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ABSTRACT

The trend analysis is one of the important climate studies for detecting climate
change in the short and long term. Climate change trend analysis can provide
information on how climate has evolved to determine the changes and trends in
climate elements over time. The importance of climate trend analysis studies is to
estimate the risks of future climate changes based on current data and to try to avoid
drought and lack of water resources by establishing sound scientific plans based on the
results of these studies.

The scope of the research subject entitled “Trend Analysis of Temperatures and
Precipitation data in Northern part of Libya” extends to analysis of 16 meteorological
stations, 8 of which are coastal stations, which are Agdabia, Benghazi, Derna,
Misurata, Sirte, Tobruk, Tripoli, Zwara. And 5 of them are desert stations, which are
Ghadames, Ghariat, Hon, Jaghboub, Jalo, and 3 mountain stations are Alfataiah,
NALUT and SHAHAT. In order to perform trend analysis, the data must be at least 30
years old. The data for current analysis in most of the stations comprises of 40 years,
from 1971 to 2010, except for Alfataiah Station (1981-2010) and Tobruk Station
(1984-2010).The necessary data comprising 40-year continuous data were collected

from Libyan National Meteorological center climate & climate Change, Tripoli.

Microsoft Excel 2007 and IBM SPSS 23 program were used to organize the
climate and other data and to create tables, graphs and figures for the data. Arc GIS
10.4 (Geography Information System) program was used to make the maps. Trend
Analysis and Windows software and IBM SPSS 23 program were used to perform
trends and other statistical analyzes. Descriptive statistics of the data were made in the
statistical methods used within the scope of the study, Kolmogorov- Smirnov test for
made normality distributions, and the data were not distributed normally. After the
Kruskal-Wallis H test was used to determine the difference between the temperature
and Precipitation, the correlation was determined using the Spearman Rho method for

correlation analysis. For the trend analysis of 40-year temperature and precipitation



data, trends directions were determined by Mann-Kendall, Spearman Rho, Sen test,

Simple Linear Regression Analysis for temperatures.

In maximum temperatures, it is observed that there are warming at western
stations of the study area during the spring season and in most stations in the summer,
and Sirte, Agdabia, Jalo and Hon stations in autumn. The winter season showed no
significant trends in the maximum temperatures. However, the general average
temperatures of the maximum temperatures have shown warming in all stations except
for stations near Green Mountain and Zwara station in the west. In minimum
temperatures, it is observed that there are warming at all stations in summer, except for
Shahat station. In spring, while in the autumn season, all stations showed warming
except for stations located on a high elevation, such as Nalut, Ghadames and Shahat.
The winter season has shown trends towards warming at stations of Jagboub,
Alfataiah, and Agdabia, as for the annual average, it showed trends towards warming
in some situations, such as Jaghboub, Alfataiah and Zwara. In average temperatures,

most stations showed a tendency to warming.

There were relationships between the indicators of the North Atlantic Oscillation
(positive and negative) and the increase trends in the autumn season in several years
the most important of which was in September 1993 with the value (-3.18) and its
impact reached several stations such as AI-FATAIAH, JAGHBOUB, JALO, TRIPOLI
and DERNA in increasing and decreasing trends in temperatures and precipitation in

deferent years.

The El Nino and La Nino phenomenon influenced temperature trends and
precipitation in the region. The El Nifio effect (very strong) in the 1982-1983 season
caused the lowest temperatures in DERNA station and the maximum temperatures in
ZWARA and JALO stations while the phenomenon of La Nifio affected the trends of
precipitation in some stations such as NALUT, SHAHAT, JAGHBOUB, TOBRUK,
DERNA, JALO, and JAGHBOUB.Based on results of this study, appropriate plans
and policies can be established to address current and future climate conditions, by

which areas threatened by drought and water shortages can be identified.

Keywords: Temperature, Precipitation, Trend Analysis, Mann-Kendall, Spearman

Trend Slope Test, Physical Geography.



OZET

Trend analizi, uzun vadede iklim degisikligini tespit etmek i¢in 6nemli iklim
istatistik uygulamalarindan biridir. iklim elemanlarinin zaman serileri igerisindeki
degisikliklerini ve egilimlerini belirlemek iklimin nasil degistigi iizerine bir fikir
verebilir. Zaman serileri icerisindeki iklim degiskenliklerinin iklim parametrelerinde
artis ya da azalis egilimi gostermesi, mevcut durumu tespit etmek kadar gelecek ile

ilgili dngorii yapilabilmesine de yardimci olmaktadir.

