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Abstract

Trends in the proportional contribution to the seasonal rainfall of each month were analyzed for
the meteorological stations of Buffalo Range, Masvingo Airport and Zaka in South-Eastern Zim-
babwe. Results found indicate the existence of some trends for all the stations and months. How-
ever, when subjected to a Mann-Kendel trend analysis, all the trends were found to be statistically
not significant for all instances except for the month of October at the Zaka station. This month
showed a significant trend of increasing proportional rainfall.
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1. Introduction

Africa is considered highly vulnerable to climate change [1], largely because many socio-economic activities in
Africa, particularly agriculture, depend on climate and especially rainfall. Climate Change in Zimbabwe and in
Masvingo Province in particular manifests itself through a variety of ways such as increases in temperatures, ex-
treme rainfall events, and increases in the proportion of low rainfall years, decreases in low intensity rainfall
events and increases in droughts. Also climate change as perceived by farmers in the Province is causing a shift
in the rainfall season of the country. The farmers allege that the onset of the rainfall season is coming later
(around December instead of October) and ending earlier (in February instead of March), and this is accompa-
nied by increased frequency and length of mid-season dry spells [2] [3].

A major problem for any adaptation initiative, particularly at the local level, is insufficient information about
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what to adapt to. This often results from a lack of awareness of how the climate has changed in the past (and
how social systems have responded), and how it is expected to change in the future.

This is further complicated by the need to interpret changes from meteorological analyses in terms of an im-
pact on a particular sector. For the agricultural sector, which is the main source of livelihood for the majority of
the population in Masvingo Province, it is crucial to understand how rainfall characteristics are changing, par-
ticularly those affecting planting dates and the crop growth cycle, e.g., the start of the rains or frequency and in-
tensity of dry spells and daily rainfall, that can destroy crops if they occur at critical stages of plant growth
[4]-[6].

Climatic variations and change have an impact on the productivity of many socio-economic activities [7].
Within the agriculture sector, proper scheduling of planting dates with the start of the rainfall season is arguably
the most important factor that has major impacts on yields.

Climate change is often recognized as a progressive trend. The trend analysis of rainfall series is of practical
importance for the detection of the gradual trends over time in face of climate change and variability. World-
wide interest in global warming and climate change has led to numerous trend detection studies to determine if
the values of a random variable generally increase or decrease over some period of time in statistical terms
[8]-[11].

Previous studies of climate change and trends in Zimbabwe have mainly focused on predicting future climates,
determination of whether rainfall totals have changed over time, perceptions of farmers to climate change, rela-
tionships between climate change and farm productivity and analysis of dry spell activity [12]-[15]. Almost
nothing has been done to test the validity of a common perception that the percentage contribution of each
month of the rainfall season to the total seasonal rainfall has shifted.

The research therefore aims at determining whether the proportional contribution of each month in the rainy
season to the annual rainfall shows any significant trend. The research hypothesis is that there is no significant
trend in the contribution of each month’s rainfall to the seasonal total. The research outputs will help farmers
and water resources’ planners to determine whether current problems of low agricultural yields and water avail-
ability are due to effects of natural climate change and variability or management practices.

2. Materials and Methods
2.1. Study Area

The area of study comprises the whole of Masvingo province. Masvingo Province is found in the south-eastern
part of Zimbabwe comprising of seven districts, namely Bikita, Chiredzi, Chivi, Gutu, Masvingo, Mwenezi and
Zaka. The province is 56,566 km?2 in area with a total population of 1,318,705 of which 616,243 are male and
702,462 are females. Figure 1 shows the study area [16].
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Figure 1. Study Area (south-eastern Zimbabwe).
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The study area is located in the south-east low veld of the country where rainfall is minimal and uncertain.
The southern parts of the province are drought prone and occur in agro-ecological region 5 of Zimbabwe. The
province receives an average of 620 mm of rainfall per annum and has an average potential evapo-transpiration
of between 600 - 1000 mm which by far exceeds the available water supply [2].

2.2. Materials

¢ Rainfall Records for Masvingo Airport, Buffalo Range and Zaka weather stations run by the Zimbabwe Me-
teorological Services Department.

e Statistical Package for Social Scientist (SPSS).

e XLSTAT 2013 Excel plug-in.

2.3. Methods

For all the stations the raw mean monthly rainfall data for the rainfall seasons were acquired. Zimbabwe’s offi-
cial rainfall season stretches for six months from October-March. The rainfall data obtained was for all the sea-
sons since records began for each individual station. This was then followed by creating a time series of percen-
tage contributions of rainfall for each month towards the annual total rainfall for each season.

