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Abstract: Increases in rainfall variability resulting from climate change can rapidly reduce land productivity and alter the 
composition of ecosystem, increase generation of runoff and flood with a concomitant rise in the rate of soil erosion 
and its attendant adverse effects. In a bid to contribute towards minimizing these adverse effects and lessen the impact 
of climate change through rainfall variability on the resource poor farmers, this study was conducted in the semi-
deciduous forest zone of Ghana. Seventeen years (1997-2013) rainfall records were collected from Ghana 
Meteorological Agency and analysed for rainfall characteristics such as annual and seasonal amounts, kinetic energy 
and erosivity determined using Modified Fournier Index. The mean monthly rainfall distribution showed rainfall 
amount to vary with the months with a peak in June and October in the major (March-July) and minor (September-
November) wet seasons respectively. The coefficients of variability of rainfall amount were 17 %, 27 % and 37 % for 
the annual, major and minor seasons respectively. Annual rainfall decreased by 11.3 % and 12.0 % in 5 and 10-year 
intervals. The kinetic energy ranged from 25421 – 49006 J/m2, 8859 – 22687 J/m2 and 5084 – 20336 J/m2 in the order 
of annual, major and minor seasons. The coefficients of variation of annual, major and minor season’s erosivity were 
44 %, 50 % and 82 % respectively. The implications of the observed high variability in annual and seasonal rainfall 
amount, kinetic energy and erosivity values on ecosystem resilience were highlighted. It was concluded that 
appropriate conservation measures, particularly, during the peaks of rainfall are required for protection and 
sustainable use of soil resources in the semi-deciduous zone. 
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1. INTRODUCTION 

Rainfall characteristics represent a major driver of runoff, soil loss and floods. In the context of 
climate change the effect of altered rainfall characteristics on soil erosion is one of the main 
concerns of soil conservation studies (Blanco and La1, 2008). The magnitude of erosion or flood 
generation is dependent on rainfall characteristics such as the amount, intensity, raindrop size, 
kinetic energy, erosivity and frequency of rainfall and their distributions. 

The potential annual or seasonal variability in rainfall characteristics affect ecosystem resilience 
as well as the timing of agricultural production practices, runoff generation and the vulnerability of the 
soil to erosion (Soil and Water Conservation Society, 2003). The knowledge of the magnitude of 
variability in the annual or seasonal distribution of rainfall characteristics such as the rainfall 
amount, kinetic energy, erosivity over a long-term period would, no doubt, facilitate the design of 
soil conservation practices for vulnerable critical periods in the agricultural production cycle. Such 
information is, however, scarce in sub-Saharan Africa. 

The relationships between rainfall parameters, their individual effects as well as interactions are 
important considerations in the management of runoff, floods and agricultural lands. These vary in 
different geographical locations (Hudson 1965; Wischmeier and Smith, 1978; Lal, 1975; Van Dijk 
et al., 2002). Thus, tropical rains are generally short, very intense and of relatively high median 
drop size and high total energy (Lal, 1984). The average intensity of erosive rains is about 60 mm/h 
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and 35 mm/h in the tropics and temperate regions respectively (Hudson, 1981). In the semi-
deciduous forest zone of Ghana, Poku (1988) and Tanoh (1994) calculated intensities sustained for 
15 minutes and found that 61 % of the rains recorded intensities of ≤25 mm/h and 30 % and 7 % 
had intensities of 25-50 mm/h and 50-75 mm/h respectively. Generally in the tropics 40 % and 60 
% of the rains are classified as erosive and non-erosive respectively (Hudson, 1995; Tanoh, 1994). 

Rainstorms with energy loads of 70-100 J/m2 are commonly observed in the tropics (Lal, 1976). 
Hudson (1995) showed that the annual energy loads of most rains in the temperate zone is 900 J/m2 
compared to 16800 J/m2 for the tropics. High annual total kinetic energy loads ranging from 41000 
to 43000 J/m2 with monthly peaks of 79000 and 9000 J/m2 in August and September have been 
reported in the interior savanna zone of Ghana (Quansah, 1990). The degree to which these rainfall 
characteristics varied within the year and over a long period were however not reported. The current 
climate variability with the potential for climate change requires adequate understanding of rainfall 
variability for the design of climate smart conservation measures to enhance ecosystem resilience. 