Arastirmanin kapsamini; “Kuzey Libya'da Sicaklik ve Yagis Verilerinin Trend
Analizi” olusturmaktadir. Tezin amacini ise, arastirmaya dahil edilen istasyonlarin
(Agdabia, Bingazi, Derna, Misurata, Sirte, Tobruk, Trablus, Zwara, Ghadames,
Ghariat, Hon, Jaghboub, Jalo, Alfataiah, Nalut ve Shahat) sicaklik ve yagis verilerini
degerlendirerek mevcut trendin egilimlerini, boyutunu ve siddetini belirlemek
meydana getirmekedir. Karma arastirma modelinin kullanildigi bu ¢alismanin verileri
Trablus’da bulunan Libya Ulusal Meteoroloji Merkezi Iklim ve iklim Degisikligi

biriminden elde edilmistir.

Verilerin analizinde tablolar, grafikler ve sekiller olusturmak i¢in Microsoft Excel
2007, harita yapimi ve analizi i¢in Arc GIS 10.4 programi, Trend analizi ve diger
istatistiksel islemleri gerceklestirmek icin SPSS 23 programi kullanilmistir. Sicaklik ve
yagis arasindaki farki belirlemek icin Kruskal-Wallis H testi uygulandiktan sonra
korelasyon analizi i¢in Spearman Rho yontemi kullanilarak korelasyon belirlenmistir.
40 yillik sicaklik ve yagis verilerinin trend analizi i¢in egilim ydnleri Mann-Kendall,
Spearman Rho, Sen testi, sicakliklar i¢in basit dogrusal regresyon analizi ile

belirlenmistir.

Maksimum sicakliklarda, ilkbahar mevsiminde ve yaz aylarinda ¢ogu istasyonda
ve sonbaharda Sirte, Agdabia, Jalove Hon istasyonlarinda c¢aligma alaninin bati
istasyonlarinda 1sinma  oldugu goriilmektedir. Kis mevsiminde maksimum
sicakliklarda oOnemli egilimler gostermemistir. Bununla birlikte, maksimum
sicakliklarin genel ortalama sicakliklari, batidaki Green Mountain ve Zwara istasyonu

yakinlarindaki istasyonlar harig tiim istasyonlarda 1sinmay1 gostermistir.
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Aragtirmanin sonucunda minimum sicakliklarda, Shahat istasyonu hari¢, yaz
aylarinda tiim istasyonlarda 1sinma oldugu goriilmektedir. Ilkbaharda, tiim ¢ol
istasyonlar1 1sinma egilimlerini gosterirken, sonbahar mevsiminde tiim istasyonlar
Nalut, Ghadames ve Shahat gibi yiikseltisi fazla olan istasyonlar diginda 1sinma egilimi
gostermemektedir. Kis mevsimi, Jagboub, Alfataiah ve Agdabia istasyonlarinda
1sinmaya yonelik egilimler gostermekte; yillik ortalamada ise Jaghboub, Alfataiah ve
Zwara gibi baz1 stasyonlar 1sinma egilimleri gdstermistir. Ortalama sicakliklarda, cogu
istasyon her mevsim oOzellikle (1998-2001) arasinda 1sinma egilimi gostermistir.
Isinma egilimi, Trablus, Misurata, Bingazi gibi biiyiik niifus merkezlerinin yakininda
bulunan istasyonlarda ve Agdabia, Tobruk ve Sirte gibi petrol rafinerilerinin yakininda

bulunan istasyonlarda goriilmektedir.

Zwara, Trablus ve Tobruk istasyonlar1 gibi bazi istasyonlar, yillik yagis
ortalamasinda azalma egilimleri gosterirken, diger tiim istasyonlarin yagisinda dnemli

bir egilim gostermemistir.

Kuzey Atlantik Salimmminin gostergeleri (pozitif ve negatif) ile sonbahar
mevsimindeki artig egilimleri arasinda en 6nemlisi (-3.18) degeri ile Eyliil 1993'te olan
iliskiler bulunmaktadir ve onun etkisi AL-FATAIAH, JAGHBOUB, JALO, TRIPOLI
ve DERNA gibi ¢esitli istasyonlara ulagmustir.

