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ABSTRACT 

Over the past decades, there has been a noticeable rise in the frequency of dry spells, affecting both spatial and temporal scales 

globally including Homa Bay County which is situated in the Western part of Kenya within the Lake Victoria Basin. The region is 

classified as sub-humid and experiences frequent dry spells having a negative impact on crop production hence food insecurity. This 

study examined the probability of dry spells occurrence on the rainfed agriculture. Descriptive research design was used. Daily 

Rainfall Data was acquired from the Kenya Meteorological Department for the period (1953 – 2017). The data was analyzed using 

time series analysis. Findings revealed that DJF season based at 1mm DRT was between (0 – 65%), for 7 days (0 – 40%) for 15 days 

and (0 – 5%) for 30 days; MAM season, (0 – 35%) for 7 days, (0 – 15%) for 15 days and 2% for 30 days; JJA season (0 – 45%) for 7 

days, (0 – 25%) for 15 days, (0 – 3%) for 30 days; SON season, (0 – 20%) for 7 days, (0 – 12%) for 15 days and 0% for 30 days. 

Based on 5mm DRT, DJF (0 – 78%) for 7 days, (0 - 68%) for 15 day and (0 – 10%) for 30 days; MAM season, (0 – 35%) for 7 days, 

(0 – 20%) for 15 days and 3% for 30 days. JJA season, (0 – 58%) for 7 days, (0 – 38%) for 15 days and (0 – 9%) for 30 days; and 

SON season, (0 – 46%) for 7 days, (0 – 29%) for 15 days and (0 – 2%) for 30 days. There is an increase in probability of dry spells 

occurrence in the study area. There is need for viable mitigation measures to supplement the rainfed agriculture to significantly reduce 

the effect of dry spells during the growing seasons for enhanced food security. The findings should help subsistent smallholder 

farmers to plan their agricultural activities to avoid risks of agricultural losses. Equally, evidence-based policies can be formulated for 

sustainable agricultural production based on the findings from this study. 

Key Words: Probability, Dry spells, Rainfed Agriculture, Homa Bay County 

 1. Introduction 

Dry spells are a major triggering factor of drought phenomena with devastating climatic hazards in many areas of the earth. Large 

parts of the world rely on rainfed agriculture for their food security which makes up to 75% of the needed to increase food production 

by 2025 (Siderius et al., 2016). Dry spells increase the risk of total failure or low farm production and hence make the affected regions 

more vulnerable to food insecurity (Downing, 1996).  

 

The sub-humid and semi-arid regions in Sub Saharan Africa continue to face water scarcity, i.e., insufficient amounts of water to meet 

population demands for food and development whilst maintaining eco-systems life supporting processes (FAO, 2001). As water 

demand increases for non-agricultural uses, it is unlikely that future food requirements can be met by sole reliance on irrigated crop 

production. Currently more than 90% of agricultural land in SSA is under rainfed production (Rosengrant et al., 2002). The challenge 

remains how to improve rainfed agriculture by simultaneously improving rural livelihoods and water productivity (Rockstrom et al., 

2003).  

Kenya Vision 2030 (GoK, 2007) identified agriculture as the key sector to deliver a 10 per cent annual economic growth. The 

government considers that critical factors in achieving this target is the transformation of smallholder’s subsistence into a more vibrant 

sector through green economy strategies that are geared to reduce the severe impacts of climatic factors to half and reduce the number 

of poor and food insecure. However, the dry spells have caused dire negative effects by either reducing annual food crop production or 

causing total failure in given agricultural seasons such as in both long (MAM) and short rain (SON) seasons in Homa Bay County 

Kenya. 
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Arrange of researches such as evaluation of the mitigation strategies for dry spell negative impacts on livestock production in Homa 

Bay County (Ogenga and Mugalavai, 2019), Dry spells effects on Maize yield production in Trans Nzoia County (Werunga et al., 

2016), simulation of the Kenya longest dry and wet spells and their largest rain sums using A Markov model (Sharma, 1996). Out of 

these none of the researches has specifically investigated the probability of dry spells occurrences in the sub humid regions of Kenya.  