Similarly, estimating rainfall erosivity has been found to be central to assessment of soil erosion 
and flood risk (Morgan, 2005). This is done using erosivity indices such as the EI30 of the Universal 
Soil Loss Equation (Wischmeier and Smith, 1978), the modified Fournier index (Arnoldus, 1977), 
the KE ≥ 25 index (Hudson, 1961), and the AIm model (Lal, 1976). The use of the modified 
Fournier index has been found appropriate for West Africa. 

Furthermore, the identification of critical periods of dry spells and moisture stress in the 
agricultural production cycle is a prerequisite in facilitating the development of early warning 
systems to deal with the adverse impacts of climate change. This could be done by analyzing long-
term meteorological data to detect patterns of variability in rainfall parameters. It was in this context 
that the study was conducted to determine the variations, magnitude and distribution of rainfall 
amount, kinetic energy and erosivity over a 17-year period. 

2. MATERIALS AND METHODS 

Available data (seventeen years) of rainfall records from 1997 to 2013 were collected from the 
Ghana Meteorological Agency for the semi-deciduous forest zone of Ghana. The rainfall 
characteristics assessed in the study were monthly rainfall amount, kinetic energy and erosivity. For 
the monthly rainfall amount, the daily rainfall records were summed up for every month to give the 
monthly rainfall amount. The annual and seasonal kinetic energies (KE) of the rains were 
determined from the 17 years record of rainfall amount using the KE model (Eq. 1) developed by 
Lal (1984) at IITA, Ibadan, Nigeria which has similar agro-ecology as the semi-deciduous forest 
zone of Ghana. 

KE (J m-2) =24.50P + 27.6 (1) 

The rainfall erosivity (R) was determined using the modified Fournier index (Eq. 2) developed 
by Arnoldus (1977) for West Africa.  

𝑅 =  5.44 !!
!

 − 416 (2) 

where  R= erosivity, measured in mega Joule millimetre per hectare per hour (MJ.mm / (ha.h.yr))  
 p = monthly rainfall amount (mm) 
 P = annual rainfall amount (mm)  
 KE = Kinetic energy of rains in Joules per metre square 
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2.1 Statistical Analysis 

The rainfall data were first presented in Microsoft Excel Spreadsheet where rainfall parameters 
such as kinetic energy (energy loads) and rainfall erosivity were quantified using appropriate 
models. The data set was then imported into SPSS Version 16 for statistical analysis using 
Descriptive Statistics and one-way analysis of variance.  

3. RESULTS 

3.1 Rainfall characteristics 

3.1.1 Rainfall amount 

Annual rainfall ranges from 103 to 1999 mm with a standard deviation of 237 and CV of 17 % 
(Table 1). The major and minor season rains, ranged from 361 to 925 mm and 206 to 829 mm 
respectively. The highest peak was observed in the 11th year while the lowest was in 2nd year during 
the 17-year period. The rainfall amounts were in the order of annual > major season > minor season. 
These trends have implications on the magnitude of soil erosion, crop growth and yield. The long 
term mean monthly distribution (Figure 1) showed rainfall amount to vary with a peak in June and 
October for the major (March-July) and minor (September-November) seasons respectively. 

 
Table 1. Variations in long term annual and seasonal rainfall amount, kinetic energy loads and erosivity of rains 

Cropping 
season 

Mean 
Amount 

(mm) 

Lowest 
amount 
(mm) 

Highest 
amount 
(mm) 

CV 
(%) 

Mean 
KE 

(KJ/m2) 

Lowest 
KE 

(KJ/m2) 

Highest 
KE 

(KJ/m2) 

CV 
(%) 

Mean R 
(MJ.mm/ 
[ha.h.yr]) 

Lowest R 
(MJ.mm/ 
[ha.h.yr]) 

Highest R 
(MJ.mm/ 
[ha.h.yr]) 

CV 
(%) 

Annual 1376 1037 1999 17 34.11 25.42 49.01 18 554.24 146.94 1269.28 44.0 
Major 687 361 925 27 16.86 8.86 22.69 27 640.87 100.32 1063.35 49.5 
Minor 440 206 829 37 10.81 5.08 20.34 37 513.76 73.64 1882.39 82.0 

