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Abstract. This study conducted in Southern Zambia assessed climatic variability in the region for the
purpose of determining occurrence of climate change over the past 100 years. It utilized archival and recent
rainfall and temperature data for the period 1910 to 2009 and 1945 to 2009, respectively. Variability was
assessed by the use of 11-year moving average, Coefficient of Variation. Analysis of Variance helped
determine the significance of the observed variability while regression analysis helped determine the rates of
temperature and rainfall change. The results of the study show that Southern Zambia has experienced an
annual rate of rainfall decrease of 1.10mm which was not statistically significant (p=0.056) and hence does
not conclusively prove occurrence of climate change even though variability was apparent. On the other
hand, mean temperatures had significantly increased (p=0.001) since 1945 with an annual rate of
temperature change of 0.025.Alt was concluded that Southern Zambia has experienced climate change as
observed from temperature analysis. However, rainfall changes may not easily be observed as some regions
in Southern Zambia may not experience significant variations in long-term rainfall trends.

Key Words: Agro-ecological regions, climate change, variability, rainfall variability, southern Zambia,
temperature variability.

1. Introduction

Climate Change and variability have been among the major issues of the 21 century. Since the scourge
affects all sectors of a country’s economy it should not only be looked at as just a large-scale environmental
crisis (Farbotko, 2010) but also a developmental issue. Studies indicate that global temperatures today are
already about 0.8<€ above the preindustrial levels (The World Bank, 2010)(The World Bank 2010) (The
World Bank 2010)(The World Bank 2010) (The World Bank 2010)(The World Bank 2010) (The World
Bank 2010) (The World Bank 2010)(The World Bank 2010)and that the globe has been warming at an
annual rate of 0.1 since the 1980s (Sichingabula, 1995; Strong, 1989). For Africa, there has been a
warming of approximately 0.7 across the continent in the 20" century (Yanda and Mubaya, 2011).The six
warmest years in recent decades in Southern Africa have all occurred since 1980 (Yanda and Mubaya, 2011).
While this warming trend appears to be the same over the continent, it’s not always uniform. Tropical forests
have been recording decadal warming rates of 0.29€ (Malhi and Wright, 2004) with South Africa having a
rate ranging from 0.1<€ to 0.3<€ (Kruger and Shongwe, 2004) . Southern Africa has been reported as having
a decadal rate of 0.05€ and this was observed during the present century (Hulme, 1996; Jain 2007). In
Zambia, disagreements on the rate of temperature increase are apparent with some studies reporting an
increase of 0.6€ per decade (World Bank, 2006; Jain, 2007) while others suggesting a 0.32<€ temperature
increase per decade (Shitumbanuma, 2008). Evidence of inter-annual climate variability in some parts of
Africa has been observed. For example, observations in Western Africa indicates that there has been a
decrease in the mean annual rainfall of up to 30% to 40% since the end of the 1960s (Chappell and Agnew,
2004). Furthermore, there was a decrease in mean annual rainfall in the tropical rain forest zone of 4% in
West Africa, 3% in North Congo and 2% in South Congo for the period 1960 to 1999 (Malhi and Wright,
2004). However, there are some regions in Southern Africa where no long term trends in rainfall have been
noted (Boko et al. 2007).
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According to Usman and Reason (2004), some parts of Southern Africa which includes Angola, Zambia,
Namibia, Mozambique and Malawi are expected to record significant increases in heavy rainfall events
which was predicted as a manifestation of rainfall variability(Fauchereau et al. 2003). Sichingabula (1995)
reports that the climate of Zambia has been characterized by epic dry and wet periods. Rainfall records show
that Southern Zambia experienced below and above average rainfall in the periods 1886 — 1925 and 1926-
1970, respectively. After 1970, there was been a general decrease in rainfall. In the recent past, Zambia
experienced droughts in the seasons 1916/17, 1924/25, 1949/50, 1983/84, 1987/88, 1991/92, 1994/95 and
1997/98 (Sichingabula, 1998), although it also experienced a high intensity of floods in 2007/08, 2009/2010.

