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Abstract - Rainfall erosivity is the ability of rainfall to cause soil 

erosion through detachment and transportation of soil particles. 

This study was conducted to evaluate the relationship between 

rainfall amount and erosivity (R) factor in Bauchi, Nigeria. 

Three rainfall erosivity estimation models were evaluated using 

seventeen (2000 to 2016) years rainfall data. Monthly rainfall 

amount were collected from the Nigerian Metrological Agency 

(NIMET). The three erosivity models evaluated were Modified 

Fournier Index (MFI), Lambordi and Grimm Models. The 

rainfall erosivities estimated from the three models 

demonstrated similar trend with the time series of the mean 

annual rainfall amount. The results obtained showed that higher 

rainfall amount for a particular year implied higher rainfall 

erosivities. Regression analyses performed showed that there is a 

strong and positive relationship between annual rainfall amount 

and rainfall erosivity calculated using the three models. 

Coefficient of determination (R2) obtained for MFI, Lambordi 

and Grimm Models were respectively, 0.73, 0.95 and 1.00. The 

study revealed that a reliable estimate of rainfall erosivity can be 

obtained using the three models.  

Keywords- rainfall erosivity, erosivity model, rainfall amount, soil 

erosion, regression 

I. INTRODUCTION 

oil and water are primary resources necessary for 

agricultural production all over the world. However, soil 

erosion threaten their productivity in the form of land 

degradation and water quality deterioration [1]. Water quality 

and erosion are the biggest environmental challenges of the 

Green world and it is estimated that the world's top soil could 

face serious erosion within the next 60 years [2]. Rainfall 

plays very important role in affecting the process of soil 

erosion [3]. A measure of the ability of rainfall to cause 

erosion is called rainfall erosivity. Rainfall erosivity is an 

important input variable in soil erosion, sediment yield and 

water quality modeling [4]. Accurate and direct computation 

of the rainfall erosivity for use in the popular Universal Soil 

Loss Equation (USLE) [4] requires a high resolution data of at 

least 20 years. These data are not readily available in many 

countries especially of the developing world. Prediction of 

rainfall erosivity under such conditions have been done in 

these countries using simplified methods. Such methods relate 

rainfall amount to erosivity [4]. The USLE and Revised 

Universal Soil Loss Equation (RUSLE)developed by [5] are 

models used for the prediction of soil loss from a catchment. 

Erosivity factor, among other factors of the USLE/RUSLE, is 

generally considered to be the most highly correlated index to 

soil loss in a watershed [1]. As a result of environmental and 

human activities that influences climate, rainfall erosivity is 

becoming an issue of great concern to the farmers, decision 

makers and researchers in the field of soil and water 

conservation  [1]. One of the most important active agents of 

soil erosion is rainfall due to its potential ofinducing soil 

detachment and subsequently transporting these particles as a 

through runoff [6]. The effects of raindrop impact and surface 

runoff on soil erosion are generally estimated using the 

universal soil loss equation (USLE) [5]. 

Development of rainfall erosivity estimation models 

have been studied worldwide over long period of time. Many 

researchers have developed different models for calculating 

rainfall erosivity in different areas based on monthly and 

yearly rainfall amounts. Such methods of rainfall estimation 

include the work of [6] and[7].[8] However, utilized limited 

rainfall data to estimate rainfall erosivity (R – Factor) of the 

USLE. [9],[10],[11],[12], and many other researchers reported 

works on rainfall erosivity estimation using rainfall amount. 

Though various properties of raindrops, such as 

intensity, velocity, size, and kinetic energy, are among the 

most frequently used parameters to develop erosivity indices 

[13]. According to [13] The 30EI  (Kinectic energy multiply 

by maximum thirty minutes intensity), 25KE   (total 

kinetic energy of all of the rain falling at more than 25 mm h–

1) and Arlm (rainfall amount × maximum intensity) are the 

most commonly used rainfall erosivity indices. However, this 

work evaluates some of the simplified methods used in areas 

lacking sufficient high resolution data. These methods involve 

relating rainfall amount to erosivity in a linear relationship. 

The aim of this study was to evaluate the performance of MFI, 

Lambordi and Grimm models of rainfall erosivity estimation 

using annual rainfall amount in a Northern Guinea Savannah 

region of Nigeria. 

II. MATERIALS AND METHODS 

A.  Study area 

This study was conducted in Bauchi metropolis of Bauchi 

State, Nigeria. Bauchi has a total area of33161km
2 

which is 

S 
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67.51% with the population of 2,497,782 people. Bauchi state 

has an area of 49119 km
2
 which is 5.3% of Nigerian land 

mass and located between latitude 9
0
3’ and 12

0
3’ North and 

longitudes 8
0
50’ and 11

0 
East. Mean daily temperature is 

25.3
0
C. The average annual rainfall is 1009 mm. Rainy season 

starts in the month of April and ends in October. People in 

this area are predominantly farmers. They depend on 

agriculture for their livelihood. Furthermore, with the number 

of rivers such as Jama’are, Gongola and a substantial part of 

Hadejia River, various floodplains are formed to provide 

suitable environment for agricultural activities, which include 

crop production, fishery and livestock farming [14] 

B. Data Collection 

The monthly and yearly mean rainfall amounts for 17 years 

(2000 – 2017) were collected from Nigerian Meteorological 

Agency (NIMET).  

