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Keywords Abstract

Rainfall, The characteristic summer aridity of the region has significant implications in several socio-
TRNC, economic sectors. Cyprus is facing its worst ever water shortage in the last few decades.
T-test, Climate models are widely used to project present and future changes of climate variables.
F-test, Although the ability of models has improved, systematic biases can be found in model

Wet or dry spells.

simulations. Therefore, it is recommended the accuracy of model simulations of past or
contemporary climate to be evaluated by comparing the results with observations.
Therefore, with the monthly rainfall data of TRNC six meteorological regions for the
hydrologic years from September 1975 to August 2014 period, the homogeneity tests were
as well carried out. The results show that P-value=0.38>0.05. Therefore, the Central Mesaria
time series is normally distributed. In addition, it can be understood the number of wet spells
is 18 (means 47%), number of Dry spells is 21 (means 53%). Therefore, the Central Mesaria

is in dry spell during the studied period.

1. Introduction

The Intergovernmental Panel on Climate Change Fourth
Assessment Report (IPCC-AR4) indicates significant
summer warming in south-eastern Europe and the
Mediterranean, while downward trends are associated with
the mean annual rainfall [1,2]. The combined effect of high
temperatures and low rainfall poses challenges to many
economic sectors as well as significant threat on
desertification [3,4]. For instance, the IPCC-AR4 highlights
that, water stress will increase in southern Europe, and hence
agriculture will have to cope with increasing water demand
for irrigation. In addition, the observed climate changes are
likely to enhance the frequency and intensity of extreme
events’ occurrence, such as heatwaves and droughts [5]
which may critically affect the society and economy of small
island countries, like Cyprus. There is therefore a need for
more accurate climate model predictions that will provide
meteorological information on national level and enable
relevant climate change impact studies to assist adaptation
strategies.
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Weather forecasting plays an important role in our daily
life. Especially in engineering, it shows itself more
significantly. Among meteorological data, mainly the
rainfall variations are the subject that the researchers are
interested a lot [6,7]. Although rainfall has a high positive
effect on ecological sustainability of the living organisms,
but can cause disasters like flooding or drying up of the
existing reservoirs due to global warming. Hence, estimating
the daily, monthly, seasonally and even the yearly amount of
rainfall values for different locations may guide the
researchers to some extent, for their future strategies [8,9].

Data is an information (observation or experimental
result or numerical figure or evidence) that is gathered for
examining (or using during the decision making process)
from which conclusions can be obtained. The topic of
statistics involves the study of how to gather, sum up, and
interpret any existing data since such conclusions are
essential for the decision making processes Bowerman and
Oconnell, 1997. Any properly classified collection of objects
about which a statistical investigation is being created is a
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population. So the number of individuals in any population
is the size of that population which can be finite or infinite.
A finite set of items taken from the population with a specific
plan is called a sample. The total number of individuals in a
sample is called the sample size. Generally, if the data are
less than or equal to 30, in statistics is referred as sample.

From the available literature, it was observed that, not too
many studies have been carried out on the rainfall
distribution patterns of North Cyprus. Ismail and Goymen
(1985) discussed the general outlook of rainfall in North
Cyprus whereas Kypris 1995, only studied the rainfall data
of South Cyprus, and attempted to find monthly base
diachronic changes. Biyikoglu 1995, analyse the rainfall data
of TRNC to some extent. Altunc 1995 and 1997, published
two conference papers for the water problems of TRNC
based on the basic meteorological parameters. Tayanc 1997,
studied the opportunity of making cloud seeding over
Cyprus. Altan and Sen 2000, studied the rainfall analysis of
TRNC where Pashiardis 2003, studied the records of rainfall
of South Cyprus to some extent, for agricultural planning
needs [10]. Kimyaci 2004, examined the extreme rainfall
data and established the intensity—duration and frequency
curves for North Cyprus [11]. Sharifi 2006, studied in detail,
the basic hydro-climatological variations and trends of N.
Cyprus but his studied time period was pretty short [12].

The engineering problems in general and the hydrologic
cycle especially contain quantity of events such as rainfall,
runoff, infiltration, evaporation, etc. that can be explained
through above mentioned approach where the time
component as well interferes. Usually, the number of
available data in engineering are small in size, so the sample
statistics are used during analyses.