  

Figure 1. Mean monthly rainfall amount 

3.1.2 Percentage reduction in rainfall in 5 and 10-year intervals 

The frequent observance of dry spells during the crop growing seasons led us to analyzing the 
percentage reduction and or increase in rainfall in every 5 or 10 year intervals in the semi-deciduous 
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forest zone of Ghana. The result as summarized in Table 2 shows that the mean percentage 
reduction in rainfall amount was 11.3 % and 12.0 % in every 5 and 10 years, respectively. 
Surprisingly, there was however a 39.5 % increase in the rainfall amount between 2005 and 2009 
over a 5 year interval. While there could be a general reduction in rainfall amount due to climate 
variability, this paper demonstrates that rainfall amount may also increase in certain years. 

 
Table 2. Percentage reduction in rainfall in 5 and 10-year intervals 

5-year interval % Reduction 10-year interval % Reduction 
1997-2001 15.5 1997-2006 22.5 
2001-2005 12.6 2000-2009 2.9 
2005-2009 39.5* 2004-2013 10.5 
2009-2013 5.9   

Mean 11.3 Mean 12.0 

NB:	*	was	an	increase	in	rainfall	amount	

3.2 Rainfall kinetic energy and its distribution 

The long-term mean annual kinetic energy and those of the major and minor season are 
presented in Figure 2. The distribution of annual, major and minor season’s kinetic energy followed 
the same trend. The highest peaks were in the 11th year. The least lows of the major season, annual 
and minor season’s KE occurred in the 8th, 9th and 10th year respectively (Figure 2). The 
variability in kinetic energy loads of the rains also followed the same trend as the rainfall amount 
(Table 1). 

 

Figure 2. Annual and seasonal kinetic energy of rains 

3.3 Rainfall erosivity and its distributions 

Long-term erosivity values are required for predicting potential soil loss in soil erosion models. 
The annual and seasonal values of rainfall erosivity with their CV, range and means are provided in 
Table 1. The mean major season erosivity was 20 % and 14 % higher than mean minor season and 
annual erosivity respectively, during the17 year period. The minor season erosivity value was 7 % 
lower than the annual erosivity. 

Figure 3 shows the comparative distribution of annual rainfall amount and erosivity. The 17-year 
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mean values and CV are provided in Table 1. The results showed that erosivity ranged from 
1269.28 MJ.mm/(ha.h.yr) in the 11th year (2007) to 146.93 MJ.mm/(ha.h.yr) in the 10th year 
(2006). The extremely high erosivity in the 11th year could cause severe soil loss on fields with 
little or no conservation measures. 

The seasonal distribution of erosivity showed that the major season had a peak erosivity value of 
1063 MJ.mm/ha.h.yr which coincided with the highest peak of 1882 MJ.mm/ha.h.yr in the minor 
season during the same period (2007). Distribution of minor season erosivity had higher deviation 
than those of the major season. Erosivity in the 11th year major and minor season was 92% and 
240% respectively higher than the long-term annual erosivity. Seasonal erosivity over the long-term 
period ranged from 74 to 1882 MJ.mm/ha.h.yr. The graphs of rainfall amount and erosivity over a 
long-term period (Figure 3) and that of erosivity and kinetic energy (Figure 4) showed that rainfall 
amount and total kinetic energy followed the same trend as rainfall erosivity with similar peaks and 
lows. 

 

Figure 3. Annual rainfall amount and erosivity values 

 

