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The rainfall data can be help to engineers to predict the events and models to decide in other
engineering subject. Therefore, in this paper, the monthly rainfall data of six meteorological
regions of TRNC as a whole for the hydrologic years from September 1975 to August 2014
period were gathered. In order to study these gathered monthly data’s statistically, other than
the minimum required sample sizes for each region, the quality tests (consistency, normality,
stationarity, and trend) were as well carried out based on parametric and non-parametric
tests. To determine the most representative probability distribution function for each region,
Normal distributions were used. The result show that Normality, Homogeneity,
Consistency, Trend analysis, and Stationarity tests were used as quality test for each
meteorological region and TRNC as a whole and found that they are all within the acceptable

range.

1. Introduction

It is a known fact that, many quantities encountered in all phases of life are treated as random variables in statistical sense.

Theoretically, there should be a scientific explanation as to the occurance of every sensible being, so the physical and the

engineering quantities should be mathematically formulated. Because of the three dimensional complexity and time necessarily

being the fourth dimension of some phenomena, however, even the most developed organizations or individuals of exceptional

dexterity are unable to mathematically depict some events such as hurricanes, many meteorological incidents, and severe

earthquakes [1, 2]. For example, aside from snow melt, everybody knows that, an intense rainfall exeeding the infiltration

capacity of a particular area causes direct overland flow ultimately results in a flood.

The physical mechanism of direct runoff beginning from a thin sheet flow [3,4], passing through the rest of the drainage

paths, and finally continuing its travel in a mix qualitatively explainable. There are qualitative models that accounts these
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complicated mechanisms with respectable accuracy through appropriate computer programs and packages but the
unpredictability of the meteorological events however, brings about a serios difficulty for realistic calculations of the magnitude
and spatial and temporal variation of the hydro-meteorological (i.e. rainfall, snow, evaporation, etc.) input, in the first place.
Most of the case study problems in engineering dealt with these uncertainties [5]. Even the conditions of similar cases look
common and similar, their effects may be different [6]. This is mainly due to the randomness characteristic that involves during
the occurrence of the natural (real case) problems and the inappropriateness of the suggested model as well as the gathered data
that is used to express this occurred phenomenon mathematically. Naturally, mankind will keep up the endeavour of making
accurate meteorological forecasts for longer periods in the coming future. In this paper, by use of various statistical analysis

methods, trend in the rainfall data will be analyzed.
2. Methodology

2.1. Study Area

Cyprus is an island, being located in the north-eastern part of the Mediterranean Sea, and is the third largest island with a
surface area of 9251 km?. It is bounded by latitudes of 35°45° and 34°15° N, and by longitudes of 32°15” and 34°30° E. The island
lies about 64 km south of Turkey, 97 km west of Syria and 402 km north of Egypt’s Nile Delta and 380 km south east of Greece.
Islands total coastline is 782 km in length [7]. Along the north, TRNC meteorology department, with simple regional
modifications along the regional boundaries and renumbering of the existing meteorologically divided map, establishes its own
meteorological regions. Hence, along the geographical occupation of TRNC, there are 6 meteorologically grouped geographical

regions as shown in figure 1 which are investigated in this study.
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Figure 1. Geographical regions map of TRNC (obtained from Wikimedia)
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2.2. Statistical analysis methods

2.2.1. Normality Test

In statistics, normality tests are used to determine if a data is well-modelled by a normal distribution and to compute how
likely it is for a random variable underlying the data to be normally distributed. Hence assessment of the normality of data is a
prerequisite for many statistical tests because normally distributed data is an underlying assumption in all the parametric testing.

In other words, application of most of the statistical methods requires the data to behave in a Gaussian fashion [8,9].

2.2.2. Cumulative Distribution Function

This test compares the CDF (cumulative distribution function) of sample data with the distribution expected if the data were

normal. If the observed difference is adequately large, it will be rejected the null hypothesis of population normality [10,11].

Because this test for each region is done by Minitab 16 software, the theory is not explained here. If the P value that is given
by software will be equal or greater than 5%, then it is concluded that, the time series is normally distributed. In this paper,

Anderson Darling test is selected for testing normality in Minitab.

2.2.3. Consistency Test

Consistency is another desired property for any data. It checks whether or not any data within the data is reasonable. In other
words, it checks if there is a surprise data (outlier) compared with the similar family of data. For example, records for rainfall
within an area might be increased in three ways: records for additional time periods; records for additional sites with a fixed
area; records for extra sites obtained by extending the size of the area. In such cases, the property of consistency may be limited

to one or more of the possible ways a sample size can grow [12, 13].

Double mass curve is a fundamental tool in data analysis. It is a plot of cumulative values of one variable against the
accumulation of another quantities during the same time period. The theory of double mass curve is that, when accumulation of
two quantities is drawn, they represent straight line. If there is a break in this continuous line, it means that there is a systematic
error and it requires to be corrected. Conversely if, there is no break or change of slope within the line, it could be concluded
that, the two sets of compared data are consistent. Correction of the data can be done by multiplying a constant ratio based on

slopes [14].

Padjusted = M_Z Pobserved (3]

where M, is the slope of the line before the abrupt change and My is the slope of the systematic errors line.

