model data. 
LS was generated from slope and flow accumulation in 
ArcGIS 10.0. The LS factor grid was determined by using 
the following equation (Wischmeier and Smith, 1978).  

 
( )

( )
m

2

LS = Flow accumulation*Cell value / 22.1

× 0.065+0.045S+0.0065S .
 (4) 

Cell value is the resolution of DEM, and m ranges from 
0.2-0.5 depending on the slope. Table 1 was used for 
determination of m-values. 

Table 1. m-value  

Slope (%) m-value 

>5 0.5 

3-5 0.4 

1-3 0.3 

<1 0.2 

Adopted from [18]. 
 
The C factor (Soil cover management factor) is the ratio 

of soil loss from an area with specified cover and 
management to that from an identical area in tilled 
continuous fallow. Land use maps of 1985 and 2014 were 
used to analyse the C value. After changing the coverage 
to grid, a corresponding C value was assigned to each land 
use classes using reclass method in ArcGIS as given by 
İrvem and Tulucu [19]. Forest was assigned the lowest C 

value (0.02) whilst the highest value (1) was assigned to 
bare surface [20]. However, a value of zero (0) was 
attributed to water body with the assumption that water 
body does not contribute to the soil loss or its contribution 
could be negligible. Therefore, the C factor map of 1985 
and 2014 were generated to produce the soil erosion map 
of 1985 and 2014, respectively.  While, the P factor 
(Conservation practice factor) is the ratio of soil loss with 
a specific support practice to the corresponding loss with 
up and down slope culture. As the data for P value were 
not available for the past 30 years, it was assumed that 
there were no conservation practices, and then P was not 
incorporated into the model. After completing data input 
procedure and preparation of R, K, LS and C maps as data 
layers, they were multiplied in the GIS to provide erosion 
maps of 1985 and 2014. Change detection in soil erosion 
was then performed through the subtraction of two erosion 
maps of 1985 and 2014. 

3. Results 

3.1. Spatio-temporal Change in Rainfall 
15-year average rainfall was evenly distributed over the 

study area for the two periods, with low values observed 
at the south east and high values at western part. The study 
area experienced increase in rainfall from the first period 
to the second (Figure 2), the minimum value shifted from 
1234.19mm in 1985 to 1212.77mm in 2014 (6.9% of 
increase) whilst the maximum increase from 1287.45mm 
in 1985 to 1352.81mm in 2014 (5.08% increase). 

The spatial distribution of the change in 15-year 
average rainfall over the study area. 1.14% of the total 
area experienced decrease in rainfall and the southern part 
of Nasarawa local government recorded the highest 
decrease in rainfall. While 0.07% of the area did not 
observed any change, 98.79% recorded increase in rainfall 
(Figure 3). 

 
Figure 2. Spatial distribution of the average rainfall for the period 1985-1999 and 2000-2014 
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Figure 3. Spatial distribution of changes in 15-year average rainfall 

 
Figure 4. Land Use Land Cover Map of 1985 and 2014 

3.2. Land Use Change Detection 
Seven land use land cover classes were identified 

including settlements, forest, woodland, shrubland, 
farmland, water body and bare surface. Results of 
supervised classification for 1985 (Figure 4) shows that, 
majority of the area was covered by shrub land, with an 
area of approximately 1,702,251ha which represents  
78.34% of the total landmass of the study area. Farmland, 
settlements, woodland, bare surface, forest and water body 
covered 163,606ha (7.53%), 141,366ha (6.5%), 125,438ha 
(5.75%), 18,765ha (0.86%), 10,777ha (0.49%) and 
10,618ha (0.48%), respectively. Conversely in 2014, land 
use land cover has shifted in coverage (Figure 4).  Shrub 
land was still maintaining its percentage share as the 
widest coverage, but reduced to 52.58% of the total 
landmass. Also, woodland and water body decrease in 
coverage from 5.77% to 0.64% and 0.49% to 0.36, 
respectively (Table 2). Farmland, settlements, bare surface 
and forest have net change of +9.11%, +8.44%, +7.18% 
and +6.29, respectively. Expansion of agricultural land 

and settlements in Nasarawa State is the main cause  
of reduction in shrub and woodland [21]. The destruction 
of woodland located along rivers increases the 
evapotranspiration of water surface thereby, reducing the 
amount and extent of water in the rivers, especially in 
Nasarawa local government area which hosts the biggest 
river basin in the State (River Benue). 