Figure 4. Annual erosivity and kinetic energy over the 17 year period 

4. DISCUSSION 

Rainfall has a number of characteristics among which the amount of rains, kinetic energy load, 
and erosivity played significant roles in the generation of flood, runoff and soil erosion. Among the 
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various factors influencing the soil erosion process, rainfall characteristics are the least controlled 
by man and these characteristics varied significantly within the seasons and across the years as 
observed in the study. There is obviously an association between the amount of rainfall and the 
magnitude of erosion. It is expected that more rainfall will cause more erosion. However, as 
reported by Hudson (1995), the correlation between rainfall amount and erosion has been found to 
be poor. The knowledge of rainfall amount is not only important but the intensity and distribution 
are pertinent in accounting for observed differences in the amount of erosion as well as the growth 
and yield of crops. While too much of rains could cause danger to food production and social 
amenities in one year, less of the rain could as well result in low food production with its attendant 
adverse effects of starvation and hunger on the resource poor. A moderate, low intensity, non-
erosive and well distributed rains would thus be beneficial to the sustainability of agro-ecosystem. 
The major and minor wet seasons contributed 50 % and 32 % respectively to the 17-year mean 
annual rainfall. Soil loss would therefore be expected to be more in the major season than the minor 
season. Reducing the amount of soil loss during the major season would require effective soil 
conservation systems in croplands, such systems include strip tillage, mulching, effective residue 
management and growing of cover crops.  

Furthermore, the decrease in rainfall amount by an average of 11.3 % and 12.0 % in every 5 and 
10-years interval respectively portends great challenge on food security in the region if urgent and 
efficient mitigation measures are not put in place. This potentially has negative impact on 
ecosystem resilience and meeting food needs of present and future generations. This is because crop 
productivity could be halved if this present situation (12 % reduction in rainfall) is accompanied by 
a corresponding increase in solar radiation or soil temperature (Mesele and Quansah, 2014). The 
continual decrease in rainfall amount demonstrates the reality of climate variability in the study 
area; and therefore calls for immediate actions of all stakeholders. 

The distribution of rain within the growing season further pin-points, periods of expected 
severity of erosion and dry spells. The results of the monthly rainfall distribution showed the 
coincidence of a peak rainfall in April within the cropping season when the soil is essentially bare. 
Soil loss during such a period may account for a greater percentage of the total soil loss measured in 
the season. Vigorous crop establishment for cover early in the cropping season through timely 
planting, improved seeds, adequate plant nutrition and efficient use of the early rains would be 
needed to reduce seasonal soil erosion and enhance crop yield as well as mitigate the impacts of dry 
spells during the growing crop seasons.  

Besides rainfall amount, several researchers have indicated that the kinetic energy of rainfall is 
more closely related to its capacity to cause erosion. Thus, most of the rainfall erosivity indices are 
based on the kinetic energy of rains (Wischmeier and Smith, 1978; Hudson, 1995; Morgan, 2005). 
The higher the kinetic energy, the greater the amount of soil detached and made available for 
transport by both raindrops (rain splash) and runoff. In this study, the annual and seasonal kinetic 
energy of rain was computed using the relationship developed by Lal (1984). The total annual 
kinetic energy load for the 17-year rainfall ranged from 25421.8 to 49005.6 J m-2 for 2005 and 
2011 respectively with a mean of 34113 J m-2. The values for the major season varied from 8859.3 
to 22687 J m-2 in 2001 and 2002 with a mean of 16864 J m-2. The corresponding values for the 
minor season rains were 5084.4 J m-2 in 1998 and 20335.7 J m-2 in 2013 with a mean value of 
10805 J m-2. The contribution of the major and minor wet seasons’ kinetic energy to mean annual 
kinetic energy was 50 and 32 % respectively as recorded for rainfall amount. The values were close 
to those obtained by Poku (1988) and Tanoh (1984) in the semi-deciduous forest zone where this 
study was conducted. These variations in the annual and seasonal kinetic energies are very 
important in explaining why some years and seasons give more erosion than others. Higher rainfall 
kinetic energy loads are partly responsible for the compaction of bare soils with a consequent 
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reduction in soil infiltrability and generation of large volumes of runoff and floods.  
The annual and seasonal distribution of kinetic energy loads followed the same pattern as the 

