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Abstract  

In developing land management plans to minimize erosion problem, it is imperative to provide 

quantitative information on aggressiveness of storms for identifying areas in the landscape which 

are sensitive to disturbances. The study established that rainfall erosivity (R) indices over 

Southeastern Nigeria range from very low to very high erosivity. Periods of very low erosivity 

coincided with the dry season months in the region while the very high R coincided with the rainy 

season peak periods (June-September). Calabar Owerri and Port-Harcourt recorded the highest 

erosive storms/ more months of very high erosivity index. The deterministic relationship between 

kinetic energy of rains and erosivity pattern observed for the different stations showed that 

erosive rains contribute significantly to detachment of soil materials in the study area. The need 

for proper land use management and maintenance of surface vegetal covers cannot be 

overemphasized with increased weather variability. Monitoring of hydrologic regime and climate 

–related factors in the region as well as defining areas most vulnerable to erosion would help in 

erosion disaster management.     
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Introduction  
The potential for erosion is based on many 

factors including soil type, slope, and the 

energy or force of precipitation expected 

during the period of surface disturbance. 

Rainfall erosivity is a term that is used to 

describe the potential for soil to wash off 

disturbed, de-vegetated areas and into surface 

waters of the state during storms The 

identification of some climatic inputs for 

rainfall erosivity modeling and scenarios at 

regional scales is important for understanding 

the rainfall and storms characteristics and their 

potential impact on local agricultural and 

ecological systems (Diodato and Bellocchi, 

2010).  

Under particular environmental conditions, 

rainfall is the main factor driving soil 

degradation because it can erode soils and 

nutrients by the force of raindrops, surface and 

subsurface runoff (Zachar, 1982; Lal, 2001).  

In the tropics, studies have shown that the most 

important factor that is of direct relevance to 

erosion studies is rainfall, while other factors 

include topography, soil, geology and land 

management techniques (Young, 1972; Olson, 

1982; FAO, 1987; Jeje and Agu, 1990).  

 

 

Several attributes of rainfall bear direct 

relevance to the incidence of erosion in the 

human landscape. Such attributes include: 

rainfall intensity, drop size, duration of fall, 

annual total amount, and frequency of fall, 

kinetic energy and terminal velocity, among 

others (Ologe, 1972; Oyegun, 1980).These 

rainfall characteristics have been observed by 

Elwell and Stocking (1974) to have the ability 

to loosen up soil structures and consequently 

remove earth materials from different surfaces.  

Soil erosion is basically initiated by 

detachment, which is mainly controlled by 

shear forces of the falling raindrops, and 

represented by rainfall erosivity factor 

(Petkovesk and Mikos, 2004; Asadi et al., 

2008). The impact energy of raindrop sets into 

motion the destruction of aggregates while 

runoff water provides for the transport of 

detached particles (Roose, 1975) This results in 

degradation of ecosystem function (Ludwig 

and Tgway, 2000; Ludwig et al., 2006) 

decreased productivity and sustainability of 

agriculture (Diamond, 2005), and displacement 

of human populations (Opie, 2000). 

Rainfall aggressiveness has always been a 

prominent environmental threat in the course of 
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human history, especially affecting the 

agricultural sector. However, studies on soil 

erosion only started in the first decades of the 

20th century and have increased in number and 

variety since then, especially targeting at 

isolating the role of different natural factors on 

soil erosion (Angulo-Martinez et al., 2009). In 

recent years, the analysis of rainfall extremes 

and aggressiveness has attracted the attention 

of researchers across the world (Garcia-Oliva 

et al., 1995; Sauerborn et al., 1999; Easterling 

et al., 2000;  Nearing et al., 2004; Schutt et al., 

2007). It has been with the advent of 

mathematical models of soil erosion that 

rainfall aggressiveness, defined under the name 

of ‘‘rainfall erosivity (R index)”, has been 

systematically analyzed    

The rainfall erosivity factor is used to 

quantify the ability of rainfall to cause soil loss 

under different conditions and it is one of the 

six factors in the Universal Soil Loss Equation 

(USLE) (Wischmeier and Smith, 1958a) and 

the Revised Universal Soil Loss Equation 

(RUSLE) (Renard et al., 1997). Both methods 

are employed to predict soil erosion (Kinnell, 

1973; Sharpley and Williams, 1990; Wang and 

Jiao, 1996; Yu and Rosewell, 1996; Oduro-

Afriyie, 1996; Mikhailova et al., 1997; Yu, 

1998; Hu et al., 2000; Loureiro and Coutinho, 

2001; Yu et al., 2001).  