C. Rainfall Erosivity Models  

The three rainfall erosivity estimation models evaluated for 

the study are presented as follows:  

1) The Modified Fournier Index (MFI) as given by 

equation (1) which was based on the modification of 

the Fournier Index as proposed by [15]. Rainfall 

Erosivity, R was then estimated using equation (2) 

according to [16] 

𝑀𝐹𝐼 =  
𝑃𝑖

𝑃

12
𝑖=1     (1) 

𝑅 = 1.735 × 10(1.5𝑙𝑜𝑔𝐹−0.8188 )                (2) 

Where; 𝑝𝑖  = monthly rainfall (mm), 𝑃 = total annual rainfall 

(mm) and F = MFI 

Equation (1) was reported to have been used by the Food and 

Agriculture Organization (FAO) of the United Nations [17] to 

develop a linear model in the form of equation (5).  

2) The Lambordi model [18] given by equation (3) was 

also used to estimate R  

𝑅 =  1.03 × 𝑃𝑖     (3) 

Where, 𝑅 = Annual rainfall erosion index and 𝑃𝑖  = Mean 

monthly rainfall (mm) 

3) The Grimm Model [19] given by equation (4) was 

also used to estimate R 

𝑅 = 1.3𝑃𝑖                (4) 

The rainfall erosivity factor, R calculated using the 

aforementioned equations was expressed in MJ mm ha
-1

hr
-1

 

per year. 

D. Development of Regression Model 

The time series of the annual rainfall and the estimated 

erosivities were determined. Regression models of the form 

shown in equation (5) for the three estimates of R were 

developed and plotted using Microsoft Excel spreadsheet.  

𝑅 = 𝑎𝑃 + 𝑏     (5) 

In which, a = the slope and b = intercept of the line best fit. 

III. RESULTS AND DISCUSSION 

A. Rainfall amount and erosivity time series 

Evaluation of rainfall erosivity models conducted in this study 

was based on data collected from rainfall measurement 

between the periods of 2000 to 2016 (17 years Annual mean 

rainfall data of Bauchi State), the erosivity index was 

estimated using three different models (Modified Fourier 

Index, Lombardi and Grimm). Fig. 2 – 4 showed the plot 

representations of the Annual mean erosivity index from 2000 

– 2016. Fig. 1 showed the annual precipitation values while 

Figure 5 – 7 showed the linear regression plot of annual 

erosivity index against average annual precipitation values. 

 

Fig. 1 Records of annual rainfall amount for 2000 to 2016 

Within the period under consideration as shown in Fig. 1, the 

year 2015 has the highest mean annual rainfall amount of 

1848.6 mm. The results of year of 2002, 2004 and 2007 are 

the lowest mean annual rainfall amount of less than 1000 mm. 

Another point of attention was in the year 2007 to 2016 which 

had the mean annual rainfall not lessthan 1449 mm (Fig. 1). 

From these records, it was observed that these years have the 

highest total rainfall amount received.This is a clear indication 

of the effect of climate change which affected the rainfall 

pattern and leads to increase in erosivity index as also 

observed by[18]. 
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Fig. 2 Annual variation of erosivity as computed by MFI 

 

Fig. 3 Annual variation of erosivity as computed by Lambordi Model 

 

Fig. 4 Annual variation of erosivity as computed by Grimn Models 

The results of the time series also showed that a proportionate 

trend exists between mean annual rainfall and erosivity as 

shown in Fig. 2, 3 and 4. It showed clearly that the erosivity 

index and the mean annual rainfall values followed the same 

pattern of variability 

B. Linear regression models of Erosivity and rainfall amount  

The linear regression between annual erosivity index and 

mean annual rainfall was expressed as y = 1.852x - 1027.6 

and coefficient of determination R² = 0.7345 for MFI; 

𝑦 = 2.2342𝑥 − 1007.5 and 𝑅2 = 0.9465 for Lambordi; 

𝑦 = 1.3𝑥 1𝐸¯¹¹ and 𝑅2 = 1 for Grimm model as shown in 

Fig. 5, 6 and 7, respectively. 

The results of this statistics showed a strong and positive 

relationship between rainfall amount and erosivity in all the 

models with a perfect relationship obtained for Grimm model 

where the coefficient of determination𝑅2 = 1. This means 

that annual erosivity index is directly proportional to mean 

annual rainfall. According to [20] most soil erosion 

researchers and soil conservation specialists recognized the 

positive correlation between erosivity and rainfall amount. 

The high erosivity index observed in the year 2015, was 

caused by the high amount of precipitation which is in line 

with the reports of [21], [6] and [16]. 

 

Fig. 5Regression model for erosivity according to MFI 

 

Fig. 6 Regression model for erosivity according to Lambordi 
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Fig. 7 Regression model for erosivity according to Grimm Model 

IV. CONCLUSION 

This study proposed three models for estimating the value of 

USLER-factor based on mean annual precipitation of Bauchi 

State, Nigeria. The performance of the three models has been 

evaluated using linear regression analysison rainfall data 

collected for a period of seventeen years (2000 – 2016). The 

results obtained revealed that rainfall erosivity factor 

presented similar trendof variability with annual rainfall 

amount in a time series. However, the Grimm model provided 

a more proportionate relationship between rainfall amount and 

erosivity. From the regression analysis performed it was 

observed that the three models indicated strong and positive 

relationship between rainfall amount and the erosivity factor. 

Therefore, a reliable estimate of rainfall erosivity can be 

obtained using the three models in Bauchi metropolis.  
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