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The purpose of the study was to analyze patterns of the average rainfall characteristics during the growing season in Maun before and 

after a climatic shift that took place in the 1970’s and to assess how this variability affects risks of crop production at specified 

planting dates. Plots show that the majority of the water year experienced a decrease in the mean of both rainfall total and the count of 

rainy days. The graph developed can show probabilities of risk within a specified range and could help farmers make decisions about 

which types of crops to grow and when to plant as they adapt to the new conditions. 

INTRODUCTION 

As climate change manifests in the twenty-first century, 
Africa will experience many alterations in its climate. 
Although there is some debate about whether precipitation 
will increase or decrease, and where, it is widely believed 
rainfall is becoming more variable and will decline 
(Muller). The impact of change in rainfall regime will be 
severe in semi-arid to arid regions that already exhibit 
water scarcity. Sub Saharan Africa is expected to be one of 
the most impacted regions by the affects of climate change, 
particularly the rain fed agriculture farming systems that 
dominate the continent, and is responsible for about 90 
percent of Africa’s staple food (Cooper, Dimes, Rao, 
Shapiro). Agriculture supports more than 60 percent of the 
over all African population, and 80 percent of people living 
in poverty (AQUASTAT). The advancement of agriculture, 
and ability to cope with changes in climate will be a 
defining element for Africa’s development. As population 
rises, intensifying water scarcity, the importance of rain fed 
farming is increasing making it vital to understand rainfall 
variability and its affect. In the future it is anticipated that 
there will be a greater frequency of both extreme drought 
and excess rains, both of which can be deleterious to crops 
and soil. In the absence of reliable estimates of future 
climate, one may often turn to historic shifts in climate 
regime that were recorded in the historic record to provide 
possible analogs to future scenarios. In this paper, the shift 
in global climate noted to have occurred in the late 1970s is 
examined in the historic values of two rainfall variables 
important to rain fed agriculture, the total rainfall and the 
number of rainy days during the growing season, at Maun 
Botswana, as it may have impacted the rainfall regime 
1950-75 and 1976-92. The research is also part of a larger 
NASA-funded research project in the Department of 
Geography, investigating the potential roles of climate 
change and human activity upon vegetation throughout a 
Botswana, Namibia, Angola and Zambia. 

 

STUDY AREA & PURPOSE 

Botswana is centrally located in southern Africa 
encompassing both semi-arid and arid conditions. 
Botswana’s climate is known to vary locally. The northeast 
receives more than 400mm of precipitation annually and 
rainfall declines towards the southwest culminating in the 
Kalahari Desert climate conditions. The desert currently 
covers over two thirds of Botswana, making those parts 
unsuitable for agriculture (Ölund and Dahlberg). Maun lies 
in the northwest on the margins of the Kalahari as shown in 
Figure 1; unlike other regions of the country this area 
receives stream flow seasonally from the Okavango River 
on whose delta the city is located. Even with this additional 
potential source of water from the Okavango, less than 1% 
of Botswana’s agricultural land is irrigated (FAO). 

 
 
 
The purpose of the study is to analyze patterns of the 

average rainfall characteristics during the growing season 
in Maun before and after a climatic shift that took place in 
the 1970’s and to assess how this variability affects risks of 
crop production at specified planting dates. Data was 
collected from years 1950 to 1991, and split into two 
periods, as seen in Figure 2, to signify the climatic shift in  

 

Figure 1. Kalahari Desert 
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the 1970’s. The analysis is specifically designed to assess 
these changes in a manner pertinent to determining risks to 
crop production. Historic daily precipitation data are 
available from 1923; however those data from 1950 to 
1975 (period 1) appear to best reflect characteristics before 
the climate shift and those of 1976-1991 following the shift 
(period 2). The daily data were originally coded on the 
basis of a calendar year, however, given the strong 
seasonality of rainfall with a peak in the southern summer. 
These were subsequently recoded according to a water year 

which spans July 1 to the following June 30.  The water 
year now encompasses the entire rainy season and the year 
is divided at a time when rainfall is almost completely 
absent in the historic record.  