2. Methodology

2.1. Study Area

After the peace operation in 1974, TRNC was established
in 1983, as a separate unilateral state on the northern one
third of the island, where the remaining part is under the
control of so called Cyprus Government. Its capital is
Nicosia (Lefkosa) being the unique divided capital in the
world. The population of the whole island based on recent
census in 2000 was 748000 of which 68 percent is Greek, 27
percent is Turkish and the remaining 5 percent belongs to
various minorities [11].

Island of Cyprus intense Mediterranean climate with a
typical seasonal rhythm strongly marked with respect to
temperature, rainfall and weather in general. Winters, rather

changeable are mild, with some rain and snow on Troodos
Mountain, are from November to mid-March and separated
by short autumn and spring seasons of rapid change in
weather conditions. In summer, the extension of the summer
Asian Thermal Low is evident throughout the eastern
Mediterranean in all seasonal circulation patterns [13,14],
associated with high temperatures and abundant sunshine
with hot dry summers from mid-May to mid-September.
Hence, in summer, the island is mainly under the influence
of a shallow through of low pressure extending from the
great continental depression cantered over southwest Asia. It
is a season of high temperatures with almost cloudless sky.
Rainfall is almost negligible but isolated thunderstorms
sometimes occur which give rainfall amounting to less than
5% of the total in the average year. In winter, Cyprus is near
the track of fairly small depression that cross the
Mediterranean Sea from west to east between the continental
anticyclone of Eurasia and the generally low-pressure belt of
North Africa. These depressions give periods of disturbed
weather usually lasting from one to three days and produce
most of the annual rainfall.

The wet season extends from November to March, with
most of the rain falling between December and February
(approximately 60% of the annual total). Rainfall is
generally associated with the movement of moist maritime
flows to the North, occurring particularly over areas of high
elevation [13,14]. Winter rainfall is closely related to cyclo-
genesis in the region [15]. Nevertheless, it is not uncommon
for isolated summer thunderstorms to occur, which however
contribute to less than 5% to the total annual rainfall amount.

In this study, amending 10 more recent years monthly
based regional rainfall data of North Cyprus to the previously
studied rainfall data by Sharifi 2006, is re-examined so as to
establish the most appropriate statistically acceptable
probability function(s) and model(s) through which the near
future occurrences could be forecasted [12]. Since the exact
hydrologic model for any data is never known, among the
popular models existing in literature, some of them were
selected for this study.

Island of Cyprus is meteorologically grouped into 14
main geographical regions as shown in Figure 1, but due to
political reasons, no official communication based on
exchanging, sharing or using the gathered relevant data of
any documents is possible hence, for this small island, the
southern part excludes the northern part in any study
including hydro-meteorological studies so as the northern
part.

Figure 1. Geographical regions map of Cyprus based on meteorological aspect (obtained from Meteorology Office, TRNC).
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3. Result and Discussion

2.2. Statistical analysis methods
2.2.1. Homogeneity Test

Homogeneity and its opposite, heterogeneity, relate the
statistical properties of any one part of an overall data are
the same as any other part. Homogeneity can be studied to
several  degrees of complexity among them
homoscedasticity examines how much the variability of
data-values changes throughout a data [16]. It is used to
determine whether frequency counts are distributed
identically across different data subset groups. A test of
homogeneity compares the proportions of responses from
two or more populations. In other word homogeneity tests
determine if within the time series data there is a specific
time period at which a change within the data occurs.
Knowing that, the climate change studies based on long
climate records where the homogeneity testing is inevitable.
One type of non-homogeneity in long meteorological time
series is the sudden shifts of the mean level compared with
surrounding sites. Such unrepresentative shifts are often
related to relocations of the station but also may be caused
by changes in observing schedules and practices, changes in
instrument exposure or abrupt changes in the immediate
environment. Changes in the surroundings also may be
more gradual in the case of an urban influence, which
affects mainly temperature data thus needs homogeneity
testing[17,18]

