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Abstract

Climate change and variability are presenting challenges to the agricultural sector as well as agri-
cultural sustainability in Zimbabwe. This paper was aimed at investigating the impacts of climate
change and variability on maize, sorghum and groundnut production in the Buhera district of
Zimbabwe. The paper specifically determined the climatic scenarios in Buhera and how crop pro-
duction is sensitive to them. Temperature and rainfall data used were obtained from the Zim-
babwe Meteorological Services Department. Crop yield data for maize, sorghum and groundnuts
were obtained from the Department of Agriculture and Rural Extension Buhera District office. The
Mann-Kendall Trend test was then used to determine if there were significant changes in the pre-
cipitation and temperature scenarios at Buhera weather station. Before performing the Mann-
Kendall test, the time series data were first tested for auto-correlation. Finally the Spearman’s
correlation coefficient was used to determine how precipitation and crop yields were related and
the strength of their relationships. Mann-Kendall trend tests reviewed that only mean minimum
temperatures show significant trends over time (p = 0.003, a = 0.05). Correlation analysis showed
that only maize showed a significant correlation coefficient with the amount of rainfall (r = 0.79, r2 =
0.625 and p = 0.001, a = 0.05). The research showed that groundnuts were the least sensitive to
climatic variations followed by sorghum; hence their production offers the best climatic resilience
and must be encouraged to local subsistence farmers.
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1. Introduction

In Africa, climate change and variability are causing serious decline in crop production in most countries. It has
been determined to be the major cause of severe droughts and weather conditions in these countries. Most Afri-
can countries have improved their agricultural technology in the past century but extreme weather events in-
duced by climate change have caused significant yield reductions in some years [1]. Climate change is now
viewed as a major threat to societies and their economic development. It presents risks to lives and livelihoods at
the individual level and to the economy and infrastructure at the regional and national levels [2].

Rain fed smallholder agriculture is the backbone of rural household livelihoods and national economies in the
most countries of southern African, contributing over 90% of direct and indirect employment in the region. Cli-
mate change and variability have late presented challenges to the agricultural sector as well as agricultural sus-
tainability in these countries [3]. In Zimbabwe, rainfall now exhibits considerable spatial and temporal variabil-
ity characterised by shifts of onset of rains, increase in the frequency and intensity of heavy rainfall events, in-
crease in the proportion of low rainfall years, decrease in low intensity rainfall events and increase in the fre-
guency and intensity of mid-season dry spells [4].

The Intergovernmental Panel on Climate Change (IPCC) defines vulnerability as a combination of a system’s
exposure to threats, its sensitivity and capacity to adapt to such threats [5]. More effective agricultural systems
and practices are therefore urgently needed to help especially the poor and vulnerable smallholder farmers to
maintain, increase, and improve their agricultural production despite climate change. Determining sensitivity of
crop production to climate change and variability is crucial to Zimbabwe’s communal farmers because it is a
step towards informed selection of the most suitable crops that offer guaranteed yields, hence building climate
resilient agriculture [6].

In the last 30 years the climate of Southern Africa has shown various changes, especially in terms of rainfall,
of which inter-annual variability is very high. This has significant consequences for the poor resourced commu-
nal farmers, whose incomes, nutrition and livelihoods depend mainly on rain fed agriculture. With about two
thirds of Zimbabwe comprising arid and semi-arid lands, adaptation and mitigation strategies to climate change
are a priority since the majority in these areas are vulnerable yet dependent on rain fed agriculture. This paper
investigates the impact of climate change and variability on maize, sorghum and groundnut production in the
Buhera district of Zimbabwe. Specifically the paper determines how climate change and variability occur and
how crop production has responded using a panel dataset.

