
UNDERSTANDING RANGELAND RAINFALL FOR SUSTAINABLE 
PRODUCTIVITY 
 
David K. Musembi1, J. W. Munyasi1, E. N. Muthiani1 

 
1KARI Kiboko, P.O. Box 12, Makindu. dkmusembi@yahoo.com 
 
ABSTRACT 
Semi arid lands cover 61% of Kenya’s landmass and in the southern part of the 
country are referred to as the Southern Rangelands. Rainfall is bimodal, unreliable 
and the most important environmental factor governing agriculture. Farmers do not 
understand its nature and engage in practices that are wasteful and contribute to crop 
failure. The rains come in brief intense storms that cause runoff and soil erosion due 
to low vegetal cover. The communities inhabiting the semi-arid lands are agro-
pastoralists and pastoralists who suffer famine and livestock deaths during drought 
and engage in practices that threaten the natural resources. Increased population 
growth coupled with sedentarization of the pastoral communities and introduction of 
rain fed cropping are making free range livestock production untenable. The objective 
is to highlight important characteristics of rangeland rainfall for all stakeholders and 
the data was analyzed using MS-EXCEL. The two rainfall seasons, namely, the Short 
rains and the Long rains, have definite times when they start and end, making careful 
management of seasonal rainfall critical to successful farming. The Long rains 
generally start and end after 15th March and 15th May, respectively, while the Short 
rains generally start and end after 15th October and 15th December, respectively, 
giving a two month wet period for each season. The rainy days are 16 and 23 for the 
Long rains and Short rains, respectively, implying that rainfall distribution is a critical 
factor in the effectiveness of rainfall. Therefore, farmers must be enabled to 
appreciate the characteristics of the rainfall, strategies for its optimum utilization and 
basic approaches for undertaking farming as a business. They should also be extended 
specific and economically feasible alternatives to their routine farming options.  
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INTRODUCTION 
 
Over 81 percent of Kenya’s total landmass is categorized as arid and semi arid land 
(ASAL) which is in ecozones IV to VII (Fig. 1, Dolan et al, 2004). Ecozones IV and 
V are together referred to as semi arid lands (SAL) and cover 61% of the total 
landmass (Pratt and Gwynne, 1977). In the southern part of the country, the SAL are 
referred to as the Southern Rangelands (Fig. 2), where mean annual rainfall ranges 
225-750 mm and is the most important environmental factor governing agriculture 
and responsible for most crises affecting farmers. The rainfall is unreliable and prone 
to failure and although it is bimodal, only one of the seasons is reliable for agricultural 
production (Kenworthy, 1964, Musembi, 1986).  
 
The ASALs are home to 25% of the national population and carry more than 50% of 
cattle and 65% of the wildlife herds. The communities inhabiting the ASAL are 
agropastoralists, who depend on mixed farming, and pastoralists, who rely on 
livestock and their products. Rainfall failure causes crop failure and famine, poor 



pasture growth, loss of body condition, depressed prices and eventual death of 
livestock. Alternative livelihoods are limited, so farmers indulge in practices that 
threaten natural resources like overgrazing, charcoal burning and hunting (Musembi, 
2006). Other opportunities for survival include looking for employment in urban areas 
where they receive minimum wages due to lack of skills. 
 
Human and livestock populations have greatly increased in the SAL in recent times 
leading to increased pressure on the fragile ecosystem (Herlocker, 1999). Land 
subdivision and influx of communities from high potential areas have led to changes 
in land use (Pratt and Gwynne, 1977) and the pastoralists are becoming more 
sedentary and turning to growing rainfed crops due to subdivision of group ranches 
(Pasha, 1986, Kimani and Pickard 1998). This is making free range livestock 
production, commonly viewed as the backbone of the rangeland economy, untenable 
and as a result, rangelands are no longer able to support the rapidly growing 
population. 
 
Rain-fed agriculture is high-risk undertaking and faces the danger of moisture 
deficiency due to unreliable rains and frequent droughts (Barrow, 1993). The goal of 
rain-fed cultivation is to capture maximum amount of moisture in the soil and hold it 
there as long as possible to support crops. Irrigation on the other hand tries to change 
the environment to suit the crops.  
 