2.2.2. ANOVA

In order to check the homogeneity, correlation and
comparison of any two sets of, a common method called
Analysis of Variances ‘ANOVA’ is used. Student’s t-test
and Fisher’s F-test are mostly used distributions for this
purpose. The formulations of these tests are given as below;
beside the formulation, the determined answers from the
equations should be checked by appropriate tables of t-test
and F-test given in appendix, based on the degrees of
freedom and the interested confidence intervals. If the
obtained value is less than the calculated critical value, the
test proves the homogeneity and the test is hence assumed
to be acceptable. In fact t-test is comparing the means and
F-test is comparing the standard deviations of the datas
.[19,20]

2.2.3. T-test

The means of the two sets X and Y were found. The

standard deviations of the two sets sy and sy were
determined. Then the formula [21]

t (>_<—V)2 Q)
n o m

Is Calculated. Where X&'y are the means of the
datas, sx & sy are the standard deviations of the datas and
n & m are the number of data available for each data.

Fixing the degree of freedom and confidence interval
and referring to table of t-distribution, allowable (critical)
value of t is found. Compare the t value with critical 4, if the
calculated value is smaller, test is acceptable and correlation
exists otherwise the two sets of data are not correlated [22,
23]

2.2.4. F-test

This test is based on comparing the standard deviations.
The procedure is to determine the standard deviations of
two set sx and sy. Obtain the deviation of smaller value over
the larger value. As the F-test formula implies [24-28]

2
F=3x @

52

y
Like t-test, considering the confidence level and degree
of freedom, the allowable F value would be read from the
appropriate table. The obtained F value and the allowable F
value were compared and if the calculated F is smaller than
allowable F, a correlation between two sets exists.
Otherwise there is no correlation between two sets. The
important note in F-test is that, the smaller value of the
standard deviation should also be at the numerator and the

larger value should be at denominator [29-34]

3. Result and Discussion

The minimum number of required data for any statistical
study depends on the range of the available data, its average,
and the expected degree of acceptable level of deviation.
For this statistical study, to determine the minimum number
of required data nmin, an empirical method that bases on
two simple tests was performed and the minimum value
nmin, which satisfies these tests, is supposed to be the
answer of the above mentioned problem. Figure 2 shows the
required number of sample size for Central Mesaria
regions’ rainfall data, based on the percentage deviations of
the mean values. The tests are a kind of altering average
tests. The test starts from number of two data (the value of
n=1 and n+1=2) and compares the mean deviation of the
averages and standard deviations of these n and n+1 values
with the subsequently verified mean and standard deviation
value that was computed founded on one less than number
of data, i.e. If the variation of the average is less than 2 and
standard deviation is less than 5 percent, the minimum
required number of the data, based on average and standard
deviation is then obtained.

As it can be seen through the graph of Figure 2,
minimum number of data for Central Mesaria region is 28
years, because after that, the fluctuation would be less than
12 percent. Figure 3 shows the required number of sample
size for Central Mesaria regions’ rainfall data, based on the
percentage variation of the standard deviations. As it can be
noticed, the minimum number of data based on standard
deviation for Central Mesaria is chosen to be 34 years,
considering the fluctuations less than 5 percent.
Consequently, the required minimum number of data is 34
years based on comparisons of means and standard
deviations according to Table 1.
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percentage deviation from previous mean (%)

number of required sample data

Figure 2. Curve showing the required number of sample size for Central Mesaria regions’ rainfall data, based on the percentage deviations of
the mean values
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Figure 3. Curve showing the required number of sample size for Central Mesaria regions’ rainfall data, based on the percentage variation of
the standard deviations

Table 1. Appropriateness of the data sample size of Central Mesaria for statistic and probabilistic studies
Based on Mean (not more than 2% deviation) Based on Standard Deviation (not more than 5% deviation)

28 <39 OK 34 <39 0K

Figure 4. Normality test of Central Mesaria rainfall
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Figure 4 shows the Normality test by Minitab software. is less than allowable t therefore the correlation exists
According to this figure, P-value=0.38>0.05. Therefore, the between Central Mesaria and East Coast. But for the data
Central Mesaria time series is normally distributed. In below correlation doesn’t exist between Central Mesaria
addition, Table 2 to 4 show the t-test result of various region and North Coast.

of studies. As it can be seen in these tables, the calculated t
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Knowing the wet and dry years is important. The
wetness or dryness can be checked by several methods such
as severity index, drought index. In this paper, an empirical
method used which compare the mean RAINFALL DATA
of any regions with each RAINFALL DATA of any years,
and if it is larger than mean, it implies wetness of that year
and if it less than mean it is named dry year. Below the
results of study performed on rainfall data of Central
Mesaria from year 1975 to 2013 is given. According to the
result of this table, it can be understood the number of wet
spells is 18 (means 47%), number of Dry spells is 21 (means
53%). Therefore, the Central Mesaria is in dry spell during
the studied period.