While observed climatic changes on a regional or continental scale may appear uniform, the results could
show variations on a smaller scale such as Southern Zambia. This is important because climate, climate
change and vulnerabilities differ from one region to another, and as such, regionally and locally specific
climate information is essential for adaptation (Conway, 2009; WCC-3, 2009).The objectives of this paper
were twofold, namely; to (a) examine the variability in decadal rainfall in Southern Zambia from 1910 to
2009; and (b) assess decadal temperature variability in Southern Zambia from 1945 to 2009.

2. Area of Study

Zambia is divided into three Agro-Ecological Regions (AERS) (Fig 1). The study covered Southern
Zambia which is comprised of Agro-Ecological Region | (AER 1) and parts of AER 1.

Agro-Ecological Regions

Region | (Less than 800mm)
- Region Il a {800 - 1000 mm)
{ | Region Il b (800 - 1000mm)
- Region Il (Above 1000mm)

Fig. 1: Agro ecological regions of Zambia

AER I: This lies in western and southern Zambia and Eastern river valleys. It receives less than 800mm
of rainfall annually and has a growing period of 80-120 days. It accounts for 15% of the total land area of the
country. Other features of this region include: short growing season, high temperatures during the growing
season, and high risk of drought, flat and deep topography, contains mostly of Haptic Luvisols, contains
Haptic solonetz on the flat lands and Dystric Leptosols on the hills and ridges (Saasa, 2003). AER 1I: AER 11
is divided into two; AER lla, which is a medium rainfall region, with rainfall of between 800mm-1000mm
and a growing period of 100-140 days covers the sandveld plateau of Central, Eastern, Lusaka and Southern
Provinces. AER Ilb covers the semi-arid areas of Kalahari sand plateau and Zambezi Flood plains of
Western province also form part of this region (GRZ, 2007).The region has the highest agricultural potential
due to its fertile soils and is the most populous region in Zambia.

3. Methods

3.1. Data collection

The study used recent and archival temperature (14 meteorological stations) and rainfall (13
meteorological stations) data for selected stations in Southern Zambia. The data obtained from the Zambia
Meteorology Department (ZMD) was for the periods 1910 to 2009 for rainfall and 1945 to 2009 for
temperature. The difference in periods for temperature (1945-2009) and rainfall (1910-2009) was due to the
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fact that temperature measurements were not done in all the stations in Southern Zambia before 1945. The
first station to record temperature was Chipata in 1945. However, both periods (for rainfall and temperature)
were long enough to establish the patterns, trends and variability in climatic conditions in the region. The
basis for the selection of the meteorological (MET) stations in AER Il was data availability for the said
periods. Hence all stations in the region with available rainfall and temperature data for this period were
selected for analysis. Point rainfall data from various meteorological stations was generalized for the whole
district with full knowledge of sparse distribution of stations.

3.2. Data Analysis
A decadal analysis of the rainfall and temperature data was done using the coefficient of variation (CV)
technique. The CVs were calculated using the formula:

StDev
X

m

CV =

(1) (He, 2011)

Where CV=Coefficient of Variation, StDev=Standard Deviation, X,,=Mean

To determine the variability among the different decades, the calculated decadal CVs for all the sampled
towns were compared. The rainfall and temperatures data was further subjected to the statistical technique of
Analysis of Variance (ANOVA) to determine the significance of the observed variations in Southern Zambia.
The annual rates of change and the direction of the change for rainfall and temperature in Southern Zambia
from 1910 to 2009 and 1945 to 2009, respectively, were calculated using the simple linear regression model.
The simple regression model (2) was used to calculate the rate of change:

Y=a+hbX; (2) (Ebdon, 1985)

Where Y= Year, a= y-intercept, b=annual rate of rainfall change, X1=rainfall values
4. Results

4.1. Decadal rainfall variations in southern Zambia 1910-2009

The decade from 2000 to 2009 showed the highest variability with a coefficient of 0.287. This correlated
with the GRZ (2007) report that from 2000 to 2007 there had been two major floods, two drought years and
three normal years.In the 16 years from 1990 to 2005, Zambia experienced six droughts, in 1991/1992,
1994/1995, 1997/1998, 2000/2001, 2001/2002 and 2004/2005 (Lekprichakul, 2008). This shows that the 3
droughts experienced in the decade from 2000 to 2009 where experienced in the first 5 years of the decade
while in 2002/2003, 2003/2004 (GRZ, 2007), 2006/2007 and 2007/2008 the country experienced above
normal rainfall (ZVAC, 2008). This gives evidence of increased incidences of climatic events in the recent
decade.Other decades which reached variability of more than 0.2 were the 1980 to 1989 and the 1930 to
1939 decades (Table 1). The decade from 1910 to 1999 had the lowest variability of 0.1704. Increased
rainfall CV trends represent increased rainfall variability while reduced CV trends represent reduced rainfall
variability and increased rainfall.

