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Trend is defined as a statistically significant decrease or increase in the measured values of a
parameter over the time series. Since hydrological values are of randomly changing character
over time, special methods should be used to investigate the tendency to decrease or increase.
In this study, Linear Trend and Modified Mann-Kendall trend analyzes were examined using

the annual average temperature data (C) and the annual total precipitation data (mm)
between the years 1960-2020 of 9 stations in the Mediterranean Region. Study was performed
in 95% confidence interval. According to the results of the study carried out there are
increasing trends in temperature data in 8 of the 9 stations and no trend in precipitation data.

1. INTRODUCTION

Climate changes affect the entire ecosystem over
time, causing significant changes in hydrometeorological
parameters. For this reason, performing analysis of these
parameters is of vital importance in detecting extreme
situations that may occur over time. igel (2009), in her
study examined the temperature and precipitation
values and extreme cases in the eastern Mediterranean
coast and determined an increasing trend in 11 stations
and stated that this increase is more apparent after the
year 1992. Bahadir (2011), studied the temperature and
precipitation trend changes in the Mediterranean Region
with the Growth Curve and ARIMA model and
determined all stations revealed an increase in
temperature and a decrease in precipitation. Génenggil
and icel (2014), in their study, they carried out
investigations using ANOVA method for precipitation
data of 11 stations located on the Eastern Mediterranean
coast between 1975-2006 and as a result of these

statistically decreasing trends in precipitation data. In
this study, Linear Trend and Modified Mann-Kendall

trend analysis methods were used to det

ermine statically

significant trends and analysis was performed in 95%

confidence interval.
2. METHOD

Mediterranean Region covers the

3 major basins,

namely he Eastern Mediterranean basin, the Antalya
basin and the Western Mediterranean basin. The region
is of great importance in agriculture and tourism. The

region, which has a Mediterranean clim

ate, receives hot

and dry summer and warm and abundant rainfall in

winter seasons.
Detailed information of stations was

given in Table 1.

and station location were shown on map in Fig. 1.
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significant increasing trends in temperature data and Figure 1. Station locations
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Table 1. Statistical information about temperature and
precipitation data

No Data Period gt‘:] Skew Kurt.
Tem 12%62%' 073 025 -0.32

17238 Burdur P 1960.
Pre. 2020 8530  0.02 -0.59
Tem 12%62%' 081 014 004

17240 Isparta p- 1960.
Pre. 2020 142.06 042 026
17255 Tem 1960- 091  -017 -0.21

p. 2020

Kahramanmara 1960-
$ Pre. 2016 17122 069 025
Tem 12%62%' 058 002 -047

17292 Mugla P 1960.
Pre. 2020 280.05 0.18  0.00
Tem 22%0210' 055 072 039

17302 Antalya p- 5006
Pre. 5020 45159 -0.30 -1.49
Tem 12%62%' 1.03 020 -0.93

17340 Mersin P 1960.
Pre. 2020 18246 053  0.03
Tem 12%62%' 057 028 054

17351 Adana P 1960-
Pre. 2020 20251 072 038

Tem 1986-
17355 p. 2020 0.64 -023 001

Osmaniye 1986-
Pre. 5020 16843 035  0.18
Tem 12%62%' 064 -020 003

17372 Antakya P 1960.
Pre. 2020 18529 028  -0.22

When Table 1. containing statistical information on
temperature and precipitation data is examined, it is
seen that the temperature data of the stations are
distributed symmetrically except for 1 (17302 /Antalya)
station. When the same examination is applied to the
kurtosis coefficients, it is seen that all 9 stations are
flatter (Platykurtic) than the normal distribution curve.
For precipitation data, it is seen that the stations are
distributed symmetrically except for 3
(17255/Kahramanmaras, 17340/Mersin, 17351 /Adana)
stations. When the same examination is applied to the
kurtosis coefficients, it is seen that all 9 stations are
flatter (Platykurtic) than the normal distribution curve.

2.1. Linear Trend Test

Linear Trend test is a parametric test that assumes
the data is normally distributed and used to determine
the presence or absence of a trend in a time series
(Karabulut and Cosun 2009). This method's application
is mainly based on graph and the line (Eq. 1) fitted to this
graph to determine the trend curve (Yagbasan et al.
2020).

y, =ax, +b (1)
In Eq. 1. "a" represents slope and "b" represents the

intersection point with the y axis (Demir 2018). "a" and
"b" values are calculated using Eq. 2. and 3.

Z:xiyi - Nxy
A=t )
inz -Nx
i=1
b=y-ax (3)

In Eq. 2. and 3. variables "N" represents the number
of data in the series, "x" represents the average of "x"
variables, )_/ " represents the average of "y" variables, "
x," represents the "x" value in the "i-th" row, "y "

represents the "y" value in the "i-th" row.

Trend existence is decided by applying "t"
distribution and "t" test (Eq. 4.).
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The calculated "t" value is compared with the "teritical”
value corresponding to the 95% significance level (Demir
2018).

2.2. Modified Mann-Kendall Test

In the original Mann-Kendall test, although the
procedure is assumed to be independent, a correlation is
observed in most of the hydrological events and the
presence of positive autocorrelation increases the
possibility of detecting a significant trend (Yagbasan et
al. 2020). In order to eliminate this situation variance
value is calculated with the help of Eq. 5 and 6. (Hamed
and Rao 1998).
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And the rest of the test is carried out similiarly to the
original Mann-Kendall test. After application calculated
"Z" value compared with the "Zaitica” value to check
statistically significant trend presence (Yilmaz et al.
2020).