It is a against this background that this study aimed to examine the probability of dry spell occurrence on rainfed agriculture in Homa 

Bay county.  

 

Understanding of the probability of occurrence of dry spells on rainfed agriculture has a significant benefit to smallholder’s subsistent 

farmers in crop planning and management in terms of the various farming activities such as time to plant, irrigate and when to harvest 

to enhance food production. Additionally, evidence-based policies by the governments both at national and local levels can be 

enhanced for water and soil management, and agricultural subsidy provision for the populations at risk.  

 

2. Materials and methods 

2.1 Study area 

The study was carried out in Homa Bay County which is located in the Western part of Kenya in the former Nyanza province with an 

area of 3,154.7 km Square.  It is bounded by latitude 0° 15’ South and 0°52’ South and longitudes 34° East and 35°" East. It has an 

altitude of 1146 m above the mean sea level.  

2.2 Research design  

Descriptive research design was used to examine the probability of dry spells occurrence on the rainfed agriculture. Additionally, the 

study utilized both qualitative and quantitative approaches. Daily Rainfall Data was acquired from the Kenya Meteorological 

Department (KMD) for the period of study (1953 – 2017).  

3.0 Analysis of dry spells using rainfall data 

Historical daily rainfall data for Homa Bay County were obtained from the Kenya Meteorological Department (KMD) Headquarters 

in Nairobi and the Mbita Meteorological station. Availability of data informed the choice station and the homogeneity with other 

sampled areas within the study. Kenya Meteorological Department regard a rainy day as a day with at least 1mm amount received 

within 24 hours while a dry day is a day with no or rainfall below the threshold of 1mm. Mugalavai et al., 2008 observes that to 

generate information of dry spells in Lake Basin, suitable criteria for daily rainfall threshold (DRT) values that linked dry spells to 

growing seasons are used. 1mm DRT adopted from Kenya Meteorological Department stating that a rainfall of 1mm is considered a 

wet day and 5mm DRT estimates to the mean reference of evapotranspiration over an agricultural season in the Lake basin where 

Homa Bay County lies. Since the rainfall onset in the region depends on the Inter Tropical Convergence Zone (ITCZ), that transverses 

the region in March, 1st January of each year was considered the first day of every year while 31st December was considered the last 

day of the years of 365 days (Mugalavai et al., 2008). 

 

3.1 Analysis criteria of dry spells occurrence in Homa Bay County 

A dry spell is defined as the elapsed time since the last rainy day (Mugalavai, 2013). Method of computing dry spells employed a 

four-step procedure adopted by Aviad et al., (2009) as indicated below: 

i) Each day that rainfall equaled or exceeded a specified DRT was a signed a value of “0” 

 

ii) The first day with no rain or less than the specified DRT recorded, after a rainy day was assigned “1” thereafter, the days 

were accumulated, until the next rainy day which was assigned value “0” again. 

iii) Dry spell duration was accumulated from one year to the next one, thus the 1st of every January was assigned a value 

according to that of the last rainy day. 

iv) The dry spell values were arranged in ascending order and the daily probability calculated as in Equation 1; 

  p = 1n

m

………………………Equation 1 

 

Where p is the probability, m is the ranked value and n is the number of years under consideration. 

 

4. Results and Discussions 

4.1 Temporal Dry spells occurrence during different seasons in Homa Bay County 

The dry spell results were obtained using a 5 mm Daily Rainfall Threshold (DRT) compared to the Kenya Meteorological Department 

(KMD) 1mm DRT value for a wet day. Mugalavai (2013) observes that the 1 mm DRT gives a lower probability of dry spell 

occurrence that cannot be relied upon for agricultural planning since most of the rainfall received is lost through evaporation hence it 
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is not beneficial to plants and crops in specific. To get the possible dry spells length and probability of occurrences at different daily 

rainfall threshold value, the analysis was categorized into 7-, 15- and 30-days duration of occurrences.  