Most farmers in the SALs do not fully understand the nature of rangeland rainfall and 
engage in farming practices that fail to optimize its use. Some farmers plant late due 
to lack of resources but others postpone planting deliberately waiting for weeds to 
emerge so as to reduce labour costs. In the process, a significant amount of the rainfall 
is wasted and the prospect for crop failure increases 
 
Despite the low rainfall in the ASALs, runoff is a conspicuous feature of many 
rainfall events. The threshold rainfall required to yield runoff depends on terrain, 
vegetation cover and soil characteristics (Barrow, 1993). In Kitui district, for 
example, runoff has been observed with a rainfall event of 7.8 mm (Itabari, 2002), 
resulting in substantial soil erosion. Legumes are usually intercropped with cereals 
either due to limited land (to save on land preparation expenses) or to minimise risk of 
crop failure in case there is drought. However, maize – beans intercrop is high water 
requirement system, requiring at least 300 mm of rainfall (Stewart and Kashasha, 
1984) 
 
Objectives 
The objective of this paper is to highlight important characteristics of rangeland 
rainfall to enable stakeholders to practice and pass the right messages to farmers to 
enable them to manage natural resources better and get better returns from their 
farming activities. This is because the production environment will get worse with 
climate change. 
 
MATERIALS AND METHODS 
 
Forty-three years of daily rainfall data (1957-2000) was obtained for Makindu 
Meteorological station for the months of March, May, October and December for 
analyzing the start and end dates of the Long rains (March-May) and the Short rains 



(October-December). A 37-year record (1957-1993) of mean monthly rainfall was 
obtained from the station to analyze the seasonal rainfall and 27 years of daily rainfall 
(1977-2003) for KARI Kiboko were obtained for analysis of rainy days. A rainy day 
was defined as a day when measured rainfall was greater than trace (0.1 mm). KARI 
Kiboko is 14 kilometres from Makindu meteorological station and both are located in 
Makueni (now Kibwezi) district in the Southern rangelands of Kenya. 
 
The 43 year daily rainfall data for each of the two start months (March, October) and 
two end months (May, December) months for the two rainfall seasons for Makindu 
Meteorological station were tabulated separately in MS Excel spread sheet and daily 
rainfall averages for each month were computed to give 43 year daily rainfall 
averages. These averages were plotted and trend lines fitted. 
 
From the daily rainfall data for KARI Kiboko, the number of rainy days in each 
month was counted and the monthly data was summarized in MS Excel for the 27-
year period. The number of rainy days for each season was determined by adding the 
number of rainy days for the months in the season and the 27-year average was 
subsequently computed for each season. 
 
RESULTS AND DISCUSSION 
 
The trend lines show that rainfall has exponential increase during the start months of 
March (Fig. 3) and October (Fig. 4) and exponential decrease during the end months 
of May (Fig. 5) and December (Fig. 6). The gradient for the start of the Short rains 
(Fig. 4) is greater because the rains come following the virtually dry long dry season 
(June-December), see figure 7. The March rains appear to be a continuation of or are 
preceded by rains that fall during the Short dry season (January-February). These 
rains account for 14% of the mean annual total and are a crucial bridge between the 
two rainy seasons and more important for production in the Long rains (Musembi, 
1986). 
 
The linear plot further shows that before the rains intensify, they increase over a few 
days then decline drastically to almost zero and the variation is greater at the start of 
the Long rains in March. Considering the data is averaged over 43 years, the 
implication is that the rains are subject to false starts, on these days of depressed 
rainfall, before the actual start and the situation is worse during the Long rains. For 
both rainy seasons, there is a drastic drop in rainfall one week after the start (on 26th 
day) indicating a stressful period for commonly grown crops. Farmers who dry plant 
incur losses in labour and inputs due to these false starts. Whereas dry planting has 
been a long-standing recommendation from research and extension, a better practice 
would be for farmers to prepare their farms early to capture and retain moisture in the 
soil, thus reducing erosion due to runoff and have seeds ready for planting 
immediately there is adequate soil moisture so as to take full advantage of seasonal 
rainfall. 
 