2. Methods and Materials
2.1. Study Area

Figure 1 shows the location of Buhera district. It lies at latitude —19.5°S, longitude of 32°E and it has an average
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Figure 1. Study area—Buhera district of Zimbabwe.
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elevation of 864 meters above sea level. The district has a total surface area of 5357.27 km? and a population of
246,462 of which 114,231 are males and 132,231 are females making a population density of 45.9 people/km?
[7]. The district is located in Manicaland Province, south eastern Zimbabwe and is predominantly rural, 100%
communal. Most people in the area are communal farmers who grow mainly maize, groundnuts, sorghum and
rapoko. Maize is the most important crop in the area, has a dual role in the economy of Buhera and the general
well-being of the populace. The crop serves as both a cash crop as well as being used as a staple diet for the ma-
jority of the people in the district and country at large [8]-[10].

2.2. Methods

Temperature and rainfall data used in the study were obtained from the Zimbabwe Meteorological Services De-
partment. Data from the Buhera weather station were used because it is the only station run by the Meteorologi-
cal Services Department in the district. Crop yield data were obtained from the Department of Agriculture and
Rural Extension (AREX) Buhera District office.

Before performing statistical data analysis, all the data was first tested for their distribution and for serial cor-
relation. The distribution test to determine if data was normally distributed or random was performed using the
Kolmogorov-Smirnov test in SPSS software. This information was required to determine whether parametric
and non-parametric tests could be used in data analysis.

Autocorrelation refers to the correlation of a time series with its own past and future values. It complicates the
application of statistical tests by reducing the number of independent observations and increases the chances of
detecting significant trends even if they are absent and vice versa [11]. Before performing the Mann-Kendall test,
the time series data of temperature and precipitation were first tested for auto-correlation in a statistical package
Paleontological Statistics (PAST) Version 3.0. If serial correlation is detected, the data would then be pre-whit-
ened in PAST 3.0 using the ARIMA model. The model reduces residuals in the time series to white noise which
then removes the possibility of finding significant trends in the Mann-Kendall test when actually there are no
trends [12].

Mann-Kendall Trend test was then used to determine if there were significant changes in the precipitation and
temperature scenarios with time at Buhera weather station. The Mann-Kendall test is a non-parametric test for
the detection of trends in time series. The test was used because it is simple, robust, can cope with missing val-
ues, seasonality and values below detection limit [13] [14]. The Mann-Kendall tests were performed using the
Addinsoft’s XLSTAT 2013 software. The null hypothesis which states that there is no significant trend, is tested
at 95% confidence level for both temperature and precipitation data.

Finally correlation analysis was done in order to determine how the two variables in question (precipitation
and crop yields) were related and the strength of their relationships. The Spearman’s correlation coefficient (rho)
was used because it is more robust when used to analyse non parametric data and also because the data is
monotonic. It assesses how well the relationship between two variables can be described using a monotonic
function and the correlations were tested for statistical significance (p = 0.05) in order to assess whether obser-
vations reflected a true pattern or just occurred by chance.

3. Results

Normality tests done on precipitation and temperature data using the Kolmogorov-Smirnov test shows that data
were randomly distributed (p = 0.001 and o = 0.05). Tests for serial correlations in all the time series data re-
viewed that the data was not auto-correlated hence no special need for pre-whitening before performing the
Mann-Kendall tests. The mean maximum temperature at Buhera weather station from 1961-2000 is shown in
Figure 2. It is highly variable from year to year but in general display an increasing trend. The decade from
1961-1971 shows that maximum temperatures slightly increased with many pick temperatures going above 35°C.
The next decade from 1971-1982 had subdued maximum temperature and the coolest in the time series of the
station. From 1983-2000 maximum temperatures were again on the increase. In comparison with a nearby
weather station Chisumbanje, the rate at which mean maximum temperatures are increasing at Buhera station
are noted to be lower than the former which has a steeper gradient of the trend line (X coefficient of 0.0102 as
compared to X coefficient of 0.0018 at Buhera)

