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Abstract
A rigorous analysis of trends in rainfall season of an area over a lengthy period of time can be effectively used as a 

tool to guide small holder farmers in their activities. Climate change adaptation is important to ensure sustainability and 
survival in rainfed crop farming. In this study two districts (Chirumhanzu and Zvishavane) in the Midlands Province of 
Zimbabwe were selected and rainfall data for the areas was provided by Zimbabwe Meteorological Services Department. 
Rainfall characteristics that include onset times, cessation times, length of seasons, total amount of rainfall, number of 
rainy days, dry spell and risk of water logging were analysed to provide farmers with an indicative picture of possibilities 
in their respective areas in a bid to reduce risks of crop failure due to uncertainties brought about by climate change and 
variability. Time series analysis method together with risk analysis were the statistical methods employed to understand 
better the risk and measures that can be taken by farmers. For Chirumhanzu it was concluded there is a 41% risk 
of replanting if farmers plant with the first rains received. However, over the period this risk seems to be decreasing. 
Farmers are encouraged to stagger the planting to minimise risk. Risk analysis showed that for Zvishavane the mean 
number of rainy days for Zvishavane is 34 with a possibility of 45 days in good seasons and 23 days in poor seasons 
The tool guides meant for farmers require proper packaging and systematic channels to promote buy-in by the end 
users of the information. 

Keywords: Climate; Crop failure; Farmers; Rainfall; Risk

Introduction
The entire Zimbabwe generally experience unimodal rainfall 

pattern. The unimodal nature of rainfall corresponds with the 
southward migration of the Inter-Tropical Convergence Zone (ITCZ) 
that follows the position of the overhead sun. Small holder farmers 
have in many years been depended on favourable rainfall patterns for 
a good yield in Zimbabwe. Farming communities do not only respond 
to rainfall quantity, but also to variations in time, as a result, the 
relatively small changes in rainfall frequency may have strong effects on 
communities [1-3]. The farmers mostly practise rain-fed crop farming 
with a handful irrigating as this situation is driven by lack of resources 
and funds to have the irrigation infrastructure. 

Climate change is a reality. Studies have found that human activities 
have contributed to an increase in concentrations of atmospheric 
greenhouse gases contributing to intensification of heavy rainfall events 
[4,5]. In recent years, there have been erratic rainfall and noticeable 
shortening of the seasons worsened by high ambient temperatures 
resulting in perennial crop failure and droughts [6-8]. Climate change 
in Zimbabwe also shows a trend similar to the global trend, daytime 
temperatures over Zimbabwe have risen by up to 0.8°C from 1933 
to 1993, which translates to a 0.1°C rise per decade [9]. Precipitation 
has declined by up to 10% on average over the period 1900 to 1993, 
which is about 1% per decade. It can also be concluded that warming 
has been greatest over urban settlements, where both night- time and 
daytime temperatures show an increase, consistent with the heat island 
effect. On a national average, minimum ambient temperatures show a 
cooling trend, whereas maximum temperature shows a warming trend. 
It is difficult at this stage to attribute the observed climatic trends to 
any single factor [10,11]. Russell revealed that six warmest years on 
record in Zimbabwe have occurred since 1987 and that the increased 
frequency of droughts since 1990 (90/91, 91/92, 92/93, 93/94, 94/95, 
97/98, 01/02, 02/03, 04/05, 06/07) is causing a massive drop in crop 
yields in the country's agricultural sector [12]. Various studies indicated 
that adaptation to climate change has the potential to significantly 
reduce negative impacts on crop production [13-15]. There have been 

discussions involving various stakeholders at different levels on climate 
change from district level to the national level in the country to try and 
come up with adaptation strategies that help alleviate the impacts of 
climate change. Outcomes of deliberations and research undertaken by 
climate scientists have been forwarded to policy makers to encourage 
them to mainstream climate change and variability issues in day to 
day business and be given priority. As such it is imperative to equip 
policy makers with factual and scientific evidence of the rainfall and 
temperature patterns that are prevailing in the country for crafting of 
concrete and sustainable mitigation and adaptation related policies. 