2.2.4. Trend Test

It is a change in the level of data series, usually overtime but sometimes in space. It is a general increase or decrease in the
observed values of random variable over a time. In most cases, it is not generally possible to detect trends that are not apparent
by inspection, especially for data records of short to moderate length - say 20 years or less. Testing the existence of linear
(monotonic) trend (serial correlation) within the whole time series is important in hydro-meteorological datas. Testing for the
existence of linear (monotonic) trend within the whole time series can be done by parametric and nonparametric methods [15-
19].
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Mann-Kendall test is a nonparametric test that is used to find trend in time series. It was suggested by Mann (1945) and
Kendall (1975). Mann-Kendall test also referred as Kendall’s Tau ‘t” test. Mann-Kendall test is used to measure the connection

of two sets of data. When one set of data is time then this test is used to point out the trend [20-29]. The test statistic is founded

by

iy

T= S sign(X; —X;) (2

i=2 j

[N

where ‘7’ is approximately converging to normal distribution stated as N, if “t’ is positive, it illustrates that the trend is

increasing and if it is negative, it means the trend is decreasing. Standard deviation sy is also described as

s, =+/n(nh—-1D(2n +5)/18 @)

After obtaining the ‘t’, Median slope should be obtained through Sen’s method. Sen's method for the approximation of slope
needs a time series of equally spaced data. Sen's method proceeds by calculating the slope as a change in measurement per

change in time. The equation is given as below:

X=X )

Q —
j—i

3. Result and Discussion

It is essential to check if the data is consistent and lies within the data collected from neighboring regions or not. So as to
check consistency of the data, double mass curve is used. Steps of applying double mass curve are as follows:
e The accumulation of the desired parameter in the studied region (station) is found.
e Then the accumulation of the average of the desired parameter over the nearby regions (station) is calculated.

e A graph is drawn of which its x-axis is cumulative average of the parameter over nearby regions and its y-axis represents
the cumulative of desired parameter over the studied region.

Figure 2 shows the preceding steps are given. The studied area was Central Mesaria region and the desired parameter was

rainfall. The consistency of rainfall data between Central Mesaria and average of other 5 regions in TRNC is checked.

14000.0
12000.0

10000.0 A/
80000 /W

6000.0 A/

4000.0 M

20000 ./

Yo Y X9 s X 9 9 % N 0 05 A0 K AD

SRR AN A NN R A R S AR SRS
DD P A P S D e @A
FT AT AT TR @ DA S P Y W

cumulative ppt of West Mesaria (mm)

cumulative mean of ppt of nearby 5 regions {mm)
Figure 2. Central Mesaria Double Mass Curve for rainfall data with respect to nearby 5 other regions
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It is found that the Central Mesaria region Rainfall is consistent with the mean Rainfall data of nearby 5 regions. In order to
check if there are any trends in data Mann-Kendal test is used. This test is done by XLSTAT software. In this test, the p-value
of Mann-Kendall will be computed. The test has Hypothesis test:

Ho= There is no trend in the series,
H1: There is a trend in the series,

and the confidence interval alpha is 5%, therefore if the P-value of Mann-kendall is greater than 5% then it will be concluded
that there is no trend in series. Here the sample of Mann-kendall and Sens Median Slope test for Central Mesaria is illustrated.

Tables 1 and 2 show the result of Mann-Kendall. Besides, mostly used formulas for CDF in hydrology are given in the table 3.

Table 1. Summary of Mann-Kendall trend tests

Variable Observations Qb?- with Obs. without missing Minimum Maximum Mean Std. deviation
missing data data
351.8 38 0 38 107.500 510.300 298.574 76.437

Table 2. Mann-Kendall trend test

Kendall's tau 0.046
S 32.000
Var (S) 6326.000
p-value (Two-tailed) 0.697
alpha 0.05

As it can be seen from the test result, the P-value of Mann-Kendall trend test is 0.697 that is greater than 5%, therefore based on

the null hypothesis of this paper (HO) there is no trend in the rainfall data time series of Central Mesaria. The Sens slope is 0.521.

Table 3. Mostly used CDF equations with comments

Distribution Equations Comments
Normal X=X+ 1ZzS, By using table of normal distribution given in appendix, z is obtained.
Log Normal y=Log(x). y=Yy+zsy After finding the Log, using the normal distribution table z is obtained.
Extreme - Value Y y=a(X-Xg), a:S—n, ony_ynsix
(Gumble) g=(1-p)=e x o,

yn ,on coefficients are obtained from tables given in appendix

- =a (logx - logx % logR — v, Slogx
Log Gumble q= (1_p) —e® y y =a(log gXg), a 5 Xg =logX -y, o,
yn ,on coefficients are obtained from tables given in appendix

Pearson Type IlI X=X+ Ks Referring to appropriate table given in appendix, K is obtained.

Log-Pearson Type

111 (Gamma) log x = log X+ Kslogx Referring to appropriate table given in appendix, K is obtained.

In this paper by using Minitab, 2 types of distribution model are Compared for best fitting, Normal and Log-Normal which
are shown according to figure 3. Also, Equations of the probability distribution with their confidence intervals of Central Mesaria

are given in the table 4.
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Figure 3. Probability distribution of Central Mesaria
Table 4. Equations of the probability distribution with their confidence intervals of Central Mesaria
Name Equation Correlation Coefficient
Normal X =2999+7497Z 0.981
Log Normal y=logx=25+0.1Z 0.933

4. Conclusion

In this paper, by investigating of rainfall data of 6 meteorologically grouped geographical regions of TRNC, the trend in the
rainfall data was analyzed. The result show that the P-value of Mann-Kendall trend test is 0.697 that is greater than 5%, therefore
based on the null hypothesis of this paper (HO) there is no trend in the rainfall data time series of Central Mesaria. Also, by
comparing Correlation Coefficients of all probability distribution of Central Mesaria, it is concluded that the best fitted model is
Normal distribution. Normality, Homogeneity, Consistency, Trend analysis, and Stationarity tests were used as quality test for
each meteorological region and TRNC as a whole and found that they are all within the acceptable range.
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