Figure 3 shows the scenarios of average minimum temperatures at Buhera weather station from 1961-2000.
The figure shows that minimum temperatures have high variability of up to 10°C from year to year have. The
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Figure 2. Mean maximum temperatures at Buhera weather station from 1961-2000.
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Figure 3. Mean minimum temperatures at Buhera weather station from 1961-2000.

minimum temperatures show an increasing trend from an average of less than 15°C in 1961 to over 16°C in the
year 2000. The two decades from 1961 to 1981 were the coolest in Buhera in terms of minimum temperature
and characterised by relatively declining mean minimum temperatures. From 1982-2000 the minimum tempera-
tures began to rise with the period 1982-1993 having the steepest increase. The nearby Chisumbanje weather
station in comparison has got a steeper rate at which mean minimum temperatures are increasing (X coefficient
of 0.0214). Hence the rate at which Buhera winter temperatures are warming is lower when compared to nearby
regions.

Figure 4 shows the trends of mean annual rainfall at Buhera station from 1951-2011. The figure shows that
there is high inter-annual variability in rainfall over the station. The rainfall pattern also exhibits a 10 year cyclic
pattern in peak low rainfall totals as noted in the 1953, 1963, 1982 and 2000 seasons. The time series shows that
on average there are more years of below normal rainfall than above normal. In terms of decadal variability in
rainfall totals, the time period between 1961-1975 had the least decline in rainfall with a gradient coefficient of x
being —1.7. The two decades from 1975-1995 saw the steepest decline in average rainfall as indicated by an X
coefficient of —24 on the trendline equation of the two decades’ timeseries. Between 1995-2000 the decline in
rainfall had slowed to a gradient X coefficient of —7. In comparison with nearby weather stations Bikita and
Chisumbanje all to the south of Buhera, Bikita is also showing a declining trend in rainfall patterns but its rate of
decline is lower than that observed in the study area. Chisumbanje has however shown a slight increase in rain-
fall totals hence Buhera has much more reduced rainfall amounts compared to the surrounding regions.

Therefore in Buhera both minimum and maximum temperatures have been noted to be on the rise while as
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Figure 4. Mean annual rainfall at Buhera station from 1951-2011.

average rainfall amounts have been shown to be declining. To determine if the observed trends were statistically
significant or occurring by random chance, Mann-Kendall trend tests were run (Table 1). Table 1 shows the re-
sults of the Mann-Kendall trend tests run on temperature and rainfall data from Buhera station. Only mean
minimum temperatures show significant increase over time. This means that in Buhera, night and winter tem-
peratures are now significantly warmer today than in the past. The same trend has been observed nearby at both
Chisumbanje and Bikita stations. The trends observed on increasing maximum temperatures and rainfall decline
do not yet show any statistical significance which means that the shifts are still within the natural cycle of vari-
ability.

Figure 5 shows the relations between yields of three staple crops: maize, sorghum and groundnuts to rainfall
totals grown in Buhera district. Figure 5 shows that there are positive correlations between all crop yields and
rainfall totals as any increase in rainfall amounts are always met by a corresponding increase in crop yields.
However maize is most sensitive to changes in rainfall as any slight decline in rain is met by a big drop in maize
yields as noted especially during the 2002 season. The same pattern of rainfall-crop yields relationship has been
noted in neighbouring districts of Gutu, Chipinge and Bikita were maize is the most sensitive and groundnuts
the least sensitive crop to changes in rainfall amounts.

Table 2 shows the coefficient of determination (r’), spearman correlation coefficient (r) and p-values of the
relationships between maize, sorghum, groundnuts and rainfall totals in Buhera District. Only maize shows a
significant correlation coefficient with the amount of rainfall using both r” and the p-value. This means that the
decline in rainfall amounts have had very serious consequences for maize production in Buhera District and has
implications on food security since maize is the main staple food for the area. With a coefficient of determina-
tion of 0.625, prediction of maize yield using rainfall amounts can be statistically done for yield forecasting and
planning in Buhera District.