El Nino ve La Nino salimmlari bolgedeki sicaklik trendlerini ve yagislart
etkilemistir. 1982-1983 yillarinda El Nifo etkisi (¢ok giiclii), DERNA istasyonundaki
en diisiik sicakliklara ve ZWARA ve JALO istasyonlarindaki maksimum sicakliklara
neden olurken, la Nifio salimmi NALUT, SHAHAT, JAGHBOUB, TOBRUK,
DERNA, JALO ve JAGHBOUB gibi bazi istasyonlarda yagis trendlerini etkilemistir.

Arastirmanin sonuclarina goére Libya’daki iklim degisikliginin olumsuz etkilerini
ortadan kaldirmak veya azaltmak i¢in diisiik yagis ve artan sicakliklar etkileyen bazi
tedbirler alinmalidir. Bu tedbirlerin en 6nemlisi, su kaynaklar1 yonetimi i¢in planlar

yapilmal1 ve uygulanmalidir.

Anahtar Kelimeler: Sicaklik, Yagis, Trend Analizi, Mann-Kendall, Spearman

Trend Egilim Testi, Fiziki Cografya.
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ABBREVIATIONS

Ap. - April

Aver. : Average

Ag. : August

Aut. : Autumn

°C : Celsius Temperature

CL : Control Limit

De. : December

E - East

ENSO : El Nifio Southern Oscillation
GIS : Geography Information System
hPa : Hectopascal (Pressure Unit)
Fb. : February

IPCC : Intergovernmental Panel on Climate Change
Ja. : January

Jn. :June

JI. July

km : Kilometer

K-wW . Kruskal Wallis

LCL : Lower Control Limit

LNMC  : Libyan National Meteorological Centre
LSL - Lower Specification Limit

m . Meter

Mr. : March

Ma. - May

M-K : Mann-Kendall

Max. : Maximum

Min. : Minimum

mm : Millimeter

MO :Mediterranean Oscillation

16



NAO
Nv.

Y

Oc.

r

S

SAO
Sp.

SPI
SPSS
Spr.
Std.
Std.eva.
Sum.
UCL
USL
U(t)-uU'(t) :
W
WEMO
Win.
WMO
Z

: North

: Sample Size

: North Atlantic Oscillation

: November

: Significance Level

- October

: Coefficient of correlation

: South

: Southern Oscillation Index

: September

: Standard Precipitation Index

- Statistical Package for the Social Sciences
: Spring

: Standard Deviation

: Standard Deviation on Sample Size
: Summer

: Upper Control Limit

: Upper Specification Limit

Mann-Kendall Order Correlation Test

: West

: Western Mediterranean Oscillation

. Winter

: World Meteorological Organization

. Result of Mann Kendall & Spearman test

17



INTRODUCTION

The introduction part of thesis covers the subject of the research, purpose, sub-
objectives, justification, importance, limitations, materials and methods and analysis of

previous studies.

I. SUBJECT OF THE RESEARCH

The climate is one of the major physical elements on the earth that has become an
important area of scientific research. The governments of many countries in the world
have shown keen interest in climate change after the industrial revolution of the 19"
century. Besides, the issue of global warming in recent decades has also increased the

interest of scientists in climate research.

In general, climate change can be defined as a long-term and slow-developing
changes with significant global and local impacts on climatic conditions of the world.
These changes in climate during ice age and interglaciation period has great impact on
climatic patterns in various regions of the world that influence the melting of glaciers,

average temperature and amount of precipitation (Tiirkes, 2001).

This implies that the portrayal of the climate patterns in a particular region must
include an analysis of mean conditions of the seasonal cycle of the probability of

extremes such as severe drought in the arid areas.

The most recent assessment conducted by Intergovernmental Panel on Climate
Change (IPCC) has reported an increase in the mean surface temperature from 0.56 °C
in 1906 to 0.92 °C in 2005 (IPCC, 2007). This increase is larger than what had been
mentioned by previous IPCC report, which mentioned that global mean surface
temperature has increased by approximately 0.3 °C to 0.6 °C from 1901-2000 (IPCC,
2001).

Climate changes in the past were entirely due to natural causes. However, the
share of human activities in recent climate changes is much greater. The short-range
climate changes, which are suggested to be the result of more human activities, are the

subjects related to the phenomenon of global warming (Nisanci, 2007).
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The climate which has a dynamic structure shows continuous variation in
temporal and spatial scale, hence, a large part of the earth is subject to changes due to
the nature of the climate in short or long periods. On the other hand, the idea of global
climate change, which is expressed as the increase of global temperature and the
change of rainfall pattern, has started to be accepted by the scientists due to the

findings obtained in recent years (Karabulut, 2009).