Unfortunately, rainfall erosivity studies in 

Nigeria have received very little attention 

especially as regards their spatial patterns. The 

need for quantification of rainfall erosivity is 

therefore imperative. The focus of this study is 

to evaluate the spatial patterns of rainfall 

erosivity over southeastern Nigeria.  

Study Area  
Southeastern Nigeria is located between 

latitudes 4º 10´N and
 
70º 08´N, and longitudes 

5º 30´E and 9º 27´ E. It is bounded to the south, 

east and west by the Atlantic Ocean, Republic 

of Cameroon and Delta State respectively and 

to the North by the middle belt states of Kogi 

and Benue. The region has a land area of about 

75,488 square kilometers (Ofomata, 1975).  

Southeastern Nigeria is made up of nine states 

(ie. Anambra, Enugu, Ebonyi, Abia, Imo, 

Rivers, Bayelsa, Cross-River and Akwa Ibom). 

For the purpose of this study the focus is on 

only the states with climatic data (they serve as 

climatic stations. These are Anambra, Enugu, 

Owerri, Port-Harcourt, Calabar, Akwa- Ibom 

States (Fig 1). 
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The study area has a tropical climate with 

humidity and rainfall decreasing from the coast 

inland. The region is characterized by 

uniformly high temperature and a seasonal 

distribution of bimodal rainfall (Jungerius, 

1964; Monanu, 1975a Anyadike, 2002). The 

mean daily maximum temperature is usually 

above 27
0
C all through the year whereas the 

daily minimum temperature does not usually 

fall below 18
0
C (Monanu, 1975b). The total 

annual rainfall increases from the northern 

frontier of the region to the southern frontier 

from a value of 1500mm to a value exceeding 

2500mm. 

South-eastern Nigeria lies in the Lowland 

rainforest natural vegetation belt with 

evergreen trees in the south, and gradually 

gives way northward to rainfall-savannah forest 

characterized by trees interspersed with grass. 

The natural vegetation of the study area has 

been disturbed over the years through forest 

clearance and bush burning for agriculture 

(Ibeanu and Umeji, 2003). Generally, the soils 

of the study area were derived from shale and 

sandstone parent materials. These soils are 

generally deep, porous and acidic. Agricultural 

land use still is a major occupation for more 

than 60 percent of the populace of the study 

area. 

 

Methodology 
The basic approach employed in this study 

involved simulating the potential ability of 

rainfall to detach and transport soil materials 

using climatic data as guidelines. This method 

has been employed and adopted to African 

condition (Lal, 1976; Roose, 1977). Climatic 

data used for this study were collected for eight 

synoptic stations across the study area from the 

Nigeria Meteorological Agency, Lagos for the 

periods 1982-2005. These stations are Enugu, 

Owerri, Onitsha, Port Harcourt, Uyo, Ikom, 

Ogoja and Calabar.   

The erosiveness of storms in the study area 

was determined as a function of rainfall kinetic 

energy using the model developed by Kowal 

and Kassam (1976). The choice of the model is 

based on the fact that the method was 

developed using tropical rainfall samples. 

Besides, its development was based on 

direct measurements of rainfall kinetic energy 

with a piezoelectric sensor that can convert 

impact strain of a rainfall into an electrical 

signal within the sensing element   The 

equation for computing Kinetic energy of rain 

is given as; 

K.E = (41.4 Ra - 120) x 10
3 

----------------equ 1 

(Kowal and Kassam, 1976) 

Where K.E is rainfall kinetic energy (ergscm
-2

) 

and Ra is rainfall amount per storm (mm).  

Equation (1) was converted to S.I units as 

suggested for factors in the Universal Soil Loss 

Equation USLE (Foster et al., 1981) from 

ergscm
-2 

  to MJha
-1

 by multiplying by a factor 

of 1 x 10
-5 

. 

