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ABSTRACT
The study analyses trends in dryspell variables during rainy season for two stations in Masvingo
province, a semi-arid region in Zimbabwe. The primary objectives of study firstly to investigate the
general trends in frequency and severerity of dry spells, secondly to establish whether the occurrence
of dry spells is random or it can be predicted and lastly to use the results to guide the decision making
process on how to mitigate the problems caused by dry spells for two districts namely Zaka and
Masvingo airport. Rainfall patterns have been erratic and failing to support crop production in the
past two decades in rainfed farming. Incidences of droughts and floods have been prominent resulting
in famines in many parts of Zimbabwe particularly Masvingo Province.  Farmers now suffer the
uncertainty of establishing the correct planting dates, as long dryspells or midseason droughts
characterize the seasons. The Zimbabwe Meteorological Services Department (ZMSD) is not fully
capacitated to predict seasonal distribution of rainfall but can forecast total amount to be received
during the season. Climatic data for five stations in the province was collected from the ZMSD. An
investigation on trends of SNDSP and SMDSL dryspell variables was undertaken using time series
plots. A dryspell was defined by ten or more consecutive days of no rainfall during the rainfall
season. Data randomness was investigated with Minitab auto-correlation functions. The analysis
established increasing dryspell frequencies and severities and data for one station was found to be
random. These results are critical in crafting of coping strategies like choosing planting dates, seed
varieties and ways of harnessing groundwater for irrigation purposes among others and to enhance
informed planning in crop production.
Key Words :  Seasonal length, Dryspells, Rainfed, Floods, Droughts, Zaka and Masvingo airport

INTRODUCTION
Climatological works in various parts of the world
are indicating trends and long term variability for
weather parameters like precipitation and
temperature. Different researchers have done
some work towards analysing trends for such
common variables in various regions of the world
in order to have a better understanding of the

climate. Temperature records across the world
show that there has been an increase in the mean
global temperature of about 0.6 °C since the
beginning of the 20th century.1,2 In China there
were daily precipitation and temperature data for
494 stations to study trend in climate extremes
and they found increasing trend in number of rainy
days and decreasing trend in the number of wet
days. In Switzerland, it was found that during the
20th century trends for heavy precipitation was
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increasing3.  While analysis of trends for
precipitation and temperature is important,
knowledge on distribution of dry spells is equally
vital especially for crop production. Light uniformly
spread rains can support crops better than few
heavy rains separated by dry spells which implies
that in rain-fed agricultural regions knowledge on
dry spells distribution within a rainy season is more
important than seasonal total rainfalls and this has
necessitated the study on dry spell trends.
A dry spell was first defined and used in British
rainfall in 1919 as, a period of at least 15
consecutive days during which none of the days
recorded greater than 0.1 mm of rainfall4.
However it was suggested that the minimum
number of consecutive dry days to make up a dry
spell has to be identified in a meaningful manner
depending on the considered practical problem 5.
Some research work has indicated that depending
on the soil depth and retention capacity, dry spells
of about a minimum  of 10 consecutive dry days
cause water stress in many crops thereby reducing
yield6,7. Shallow rooted crops in low water
retaining soils can experience water stress in less
than 7 days. Deep rooted crops in high water
retaining soils can go for about 15 days before
suffering significant water stress. In addition, it
was found that dry spells causes most significant
water stress in crops during their first 30 days of
their life cycles. The analysis of dry spells is
normally done based on two variables namely
Maximum Dry Spell Length (MDSL) and number
of Dry Spell Periods (NDSP). Already several
researchers have done some work towards
analysing trends in dry spells using these variables.
In 2004, a study in  China found a significant
positive trend in length of dry spells in various
regions8.  Serra et al9 found decreasing trend for
number of annual dry spells but increasing trend
for annual maximum dry spells in Catalonia, Spain.
In 2009, it was found that there was a change in
the magnitudes of dry spells from 1980s, especially
in eastern arid and semi-arid regions of Isfahan
province in Iran10.
In light of this growing interest in investigations
on hydrological trends and variability, this paper
analyses trends for dry spells during rainy seasons

for two stations (Masvingo and Zaka) in the region
of Masvingo in Zimbabwe.