One way of helping farmers is to come up with a tool guide of 
how effective they can respond to certain weather conditions to save 
their crops or even improve the yield. Understanding rainfall season 
characteristics that include onset time, cessation time, length and 
frequency of mid-season droughts or dry spells, rainy days, total 
amounts, and distribution patterns will to a large extend help reduce 
the risk of loss and improves levels of preparedness among farmers. 
Precipitation variations are closely linked to the atmospheric circulation 
though in this study we did not seek to explore the atmospheric 
circulations [16]. Zimbabwe is a country with basically two seasons, 
one that is dry and cold (winter) which comes in May to September 
and another that is wet and hot (summer) that comes between October 
and April. Agriculture is the mainstay of the Zimbabwean economy 
and many people produce for subsistence and a few have extra to sell. 
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Collected data 

The rainfall data was provided by the Zimbabwe Meteorological 
Services Department (ZMSD) [19]. The data for Zvishavane district 
spans from 1952 to 2010 and for Chirumhanzu district (Mvuma area) 
spans from 1914 to 1969. Rainfall characteristics that were analysed 
are: onset times, cessation times, length of seasons, total amount of 
rainfall, number of rainy days, dry spell and risk of water logging. Time 
series analysis was mainly used and probability analysis to estimate 
risk. The data was analysed using MS Excel spreadsheets. The data 
was normalised and subjected to a randomness test to make sure 
it was random. The motive is to target small holder farmers in these 
districts and beyond in order to prepare them in times of such climatic 
phenomenon. Graphs mainly were used to illustrate the rainfall events 
over long periods of time and agro-meteorological recommendations 
were made to come up with sustainable coping strategies. 

Test of randomness (Independence)

The data was subjected to randomness test. Randomness test was 
carried out by examining Auto Correlation Functions (ACFs). Sample 
ACF of the residual was computed. Residuals were independent 
(random) since they did not form any pattern and were statistically 
insignificant (i.e., they were within Z α/2 standard deviation).

Results 
Various rainfall characteristics are explored graphically and agro-

meteorological inferences and recommendations are provided. 

Chirumhanzu climate analysis 

Start of season Mvuma: The mean start of the growing season 
for Chirumhanzu district is around 23 November. This implies that 
normally if a farmer plants his crops around this time, there will be 
greater chances of the crops being established successfully and not get 
affected by a dry spell within the next 20 days. Planting around this 
time reduces the risks of replanting due to the dry spells. However, 
there is also a possibility that the growing season might start earliest 
around the 4th of November. The implication being that farmers in 

 The study seeks to look at the rainfall patterns for the two districts 
in the province namely Chirumhanzu (Mvuma area) and Zvishavane 
and seeks to investigate the historical rainfall patterns, understand 
them and provide farmers in the region with a guide of how best they 
can cope to an ever changing climate. 

Methodology 
Study area

It has an area of 49,166 km² and a population of 1,614,941 million 
[17]. Gweru is the capital of the province. It is home to various people. 
As a central point in Zimbabwe it has a blend of Shona, Ndebele, 
Tswana, Suthu, Chewa among various other languages spoken in 
Zimbabwe (Figure 1). It has the third largest City in Zimbabwe and 
that is Gweru, followed by Kwekwe, which is considerably the town 
with the richest industries in both mining and manufacturing with gold 
mines all-over [18]. 

Problem statement

Effective adaptation to climate change by farmers is underpinned 
on rigorous analysis of the historical climate of a region. In particular 
trends in rainfall, which is the main determining and problematic 
variable in crop farming. The risks associated with planting on 
certain periods, type of seed and planting in areas prone to high 
dry spell activity for the Midlands Province region in Zimbabwe. 
Mitigation of these risks will go a long way in improving the yield, 
and overally build resilience against climate change and variability 
in communities. 

Objectives 

To analyse the historical rainfall data characteristics for two 
districts in Zimbabwe. 

To provide small holder farmers with a picture of rainfall season 
characteristics trends in their districts.

To provide a guiding farming tool to the small holder farmers to 
cope when faced with certain rainfall phenomenon.

 
Figure 1: A map of Mid-lands province in Zimbabwe and all the districts it contains.
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growing period may also on earliest end around the 1st of April and 
may extend further than the 14th of April until the 27th of April. This 
implies that when farmers are planning their cropping programmes 
they should have in mind these probabilities which inform them on the 
likelihood of the season ending. From this analysis, it is clear that the 
greater possibility, in Chirumhanzu, of the season ending lies towards 
the end of April than the season ending towards the first week of April 
(Figure 3).

Season length Mvuma: The length of the growing season in 
Chirumhanzu district averages 146 days. This is important for farmers 
in selecting crop cultivars that are suitable to their district. Medium 

Chirumhanzu district should be prepared in terms of land preparation 
and input procurement around this time. The latest possible start for 
the growing season in Chirumhanzu district is the 12th of December. 
This implies that the optimum planting window for the district is 
between the 4th of November and the 12th of December with higher 
chances of success being around the 20th of November and the 26th of 
November (Figure 2).