The end of the Long rains in May (Fig. 5) is characterized by low rainfall on days 1-3 
which increases briefly before gradually decreasing to the end of the month. The end 
of the Short rains in December (Fig. 6) declines monotonically from high rainfall in 
November to the end of the month. The two rainy seasons have depressed rainfall 
during the second week (7-12th) then recover and thereafter continues the monotonic 



decrease to the end of the Month. These weeklong periods of depressed rainfall mark 
times when rains in both seasons may disappear never to return, thus marking the end 
of the seasons and greatly stressing crops or possibly causing crop failure. This is 
especially so during the prolonged stressful periods of May 6-9 and December 7-12. If 
substantial rains return following these dry spells, the seasons are usually good for 
crops. In the southern rangelands, Long rains are good if they continue to the end of 
May to usher the cold and cloudy weather of June-August with moist soil. Short rains 
are good if the soil is moist to the last week of December. Rainfall failure results in 
most of the vegetal matter on the farms being depleted. This exposes soil to 
immediate wind erosion during the dry seasons and water erosion during the rains. 
This data shows that both rainfall seasons generally start after the 15th day March and 
October and end generally after the 15th day of May and December, making the 
effective duration of the two rainfall seasons only 2 months. 
 
For growing seasons commonly expected to last three months, the average number of 
rainy days was only 16.5 and 23.1 for the Long rains and the Short rains, respectively 
or 18.3% and 25.6% of the perceived duration of season. These few days imply that 
for a rainy season to be good or successful, the rainfall must be well distributed in 
time and amount. Practices where seed bed preparation is delayed to allow weeds to 
grow not only waste rainfall but also reduce the rainy days available for crop growth 
and raise the prospect for crop failure. Stewart and Kashasha (1984) have shown that 
there is a yield loss of 3.8 kg grain per every millimetre of rainfall wasted after the 
rains have started and have found a direct relationship between the date of planting 
and maize yield in the SALs and established 180mm of rainfall as the minimum for 
maize production with or without fertilizer. 
 
Intercropping is commonly practised in the SALs during the two rainy seasons even 
though the seasons have unequal production potential (Musembi, 1986). Legumes e.g. 
Beans (Phaseolus vulgaris), Cowpeas (Vigna unguiculata), Pigeon peas (Cajanus 
cajan), Green grams (Vigna aureus) and Dolichos lablab are intercropped with 
cereals such as Maize (Zea mays), Sorghum (Sorghum bicolor) and Pear millet 
(Pannisetum typhoideum). This is done either due to limited land, to save on land 
preparation expenses or to minimise the risk of crop failure in case there is drought. 
Stewart and Kashasha (1984) found that a maize and beans intercrop is a system with 
high water requirements and is only recommended for rainfall greater than 300 mm, 
above which Maize yield is limited by fertilizer, not rainfall. ICRISAT (1988), 
Shappiro and Sanders (1988) reported a water use efficiency of 1.24 kg grain mm-1 
without fertilizer and 4.14 kg grain mm-1  of water with fertilizer for the crop of Millet 
in Sadore. 
 
Farmers should change their farming practices, especially those that waste rainfall, 
and the crops they grow, so as to reap maximum benefits from the limited rainfall 
resource. The favourite crops for farmers are maize (Zea mays) and beans (Phaseolus 
vulgaris) which are mainly grown for subsistence but which often fail due to 
inadequate rainfall, resulting in food insecurity. Traditional crops e.g. Cassava 
(Manihot esculenta) and Sweet potatoes (Ipomoea batatas) as well as drought tolerant 
crops e.g. sorghum and millet do well and require less rainfall but they are not 
commonly grown. Farmers engage in low input low output subsistence agriculture as 
a routine and the challenge for the research and extension is to provide specific 
alternative crops or agricultural practices that are environmentally and economically 



feasible. At the same time, the economics of the present subsistent farming practices 
should be carefully evaluated so that the economic benefits of the alternatives to be 
recommended are clearly stated. At present, whereas growing maize and beans in the 
drier SALs is not the best cropping combination (Stewart and Kashasha 1984), the 
economic benefits of alternative crops are largely speculative. 
 
To take advantage of the water that is lost as runoff, affordable water harvesting 
techniques should be introduced to farmers because most of them have adequate 
supplies of clean water only during the rains when it is harvested for domestic use 
with a variety of containers ranging from concrete storage tanks to household vessels 
like drums and other containers. When dry weather comes, water is drawn from wells, 
which dry before long, necessitating people, especially women and children, to waste 
a lot of time trekking to distant places to water animals and draw domestic water of 
poor quality from streams or wells in streambeds. 
 