Figure 3 shows mean monthly precipitation at Maun 
before and after 1975. Heavy horizontal lines represent 
means, thinner ones medians. The tops and bottoms of the 
boxes indicate 25th and 75th percentiles, the whiskers 10th 
and 90th, and the dots 5th and 95th. 
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Figure 2. Organization of Data 

Figure 3. Mean Monthly Pprecipitation Before and After 1975 
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Because each variable represents the sum of at least 30 
days of daily rainfall totals or occasions when rain 
occurred or did not occur, it was initially assumed that their 
totals (total rainfall or total number of days with rain in the 
prescribed period) will approximate a normal distribution, 
as a result of the Central Limit Theorem (Burt, Barber, 
Rigby). 

 
The normal probability density function, f(x): 

𝑓(𝑥) =  
1

𝜎√2𝜋
 𝑒−0.5{(𝑥−𝜇)

𝜎 }2 

 
Where μ is the mean and σ the standard deviation of the 
variable. 

The normal probability mass function, F(x<X): 

𝐹(𝑥 < 𝑋) =  �
1

𝜎√2𝜋
 

∞

−∞

𝑒−0.5{(𝑡−𝜇)
𝜎 }2  𝑑𝑑 

 
If the data do follow a normal distribution, probabilities 

of any value of the two variables, or conversely the values 
of the random variables corresponding to some risk of 
interest, completely described by the two parameters of 
mean and standard deviation. An F-test can be performed 
on the variances estimated in periods 1 and 2 to establish 
whether they are significantly different from one another 
(null hypothesis of no significant difference). 

 
The calculated F-statistic, Fcalc 

𝐹𝑐𝑐𝑐𝑐 =  
𝑠2𝑐
𝑠2𝑠

 

Where S2
l is the larger of the two sample variances and S2

s 
is the smaller of the two. 

Based on this determination it was possible to run the 
correct form of a t-test on means (null hypothesis, no 
significant difference in means). 

Comparison of sample means, m1 and m2, when the 
population variances are unknown and equal 

tcalc = (m1 – m2) / {(n1 + n2). [(n1-1) S2
1 + [(n2-1) 

S2
2]/[n1. n2(n1 + n2-2)]} 0.5 

 

Where n1 and n2 are the sample sizes of samples 1 and 2, 
and S2

1 and S2
2 are their respective variances. 

Comparison of sample means, m1 and m2, when the 
population variances are unknown and unequal 

tcalc = (m1 – m2) / { S2
1 / n1 + S2

2/ n2} 0.5 
 
Four possible outcomes associated with these tests of 

significant difference in mean and standard deviation, as 
seen in Figure 4: 1) No change in mean or standard 
deviation 2) A change in mean and no change in standard 
deviation 3) No change in mean and a change in standard 
deviation, and 4) A change in mean and standard deviation.  

The null hypothesis tested was no significant change in 
either variable. If there had been no change in rainfall total 
or count of rainy days between the two periods there would 
be no significant difference in the values. Throughout the 
process, tests were run at the 0.05 significance level. 

RESULTS AND DISCUSSION 

Figure 4 measures of the differences in the mean (upper) 
and standard deviation (lower) of the total number of days 
with rain between period 1 and period two (period 1-
period2). Significantly, different values are indicated by 
white dots. Period 1 (1950-75) experiences a higher mean 
number of days with rain, except for the very earliest of 
starting dates and shortest of growing periods. The greatest 
changes are found in the upper part of the graph, having 
lost 6 to 8 days with rain on average following the climatic 
shift at the end of the 1970s. A group of statistically 
significant declines in the mean number of rainy days from 
between 2 to 8 days, are found at various durations with 
starting dates ranging from day 110 (Oct 18) to day 160 
(Dec 7) at all durations. A small cluster appears at starting 
date 180 (Dec 27) to 190 (Jan 6), and a larger group at 
starting dates 210 (Jan 27) and 250 (Mar 8) at durations of 
60 to 90 days. These all indicate that the average number of 
rainy days per growing season has decreased significantly 
particularly at the beginning and end of the rainy 
season.The overall pattern of changes in standard 
deviations is somewhat different, and the number of 
significant results is greatly reduced. The reduction of the 
mean number of rainy days witnessed early and late in the 
season is also apparent in the values of the standard 
deviation which are lower in period 2 (positive on the 
lower plot), however there is a small area on the figure, 
centered on starting date 180 (Dec 27) and extending that 
shows negative values.  