The analysis of rain gauge chart to generate 

rainfall intensity date is extremely time-

consuming (Charreau 1969; C.T.F.T/Haute-

Volta 1974; Galabert and Millogo, 1973). In 

most cases such data is hardly adequate where 

there are available as the case with the study 

area. In an attempt to provide alternative 

methods for estimating erosivity factor in the 

records on rainfall intensity, several authors 

such as Charreau, (1972); Roose (1976); 

Delwaulle (1973); Galabert and Millogo (1973) 

have developed mathematical equations that 

permit the estimation of the rainfall erosivity 

index as a function of rainfall amount. In this 

study, the model developed by Roose (1976) 

for estimating values of rainfall erosivity from 

rainfall amounts for West African climates was 

adopted. The equation is given as 

 

R = (0.0158 H x 130) - 1.2  -----------------equ 2 

 

Where R is the index of erosivity in mmh-1, 

H is rainfall amount (mm) and 130 is rainfall 

intensity in 30minutes. Rainfall erosivity 

values computed for our study area were 

compared with the Rainfall Aggressivity Index 

(RAI) developed by Fournier (1960) and 

modified by Arnoldus, (1980). 

 

Results and Discussion  
The seasonal patterns of rainfall erosivity (R) 

for Onitsha, Port- Harcourt, Owerri, Enugu, 

Uyo, Calabar, Ikom and Ogoja are presented as 

Figures 2- 9. The figures showed that rainfall 

erosivity (R) indices over Southeastern Nigeria 

range from very low to very high erosivity 

according to Rainfall Aggressivity Index (RAI) 
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developed by Fournier (1960) and modified by 

Arnoldus, (1980) Table 1.  

Table 1: Rainfall Aggressivity Index (RAI) 
Rainfall erosivity             Interpretation        

0 -60                                  very Low 

61– 90                                Low 

91– 120                              Moderate 

121 – 160                           High 

Above 160                          Very high    

                                                  

 (Source: Modified from Arnoldus, 1980) 

For Onitsha station, High (R) values were 

recorded in June, July, August and September 

with the (R) values ranging from 133.1mm to 

145.5mm. Moderate (R) months were recorded 

in May and October (109.5mm and 95mm 

respectively, while low erosivity was obtained 

for April. Very low (R) values were obtained 

from November to March. For the Port-

Harcourt station, Very high (R) of 183mm and 

175.9mm were recorded in July and 

September. May, June and August had values 

ranging from 135.6mm to 151.5mm indicating 

high (R). Very low (R) was calculated for the 

month of March (58.6mm), while the month of 

April with (R) of 69.9mm was low. It is 

noteworthy that moderate(R) was not obtained 

for this station (Fig 3). 

For the Owerri station, very high(R) were 

recorded between June and September 

(171.6mm (June), 177.7mm (July), 178.5mm 

(August) and 184.5mm (September) 

respectively. High (R) were recorded in May 

(132.7mm), while moderate (R ) occurred in 

two months- April (91.8mm) and October 

(115.1mm). Very low(R) occurred in four 

months (November to March).  Periods of low 

erosivity in this station was observed Fig 4.  

Enugu station recorded High (R) from June 

(125.6mm) through to September (134.3mm). 

Moderate(R) occurred in April, May and 

October with values of 79.4mm, 115.2mm and 

95.4mm respectively. Occurrence of very high 

erosivity value was not observed in any of the 

months in Enugu station. As with Onitsha 

station, Enugu station recorded five months of 

very low erosivity from November to March  

(Fig.5). 

In Uyo station, between July and 

September very high (R) values were observed 

for July (177.6mm) and 161.4mm for 

September. High (R) were observed in May, 

June and August with(R) of 129.6mm, 

136.9mm and 155.3mm respectively. October 

is the only month in Uyo with moderate (R) of 

120mm. Low (R) values were recorded in 

March (66.9mm), April (94.7mm), while very 

low(R) occurred between November and 

February. The sudden decline in (R) in August 

is may be attributable to the effect of the Little 

Dry Season (LDS) which is common with West 

African Rainfall (Fig. 6).  

Calabar station had very high (R) ranging 

from 192.4mm to 227.1mm, from June to 

September. In the months of May and October 

high (R) were recorded, while the month of 

moderate (R) was April (119.5mm). March 

(88.2mm) and November (75.2mm) had low 

(R), while December to February had very 

low(R) (Fig. 7).  

In Ikom station, it was observed that 

months of very low (R) rainfall erosivity 

spanned from November to March while April 

(86.4mm) and May (118.5mm) recorded low 

(R) values. The months of June, July and 

October are the months in this station in which 

erosivity values were high, with R values of 

155.6mm, 150.7 and 141.5mm respectively. 