Table 2. Land use land cover classes distribution in 1985 and 2014 

Land use 
Area 1985 Area 2014 Net change 

(ha) (%) (ha) (%) (ha) (%) 

Settlements 141,366 6.51 324,711 14.94 183345 +8.44 
Forest 10,777 0.5 147,487 6.79 136710 +6.29 

Woodland 125,438 5.77 13,906 0.64 -111532 -5.13 
Shrub land 1,702,251 78.34 1,142,557 52.58 -559694 -25.76 
Water body 10,618 0.49 7,830 0.36 -2788 -0.13 
Farmland 163,606 7.53 361,591 16.64 197985 +9.11 

Bare surface 18,765 0.86 174,739 8.04 155974 +7.18 
Total 2,172,821 100 2,172,821 100   
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Figure 5. Spatial distribution of soil cover change from 1985 to 2014 

The change of land use types can affect the C factor [1]. 
Therefore, changes from more covered surface to less 
covered surface were considered as decrease in soil cover, 
and the reverse was the increase. Figure 5 shows the 
spatio-temporal change in soil cover from 1985 to 2014. 
All the local government areas experienced decrease in 
soil cover as well as increase. Wamba recorded the highest 
coverage of increase; this is due to the expansion of 
forested area over this region. From the statistics 
presented in Table 3, 77.86% of the study area did not 
experience any change in its soil cover while 18.77% 
observed increase and 3.37% decrease. 

3.3. Assessment of Soil Erosion Change 
The assessment of soil erosion rate in the study area by 

applying the RUSLE revealed soil loss augmentation 

from 1985 to 2014 (Figure 6). The highest soil loss rate 
changed from 67.58 tons/ha/year in 1985 to 68.34 
tons/ha/year in 2014, a change of +1.12%. The lowest 
value of soil erosion rate could not change because of the 
presence of water body, since the erosion of water body 
was considered negligible. 

Figure 7 shows the spatial distribution of change in soil 
erosion. Nasarawa, Keana, Karu and Kokona were the 
local government areas where no change in soil erosion 
was observed. However, increase and decrease in soil 
erosion was observed in all the local government areas of 
the study area. Lafia was the most affected by the increase 
in soil erosion. 

In overall, 23.16% of the study area did not observe 
change in soil erosion from 1985 to 2014, 32.16% and 
44.68% of the area experienced increase and decrease in 
soil erosion, respectively (Table 3). 

 
Figure 6. Soil erosion map of the years 1985 and 2014 
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Figure 7. Spatial distribution in soil erosion change from 1985 to 2014 

Table 3. Spatial change in rainfall, soil cover and soil erosion from 
1985 to 2014 

 Rainfall Soil cover Soil erosion 

 Ha % Ha % Ha % 

Increase 2149020.00 98.79 408,297.80 18.77 699566.19 32.16 
No 

change 1489.00 0.07 1,693,663.66 77.86 503792.07 23.16 

Decrease 24759.00 1.14 73,306.53 3.37 971909.74 44.68 

Total 2175268.00 100 2,175,268 100 2175268 100 

3.3. Impact of Land Use and Rainfall 
Changes on Soil Erosion 

Rainfall and land use changes are key multipliers of soil 
erosion (Table 4). From 98.82% of the area where rainfall 
increased, 31.58% observed increase in soil erosion while 
44.59% observed decrease. On the other hand, 0.07% of 
the area of decrease in rainfall observed decrease in soil 
erosion while 0.58% experienced increase. Decrease of 
erosion in area where there was increase in rainfall could 
be explained by the increase in soil cover due to change in 
land use. Similarly, increase in soil erosion in the area of 
decrease in rainfall could be due to the reduction in soil 
cover. 

In terms of land use change, all the areas of increase in 
soil cover observed decrease in soil erosion; however, 
increase in soil erosion was still observed for areas of 
decrease in soil cover. From the 77.87% of area of no 
change in soil cover, 25.91% and 28.80% experienced 
decrease and increase in soil erosion respectively; 
suggesting therefore that changes in rainfall contributed 
equally to soil erosion within the study area.  

Table 4. Soil erosion area change due to changes in rainfall and land 
use from 1985 to 2014 

Change in soil erosion (%) 

  Decrease No change Increase Total 

Change in 
rainfall 

Increase 44.59 22.65 31.58 98.82 

No change 0.02 0.03 0.02 0.06 

Decrease 0.07 0.47 0.58 1.12 

Change in 
soil cover 

Decrease 0.00 0.00 3.36 3.36 

No change 25.91 23.16 28.80 77.87 

Increase 18.77 0.00 0.00 18.77 

4. Discussion 

4.1. Change in Rainfall 
According to this study, increase in average rainfall was 

observed throughout the study area. Table 3 revealed that 
up to 98.79% of the area experienced increase in average 
rainfall against 1.12% which observed decrease. western 
part of the area experienced more decrease while eastern 
part experienced mostly increase. Both increasing and 
decreasing in rainfall were reported in many studies 
carried out in Nigeria [22,23,24,25]. Increase in rainfall 
observed in the northern west (Figure 3) could be a result 
of the expansion of forested area in the region which may 
probably lead to the increase in annual total rainfall, since 
there is a relationship between forested area and the 
amount and frequency of rainfall [26,27,28]. This region 
is equally situated at high altitude and can therefore 
influence positively the increase in rainfall. The southern  
part is located at low altitude, and additionally observed 
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loss of vegetated area, especially woodland. This could 
explain the decrease of rainfall in this region of the study 
area. It may be concluded from the aforementioned that, 
changes in land use land cover associated with the altitude 
are major factors explaining the spatial variation of the 
change in rainfall in the study area. 