The same process was carried out on the variable of 
rainfall total. Figure 5 illustrates the difference in total 
mean rainfall and the standard deviation of total rainfall 
between periods 1 and 2. Once again the overall pattern is 
one of a reduction in the average total rainfall. The 
statistically significant changes are particularly marked for 
the combinations of starting dates and durations that 
encompass rainfall totals of the period day 180-195 (Dec. 
27 – Jan.12). Standard deviations of these totals have also 
decreased and most noticeably so in this period. 

Figure 6 shows the difference in the probabilities of 
receiving specified values for the count variable. Excel was 
used to find the probability of obtaining the specified 
values and the estimated parameters for both periods, and 
the difference was then graphed. This type of graph would 
allow farmers, managers and planners to see the trends 
between the two periods of a particular number of rainy 
days their crops require, and which they could specify for 
their own needs. It could assist in the decision making  
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Figure 4. Possible Outcomes of Differences Between Periods 1 and 2 

Figure 5. Difference in Mean and Standard Deviation 
Between Period 1 And 2 Of Days With Rain 

Figure 6. Difference Between the Total Precipitation 
Mean And Standard Deviation in Period 1 and 2 
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process of which crop to plant by allowing farmers to see 
how rainfall patterns have changed using precise planting 
dates and prescribed length of durations of the growing 
season. Positive values on the graphs signify that period 2 
had a lower probability of receiving the specified value of 
rainy days, and negative numbers imply an increase in 
probability. 

Figure 6a indicates the risk of experiencing less than 9 
days of rain has increased. This is particularly noticeable 
(up to 0.4 increase in probability) in combinations of 
starting dates and durations that are influenced by rains in 
the period day 110-150 (Oct. 19-Nov 27) the very 
beginning of the rainy season. A similar, although not so 
large change is noted at day 245- 260 (Mar. 3 – 18), the 
end of the rainy season. Only the earliest of starting dates 
for short durations, and dates 200-225 (Jan 16 – Feb 12), at 
longer durations show a slight reduction in risk of such an 
outcome. 

Changes in the probabilities of experiencing between 15 

and 20 days of rain, illustrated in figure 6b, are more 
complex. Zones that might previously have experienced 
this range in the number of rainy days experienced in the 
second period fewer rainy days, thus the probability of 
such occurrences declined (positive scores). Meanwhile, 
combinations of starting dates and durations (generally 
greater than 50 days) that had usually yielded larger 
numbers of daily rainfall occurrences before 1975, show a 
greater probability in period two (negative changes), 
because they have “slipped downwards” into this class. 

Figure 6c shows that the probabilities of experiencing 
more than 25 rainy days have decreased throughout the 
graph. Changes are smallest in combinations of starting 
dates (early and late rainy season) and durations (less than 
50 days), which had low probabilities of such events, even 
before 1975. The most marked declines in probabilities 
(>0.4) are found at longer durations (>60) associated with 
the starting dates that encompass the beginning or end of 
the rainy season.  

 
 
 

 

Figure 6a. Change In the Probability of Having Fewer Than 9 
Rainy Days 

Figure 6b. Change in the probability of Having between 15 and 
20 Rainy Days 

Figure 6c. Change in te Probability Of Having More Than 25 Rainy 
Days 
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Figures 7a, 7b, and 7c illustrate outcomes of similar 

steps taken, but for rainfall totals.To find points that were 
not normally distributed calculations were done using two 
times the standard deviation, and subtracting that value 
from the average. If the difference was greater than zero it 
could be confirmed that those points were normally 
distributed, vales less than zero implied points were not 
normally distributed. To resolve this problem, and improve 

the results Non-Parametric tests could be performed on the 
data to account for the observations that do not qualify as 
normally distributed (Burt, Barber, Rigby).  