Table 2. t-test between Central Mesaria and East Coast regions’
and its result

n,m 39
Central Mesaria Mean 299.9
East Coast Mean 334.7
Central Mesaria Sd 75.9
East Coast Sd 92.8

degree of freedom 37
level of confidence 95%
Allowable t 1.69

t=-1.5608 Acceptable

Table 3. t-test between Central Mesaria and North Sea regions’
and its result

n, m 39
Central Mesaria Mean 299.9
North Coast Mean 461.9
Central Mesaria Sd 75.9
North Coast Sd 100.62
degree of freedom 37
level of confidence 95%
Allowable t 1.69
t =-6.2458 Unacceptable

Table 4. F-test between Central Mesaria and East Coast regions’
and its result

n 39
Central Mesaria Sd 75.9
East Coast Sd 92.8
degree of freedom 38
level of confidence 95%
Allowable F 1.72
F=0.6684 Acceptable

Table 5. Numerical representation of wet and dry spells of West Mesaria region based on the mean of the data

H@g;’:"g'c Rainfall (mm)  Wet\ Dry g; \'IDVZ Hﬂ;’r'og'c R("r‘]'q”:f)‘" Wet\ Dry f \I/DVZ
1975-1976 351.8 wet 1 1993-1994 279.8 Dry 0
1976-1977 270.3 Dry 0 1994-1995 286.5 Dry 0
1977-1978 288.4 Dry 0 1995-1996 209.6 Dry 0
1978-1979 350.9 wet 1 1996-1997 281.5 Dry 0
1975-1976 351.8 wet 1 1997-1998 252.2 Dry 0
1976-1977 270.3 Dry 0 1998-1999 283.9 Dry 0
1977-1978 288.4 Dry 0 1999-2000 214.9 Dry 0
1978-1979 350.9 wet 1 2000-2001 385 wet 1
1979-1980 3433 wet 1 2001-2002 427.7 wet 1
1980-1981 314.1 wet 1 2002-2003 510.3 wet 1
1981-1982 224.3 Dry 0 2003-2004 361.7 wet 1
1982-1983 235.6 Dry 0 2004-2005 331.3 wet 1
1983-1984 275.2 Dry 0 2005-2006 265.2 Dry 0
1984-1985 205.3 Dry 0 2006-2007 329 wet 1
1985-1986 300.1 wet 1 2007-2008 1075 Dry 0
1986-1987 345.4 wet 1 2008-2009 257 Dry 0
1987-1988 369.7 wet 1 2009-2010 4338 wet 1
1988-1989 284.5 Dry 0 2010-2011 288.9 Dry 0
1989-1990 233.9 Dry 0 2011-2012 314.6 wet 1
1990-1991 138.1 Dry 0 2012-2013 360.5 wet 1
1991-1992 342.6 wet 1 2013-2014 224.3 Dry 0
1992-1993 319.9 wet 1 The Mean is 299.9 mm

10. Conclusions

Among the four probability distribution models,
Normal, Log-Normal, Gumbel, and Gamma, the best
representative for each meteorological region was
determined through the best fitting curve approach. Except
East Coast and West Mesaria which are Log-Normal, the
other meteorological regions and TRNC obey the Normal
distribution model. Rainfall of the 6 meteorological regions
of North Cyprus and TRNC as a whole were analyzed and
10 years forecasting data were as well predicted. For this
purpose, to determine the best time series model for each
regions and for TRNC, the standardized MSE, MAPE,
RMSE, and MAD were used. To be able to realize how the

meteorological data is varying for a long run, wet and dry
spells of yearly rainfall data as well studied. Interestingly all
the data in all the meteorological regions suggests dry
regions.
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