Climate change has both positive and negative effects. These impacts influence
human health and quality of life at greater extent with changes in water resources,
natural ecosystems, agriculture, forestry, and fishing activities. The negative impact
start dominating as the changes in the climate patterns increase (Demirci, and
Karakuyu, 2002; Tiirkes, 2012).

The elements of heat and precipitation are of the most important climatic elements
that affect directly or indirectly other air elements such as evaporation, condensation,
atmospheric pressure, etc. Any change in temperature or lack of rain can cause a
change in the general that affects regional or even local climate. Temperature and
precipitation that represents the main elements of climate have both spatial and

temporal variability.

The oscillations in the temperature and precipitation parameters show evidence of
the general characteristics of the climate and they are of great importance.
Accordingly, recent studies on climate change have focused on the trend analysis of
temperature and precipitation parameters. The studies revealed that during the period
between 1850-2016, the year 2000 represented the hottest ten years on a global scale
(Cosun, 2009 andTiirkes, 2012).

This definition of the climate as representative of conditions over several decades
should, of course, not mask the fact that climate can change rapidly. Nevertheless, a
substantial time interval is needed to observe a difference in climate between any two
periods. In general, the less the difference between the two periods, the longer is the

time needed to identify any changes in the climate between them with confidence.

Following the World Meteorological Organization (WMO), a period of 30 years is
the classical period for performing the statistics used to define climate. This is well

adopted for studying climate of recent decades since it requires a reasonable amount of
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data while still providing a good sample of the different types of weather that can

occur in a particular area.

However, when analyzing the most distant past, such as the last glacial maximum
around 20.000 years ago, climatologists are often interested in varied characteristic of
longer time intervals. Consequently, the 30-year period proposed by the WMO should
be considered more as an indicator than a norm that must be followed in all cases
(Brohan, 2006).

The analysis of previous literature has revealed that there is an absence of
scientific studies regarding trend analysis of temperature and precipitation in Libya.
Therefore, in present study the trend analysis was applied to temperature and
precipitation data of north Libya from 16 meteorological stations for the period
between 1971-2010, to identify general trends along with present and future climate
predictions in the study area. Besides, the dimensions of climatic changes related to
these climate parameters were determined in order to make accurate inferences about
future situations on the climate. In this study, trend analysis was performed on
temperature and precipitation parameters instead of evaluating all climatic parameters

which best reflect the changes in climate with time.

The study area is located in North Africa in Libya extending from 28.00 to 33.10
latitudes in north and 09.20 to 25.00 longitude in the east. Mediterranean sea lies in the
north, desert of Libya in the south, Tunisia and Algeria in the west and Egypt in the
east of the study area. There is about 1900 km long coastline in the north of study area

extending from Berdya gulf in the east to Ras Ajdir in the west.

The study area covers an area of about 538,495 square kilometers comprising two
different regions. First region comprises coastline area, Green Mountain in Northeast,
and West Mountain in northwest, while the second one is southern region which is a
dry desert area making the largest part of the study area. This diversity and extension
in the surface features resulted in a variety of climatic conditions prevailing in the
region from semi-humid climate in the north and semi-arid climate in the center to the

very-arid climate in the south.
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Map 1. Location Map of Northern Libya

1. PURPOSE AND SUB-AIMS OF THE RESEARCH

Present research aims to identify the trend of temperature and precipitation data of
long period and find the direction and dimensions of these trends. For this purpose, the

following questions have been sought:

% What are the planetary and local factors affecting the climate of northern
Libya?

¢ In which trends (increase/decrease) the trend has occurred in meteorological
stations (Desert stations or Coast stations)?

% Which meteorological stations show strong trends and are these stations show
changes in temperature and precipitation data?

% Is there any relationship between the temperatures and precipitationtrends in
Libya and global climate change and climatic phenomena such as Atlantic

oscillations and El Nifno?

The study is based on one main axis to answer these questions that is concerned

with descriptive and statistical analysis of temperatures and precipitation in the area.