 

The results in Figure 1 indicate that the probability of dry spells occurring in the first season of the year December, January and 

February (DJF) based on the 1mm DRT lies between (0 – 65%), for 7 days (0 – 40%) for 15 days and (0 – 5%) for 30 days; in the 

MAM season, the probabilities of dry spells occurrence at 1 mm DRT are (0 – 35%) for 7 days, (0 – 15%) for 15 days and 2% for 30 

days. In the June July August (JJA) season, the probability of dry spell occurrence at 1 mm DRT lies between (0 – 45%) for 7 days, (0 

– 25%) for 15 days, (0 – 3%) for 30 days. In the September, October and November (SON) season, the probability of dry spell 

occurrences is (0 – 20%) for 7 days, (0 – 12%) for 15 days and 0% for 30 days.  

 

 
 

Figure 1: Dry spell analysis for Homa Bay County for 1mm DRT 

Source: Data from the Kenya Meteorological Department (2018) 

 

The results in Figure 2 show that the trend of dry spells occurrence based on 5mm DRT that is regarded to be adequate for agricultural 

purposes. The probability of dry spells occurrence in the first season of every year DJF are; (0 – 78%) for 7 days, (0 - 68%) for 15 day 

and (0 – 10%) for 30 days. In the second season of MAM, the probability dry spells occurring are; (0 – 35%) for 7 days, (0 – 20%) for 

15 days and 3% for 30 days. In the third season of JJA, the probability of dry spells occurring are; (0 – 58%) for 7 days, (0 – 38%) for 

15 days and (0 – 9%) for 30 days. In the SON season, the probability of dry spell occurrence is; (0 – 46%) for 7 days, (0 – 29%) for 15 

days and (0 – 2%) for 30 days.  
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Figure 2: Dry spell analysis for Homa Bay County for 5mm DRT 

Source: Data from the Kenya Meteorological Department (2018) 

The analysis established that the probability of occurrence of dry spells increases and decreases based on the category of the days and 

the category of the Daily Rainfall Threshold (DRT). In both the DRTs, (1 mm and 5 mm) the probability of dry spell occurrence in 

percentage decrease with increase in duration of dry spells within a growing season. Based on the Kenya Meteorological Department 

(KMD) use of 1 mm criteria for establishing wet and dry spells, there is an increase in probability of dry spell occurrence as compared 

to the agriculturally suitable threshold of 5 mm DRT.  

 

In the main growing seasons, (MAM) and (SON) the analysis indicates a reduction in dry spell occurrence in the years under 

consideration (1950 – 2017) as compared to the rest of the seasons. It is therefore evident that probability of dry spells occurrence in 

Homa Bay County was high in DJF and JJA seasons as compared to the MAM and SON where SON season had the lowest 

probability of dry spell occurrence for both 1 mm and 5 mm DRTs. This study resonates with Shisanya et al. (2013) that found out 

that SON growing season was more reliable compared to MAM season in the rainfed dependent agriculture ASALs of Kenya. From 

the Focus group discussions, it was established that there is a general increase in the dry spell occurrence that causes impact to crops 

mostly during the critical stages of germination, flowering and grain filling. It therefore means that if appropriate mitigation measures 

to supplement the rainfed agriculture are integrated in contingency plans, the effect of dry spell occurrence will substantially be 

reduced during the rainy seasons resulting to significant increases in farmer’s crop yields. A good understanding of the characteristics 

of dry spells will lead to proper planning of the growing season depending on the length of the growing season for different crops. 

 

The results therefore show that the probability of dry spells occurring in the growing season (MAM) and (SON) is high ranging from 

(0 – 45%) for 1mm DRT and (0 – 68%) for 5mm DRT. It observed that the probability of dry spell occurrence over the year increases 

with the increase in the Daily Rainfall Threshold tested for the dry spells occurrence and severity in Homa Bay County. Better 

mitigation strategies are needed to reduce water stress for both plants and animals to ensure sustainable agriculture. The results on the 

length of dry spell have a close bearing with a study by Sivakumar (1993), which states that a dry spell is defined as a continuous 

period of dry days during the rainfall season lasting for 10 days or more. 