End of season Mvuma: On average the growing season in 
Chirumhanzu district ends on the 14th of April. Farmers should be 
aware that for crop planning they should be sure that all crops should 
have reached physiological maturity stage by this time of the year. The 

Start of Season Mvuma

Any day after 1 October when a place recieves 20mm or more in 3 days or less provided there is no dry spell of 10 days or more in the next 30 days
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Figure 2: Showing the starts of seasons for Mvuma area.

End of Season Mvuma

When there is no moisture available to the plant after a place recieves 10mm or more before 30 April
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Figure 3: Showing end of season’s times.

Season Length Mvuma
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Figure 4:  Seasonal lengths variation with time for Mvuma area.
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to short maturity cultivars provide a greater option in this area as 
they have greater prospects of reaching maturity than planting crop 
cultivars which require a longer season. The length of the growing 
season also ranges from the shortest period of 123 days but may further 
extend to the longest of about 169 days. The prospect of having a crop 
reaching maturity gives smallholder farmers an incentive to plant as 
early as possible. It is also important to note that the season length is 
not directly related to the amount of rainfall received within a season 
but can have a relationship with the number of wet days or effective 
rainfall events. Distribution and reliability of rainfall during the 
growing season has a stronger influence on the characteristics of the 
growing season than total rainfall (Figure 4).

Seasonal rainfall total Mvuma: The mean seasonal total rainfall 
for Chirumhanzu is 690 mm with a possibility of reaching  high total of 
900 mm in  good season and a minimum of 480 mm in a poor season. 
However seasonal totals should be taken with caution since they do 
not reflect distribution and reliability within the season to sustain crop 
growth (Figure 5).

Number of rainy days Mvuma: The mean number of rainy days in 
Chirumhanzu district is 42 days. It ranges from a lowest of 30 days and 
a highest of 54 days. The number of rainy days has a direct relationship 
with the season length and quality for farming activities dependant on 
rainfall (Figure 6).

Longest dry spell Mvuma: The longer dry spells generally occur 
towards the end of the season mainly in March (see graph below on 
chances of dry spells in Chirumhanzu)The chances of a longer period 
dry spell increase as the season progresses towards the end, particularly 
between February and marchThis implies that choice of crops should 
be informed by the need to avoid coincidence of reproductive stages 
and occurrence of medium to long period dry spells during the 
course of the season  (Table 1). Chirumhanzu district has a high risk 
of waterlogging rains in December and February. This implies that 
when planning their planting and weed management practices farmers 
should take cognisance of this fact (Figure 7).

Analysis of Zvishavane climate 

Start of season Zvishavane: The mean start of the growing season 
for Zvishavane district is around the 9th of December. This implies that 
normally if a farmer plants his crops around this time, there will be 
greater chances of the crops being established successfully and not get 
affected by a dry spell within the next 20 days. Planting around this 
time reduces the risks of replanting due to the dry spells. However, 
there is also a possibility that the growing season might start earliest 
around the 16th of November. The implication being that farmers in 

Seasonal Total Rainfall (October to April)
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Figure 5:  Seasonal rainfall totals variation with time for Mvuma area.

Number of Rain Days Mvuma

A rain day recieves more than 2.95mm
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Figure 6: Showing number of rainy days in Mvuma.

Month Probability
November 7%
December 36%
January 14%

 February 25%
March 18%

Table 1: Showing the risk of water logging.
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Zvishavane district should be prepared in terms of land preparation 
and input procurement around this time. The latest possible start for 
the growing season in Zvishavane district is the 2nd of January, however 
it is important to note that this can be attributed to the criteria of start 
of season of 20 mm of rain in three days. There is also a chance that the 
growing season will start on the 13th of November, also a probability 
that four in every ten years the season beginning on the 1st of December. 
In six out every ten years there is also a chance of the growing season 
beginning on the 17th of November. There is also a chance that in 
four out of every five years, the season will begin around the 29th of 
December (Figure 8).

End of season Zvishavane: On average the growing season in 

Zvishavane district ends on the 7th of April. Farmers should be aware 
that for crop planning they should be sure that all crops should mature 
within the window period. The growing period may also on earliest end 
around the 21st of March and may extend further than the 7th of April 
until the 26th of April. This implies that when farmers are planning their 
cropping programmes they should have in mind these probabilities 
which inform them on the likelihood of the season ending. From this 
analysis, it is clear that the greater possibility in Zvishavane of the 
season ending lies towards the end of April than the season ending 
towards the end of March (Figure 9).