The results showed a time series of percentage contributions of each rainfall month to the total seasonal rain-
fall since records began. These percentage contributions for each month over time were then subjected to nor-
mality tests using the Kolmogorov-Smirnov test in SPSS exploratory data analysis (EDA) in order to evaluate
how well the data satisfies assumptions of parametric or non-parametric statistical analysis methods. Unless the
assumption of normal distribution for parametric statistics is met, it is generally advisable to use nonparametric
tests [17] [18]. Since the data was not normally distributed, non-parametric statistical methods were used in this
study.

To examine whether the contribution of each month’s rainfall to the annual rainfall shows any significant
trend, the Mann-Kendall (M-K) trend test was used. It was conducted for the rainy season months of October-
March. If one were interested in detecting a trend in a particular month, the Mann-Kendall trend test for that
particular month or group of months could be used [19] [20]. The Mann-Kendall trend test was used because it
is simple, robust, can cope with missing values, and the data need not conform to any particular distribution
[20]-[23]. Through the M-K test, the null hypothesis Hy, that there is no significant trend, was tested, i.e. the ob-
servations are randomly ordered in time, against the alternative hypothesis, H;, where there is an increasing or
decreasing monotonic trend.

Using the XLSTAT 2013 plug-in of Microsoft excel, the monthly percentage contributions of rainfall over
years were subjected to the M-K trend test shown in Equation (1).

n-1
S=Y > sign(x;-%)
k=1 j=k+1
lifx;-x >0 (1)
sign(xj —xk)= 0ifx; —x =0
-1ifx; —x <0
where: X, %, X
tistic.
The results were then presented in the form of graphs and tables.

represent n data points, x; represents the data point at time j and S is the Mann-Kendall sta-

n

3. Results

Normality tests done on all sets of the three rainfall station data using the Kolmogorov-Smirnov test revealed
that the data on percent contribution of each month to the total rainfall were randomly distributed (p = 0.000, a =
0.00 and p = 0.000, o = 0.05).

Figure 2 shows the trend of percentage rainfall distribution of monthly rainfall for the first three months of
the rainfall season for Zaka Station. All the months show an increase in total rainfall contribution with time as
shown by the positive trend lines on each month. The steepest increase is for the month of December.
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Figure 3 shows the percent contributions of the second half of the rainfall season. In all the three months,
there is a notable decline in their percentage contribution to the total. The steepest decline is for the month of
March.

Figure 4 shows the percentage contribution of the first three months of the rainfall season at Masvingo Air-
port station. The trend shows so much fluctuations and variations with time but the month of December at the
station shows a declining trend with time while October and November show slightly positive trends.

Figure 5 shows the percentage contribution of the last three months of the rainfall season at Masvingo Airport
station. The months of January and February showed declining trends with time as evidenced by the negative
trend line equations while March showed a slightly increasing trend.

Figure 6 shows the percentage contribution of the first three months of the rainfall season over time at Buffa-
lo Range station. The onset of the season is beset by declining trends with October and November showing neg-
ative trend equations. December, however, shows an increasing trend from an average of less than 20% to an
average of close to 30%.

Figure 7 shows the percentage contribution of the last three months of the rainfall season at Buffalo Range
station. The month of February shows a declining trend while January and March show an increasing trend.

Figure 8 shows the long-term rainfall percent contribution of each rain season month at Masvingo station.

Figure 8 shows that for all the months, the percentage contributions are positively skewed towards the upper
quartile of the distribution as indicated longer whiskers at the upper quarter of the data. The distribution shows
that the percentage contribution of each month increases gradually until it peak in December and January and
the starts to decline in February and March. In terms of rare events for Masvingo Station Figure 8 shows that
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Figure 2. Zaka station monthly rainfall contribution trend for the first three
months of the rainfall season.
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Figure 3. Zaka station monthly rainfall contribution trend for the last 3

months of the rainfall season.
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Figure 4. Masvingo station monthly rainfall contribution trend for the first 3
months of the rainfall season.
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Figure 5. Masvingo station monthly rainfall contribution trend for the last 3
months of the rainfall season.
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Figure 6. Buffalo range monthly rainfall contribution trend for the first 3

months of the rainfall season.
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Figure 7. Buffalo range monthly rainfall contribution trend for the last 3
months of the rainfall season.
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Figure 8. Percentage contribution of each month to total rainfall for Masvingo station.

they occur in the form of extremely high rainfall total contribution rather than low ones. The months of October,
March and November have the highest number of outliers.