21




A number of studies have recommended the study of trends for different climate
variables (Nalley, 2012) to understand the relationship between human activities and
climate. In the light of this, the main objective of this research is to analyze the trends
that may exist in the time series of climatic variables. These parameters serve as good
indicators of how the climate has evolved as the studies on climate change indicate an
increase in patterns of temperature and precipitation experienced in different parts of
the world. Therefore, information about the impacts of climate change on the
spatiotemporal characteristics of temperature and precipitation is required to

understand the effects of climate change on scarcity of water resources in region.

I11. SIGNIFICANCE AND LIMITATIONS OF THE RESEARCH

The subject of the study is important because it is the first study that provides a
clearer understanding of climatic trends in Libya with such extent the obtained results
are thought to provide an important contribution to the development of climate plans

and policies.

Climatic characteristics, climate change and trends have a very decisive influence
on human activities and ecosystems. These effects are mostly manifested by
temperature and precipitation elements. This issue demonstrates the necessity of the
subject taken in the study and shows the importance of taking the basis of temperature
and precipitation data for trend analysis. Besides, it is also important to analyze the
trends of heat and rain in the region to identify the causes of drought and how to treat
them by sound scientific methods as the study area suffers from the problem of water

shortage and the spread of drought in agricultural land.

During the course of research, some difficulties were encountered in terms of
accuracy of the results of the study. In order to carry out the trend analysis which
constitutes the subject of the research, there is a need for at least 30 years of
temperature and precipitation data continuously. While the number of meteorological
stations in North Libya is more than the number of stations included in the study, all of
these stations were not included in the study. This is because some stations did not
have long-year data and data sets containing long years did not show uninterrupted

measurements and in some cases the data for 5 years or more were not taken
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consecutively in these stations. Besides, the most important difficulties faced during

the research were the lack of sources and references of climate.

IV. RESEARCH HYPOTHESIS

The hypotheses created within the scope of the research are as follows:

Ho: Observation sequences of North of Libya temperatures (mean, average maximum
and average minimum) show trends.

Ha: Observation sequences of the North of Libya temperatures (mean, average
maximum and average minimum) do not show any trend.

Ho: Observation sequences for the precipitation of the North of Libya show a trend.

Ha: Observation sequences of the precipitation of the North of Libya do not show any
trend.

Ho: There is a relationship between Temperatures and Precipitation trends, Atlantic
oscillations, and El Nifio.

Ha: There isn't a relationship between Temperatures and Precipitation trends, Atlantic

oscillations, and El Nifio.

V. MATERIALS AND METHODS OF THE RESEARCH

Within the scope of the research, a detailed literature review was conducted
including local and international sources of information. In light of the literature,
features and characteristics of physical geography were determined as they have an
influence on climatic properties and necessary preliminary works were made about the
evaluation processes of the programs, methods, and analyses used in the trend analysis.
Following actions were taken after collection of secondary data of climate obtained
from the Libyan National Meteorological Office, The steps regarding the organization

and evaluation of the scattered data are given below:

+« Monthly and long-year average and total values of temperature, solar duration,
humidity, precipitation, pressure and wind velocity were calculated with
Microsoft Excel 2007 program. Tables and graphs were created through this
program to visualize these numerical data including solar radiation,
temperature, atmospheric pressure, wind directions, humidity, evaporation,

clouds, precipitation, SPI index, and all classifications of climate.
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The Excel (QI Macros) was used to extract the standard deviations of
temperature and precipitation variables and graphs were made.

IBM SPSS 20 program was used in creating selective statistics, analysis of data
distribution, determination of differences and correlation analysis. In the
determination of the distribution of data Kolmogorov-Smirnov, Mann-Whitney
U for the difference and Spearman Rho test for correlation analysis were used.
SPSS 20 program was used to determine the homogeneity of variances on
temperature and precipitation data and Kruskal-Wallis H test was preferred.
Trend values of temperature and precipitation data were determined using
Trend Analysis for Windows program. Microsoft Word 2007 program was
used to table these values.

Simple linear regression analyses for temperature and precipitation data were
performed on the IBM SPSS 20 program and results were visualized by graphs
on Microsoft Excel 2007 program.

Mann-Kendall-rank correlation graphs were created on the Microsoft Excel
2007 program using the u(t)-u'(t) values obtained from the Trend Analysis for
Windows software.

App of XmR Trend Control Chart in Excel (Ql Macros) was used to identify
the trends of maximum and minor temperatures and general averages for
seasons, and years, and also was used to identify the monthly and annual
precipitation trends.