Season Length Zvishavane: The length of the growing season in 
Zvishavane district averages 121.5 days. This is important for farmers 

Longest Dry Spell Mvuma
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Figure 7: Time variation for longest dry-spells in Mvuma.

Start of the Season for Zvishavane

Any day after 1 October when an area recieves 20 mm or more of rain in 3 days or less provided there is no dry spell of 10 days or more in the next 30 days 
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Figure 8: Time variation for start of the season in Zvishavane.

End of Season for Zvishavane

When water balance is zero or when there is no moisture available to the plant after a place recieves 10 mm or more
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Figure 9: Variation of times for end of season for Zvishavane.
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in selecting crop cultivars that are suitable to their district. Medium 
to short maturity cultivars provide a greater option in this area as 
they have greater prospects of reaching maturity than planting crop 
cultivars which require a longer season. It is also important to note 
that the season length is not directly related to the amount of rainfall 
received within a season but can have a relationship with the number 
of wet days or effective rainfall events. Distribution and reliability of 
rainfall during the growing season has a stronger influence on the 
characteristics of the growing season than total rainfall. The length 
of the growing season also ranges from the shortest period of 91 days 
but may further extend to the longest of about 151 days. However it 
is important to note exceptional situations, for example in 1975/76 
season, Zvishavane experienced about 70 days during the entire 
growing period. Whilst in 1980/81 the season lengths extend to about 
180 days (Figure 10).

Seasonal totals Zvishavane: The mean seasonal total rainfall for 
Zvishavane is 547 mm with a possibility of reaching a high total of 745 
mm in a good season and a minimum of 349 mm in a poor season.

However seasonal totals should be taken with caution since they do 
not reflect distribution and reliability within the season to sustain crop 
growth (Figure 11).

Number of rainy days Zvishavane: The mean number of rainy 
days for Zvishavane is 34 with a possibility of 45 days in good seasons 
and 23 days in poor seasons. Generally, there is a linear relationship 
between mean seasonal total and number of rainy days in that season. 

This implies that more wet days translate into a longer growing season 
(Figure 12).

Longest dry spell Zvishavane: Title must be more explicative to 
the analysis and the all the figure must have done by some template 
(Figure 13).

Risk of 7 day, 14 day and 21 day dry spells: The graph shows 
the chance of having a dry spell within 30 days from the onset of the 
growing season.

The risk of experiencing a dry spell is minimal from 9 November 
to around 9 January implying that this would be the optimal planting 
window to reduce the risk of crop failure for Zvishavane. The risk of 
crop failure due to late planting increases after 9 January since there is 
increasing risk of experiencing 14 and 21 day dry spells

Farmers should take cognisance of the increasing risk of dry spells 
when planning the planting time (Figure 14).

Risk of replanting Zvishavane: The graph shows the chances of 
replanting where the green bar show no replanting was done and the 
blue one show that farmers planted with the first rains received but 
had to replant due to dry spell soon after planting. Generally, there is 
a 41% risk of replanting if farmers plant with the first rains received. 
However, over the period this risk seems to be decreasing. This implies 
that farmers should take cognisance of the fact that dry planting and 
planting with the first rains received should be related to the mean start 
of the season date otherwise there is a risk of crop failure and replanting 
(Figure 15).
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Figure 10: Time variation for season length for Zvishavane.

Seasonal total for Zvishavane
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Figure 11: Time variation of seasonal totals for Zvishavane.
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Number of rainy days for Zvishavane
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Figure 12: Time variation for the number of rainy days for Zvishavane.

Longest Dry Spell for Zvishavane
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Figure 13: Longest dry-spell for Zvishavane.
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Figure 14: Time variation for risk of dry-spell events.

Risk of replanting  Zvishavane
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Figure 15: Risk of replanting in Zvishavane.
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Conclusion 
The case study is for two districts in the Midlands province but the 

concepts generated here can be upscale to other parts of the country. An 
informed farmer is better prepared than the one without knowledge. A 
tool guide help to guide decision making, save money, time and in most 
cases, guarantee a better yield. A good uptake of the recommendations 
made at household level up to the national level will yield positive 
results. There are many publications produced meant to guide farmers, 
but if information is not channelled to them in a systematic manner, 
there is bound to be resistance. So, if policy makers, extension officers 
and all the stakeholders involved in crop production engage and 
adopt recommendations made by researchers and craft a model that 
promotes buy-in of these ideas, the tool guides will be useful. 
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