amount of rain with peak values of 5265 J m-2 in June for the major wet season and 4571 J m-2 in 
October for the minor wet season. The risk of erosion varies within the wet seasons across the 
years. In the major season (April to July) about 46.8 % of the energy load is obtained at the onset of 
the rains when soil cover is at its minimum. The onset of the rains and peak periods of rainfall 
kinetic energy require optimization of vegetative cover to cushion the soil against the erosive forces 
of raindrops and runoff. This underscores the desire and often subtle suggestion of agronomists for 
supplemental irrigation for the establishment of early vegetative cover before the onset of the rains 
in the cropping season. The attainment of this proposition is, however, constrained by the peculiar 
circumstances of the poor smallholder farmers. Instead more attention needs to be directed at 
sustainable land management practices that promote enhanced soil organic matter and infiltrability 
and surface vegetative residue maintenance for in-situ moisture conservation. The practice of 
conservation agriculture, involving no-till, cover crop management and mulching hold promise in 
this regards. The maintenance of crop residue mulch on the soil surface has been found to protect 
the soil against raindrop impact, impede the flow of runoff, reduce nutrient loses, soil detachment 
and dispersion and maintains high infiltration of water into soil profile (Quansah and Baffoe-
Bonnie, 1981; Roose, 1975; Lal, 1976). 

Correspondingly, rainfall erosivity is an important factor in soil erosion assessment and has been 
recommended for use in erosion models (Wischmeier and Smith, 1978; Morgan, 2005). It was 
observed that annual erosivity ranges from 146.9 to 1269.3 MJ.mm/(ha.h.yr) in 2006 and 2007 
respectively with a mean of 554.24 MJ.mm/(ha.h.yr). The higher major season erosivity showed 
that the major season rains were more erosive than those of the minor season and long-term annual 
means. The lower annual mean erosivity than the major season mean may be due to the 
confounding effect of combining the low energy of non-erosive rains within the year with that of 
the characteristic high erosive rains in the major season. In the derivation of the EI30 erosivity 
index of the United States of America for the USLE, the energy of all rains within the year was 
taken into account. There was no distinction between erosive and non-erosive rains. The implication 
is that the long-term annual mean evens out the erosivities of the low and high rains and was 
therefore recommended for predicting mean annual soil loss. The significance of this finding is that 
the use of the mean annual erosivity values for event or seasonal soil loss prediction would yield 
misleading results. Unfortunately, this is often the practice, though, Kirby and Neale (1987) once 
recommended the use of seasonal erosivities for the accurate assessment of event or seasonal soil 
loss; little success has been recorded due to the unavailability and inaccessibility of long-term 
rainfall records in the region. These long-term meteorological data are needed to make 
recommendations and design strategies for climate change adaptation. 

On the other hand, Hudson (1995) in his derivation of KE ≥ 25 erosivity index, indicated that not 
all rains in the tropics are erosive. He distinguished an erosive from a non-erosive rain as one with 
intensity greater than 25.4 mm h-1. The long-term annual average erosivity for the semi-deciduous 
forest zone of Ghana was 554.24 MJ.mm/ (ha.h.yr) as shown in this study and this was considered 
to be highly erosive. The significance of this value lies in its use in the validation of empirical and 
process-based soil erosion models, and assessment of soil erosion risk. A comparative analysis of 
the rainfall characteristics examined in this paper revealed that the pattern of variability of these 
characteristics was in the order of rainfall erosivity > kinetic energy > rainfall amount. Hence, 
erosivity had a greater degree of unpredictability than the other parameters. This high variability in 
erosivity across the years coupled with its implicitly close association with soil erosion and flood, 
underscores the need for further research using longer rainfall time series data to concretize the 
foundation laid in this work as this would guide the development and choice of climate change 
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adaptation options in the region. 

5. CONCLUSION 

Climate change is now evidenced in the high variability of rainfall characteristics in the semi-
deciduous forest zone of Ghana as detected in this study. Rainfall characteristics varied both 
seasonally and annually at different magnitudes across the period of study. The observance of 12 % 
decline in rainfall over a decade calls for a more proactive conservation efforts for sustainable food 
production in the region. It was noted that the risk of flood during the minor season was less 
predictable due to its erratic erosive rainfall as verified in its high coefficient of variation. The high 
magnitude of the erosive forces (kinetic energy and erosivity) demands urgent and effective design, 
and implementation of appropriate conservation measures, particularly, during the early periods of 
crop cover establishment and the peaks of rainfall to lessen the risk of erosion, siltation of water 
bodies and potential floods, and for proper soil protection. Though presently unavailable, we 
recognized that longer rainfall time series data are needed to provide a stronger conclusion; 
however, the paper has provided the requisite foundation and therefore recommends that future 
efforts should focus on the use of longer rainfall time series data. 
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