Critchley (1987) defined water harvesting as the collection and concentration of 
runoff before it reaches seasonal or permanent stream. Itabari (2002) defined it as the 
collection and concentration of runoff for the production of crops, pasture or trees, for 
livestock or domestic water supply or for other productive purposes. Barrow (1993) 
described it as the collection and concentration of rain falling on natural slopes, 
cleared and compacted slopes or sealed catchments to irrigate crops, supply water to 
livestock or meet domestic needs. In order to reduce runoff and capture maximum 
rainwater for crops to militate against crop failure due to false starts, farmers should 
construct soil and water management structures and prepare their farms early to be 
able to plant as soon as adequate soil moisture accumulates in the soil. Harvested 
water can be used for general agriculture, domestic use and ponds created for fish 
farming. 
 
The advantage of rainwater harvesting in the SALs is that because the rainfall pattern 
is bimodal, water can be harvested twice in a year and the period to worry about is the 
Long dry season (June-September). Hence, storage structures do not have to be too 
large due to potential for recharge during the rains. The size of storage structures 
would only vary depending on intended use of the water and financial ability of the 
user. 
 
CONCLUSION 
 
Agricultural production in the SALs is risky due to the nature of the environment and 
farmer practices that delay planting makes the problem worse due to the finite nature 
of the rainfall and the few days in which it is distributed. To avoid losses associated 
with false starts of rainfall, farmers should prepare seed beds and be ready to plant as 
soon as adequate moisture accumulates in the soil. This represents a paradigm shift 
from the current practice where farmers are advised to plant before the rains (dry 
planting) and is necessitated by increasing rainfall uncertainty and the losses the 
farmers incur from labour and inputs due to false starts. 
 
Farmers must be empowered to do farming as a business, not as a routine that 
continues to impoverish them. Specific farming options with associated economic 
advantages should be developed for farmers to have clear rationale for switching from 
routine to superior alternatives. 



 
Because large volumes of water are lost as runoff and several methods exist for its 
harvesting, including roof catchments, ground surface and road runoff drains, the 
technologies should be promoted and harvested water used for agricultural activities 
preferred by the farmer, such as, domestic, kitchen garden, pasture production, tree 
planting, general agriculture and fish farming. All recommended farming practices 
should be gender sensitive and have demonstrated economic advantages. 
 
Way forward 
Research and extension should explore and promote the recommended paradigm shift 
from dry planting to planting when there is adequate moisture in the soil. 
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Fig. 3: Forty-three year average daily rainfall for March (start of Long rains)  
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Fig. 1 Map of Kenya showing the 
ASAL 

Fig 2. Map of Kenya showing the 
SAL (Southern Rangelands) 
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Fig. 4: Forty three year average daily rainfall for October (start of  
Short rains) 

Fig. 5: Forty three year average of daily rainfall for May (end of Long 
rains)        
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Fig. 6: Forty-three year average of daily rainfall for December (end of Short rains) 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Table 1: Summary of the number of rainy days for the two rainfall seasons for KARI 
Kiboko 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

DAYS

R
A

IN
FA

LL
 (m

m
)

 

              ■        December 

                         Expo (December) 

Fig. 7: Mean Monthly Rainfall, Makindu 
Meteorological Station, Makueni District, Kenya.
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Fig 7. Mean Monthly rainfall for Makindu 
Meteorological station, Makueni district, Kenya. 



YEAR 

Short 
dry 
Season 

Long 
rains 

Long 
dry 
season

Short 
rains Total YEAR 

Short 
dry 
Season 

Long 
rains 

Long 
dry 
season

Short 
rains 

TOT
AL 

1977 7 23 0 40 70 1990 13 30 1 29 73 
1978 10 24 0 33 67 1991 4 23 6 26 59 
1979 22 12 2 26 62 1992 1 21 0 23 45 
1980 6 17 0 16 39 1993 17 3 24 21 65 
1981 0 20 0 12 32 1994 5 9 0 34 48 
1982 0 4 2 9 15 1995 5 17 1 13 36 
1983 3 11 0 16 30 1996 7 13 2 12 34 
1984 1 5 0 32 38 1997 1 19 7 45 72 
1985 14 17 5 29 65 1998 30 24 4 6 64 
1986 2 21 3 30 56 1999 2 15 0 28 45 
1987 2 13 7 12 34 2000 1 6 5 18 30 
1988 6 21 6 26 59 2001 13 16 5 19 53 
1989 8 27 2 30 67 2002 7 21 5 24 57 

2003 1 13 2 14 30 
Average 7.0  16.5  3.3  23.1  49.8 

 % 14.0  33.1  6.6  46.3  100.0
 



 