The tabulation of the values obtained from these formulas and the creation was
carried out via Microsoft Excel 2007.

Mapping was done through GIS program (Arc map 10.3).

Climate Data, consists of a groups of time series, a simple model of data in a

time series is to view each observation as being the realization of a random variable
made up of a trend through time, (one or more) seasonal effects, and remaining effects

that are not a function of time (Tamra et al., 2013).

Climatic data for 16 synoptic stations across Libya were collected from the Libyan

National Meteorological Centre (LNMC), for periods of 1971-2010 from 16 stations
except for ALFATAIAH station 1981-2010 and TOBRUK station 1984-2010. as most

of the meteorological stations of the study area stopped working at the beginning of
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2011 due to the political circumstances of the country. The following table 1 and map2

show the geographical characteristics of the selected stations.

Table 1. Geographical Information about Meteorological Stations

NO Station Station North East Elevation Distance | Monitoring
Code Name Latitude | Longitude from sea Period
1 | 62055 | AGDABIA 30.43 20.10 0.7 21 1971 - 2010
2 | 62115 | ALFATAIAH | 32.45 22.38 263 15 1981 - 2010
3 | 62053 | BENGHAZI 32.05 20.16 129 13 1971 - 2010
4 | 62059 | DERNA 32.47 22.35 26 0.6 1971 - 2010
5 | 62103 | GHADAMES | 30.08 09.30 357 400 1971 - 2010
6 | 62120 | GHARIAT 30.23 13.35 497 254 1971 - 2010
7 | 62131 | HON 29.07 15.57 263 230 1971 - 2010
8 | 62176 | JAGHBOUB 29.45 24.32 0.2 247 1971 - 2010
9 | 62161 | JALO 29.01 21.34 60 206 1971 - 2010
10 | 62016 | MISURATA 32.19 15.03 32 0.2 1971 - 2010
11 | 62002 | NALUT 31.52 10.59 640 160 1971 - 2010
12 | 62056 | SHAHAT 32.49 2151 621 11 1971 - 2010
13 | 62019 | SIRTE 31.12 16.35 13 0.3 1971 - 2010
14 | 62062 | TOBRUK 32.06 23.56 50 0.2 1984 - 2010
15 | 62010 | TRIPOLI 32.40 13.09 81 3.2 1971 - 2010
16 | 62007 | ZWARA 32.53 12.05 0.3 1.2 1971 - 2010

Source: Unpublished data from General Administration of Meteorology and Climate, Tripoli, Libya, 2012.
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« Methods
The following are the stages for the regulation and evaluation of the data. The
longest observational periods of meteorological stations were first determined and the
data sets were evaluated in this context.

= Applied Statistical Methods

Various statistical methods were used in the research. Firstly, descriptive statistics
of the data were determined and then the distribution of the data was examined with
the Kolmogorov-Smirnov test. Following this process, the data were subjected to the
Kruskal Wallis H test to determine the homogeneity of the variances and whether there

was a difference between the variables.

The difference between the average temperature and precipitation data was
considered separately and the Mann Whitney U test was used for this. Limiting the
number of groups to two required the use of the Mann Whitney test instead of Kruskal
Wallis test. Correlation analysis was performed with Spearman Rho test on

temperature and precipitation data before the trend analysis.

The normal distribution of the data and the lack of homogeneity necessitate the use
of this method. Mann-Kendall and Spearman's Rho tests were used for the analysis of
temperature and precipitation data. In the determination of trend start year, Mann-
Kendall Order Correlation test statistic and Trend Linear Regression and Sen's Trend

Slope tests were used (Yilmaz, 2018).

In the analysis of trend analysis, it is very important to obtain data containing long-
term measurements and to determine the increase or decrease in trend of time series in

terms of parametric and nonparametric methods (Giimiis, 2006).

It is possible to obtain better results with the use of parametric tests in cases where
the data have a normal distribution and the variances are homogeneous. In non-
parametric tests, the time series generally shows a non-normal distribution. Therefore,
The use of nonparametric methods in the determination of the trend in the climatic data
where continuous variables such as temperature and precipitation are concerned

provides more accurate results than parametric methods (Y1lmaz, 2018).
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Within the scope of this study, descriptive statistics were performed primarily on
average temperature and precipitation data. After descriptive statistics, Kolmogorov-
Smirnov test was used to investigate the distribution of the data. Then, temperature and
precipitation data were tested for Kruskal-Wallis H correlation analysis by Spearman
Rho for the homogeneity of variance. The determination of the normal distribution of
the data required the use of these methods. As a result of these stages, Mann-Kendall,
Spearman's Rho, Sen-Trends and Mann-Kendall Correlation tests and Simple Linear
regression analysis were applied to the data.