3. RESULTS

In this study, Linear Trend and Modified Mann-
Kendall trend analyzes were examined using the annual
average temperature data (C) and the annual total
precipitation data (mm) between the years 1960-2020 of
9 stations in the Mediterranean Region. The obtained
results were mapped with the help of ArcGIS software
and visualized. The main purpose of this application is to
concretize the trend results obtained and to determine
their distribution over the region. Results from trend
tests for temperature data are shown in Table 2.
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Table 2. Trend test results for temperature data

No Test Critical Result Trend
Value

LT +1.67 3.77 Increasing
17238 Burdur MMK  +1.96 321 Increasing
LT +1.67 3.23 Increasing
17240 Isparta MMK +1.96 241 Increasing
17255 LT +1.67 7.87  Increasing
Kahramanmaras MMK +1.96 6.11 Increasing
o LT +1.67 4.20 Increasing
17292 Mugla MMK  #1.96  3.06 Increasing

LT - - -

17302 Antalya MMK i ) i
. LT +1.67 14.60 Increasing
17340 Mersin MMK  #1.96 800 Increasing
LT +1.67 3.92 Increasing
17351 Adana MMK  £1.96  3.70  Increasing
. LT +1.69 2.97 Increasing
17355 0smaniye iy 1196 271 Increasing
LT +1.67 3.55 Increasing
17372 Antakya e 4196 343 Increasing

Results from trend tests for precipitation data are shown
in Table 3.

Table 3. Trend test results for precipitation data

-: Not enough data for trend analysis.
LT: Linear Trend Test
MMK: Modified Mann-Kendall Test

When the Linear Trend test results (Table 2.) for
temperature data were examined, it was determined that
increasing trends were found in 8 stations and the results
obtained were found to be significant at 95% of the
confidence interval. And the results of the Modified
Mann-Kendall trend test (Table 2.) were examined, it was
determined that increasing trends were found in 8
stations and the results obtained were found to be
significant at 95% of the confidence interval. The results
of the examination of both test shows increasing trends
in 8 stations and there are extreme cases of increasing
trends in 2 stations (17255/Kahramanmaras,
17340/Mersin). Maps of Linear Trend and Modified
Mann-Kendall Tests are shown in figures 2 and 3.
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Figure 2. Map of the Linear Trend test results for
temperature data
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Figure 3. Map of the Modified Mann-Kendall trend test
results for temperature data

No Test Critical Result Trend
Value

LT +1.67 -0.04 No trend
17238 Burdur MMK +1.96 013  Notrend
LT +1.67 -1.50 No trend
17240 Isparta e £1.96 078  Notrend
17255 LT +1.67 0.52 No trend
Kahramanmarasg MMK +1.96 0.46 No trend
o LT +1.67 -1.13 No trend
17292 Mugla MMK +1.96 -0.87  Notrend

LT - - -

17302 Antalya MMK i i )
. LT +1.67 0.71 No trend
17340 Mersin MMK +1.96 067  Notrend
LT +1.67 -0.31 No trend
17351 Adana MMK +1.96 021  Notrend
. LT +1.69 -0.68 No trend
17355 Osmaniye /¢ +1.96 0.03  Notrend
LT +1.67 -0.76 No trend
17372 Antakya +1.96 068 Notrend

-: Not enough data for trend analysis.
LT: Linear Trend Test
MMK: Modified Mann-Kendall Test

When the Trend test results (Table 3.) for
precipitation data were examined, it was found that there
was no significant trend in 95% of the confidence interval
at any of the stations. Since there is no statistically
significant trend in any of the trend test results for the
precipitation data no map has created.

As for the test results for individual stations,
only 17340/Mersin station will be examined as an
example.

‘ MERSiN-1734O - Annual Average Linear Trend Graph
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Figure 4. Linear Trend test graph for temperature data

As it is shown in Fig. 4 when the annual average
temperature graph is examined a clear increase in
temperature data over the years and statistically
significant extreme case of increasing trend is observed
for both tests (Table 2).
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MERSIN-17340 - Annual Total Linear Trend Graph
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Figure 5. Linear Trend test graph for precipitation data

And an increasing trend can be observed for
precipitation data. But this observation is not statistically
significant for both tests (Table 3).

4. DISCUSSION

While temperature data generally gives high R?2
results, the R? values obtained from precipitation data is
much lower. This means the linear projection of linear
trend test does not fit well to the high fluctuations of
precipitation data. But trend results obtained from tests
are quite compatible for both tests. Increasing trends in
temperature data expected to increase more in the near
future (Bahadir 2011). These increasing trends in
temperature data indicates an increase of demand in
limited water resources (Yiicel et al. 2019) and the
relationship between temperature and humidity might
affect the number of storms that will occur in the future
(icel 2009). For temperature data the stations that shows
trend presence are in accordance with other studies
(Yticel etal. 2019).

5. CONCLUSION

When results from both tests examined for
temperature data, both tests show an increasing trend in
8 stations and 2 (17255/Kahramanmaras,
17340/Mersin) of these stations has an extreme case of
increasing trends. When the same examination was

applied to the precipitation results no significant trend
was detected in any of the stations for both tests.
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