The graphs show that conditions are in fact becoming 
drier in Maun Botswana, particularly in the month of 
December where both rainfall total and count experienced 
major declines. Although a majority of the water year has 
undergone changes in rainfall characteristics. 

 

 
 
 

 
 
 

CONCLUSION  

Climate change will have damaging affects worldwide. 
Sub Saharan Africa has been identified as one of the 
regions that will be impacted most severely, because of its 
current marginal semi-arid to arid environment, its 
proximity to the anticipated expansion of the sub-tropical 
highs and the dependence upon rain fed agriculture. Arid 
environments already undergo stress from water scarcity 
and food shortages, putting them at high risk of 
experiencing harmful effects from increased variability in 

rainfall. Studies have already shown that southern Africa is 
experiencing a decline in mean annual precipitation, as 
well as an increase in variability, leading to drier 
conditions. As rainfall characteristics become less 
consistent, the rain fed agriculture sector will need more 
investment and advancement. Making it important to assess 
the variation in rainfall regime due to climate change, and 
how this will impact crop production.  

This study involved the production of plots to portray 
changes in rainfall before and after the climatic shift 
experienced in the mid 1970’s at Mann, Botswana. Rainfall 

Figure 7a. Change In The Probability Of Receiving Less Than 
200 Mm Of Rainfall 

Figure 7b. Change In The Probability Of Receiving Between 300 
And 400 Mm Of Rainfall 

Figure 7c. Change In The Probability Of Receiving More Than 500 Mm 
Of Rainfall 
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totals and the count of the days experiencing rain were 
used for this analysis. The data ranged from likely to be 
encountered, both frequently and infrequently, in a 
growing season of prescribed length following planting on 
a particular day. We tested the null hypothesis that there is 
no significant difference in the values of these parameters 
between the two periods. Daily rainfall within each water 
year were aggregated from starting dates with five-day 
intervals of a durations of 30 to 90 days, also at five-day 
intervals, yielding 533 possible combinations of starting 
dates and durations annually for each variable, and 
necessitating over 2000 statistical tests. The means and 
standard deviation were calculated for each unique 
coordinate, allowing for a t-test and F-test to be carried out 
on the data on the parameters estimated from data collected 
before and after the reported climatic shift. Producing 
graphs for both variables showing the difference in the 
means and variances between the two periods allowed for a 
rapid visualization of the most impacted times of the water 
year, and the magnitude of those changes. Overall, the 
majority of the water year has experienced a decrease in 
the mean of both rainfall total and the count of rainy days. 
Although the graphic portrayals of these changes are useful 
and instructive in describing the nature of the changes in 
daily rainfall regime associated with the climatic shift of 
the late 1970s, the results have far more powerful 
implications and uses for, planners, decision makers, 
agriculturalists and managers. A combination of the 
assumption of normally distributed variables and estimates 
of their respective means and variances during each period, 
permits taking these analyses one stage further. It was 
possible to use any specified value of interest for a variable 
and find the probability or risk of obtaining this quantity in 
each time period. These probabilities can be expressed in 
terms of the risks of experiencing outcomes that do or do 
not exceed some critical level, or fall within some specified 
range of interest, the changes in which can be investigated 
between periods. The method is sufficiently flexible that 
many objectives can be handled by the same approach. For 
instance, different crops may have different minimum and 

maximum requirements of both total and number of days 
for growth. So long as these requirements are known the 
approach can provide estimates of current probabilities and 
the changes that occurred at the time of the shift. These 
differences in probability or risk can be plotted in a similar 
fashion to show which periods and combinations of starting 
dates and growing seasons, had higher chances of receiving 
the particular value. Likewise, planners who may have 
acceptable levels of risk can translate that into equivalent 
rainfall totals or numbers of days with rain, and the values 
of these variables can be evaluated before and after the 
shift. This type of graph could help farmers make decisions 
about which types of crops to grow and when to plant, as 
they adapt to the new conditions. Some of the negative 
impacts climate change will induce are already known. In 
regions that already face environmental and developmental 
concerns, such as providing irrigation for crops, it is 
critical that the affects be studied and mitigated.    
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