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ABSTRACT 
This paper outlines an evaluation of Cumulative Sum (CUSUM) and Exponentially Weighted 
Moving Average (EWMA) control charting techniques to determine if the climate of Masvingo 
station in Zimbabwe has changed over the past years. In particular, the climate indicator 
considered in this work is the annual air temperatures for Masvingo station for the period 1952 
to 2001. The two control charts were then applied to the data and both techniques proved 
effective in detecting climate change. However, the CUSUM chart detected a significant shift in 
mean annual air temperatures in 1983 while the EWMA chart detected the shift in 1993. The two 
methods suggested that the origin of the shift was in 1981. An upward shift in the mean level 
and a subsequent test in the mean difference points to the fact that the mean annual temperature 
is going up. This means that the temperatures are getting warmer by the years. The use of these 
two techniques confirms the existence of climate change in Masvingo city, Zimbabwe. 

             Key Words : Cumulative sum, Exponentially Weighted Moving Average(EWMA),  
Climate indicator, Climate change 

 
INTRODUCTION 

The purpose of this study is to avail two 
statistical tools that may be used in 
ascertaining whether there has been a climate 
shift in the city of Masvingo, Zimbabwe. The 
main contribution of this work is to employ 
statistics to determine climate change as 
claimed by climatologists. Climate is the 
‘average weather’ described in terms of the 
mean and variability of relevant quantities 
such as temperature, precipitation and wind 
over a period of time ranging from months to 
thousands or millions of years1. The methods 
used are sensitive enough to detect changes to 
the climate caused by external factors. These 
are such factors as increasing concentration of 
greenhouse gases, solar radiation etc. 
Zimbabwe has seen a boom in industrialization 
since colonization from the British. Industrial 
activities have been on an upward trend and 
this may naturally lead to accumulation of 
industrial gases. According to the 2006 

documentary An Inconvenient Truth by Al 
Gore, the former Vice president of the USA, 
these industrial gases lead to global warming 
and hence climate change. Climate change 
refers to a change in the state of the climate 
that can be identified (e.g., using statistical 
tests) by changes in the mean and/or the 
variability of its properties and that persists for 
an extended period, typically decades or 
longer2. The documentary’s aim was to 
convince individuals to take action to reduce 
climate change. 
The earth has experienced a warming trend in 
global surface air temperatures during the 20th 
century but the cause of this trend and whether 
it is abnormal remain a dispute. Although 
recent temperatures are elevated, they are not 
unprecedented in the geological record, which 
shows considerable variation as well as 
previous periods that were as warm as or 
warmer than today. Statistical evidence is thus 
required to determine whether this recent 
sustained elevation of temperatures is just a *Author for correspondence 
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random occurrence or indeed a genuine shift in 
climatic conditions. 
While there has been work carried out to 
ascertain existence of climate change in 
Zimbabwe, most of it has not employed 
rigorous statistical tools to confound existence 
of such a phenomenon with quantifiable 
confidence levels. The impact of climate 
change is not discussed as it is beyond the 
scope of the authors. The main purpose is 
simply to detect if indeed there is a shift in 
climatic conditions over the years and where 
that shift started to appear.  Climate is the 
accumulation of seasonal weather events over 
long periods of time and over a particular 
place. The response of anthropogenic changes 
in climate forcing factors occurs against the 
natural forcing climate variability3. 
The climate in a particular area may be 
represented by a second order stationary 
process, that is its mean and variance are not 
dependent on time. Should this dependence fall 
away, the methods must be in a position to 
detect this shift. The two methods are 
sometimes used to compare their sensitivity to 
an occurrence of a shift. In this work, however, 
we will use them as complementary tools to 
detect the shift. If both methods coincide in the 
identification of a shift, if any, then it renders 
greater confidence and authority in concluding 
whether or not a shift exists. 

MATERIAL AND METHODS 
In this study, mean annual air temperatures 
data for Masvingo station for the period 1952 
to 2001 were used. Mean annual air 
temperatures were obtained by averaging the 
annual mean minimum air temperatures and 
annual mean maximum air temperatures data 
obtained from the meteorological office of 
Zimbabwe. Masvingo station is located in 
Zimbabwe’s agro-ecological region 4. The 
agro-ecological zones are based on rainfall 
distribution. Region 4 receives between 450 
and 650 mm of rainfall annually. 
Review of EWMA method  
This work applies EWMA and CUSUM 
control charts to mean annual air temperatures 
in order to detect shifts in the climate for 

Masvingo. A control chart based on the 
EWMA was introduced by Roberts. EWMA 
charts methodology is a more and appropriate 
tool for detecting small shifts of location and 
dispersion parameters.  They consider all 
previous points using a weighing factor that 
makes the outcome more influenced by recent 
points. In general EWMA statistics EWMA  is 
defined as 