AIMS   AND   OBJECTIVES
The primary objectives of the study to investigate
the general trends in frequency and severerity of
dry spells, secondly to establish whether the
occurrence of dry spells is random or it can be
predicted and to use the results to guide the
decision making process on how to mitigate the
problems caused by dry spells.
Farming in most parts of Masvingo depends on
rainfall. With other environmental factors assumed
to be fair and good, dry spells are considered to
be the major cause of poor crop production, hence
a study on dry spell analysis is important. The
success and failure in crop production during rainy
seasons is dependent on the frequency and length
of dry spells. Knowledge on dry spell distribution
within a rainy season plays a vital role in trying to
maximise benefits in rainfed agricultural regions.
In addition, deciding on suitable crop variety to be
considered in a particular area can be done reliably
with the knowledge on dry spell distribution.
In irrigation schemes, planning for supplementary
irrigation during a rainy season as well as focasting
irrigation demand can only be reliable with the
knowledge of dry spell distribution.
Dry spells also affect fisheries, human health,
generation of hydroelectricity etc so their analysis
is also crucial in various decision making
processes related to climate5.
The major form of water conservation in
Zimbabwe is through the construction of dams11,12.
All urban centers and large-scale irrigation
schemes depend on dams for water supply. The
impact of climate change on future water supply
from dams is a major indicator of the vulnerability
of Zimbabwe to climate change. The amount of
water that can be supplied by these dams with a
reliability of 96% was estimated for the baseline
and doubling of CO2 scenarios.
Climate scenarios in Zimbabwe
Zimbabwe also show a  trend where daytime
temperatures  have   rose  by  up  to  0.80C from
1933 to 1993, which  translates to a 0.l 0C  rise
per decade13.  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
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concluded  that warming  has been greatest over
urban settlements, where both  night- time and
day time  temperatures showed an increase,
consistent with  the  heat  island effect. On  a
national  average,  minimum ambient temperatures
show a  cooling  trend , whereas  maximum
temprature shows a warming  trend . It is difficult
at   this stage to attribute the observed climatic
trends to any single factor14.
Climate change is slowly taking place and
because this change will result in impacts whose
direction, magnitude, timing and path are neither
fully understood nor accurately predictable15,16.
There is a need for sustained scientific research.
This is to enable the prediction of the impacts of
climate change with more confidence as well as
develop and implement the most appropriate
resource management strategies and technologies
to combat the impacts of climate change on the
agricultural sector. The estimated effects of
climate change as indicated in the simulated maize
yields are indicative of the potential problems
ahead of the country. Zimbabwe, which is highly
dependent on agricultural production sector, could
see a rapid deterioration in the livelihood of the
population as a result of climate change.
Rainfed crop farming in Masvingo
Maize production at all sites shows a considerable
amount of variation under climate change
conditions. Maize planted late will not give good
yields, thus making maize production a less viable
activity under climate change conditions. The
simulated changes in crop yields are driven by
two factors CO2 enrichment and changes in
climate. In the low-lying areas of southern
Zimbabwe, for example, it is probable that climate
change will turn the region into a non-maize-
producing area, as exemplified by reduced maize
production in Masvingo. If climate change
becomes a reality,  this area, which represents
42% of the communal area, will become even
more marginal for maize production. Based on
site results, seasons could be 25% shorter than
now. Poor rainfall distribution coupled with drought
periods, particularly inter-seasonal dry spells have
amplified the problem of moisture stress17,18 and
put at risk between 20 and 30% of human
population living in semi-arid areas19.Climate
change and variability has increased the burden

on food security and income among many farming
families.