Since the 1950s, Sesheke has been exhibiting the tendency towards high rainfall variability (Mean
CV=0.34) with Kalabo also recording the highest variability over the past 3 decades (Mean CVV=0.37) (Fig.
2). On the other hand, Kaoma had a relatively lower variability and this was shown from the low CVs
recorded ranging from 0.12 to 0.25. This trend in rainfall distribution exemplifies the vulnerability of
Southern Zambia to extreme incidences of rainfall. Towns with a tendency towards high rainfall CVs like
Livingstone, Sesheke, Kalabo and over the last three decades Lusaka, Chipata, Mumbwa and Kabwe stand a
high risk of experiencing extreme rainfall conditions such as droughts and floods as compared to areas with a
tendency towards lower CVs like Kaoma, Lundazi and Senanga.

The eastern part of Southern Zambia (Chipata) has been the wettest over the century with a recent
decadal mean for 2000 and 2009 of 1207mm. The central region (Mumbwa and Kabwe) has been relatively
wet with received rainfall ranging from 719.4mm (Mumbwa) to 1026.5mm (Kabwe) for the period 1910 to
2009. The southern and western parts have been the driest in Southern Zambia with Sesheke being the driest.
The area had mostly been receiving rainfall below the expected minimum for the region (800mm). The
variability of rainfall in Kalabo District (StDev=270) is the highest in the region while Monze has the lowest
variability (StDev=168.1). This implies that Kalabo had a tendency to receive both extremes of rainfall
events. The area also has a higher risk of having floods or droughts in each rain season.
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Table 1: Average Decadal Rainfall CVs for 13 selected meteorological stations in Southern Zambia

Decades Mean Rainfall (for 13 meteorological Deacdal CVs
stations)
1910-1919 849.33 0.170
1920-1929 916.45 0.173
1930-1939 877.72 0.216
1940-1949 855.07 0.180
1950-1959 963.48 0.177
1960-1969 881.78 0.186
1970-1979 893.80 0.187
1980-1989 827.31 0.228
1990-1999 741.31 0.197
2000-2009 857.22 0.287
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Fig. 2: Percentage rainfall coefficients of variation for selected stations in AER 11, 1910-2009

While the rainfall data showed differences among meteorological stations, overallresults showed that
there were no significant differences in the rainfall means (p=0.056) among the different stations in Southern
Zambia (Table 2). This implies that the pattern of rainfall received in the region has not significantly
changed over the period of study. The observed changes could be attributed to normal rainfall variability
from season to season.

Table 2: Rainfall Summary Statistics for the ANOVA

Source DF SS MS F P
Factor 9 307233 34137 194 0.056
Error 90 1586016 17622

Total 99 1893249

S =132.7; R-Sqg. = 16.23%; R-Sq. (adj) = 7.85%;P value was not significant at 5% level of significance.

4.2. Decadal Temperature Variations in Southern Zambia 1945-2009
Temperature variability has been increasing progressively over the past century. The increase heightened
during the 1980 to 1989 decade (from 0.049<€ to 0.054<€) (Table 3).

The increase was also evident during the recent 2000 to 2009 decade (from 0.056<€ to 0.060<€). During
these two decades Southern Zambia experienced increased frequencies of extreme temperatures. The 1910 to
1919 decade had the least variable temperature with minimal extremes. A steady increase in temperature
variability in Southern Zambia has been evident since the 1950s. Senanga recorded increased temperature
variability especially over the last decade with a mean CV of 0.047 from the 2000 to 2009 decade (Fig. 3).
Sesheke, Kafue and Mfuwe also experienced increased variability during the 1960s and 1970s before the
temperatures seemingly stabilized during the 1970s to 1980s and the increase started again during the 1980s.
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As regards temperature variability, the general trend in the region has been an increase especially since the
1980s. Mfuwe has been the hottest town while Choma recorded the lowest temperatures in the region.