Very high (R) erosivity values were also 

recorded for this station between the months of 

August (174.5mm) and September (162.9mm) 

(Fig 8).  

In Fig 9 depicting Ogoja station, it was 

observed that September is the only month with 

very high erosivity value of 162.1mm. 

Generally, high erosivity values were recorded 

for the months of  June (130.2mm), July 

(129.4mm) and August (136.5mm), while 

moderate (R) were observed in the months of 

October and May. Very low (R) occurred in the 

months of November to March. 

The mean monthly distributions of the 

kinetic energy (which represents the energy of 

rainfall to induce the initial removal of soil 

material) at different locations in the study area 

are presented as table 2. From the table, it was 

observed that rains were erosive between April 

to October for Onitsha, Port-Harcourt, Owerri, 

Enugu and Ikom stations. In Ogoja, erosive 

rainfall was observed to begin in the month of 
May with a Kinetic energy value of 93.7 MJha

-1
. 
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Erosive rains in Calabar were observed to 

begin in March to Novermber. On annual basis, 

highest erosive rains were recorded in Calabar 

with rainfall Kinetic energy of 1184.4 MJha-1. 

This was followed by Owerri (962.8 MJha
-1

), 

Port-Harcourt (928.4 MJha
-1

), Uyo (910.3 

MJha
-1

) and Ikom (893.9 MJha
-1

). Enugu 

recorded the lowest annual erosive rainfall of 

696.9 MJha
-1

. This may be attributed to the 

effect of the gradual decline in rainfall amount 

from the southern part of the study area to the 

north. Critical months in terms of  

aggressiveness of rains in the study area is of 

the order, June - September (Onitsha), May-

October (Port-Harcourt), May- 

September(Owerri), June-Sept(Enugu), May-

September (Uyo), May-October (Calabar), 

June-October (Ikom), and June- September 

(Ogoja). These results suggest that very severe 

erosion-causing rains occur in the middle of the 

rainy season in the study area. Calabar, Port-

Harcourt and Owerri which are near the coast 

recorded more erosive storms than locations 

away from the coast (Table 2).  

The spatial pattern of mean annual rainfall 

erosivity (R) shown as Figure 10 depicts very 

high(R) in all the stations. From the figure, the 

study area has been grouped on the basis of 

rainfall erosivity. The southwestern part of the 

area which comprise Port-Hacourt and Owerri 

stations has a mean erosivity index ranging 

between 1071 – 1290mm. Enugu, Onitsha and 

Ogoja stations which constitute the northern 

part recorded an average erosivity index 

between 0 – 850mm. The southeastern part is 

made up of Calabar, Uyo and Ikom stations. 

Within this region, marked variation in 

erosivity was observed. Uyo and Ikom stations 

recorded a mean erosivity range values of 

851mm – 1090mm while calabar with erosivity 

value of between 1291mm and 1510mm 

recorded the highest erosivity value in the 

study area. This division reflects the diverse 

human and physical factors operative in the 

region.  

To ascertain the extent to which the kinetic 

energy of the rains observed for the various 

stations can erode soil material, a deterministic 

relationship between rainfall erosivity and 

Kinetic energy of rainfall was calculated and 

this is presented as Table 3. The ability of the 

kinetic energy of the rains to induce erosion 

yielded positive values suggesting that erosive 

rains contribute significantly to the detachment 

of soil in the area.  The coefficient of 

determination which expresses the percentage 

variation in the value of erosivity (R) that can 

be explained by change in rainfall amounts 

(predictor) was high for all the stations. This 

supports the fact that rainfall is a major 

erosive/soil detachment factor in the erosional 

process of Southeastern Nigeria. 

 