MATERIAL  AND METHODS
Study  area
Masvingo province is located in the south-eastern
part of Zimbabwe and it is made up of seven
districts as illustrated in Fig. 1. The province lie
in agro-ecological regions 3, 4 and 5 where
average of 650 – 800 mm, 450 – 600 mm and
below 450 mm respectively of annual rainfall is
expected.
Data collection
Daily rainfall data that spans for 39 years
(1962 – 2000) for two stations in the province
and seasonal total rainfall for 1910 to 2007 were
collected from the Zimbabwe Meteorological
Services Department (ZMSD). The rainy season
period was considered to be 6 months which span
from beginning of October to end of March. In
this study a dry spell is defined as a minimum
of10 consecutive dry days. The Seasonal Number
of Dry Spell Periods (SNDSP), Seasonal
Maximum Dry Spell Lengths (SMDSL) as well
as the Seasonal Total Rainfall (STR) were
identified
Time series plots
Graphs plotted are time series graphs of SNDSP,
SMDSL and STR for the two stations. Trend lines
with linear equations are used in the plots to
illustrate the tendency of the variable with time.
A positive gradient points to an increase and a
negative to a decrease of the variable with time.
Model diagnostics
Model diagnostics is primarily concerned with
testing the goodness of fit of a tentative model.
The idea is based on two complementary
approaches, namely analysis of residuals from
fitted models and analysis of over parameterized
models. In this study we adopt the former
approach.
Test of randomness (Independence)
Randomness test can be carried out by  examining
Auto Correlation Functions (ACFs).    Sample
ACF of the residual is computed. Residuals are
independent (random) if they do not form any
pattern and statistically insignificant i.e, they are
within Z

2
 standard deviation.
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Using runs test randomness in the residuals can
be tested in several ways. Basically, the runs test
examines the residuals in sequence to look for
patterns. In this case, patterns will occur if the
residuals are correlated.20

RESULTS    AND   DISSCUSSION
Results are given in two forms which are time
series plots and in tests for randomness. On time
series plots the horizontal axis has seasons and
Season 1 implies 1962/1963 season and Season
38 implies 1999/2000.

Trends in frequency and severity of dryspells
for Zaka station

This section deals with dryspell analysis for Zaka
station in terms of SMDSL and SNDSP using time
sries plots. In addition there is an overview of
seasonal total rainfall for the station for the period
1962 to 2000.
Graphs on (Fig. 2(a) and Fig.  (b)) show increases

in the dryspell length and in the number of dryspell
periods. There is however no incidences of
dryspells from season 1 up to season 16, dryspells
only started from season 17 and have increased
in length and frequency ever since. The absence
of dryspell events from season 1 up to 17 is in line
with Fig. 2(c) showing seasonal total rainfall, thus
for this time frame the rainfall total was varying
around a mean value and was relatively constant.
From season 18 and above the seasonal total
rainfall began to exhibit huge variations with
extremes thereby resulting in dryspell events.  The
seasonal total rainfall also shows a decreasing
trend with time with less rainfall being realised.

Trends in frequency and severity of dryspells
for Masvingo station
Dryspell analysis for Masvingo station in terms
of SMDSL and SNDSP using time series plots.
In addition there is an overview of seasonal total
rainfall for the station for the period 1962 to 2000.

Fig. 1 : Masvingo province, Zimbabwe
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Fig. 3(a) and Fig. 3(b) show increases in the
dryspell length and in the number of dryspell
periods. Dryspell events are in line with huge
variations of seasonal total rainfall resulting in
dryspell events.  The seasonal total rainfall also
shows a decreasing trend with time.

Masvingo province rainfall situation
Fig. 4 gives a summary of the seasonal total
rainfall pattern for Masvingo Province from 1910
to 2007. To illustrate the pattern a time series plot
was used with a trend line and a moving average.
Fig. 4 reveals that there is an increase in variability
of seasonal total rainfall from 1950 to 2007. The
trend line is indicating a slight decrease in the total
rainfall over the years as given by the negative
gradient in the linear equation. The moving
average line shows that before 1950 there was
less rainfall variability than afterwards and the
intensity is increasing with time. Fig. 5 is indicating
an increase in summer temperatures as given by
the trend line equation. The variations of maximum
temperatures are between 21
Randomness tests for Zaka Station data
Randomness test was done for the Zaka station
data on two parameters which are SNDSP and
SMDSL as shown in Fig. 6 and Fig.  7. It shows
a test of randomness on the data used to plot the
dryspell variables SNDSP and SMDSL using
Minitab Auto-Correlation function. The two
graphs show that all the lags are not cutting the
red line which implies that the data used for both
stations is random. This implies the data is not
following any particular trend and cannot be
modelled in statistical models to make future
forecasts
Fig. 8 and Fig. 9 show a test of randomness on
the data used to plot the dryspell variables SNDSP
and SMDSL using Minitab autocorrelation function
for Masvingo airport station. The data shows that
the first three lags are cutting the red line.  It
implies data for this station is not random but is
following a trend. The data has shown a trend
from 1962 up to 2000 and can be modelled for
future dryspell forecasts using statistical packages.
Climate change is a reality in Masvingo province.
Masvingo rainfall is decreasing with time and is