4. Discussion

The study revealed that Buhera is experiencing frequent crop failure due to mainly climate change and climate
variability and also because of the farmers decision to dedicate most of their productive land to maize produc-
tion which is significantly sensitive to climatic fluctuations especially precipitation. Specifically crop yields in
Buhera have been affected by significant increases in temperatures in a cycle of highly variable precipitation
that is in a state of long term decline. Globally growing evidence has been noted that increases in global tem-
peratures are leading to changes in the amount of rainfall which significantly affect crop production [15] [16].

The results showing that mean minimum temperatures to have significantly increased means that crops are
now exposed for longer hours to evapo-transpiration and become susceptible to moisture stress especially during
the dry spell periods of the rainfall season. The dry spells of this region have been shown to have increased in
both frequency and length, [17], hence the choice of crop planted by farmers becomes important.

Increases in temperatures have been proven to be capable of increasing evapo-transporative demand which in
turn increases the rate of water loss the soil [18]. Small changes in actual evapo-transpiration can lead to huge
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Table 1. Mann-Kendall trend test results for mean minimum and maximum temperatures and rainfall at Buhera station.

Climatic Parameter P-Value H, Decision Trend Description
Mean maximum temperature 0.097 Retained Increasing but not significant
Mean minimum temperature 0.003 Rejected Significantly increasing

Mean annual rainfall 0.250 Retained Declining but not significant

Table 2. Coefficient of determination, Spearman correlation coefficient and P-values of the relationships between maize,
sorghum, groundnuts and rainfall totals in Buhera district.

Crop r? R P-Value Interpretation
Maize 0.625 0.79 0.001 Strong positive correlation which is significant
Sorghum 0.366 0.605 0.062 Good positive correlation which is not significant
Groundnuts 0.232 0.482 0.81 Weak positive correlation which is not significant
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Figure 5. Rainfall and crop yield relationships.

changes field water levels and storage [19]. The water-holding capacity of the atmosphere also increases with
higher temperatures; hence even more water will be lost through evaporation [20] hence crops like maize shown
to be sensitive to water availability have a high risk of failure in such conditions like those noted in Buhera.

Crops grown in the study area have shown different sensitivity and resilience high variability of precipitation
received but generally yields dwindle when the amount of precipitation declines. This different sensitivity could
be the key to long term climate resilient agriculture. Maize which is farmed in about 70% of the arable land in
Buhera has been shown to have a significant correlation with the amount of rainfall received hence it must be
avoided in the area or planted only in small pockets where local conditions are suitable. This has also been noted
by [21]-[23], who state that with a decline in rainfall and increase in temperatures, maize yields in semi-arid ar-
eas of Zimbabwe are declining and small grains are the way forward for the farmers.

Sorghum is shown to yield better than maize in conditions of less rain and is less sensitive to rainfall fluctua-
tions hence must be recommended to farmers in years of less rain. Groundnuts are however shown to be the
least sensitive to declining rainfall amounts given their weak and insignificant correlation coefficient with rain-
fall. This means that they are the best in terms of resilient to climatic variability and change. Groundnuts har-
vests are guaranteed even when rainfall amounts are low. Research done by [24] [25] also concluded that sor-
ghum and groundnuts are drought resistant since they can withstand long dry spells.
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5. Conclusion

Using statistical approach the research highlighted the importance of understanding crop sensitivity to climatic
variability and change as an important step towards assessment of climate change impact on food security in
Zimbabwe. The research also shows that different crops respond differently to the effects of climatic change and
variability. Based on the three staple crops tested in the research groundnuts are the least sensitive to climatic
variations followed by sorghum; hence their production must be encouraged to local subsistence farmers. The
paper also shows that the rate of crop failure in Buhera is high because most farmers concentrate on planting
maize which is very sensitive to climatic variations. Planting of maize must be limited to places and local mi-
cro-climatic conditions are favourable.
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