4.2. Change in Land Use 
Population growth in Nasarawa State has led to the 

expansion of agricultural area as well as residential areas. 
Figure 4 illustrates that, the population of Nasarawa State 
expanded their cultivated and built-up areas in the 1985 to 
2014 period, thereby reducing drastically the savannah 
wood and shrub lands. Karu, Lafia and Nassarawa 
recorded the highest increase in settlements; this could be 
explained by the fact that, Lafia is the Capital town of the 
State and Karu and Nasarawa are closer to Abuja, the 
Capital town of Nigeria. Moreover, the reduction of 
deforestation associated with increase in rainfall in the 
northern east contributed to the expansion of forested area 
in that area. The decrease in water bodies was the effect of 
the decrease in rainfall in the southern part, where most of 
the river basins are located. Changes in land use over in 
Nasarawa State, especially increase in forested area, 
contributed to an overall increase in soil cover (Table 3). 

4.3. Impact of Changes in Rainfall and Land 
Use on Soil Erosion 

In the study area, 76.84% of the total landmass 
observed change in soil erosion between 1985 and 2014; 
decreased erosion recorded the highest coverage (Table 3). 
Therefore, there was decrease in soil erosion over the area. 
Table 4 revealed that, increase in rainfall amount 
contributed to the increase of soil erosion in the study area 
with sparse or no vegetation cover. In fact, much of the 
increase in precipitation that has been observed worldwide 
has been in the form of heavy precipitation events [29,30] 
which increased the raindrop capacity to detach soil 
particles. This situation could yield in more soil loss from 
non-covered soil, increasing therefore soil erosion. In fact, 
when soils are covered and when residues are fully 
incorporated, soils become dense in carbon resulting in an 
increase of infiltration rates and soil moisture content. 
Therefore, soil cover is paramount in limiting soil loss and 
environmental damages [10,31]. The reduction in the total 
amount of rainfall led to the decrease in soil erosion in the 
area.  Soil erosion responds not only to differences in 
rainfall intensity, but also to the total amount of rainfall 
[32]. However, the proportion of increased soil erosion in 
increased rainfall area was less than that of decreased soil 
erosion; suggesting that change in rainfall does not contribute 
a lot to the change in soil erosion in the study area. 

All the areas of increase in soil cover have observed 
decrease in soil erosion (Table 4), and increase in soil 
erosion was observed in the area of decrease in soil cover.  
Therefore, soil cover plays an important role in soil loss in 
the study area. It can be concluded that, land use change 
impacted more soil erosion in Nasarawa State than 
changes in rainfall. Land use change effects erosion 

rates because it can significantly change the amount and 
character of protection offered to surface materials [33]. 
The protection of surface materials by specific land use on 
a land surface will determine the tenacity of the land to 
circumvent soil erosion risks. The reasons how the 
vegetation cover affects the soil erosion can be explained 
in various ways. For instance, litter production and 
organic matter accumulation could reduce the soil-water 
loss [34]. Litter not only directly protects the surface soil 
from splash erosion, weakens the kinetic energy of 
raindrops and slows runoff velocities, but also conserves 
surface rainwater due to its strong moisture-holding 
capacity (Hou et al, 1996 as cited in [10,34]). Meanwhile, 
plant roots may form a dense network in topsoil that 
physically binds soil particles, and the soil-root matrix has 
been proved to be stronger than the soil or roots separately. 
In addition, plant root systems also influence the 
properties controlling soil erodibility, e.g. soil aggregate 
stability, infiltration capacity, soil bulk density, soil 
texture, organic content and chemical composition [35]. 
Moreover, more complex canopy structures can intercept 
10 to 20% more of the rainfall (de Jong and Jetten 2007 as 
cited in [36]). 

5. Conclusion 

In the study area, more than 75% experienced changes 
in soil erosion due to changes in rainfall and land use. In 
overall, erosion decreased for the past 30-year while 
rainfall and soil cover increased. Then, erosion is likely to 
be more affected by changes in soil cover than changes in 
rainfall amount. This suggests that a sustainable land use 
which promotes conservation of vegetation, especially trees 
and cover crops, can help in controlling soil erosion in 
Nasarawa State.  
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