characterized by extreme events in form of
droughts and high temperatures. This is in line
with the Zimbabwe rainfall situation14. The rainfall
is not enough to support crop production  and
confirms that Zimbabwe especially Masvingo
province will be a non-maize producing region in
the future11.Temperatures are increasing as shown
by Fig. 5 and this is in line with the global warming
phenomenon21.
The dryspell variables are showing that dryspell
lengths and frequencies are increasing with time.
The situation is not good for crop farming as the
rainfall received in the rainfall season is not enough
to support crop production22. Zaka station shows
that before 1973 rainfall amount was normal and
was about a mean value and it is confirmed by
absence of dryspells for the period 1962 to 1973.
From 1973 dryspell events and intensity for Zaka
increased and this can be attributed to many
possible factor 23.  Possible factors include
deforestation in the district for resettlements or
for wood fuel foreign causes as well like air
pollution from nearby towns or mines; or just the
effects of a changing climate. Zaka data was
random, that is it was not following any notable
trend. The test showed randomness because from
1962  to 1973 the staion had no dryspells and there
was a jump or a sudden shift of events. Therefore
the data can be non-random if tested from 1973
to 2000 and can be seen to follow a particular
trend as illustrated by time-series plots.
Masvingo station showed dryspells even as way
back as 1962 and have increased in frequency
and intensity ever since. The district is peri urban
and there is lots of deforestation, industrial
activities and many other factors that can contribute
to erratic rainfall seasons. The data  showed to be
non-random but following a trend as shown by
random tests thus the data can be modelled and
forecasts can be made using statistical models.
Future forecasts are important for farmers to know
when to plant, seed varieties and whether they need
to apply little or much fertilizers among other
practices to boost their yield.
The rainfall trend for the province since 1910 show
a decreasing trend up to 2007. The region being
predominantly natural region 4  and 524,25 have
less rainfall as compared to other provinces in
Zimbabwe.
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Fig. 2(a) :  Seasonal Maximum Dry Spell Length (SMDSL)

Fig. 2(b) :  Seasonal Number of Dry Spell Periods (SNDSP)

Fig. 2(c) :  Seasonal Total Rainfall (STR) for Zaka station.
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Fig. 3 (c)  : Seasonal Total Rainfall (STR) for Masvingo station

Fig. 3 (a)  :  Seasonal Maximum Dry Spell length (SMDSL)

Fig. 3 (b)  :  Seasonal Number of Dry Spell Periods (SNDSP)
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Fig. 4 : Masvingo province seasonal total rainfall (mm) for 1910/11 to 2009/10

Fig. 5 : Mean summer maximum temperatures for Masvingo province from 1951 to 2002 expressed in seasons

Fig.  6 : Autocorrelation function for SNDSP for Zaka station
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Fig.  7 : Autocorrelation function for SMDSL for Zaka station
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Fig. 8 : Autocorrelation function for SNDSP for Masvingo Airport station
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Fig. 9 :  Autocorrelation function for SMDSL for Masvingo airport station
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CONCLUSION
The dryspell analysis for the two stations, Zaka
and Masvingo show that there is an increase in
the lengths of dryspells and in the number of
dryspell periods with time. The trends are also
reinforced by the apparent decrease in the
seasonal total rainfall for the two stations. The

two variations are giving evidence to climate
variability and erratic rainfall which does not
support crop production. There is need for
communal farmers in these two areas to grow
drought resistant crops, early maturing seeds
varieties and to invest in irrigation schemes. The
data used for the dryspell analysis was tested and
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found to be random for one station and non-random
for the other. Generally, the dryspell lengths and
frequencies can be predicted and this information
can be used profitably by a farmer in rainfed crop
production.
Masvingo province is located in the country’s
lowveld and receives water from catchments in
the higher lands. Therefore even if rainfall is
erratic, farmers can capitalize on the numerous
water bodies in the region and invest in effective
irrigation schemes to boost crop productivity.
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If all mankind were to disappear, the world would regenerate back to the rich
state of equilibrium that existed ten thousand years ago. If insects were to vanish,
the environment would collapse into chaos.

Edward O. Wilson