Conclusion and Recommendations 
 

The rainfall erosivity of a tropical rain 

forest region has been investigated. The study 

established the erosivity index for southeastern 

Nigeria vis-a-viz Onitsha, Port-Harcourt, 

Owerri, Enugu, Uyo, Calabar, Ikom and Ogoja 

climatic stations to range from 0 -183 (i.e. from 

very low to very high erosivity). The very low 

erosivity (0 - 60mm) occurred in all states 

generally from November to February 

coinciding with the dry season months in 

southeastern Nigeria. This also is indicative of 

the major erosive role played by the impact of 

rain drop. The high erosivity indices were 

noted for rainy season peak periods of June and 

September. The mean monthly distribution of 

the kinetic energy of storms at all the stations 

was observed to erosive between April to 

October, thus conforming with the erosivity 

Index pattern observed. This also suggests that 

very severe erosion-causing rains are 

associated with the rainy seasons in 

Southeastern Nigeria. Marked spatial variation 

in rainfall erosivity was observed in the study 

area with Calabar recording the highest 

erosivity value of 1368.4mm and Enugu 

recording the lowest erosivity of 811.26mm. A 

gradual rise in rainfall erosivity is noted in the 

study area peaking in 1994 with a geneal 

decline from 1998. The ability of the kinetic 

energy of the rains to induce erosion yielded 

positive values that suggest that under 

disturbed conditions the rains will contribute 

significantly to the detachment of soil material 

in the study area hence enhancing accelerated 

erosion. 

The fact that Calabar Owerri and Port-

Harcourt recorded the highest erosive storms 
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with the more month of very high erosivity 

index portrays the potential ecological crisis in 

these areas with increase in rainfall amounts 

and further disturbance of land cover.  There is 

need for monitoring of hydrologic regime and 

climate –related factors in the region as well as 

define areas most vulnerable to erosion. Land 

use management in relation to soil vulnerability 

is highly necessary. 
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Fig.2: Rainfall erosivity Index pattern in Onitsha  

 

 

Fig 3: Rainfall erosivity Index pattern in Port-Harcout  
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Fig 4: Rainfall erosivity Index pattern in Owerri   

 
Fig 5: Rainfall erosivity Index pattern in Enugu  

 

 
Fig 6: Rainfall erosivity Index pattern in Uyo  

 
Fig 7: Rainfall erosivity Index pattern in Calabar 
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Fig 8: Rainfall erosivity Index pattern in Ikom 

  

 
Fig 9: Rainfall erosivity Index pattern in Ogoja 
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Table 2 Computed Average Kinetic energy of rainfall (MJha
-1

) at different locations in 

Southeastern Nigeria (1982-2005) 

 

 Month  Onitsha Port-

Harcourt 
Owerri Enugu Uyo Cal Ikom Ogoja 

Jan 

Feb 

Mar 

Apri 

May 

Jun 

Jul 

Aug 

Sept 

Oct 

Nov 

Dec 
Annual 
Mean 

2.94 

4.7 

30.1 

58.6 

89.4 

108.9 

119.3 

111.9 

118.1 

77.5 

7.6 

1.3 
     730.34 

 

11.7 

22.6 

47.4 

56.7 

111.4 

111.1 

150.3 

124.2 

144.4 

102.5 

34.7 

11.4 
      928.4 

 

12.4 

13.8 

47.8 

74.9 

108.6 

140.8 

145.9 

146.6 

151.5 

94.1 

20.2 

6.2 
      962.8 

 

1.6 

3.6 

22.4 

64.5 

94.1 

102.5 

109.5 

103.7 

110 

77.7 

7.3 

0 
       696.9 

 

9.4 

13.2 

54.2 

77.2 

106.1 

112.1 

145.8 

127.4 

132.4 

98.2 

30.2 

4.1 
     910.3 

 

10.1 

12.5 

71.8 

97.7 

  118.6 

164.4 

186.8 

162.2 

158.1 

128.1 

61 

13.1 
  1184.4 

 

2.7 

10.8 

48.7 

70.3 

96.8 

127.6 

123.5 

143.2 

133.7 

115.9 

16.9 

3.8 
   893.9 

 

3.1 

3.1 

21.9 

48.7 

93.7 

106.6 

105.9 

111.8 

   133 

95.3 

7.5 

1.7 
   732.3 

 

 

 
Table 3 Deterministic relationship between Kinetic energy of rainfall (MJha

-1
) and rainfall 

erosivity (mm) 

 

Climatic 

Station 
R (correlation 

coefficient) 
R

2 
(Coefficient of 

determination) 
Adjusted R Std. Error of the 

estimate 
Onitsha 0.989 0.977 0.975 10.2 
Port-Harcourt 0.989 0.978 0.976 11.37 
Owerri 0.997 0.994 0.993 6.3 
Enugu 0.993 0.986 0.985 7.6 
Uyo 0.992 0.983 0.982 9.5 
Calabar 0.999 0.997 0.997 4.5 
Ikom 0.997 0.995 0.994 5.4 
Ogoja 0.995 0.989 0.988 7.2 
 

 

 

 

 

 

 

 

 

 

 

 

 