 

According to GoK (2013), historical climate data analysis of Homa Bay County shows that both dry spells and extreme precipitation 

are hazardous in the County. Dry spells are on average longer during the second wet season (SON) and consistently resulting to 60 

consecutive days of moisture stress, whereas moisture stress is consistently less than 30 days during the first wet season (MAM). 

Extreme precipitation and flood risks are moderate to low in both seasons, with most years receiving between 10 and 25 mm of 

precipitation on the wettest days (GoK, 2016). This indicates the number of wet and dry days and its potential impact on food security 

in the area.  

 

A dry spell is defined as a continuous period of dry days during the rainfall season lasting for 10 days or more (Sivakumar et al., 

1993). Prolonged dry spells can have a noticeable negative effect on crop growth rate and development Barron et al. (2003) causing 

noticeable limitations of crop growth and the effects differ at different plant stages. For example, exposure to severe water stress 

during the vegetative phase would reduce total leaf area and during the flowering stage it results in yield reduction. Generally, 

increased duration of dry spells has a tendency to accelerate the loss of water in the soil thereby affecting crop growth from 

germination to vegetative growth and later grain filling (Nyandiko et al., 2013). 

Dry spells of more than 30 days during mid-season without any means to mitigate the situation cause the crop to reach its permanent 

wilting point and results in crop failure, which causes food insecurity (Rockstrom, 2000).  Dry spell occurrences vary from season to 

season, year to year and decade to decade in lengths and numbers within the plant growing season (Chibulu, 2007). Therefore, daily 

rainfall and information about dry spell length is imperative to influence the decisions made by farmers across a variety of agricultural 

enterprises.  

 

Agriculture is highly vulnerable to dry spells especially during the growing season to growing season and this is exacerbated by 

climate variability (Mugalavai, 2013). Rainfall variability can be devastating to rain-fed agriculture and livestock keeping due to 

uncertainty of the next growing season. As a result, famers are unable to make proper decisions and prepare accordingly for the next 

season. The availability of agro meteorological information three months before the season may minimize the severe impact of climate 

(Jones et al., 2003).  Dry spell probability information can therefore benefit farmers to plan for their in-season and off-season 

agricultural activities. It is therefore critical to understand rainfall patterns, trends, distribution and dry spell occurrences which could 

provide key factors to better planning and management of a dry land crop production system (Nyandiko et al., 2013). This information 

is of great importance in adapting suitable mitigation techniques for rain-water conservation and using the probability of experiencing 

dry spells of various lengths at critical growing stages to change some other management practices. 

 

From the FGDs, the participants confirmed that dry spells occurrence and rainfall variability is frequent during the growing seasons. 

This has created a situation of uncertainty during the growing seasons for small scale farmers who depend on rainfed agriculture. It 

was recorded from the discussions that the farmers have stuck to the traditional rainy seasons with (MAM representing the long season 
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while SON represents the short rainy season) for agricultural purposes. The dry spells occurrence during these seasons and the 

variations in the rainfall amount received has become a major challenge which has reduced the level of tillage of the farms hence 

increasing food insecurity in the area. On the other hand, it was observed that the dry spells have shown a clear trend of occurrence 

every year for a very long time in history but the onset and cessations of rainfall have remained unknown due to the rainfall variability 

in time and space.  

 

5. Conclusion and recommendation 

The analysis established that the probability of occurrence of dry spells depends on the duration and the threshold (DRT). The 

probability of dry spells occurrence in percentage decrease with increase in duration of dry spells within a growing season. There is an 

increase in probability of dry spells occurrence based on agriculturally suitable threshold of 5 mm DRT. 

 

There is need for appropriate and viable mitigation measures to supplement the rainfed agriculture through contingency plans, which 

will substantially reduce the effect of dry spells during the growing seasons to enhance significant increases and sustainability in small 

scale farming.  
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