= Kolmogorov-Smirnov
It is a method used to investigate the normality of data. It is preferred when the
group size is greater than 30. The evaluation of the test is carried out by comparing the
obtained p value with the desired level of significance. If the group size is less than 30,
the Shapiro-Walks test is suitable (Yilmaz, 2018).

» Kruskal Wallis H Test

In studies of climatic change, change types such as the form of sudden or step
climatic fluctuation or periodicity, strong tendency and change in atmospheric or
hydrological series, constitute the main alternatives of homogeneity. Some of the
aforementioned types of change may reflect non-homogeneity. The observation
records obtained from the applications performed on the data are often not
homogeneous (Yilmaz, 2018; Tiirkes, 2013).

In scientific studies, the data to be included in the research must be absolutely
reliable. One of the ways to provide valid information on the reliability of the data is
the quality control and homogeneity analysis for meteorological measurements.
Climatologically data are not always homogeneous. Such data show occasional non-
homogenous characteristics depending on urbanization, measuring instrument
problems and station location change factors. However, when the discontinuities and
values observed do not have a normal distribution, the precipitation parameter differs
from many other meteorological parameters. Depending on the nature of the
precipitation parameter, it is inconvenient to use the one-way variance test (ANOVA)
in the homogeneity analysis of precipitation data. One-way variance test is applicable
for cases where normal distribution is seen and the variances of the series are accepted

as equal (Sénmez, 2007).
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One way variance test is a parametric test. The Kruskal Wallis H test refers to the non-
parametric response of the one-way analysis of variance where the samples exhibit
independent irrelevant characteristics. An alternative non-parametric Kruskal Wallis H
test is preferred when one-way analysis of variance is not possible. The assumptions
adopted by the ANOVA test are invalid and when the number of groups to be
compared exceeds two, the Kruskal Wallis test is applied. In the Kruskal Wallis
analysis, first the values are sorted, the difference between the independent tools of the
ranking values is compared and the difference between them is tested (Biiylikoztiirk,
2016).

The Kruskal Wallis H homogeneity test is performed on averages and variances to
demonstrate the homogeneity of these values and reflects a non-parametric effective
homogeneity test. In this homogeneity test, it is not possible to use original
observations containing each of the analyzed sequences. In the Kruskal Wallis H
homogeneity test, the sequence numbers of the total sequential sequence formed by

ordering the original observations from small to large are used (Tiirkes, 2013).
The following hypotheses were considered to test the homogeneity of the mean:

Ho: Group variances are homogeneous.

Ha: Group variances are not homogeneous.

= Mann Whitney U-Test
Mann-Whitney U test is used to determine whether the data of two non-related
samples differ significantly from each other. In order to be able to apply this test, the
dependent variable must be at least on the ranking scale and the observation results
must be independent from each other. In the evaluation of the analysis, the total
number of the values of the two groups is taken as the basis (Biiyiikoztiirk, 2016 and
Icel, 2009).

» Mann-Kendall Test
The statistical methods used to determine the degree and direction of the
relationship between variables and the dependent and independent variables of the
variables are defined as correlation. In this respect, Mann-Kendall and Spearman Rho
tests are applied when the parametric Pearson Correlation test is not possible to use
(Norrant, 2006;Karmeshu, 2012;Gozalan, 2019 andOzbunar, 2019).
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The Mann-Kendall test is one of the commonly used methods for determining the
trend occurring in time series for study areas such as climatology and
hydrology(Salamiet al., 2016). The Mann-Kendall test is a statistical method proposed
by the World Meteorological Organization (WMO). In many studies on trend analysis,
this method has demonstrated superiority among other methods used (Pielke, 2002 and
Hendricks, 2015). The Mann-Kendall test statistic (S statistic) is formulated with the
following equation (Bulutet al., 2006; Al-Tahir et al., 2010;Bonfils, 2012andKhomsiet
al., 2016).

s = nz_:l 2": sgn (xj_x;)