Figure 9 shows the long-term rainfall percent contribution of each rain season month at Buffalo Range station.
At this station, the months of January and February contribute the most rainfall at the station. But their means
are slightly below the median of the second and third quartile ranges indicating a declining mean over time. At
Buffalo Range, it is mainly the month of December that has extreme high rainfall events. At the months have
rainfall contributions which are positively skewed toward higher percentage contribution as shown by the longer

whiskers on the upper quartiles on Figure 9.
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Figure 9. Percentage contribution of each month to total rainfall for Buffalo Range.

Figure 10 shows the long-term rainfall percentage contributions of each rain season month at Zaka station.
The figure shows the months of October and March are the ones that on average receive uncharacteristic high
rainfall events than expected. The months of December and January contribute most of the total rainfall received
at the station.

A Mann-Kendall trend test was run for all the stations in order to determine if there was a month of the rain-
fall season whose contribution to total seasonal rainfall had significantly declined. Table 1 shows the results of
the Mann-Kendall trend test for Zaka. The results for Zaka station show that the increase in rainfall contribution
was statistically significant (p = 0.046, a = 0.05) only for the month of October.

The results imply that the onset of the rainfall season in Zaka had significantly shifted to increased rainfall
contributions and that the contribution from the rest of the rainfall months remains the same.

Table 2 shows the Mann-Kendall trend test results for Buffalo Range station. The Mann-Kendall trend test
was run Buffalo Range showed that there was no significant change in the contribution of each month to the to-
tal rainfall received at the station (no p-value less than 0.05, a = 0.05). Only the month of November shows a
p-value close to significant.

Table 3 shows the Mann-Kendall trend test results for Masvingo station. Table 3 shows that the contribution
of each rainfall month at Masvingo station to the seasonal total has not significantly changed.

4. Discussions and Conclusion

The results obtained show that for the stations considered in this study, only the month of October at Zaka sta-
tion registered significant shift in rainfall contribution to the annual seasonal total. For this particular instance,
an increase in contribution to the seasonal total has been recorded. This observation is in contrast to earlier work
which asserts that the onset of the rainfall season was coming late at the station [12].
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Figure 10. Percentage contribution of each month to total rainfall for Zaka station.

Table 1. Mann-Kendall trend test for Zaka station.

Month
October
November
December
January
February

March

p-value (Two-tailed test)
0.046
0.757
0.248
0.348
0.905

0.075

Table 2. Mann-Kendall trend test for Buffalo Range station.

Month p-value (Two-tailed test)
October 0.198
November 0.070
December 0.168
January 0.920
February 0.454
March 0.798
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Table 3. Mann-Kendall trend test for Masvingo station.

Month p-value (Two-tailed test)
October 0.198
November 0.882
December 0.626
January 0.616
February 0.493
March 0.606

While the other months at all stations showed no significant trends in their contributions to the seasonal total
rainfall, it does not necessarily imply that there is no trend, but rather the evidence presented in the available
historical rainfall data is not sufficient to conclude that there is an effect of climate change on the rainfall pattern
[24]. This can be attributed to the fluctuations in the trends for different months.

Similar results were obtained [25] that no significant trends in several rainfall indices derived from daily
rainfall and that total annual precipitation at stations in Zimbabwe were found. Also it was found that there were
no statistically significant trends in rainfall patterns for fourteen African countries [26]. Again no significant
trend in rainfall from forty stations all over Zimbabwe was identified leading to a conclusion that there was no
proof that the average rainfall in the country had changed for the period between 1892 to 2000 [27].

The results of the study are in contrast with earlier findings which showed that precipitation in Zimbabwe,
especially the Southern parts, has declined by up to 10% on average over the period 1900 to 1993, which is about 1%
per decade [13] [15] [28]. Also the study contrasts the assertion that the magnitude of the reduced precipitation
has increased and that the frequency of seasons recording below normal rainfall increased since 2002 [12].

These differences could be attributed to earlier findings which identified an 18 - 20 years cycle in time series
of annual rainfall for parts of Southern Africa including Zimbabwe [29]. In the same work, it was suggested that
wet seasons of 9 - 10 years periods tend to occur together and that also seasons of below average rainfall cluster
[29].

The research concludes that all the rainfall season months have some form of change in their total contribu-
tion to total seasonal rainfall but only the changes for the month of October at Zaka station showed statistically
significant change. The research recommends further studies to determine if statistical significance in terms of
monthly precipitation contribution to seasonal falls is the same as environmental significance. This is because
change seems to be occurring in the precipitation pattern but statistically not significant yet the challenges
caused by these changes are visible.
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