퐸푊푀퐴 = 푍 = 휆푥 + (1 − 휆)  푓표푟
= 1,2,3, … . , 푛  

Where 0 < 휆 < 1  is a weighted constant. The 
value 푥  is the mean air temperature 
 observation at time 푡. A significant increment 
occurs at time 푡 if 푧 > 푈퐶퐿 and a significant 
decrement occurs in the mean at time 푡 
if 푧 < 퐿퐶퐿. The center line, Upper Control 
Limit (UCL) and Lower Control Limit (LCL) 
used in this study are : 

퐶푒푛푡푒푟푙푖푛푒 = 휇  

푈퐶퐿 = 휇 + 퐿휎
휆

(2 − 휆)[1− (1− 휆) ]
 

퐿퐶퐿 = 휇 − 퐿휎
휆

(2 − 휆)[1 − (1 − 휆) ] 

Where 퐿 is the width of the control limits. We 
apply EWMA charts because they are easy to 
setup and correct. For a sample size of the data 
we have, it is recommended to use 휆 = 2 and  
퐿 = 3.  
Review CUSUM method  
The two sided CUSUM chart represents the 
cumulative sum through a line chart with one 
horizontal line. The horizontal line is free to 
traverse over and under the mean value. The 
one sided CUSUM chart represents the 
cumulative sum through a line chart with two 
horizontal lines. Each line is bounded by the 
mean value. The one sided upper CUSUM 
iteratively calculate all deviations above the 
mean, where as the one sided lower CUSUM 
iteratively calculates all deviations below the 
mean. The potential trend developments of the 
CUSUM chart of mean air temperature data 
which will be analyzed to see possible shifts in 



J.  Environ. Res.  Develop. 
Journal of Environmental Research And Development        Vol. 7 No. 2, October-December 2012 

782 
 

the mean of the mean air temperature model 
are: that the process mean remains at the target 
value 휇 , the mean shifts upwards to some 
value 휇 >휇  and that the mean shift 
downwards to some 휇 >휇 . 
If either  퐶   or  퐶   exceed the decision 
interval H the process is considered to be out 
of control. 퐶  and  퐶  are one sided upper and 
lower cumulative sums of mean air 
temperature data. H is the decision interval 
with a reasonable value which is five times the 
process standard deviation 휎. Before we can 
determine the parameters of the CUSUM 
scheme, we first select an in-control ARL to be 
30. 
The ARL specifies the average number of time 
periods until one gets a false alarm while in 
control. Longer ARLs imply fewer false 
alarms, but can result in a longer delay until a 
true alarm is signaled. The second parameter 
needed is to select the out-of-control mean. 
This is set based on the context of the problem, 
and is generally based upon the size of a 
change that starts to have serious practical 
effects. Larger departures are more robust 
against model misspecification (i.e., the 
distribution is not exactly as assumed). The 
CUSUM chart plots two one-sided series upper 
one-sided values ( 퐶  ) and lower one-sided 
value (퐶 ). CUSUM charts are used to 
monitor small shift in the process mean. 
CUSUM chart can catch small process shifts 
more efficiently than Shewhart chart but they 
are effective only when there is a single and 
sustained shift4. The upper one-sided values 
aggregate deviations above the process target 
mean of  휇 , and are calculated as : 
퐶 + max[0,푥 − (휇 + 푘) + 퐶 ] 
And similarly, the lower one-sided value 
aggregate deviations below 휇 , and are 
calculated as : 
퐶 + max[0, (휇 + 푘)− 푥 + 퐶 ] 
Where K is the reference value or the 
allowance or the slack value in the process 
given by 

퐾 =
|휇 − 휇 |

2 =
훿
2 휎 

 and  
 

훿 =
|휇 − 휇 |

휎
 

The value 푥  is the mean air temperature 
observation at time 푡, 휇  is the mean or target 
value and K is the reference value that is it is 
the allowable slack in the process. The above 
equations are used to calculate ( 퐶  ) and (퐶 ) 
which are used in plotting the CUSUM charts. 
The equations only pertain to the data series 
that are to be plotted on the CUSUM chart. 
The first step in determining CUSUM control 
limits is to determine the critical shift 훿. The 
critical size of the shift will be determined 
using the equation which relates the shift from 
the in-control mean to the out of control upper 
and lower means respectively. Again, 
restricting the sample size to one for  
simplicity : 
휇 = 휇 + 훿 휎 
         and 
휇 = 휇 + 훿 휎 
where 휇  is the mean or target value, : 휇  is the 
upper shift mean, 휇  be the lower shift 
mean, 훿  be the upper critical shift, 훿  is the 
lower critical shift,  휎 is the standard deviation 
of the mean air temperature data. CUSUM 
charts are defined by two parameters, H and K 
which can be selected from the ARL tables. 
However, the authors will determine the 
reference value K which is half the magnitude 
of the shift, thus a value half way between the 
target 휇  and the upper CUSUM mean 휇  , or 
the lower CUSUM mean 휇 .  This will be done 
using software called Enigeth.exe which is 
used to calculate K and H for the CUSUM 
charts. Parameters K and H must be correctly 
selected to provide good average run length 
performance5-10. The reference value is a line, 
which if crossed, provides an early warning of 
a shift in the process mean. The upper and 
lower reference values 퐾  and 퐾  are 
calculated as follows :  