Table 3: Decadal average Temperature CVs for 13 selected stations in Southern Zambia

Decades Mean Temperature (for 14 Decadal CVs
meteorological stations)

1950-1959 21.20 0.044

1960-1969 21.04 0.048

1970-1979 21.47 0.050

1980-1989 22.01 0.054

1990-1999 22.44 0.056

2000-2009 22.29 0.060
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Fig. 3: Percentage Temperature CVs for selected stations in AER 11, 1945-2009

The overall analysis of temperatures for different towns in the region showed that there were significant
differences in the temperature means among the different stations in Southern Zambia (p=0.001) (Table 4).

Table 4: Temperature Summary Statistics for the period 1945-2009 for Southern Zambia

Source DF SS MS F P
Factor 5 17.261 3.452 15.17 0.001
Error 54 12.287 | 0228
Total 59 29.548

S=0.4770 R-Sq=58.42% R-Sq(adj) =54.57%P-value was significant at 5% level of significance

5. Discussion

Southern Zambia had been experiencing variations in rainfall but these variations are not statistically
significant as they fall within the normal patterns of rainfall variations which are expected from year to year.
On the other hand, the observed temperature changes in the region were statistically significant implying a
permanent shift in temperature patterns in the region. The rates of rainfall change for the different towns in
Southern Zambia have been oscillating between -3.01mm/year for Kalabo and 0.79mm/year for Chipata
(Table 5). With the exception of Chipata all the towns in Southern Zambia had a negative rate of change
indicating that received rainfall in the region was on the decrease. The annual rate of decrease for rainfall in
Southern Zambia was 1.10mm/year. The rates of temperature change for the different towns ranged from
0.005<€/year (Senanga) to 0.051<€/year (Mfuwe) giving an average annual rate of increase of 0.025€/year
(=0.03°C/year) for Southern Zambia. This implies a positive rate of temperature increase for Southern
Zambia and a negative rate of rainfall increase indicating that the area had been getting hotter and drier.

98



Table 5: Annual Rate of Change for Rainfall and Temperature for Selected Stations in Southern Zambia for the Periods
1910 to 2009 and 1945 to 2009, respectively

Town Rate of Rainfall Change (mm/year Rate of Temperature Change ( Cl/year)

Rate (mm) Period Rate ( C) Period
Lusaka -0.39 1939-2009 0.016 1950-2009
Lundazi -1.44 1927-2008 Nil Nil
Chipata 0.79 1905-2009 0.020 1950-2009
Choma -0.75 1918-2008 0.024 1950-2009
Kabwe -1.65 1933-2008 0.022 1950-2009
Sesheke -1.09 1910-2009 0.018 1950-2007
Kalabo -3.01 1921-2008 Nil Nil
Kaoma -1.89 1921-2008 0.360 1962-2009
Mongu -0.23 1905-2009 0.031 1955-2009
Senanga -2.51 1932-2008 0.005 1979-2009
Mumbwa -0.72 1905-2008 0.012 1978-2009
Petauke -0.71 1920-2009 0.027 1950-2009
Monze -0.64 1945-2009 0.040 1978-2009
Kafue Nil Nil 0.020 1957-2009
Chilanga Nil Nil 0.029 1962-2009
Mfuwe Nil Nil 0.051 1979-2009
Average Rate of Change -1.1 0.025

Boko et. al. (2007) reported that some regions in Southern Africa may not experience long-term trends in
climate change, especially rainfall. This study could be a case in point. The scale at which the study was
conducted could have also had an impact on the obtained results. If the sampled number of stations increased
and the sample size increased perhaps it could have changed the results.

6. Conclusion

This study revealed that Southern Zambia had experienced a decrease in received rainfall in the period
1910- to 2009 at an annual rate of 1.10. However, this reduction in rainfall is not significant as it still falls
within the normal range of variability for the region. On the other hand an annual rate of temperature
increase of 0.025 was significant and symbolized a shift in temperature conditions in the region. The region
was getting hotter with time as it was getting drier. The increased variability has been prominent since the
1980s onwards.
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