퐾 =
|휇 − 휇 |

2 =
훿 휎

2  

               and 

퐾 =
|휇 − 휇 |

2 =
훿 휎

2  
After determining the reference value K, the 
decision variable H which is the number of 
standard deviations away from the center line 
where the control limits are placed is found 
and it acts as a control limit. The decision 
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variable H, if exceeded either from above (by 
the one-sided upper CUSUM) or below (by the 
one-sided lower CUSUM), determines a shift 
in the process mean.11-18  

RESULTS AND DISCUSSION 
The Fig. 1 and Fig. 2 show Autocorrelation 
and partial autocorrelation clot forming annual 
air tempreture. The ACF and PACF suggest 
that the process is white noise so we don’t 
require ARMA modeling. In order to use the 
unmodified control limits for the control 

charts we need to check if the data follow the 
normal distribution. The null hypothesis for  
testing for normality is : H0 the data can be 
reasonably modeled by a normal distribution 
versus the alternative hypothesis H1: the data 
cannot be reasonably modeled by a normal 
distribution Table 1. After applying the 
Anderson-Darling and Ryan-Joiner tests, the 
p-values are found to be greater than 훼 =
0.05, thus we fail to reject the null 
hypothesis and conclude that the data are 
well modeled by a normal distribution  
 

 

 

 
 
 
 
 
 
 
 
 

Fig. 1 : Autocorrelation plot for mean annual air temperature 

 

 

 

 

 

 

 

 

Fig. 2 : Partial autocorrelation plot for mean annual air temperature 

Table 1 : Summary of results from Anderson-Darling and Ryan-Joiner tests for normality 

n Anderson-Darling P Ryan-Joiner P 
50 A-Squared:0.284 0.617 R:0.9918 0.100 

In order for us to get a general feel of the 
existence or non-existence of a shift, we 
plotted an x-bar chart, Fig. 3. An out of  
control point happened in 1983. From 1974 to 
1981 there is a run of 8 points below the mean 
which  is  an  indication  of  the  existence of a  

shift. X-bar charts are however not sensitive to 
small shifts, we thus had to turn to the EWMA 
and CUSUM methods to try and verify whether  
the alarm raised by the x-bar chart was false or 
not . Prior to that we divided the samples at the 
point of alarm and did a two sided test of two 
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means using MINITAB and the results below 
confirmed differences in the means at a 5% level 
of significance. (Table 2) 
 

Since zero is not contained in the 95% 
confidence interval we concluded that there was 
a difference in the two means implying that there  
 
 
 

 

 

 

 

 

 

 

 

Fig . 3 : X-bar chart mean annual air temperature 
Table  2 : Two sample test for Baseline Vs Testings 

Sample  
test 

N Mean Standard 
Deviation 

SE  
mean 

Baseline 30 14.463 0.745 0.14 
Testings 20 14.964 0.682 0.15 

95% C.I. for mu Baseline - mu Testings : (-0.92, -0.08) 
T-Test mu BASELINE = mu TESTINGS (versus not =) : T= -2.41 P=0.020 DF= 48 
Both use pooled standard deviation = 0.721 

has been a shift in the climate between the two 
periods. The mean of the baseline was then 
considered to be the in control mean for the 

climate of Masvingo and it was used in the 
construction of the EWMA and CUSUM charts 
in Fig. 4 and Fig. 5. 

 
 
 
 
 
 

 

 

 

 

 

Fig. 4 : EWMA chart for mean annual air temperature 
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The EWMA chart above shows an out of 
control signal in 1993 which is almost the 
same period when the whole of Zimbabwe 
experienced a severe drought. However, the 
trend of this change started in 1981. It should 
be noted that the test does not detect the shift 

immediately. It is for this reason that we 
proceeded to use a more sensitive test the 
CUSUM chart. 
Fig. 5 below shows a CUSUM chart for the 
mean annual air temperature. The red dots 
indicate existence of an alarm.  

 
Fig.5 : CUSUM chart for mean annual air temperature 

At the beginning of the chart we observed falls 
alarms. In 1983 a genuine shift was detected. 
This shift, however, started in 1981 which 
coincided with what we observed with the 
EWMA tool. In 1982 Zimbabwe experienced a 
drought and from then on we have an evident 
shift in the climate. Though the EWMA and 
the CUSUM detected shifts at different times 
both suggest the shift started in 1981. The 
difference in detection times lies in their 
varying degrees of sensitivity even when the 
same average run length is used. 

CONCLUSION 
Both methods suggest that there is indeed a 
climate shift in Masvingo town over the years. 
Whilst the detection periods differ, they both 
give credence to the hypothesis that there is 
enough statistical evidence to point to the 
existence of climate change in the town. Both 
methods also suggest that the origin of the shift 
is in 1981. An upward shift in the mean level 
and a subsequent test in the mean difference 
point to the fact that the mean annual 
temperature is going up. Thus we conclude 
that the temperatures are getting warmer by the 

years. A similar analysis can be extended to 
other Zimbabwean towns and growth points. 
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