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Abstract

In this study long-term trend analysis of maximum and minimum monthly temperatures are determined in the
Middle Black Sea Region of Turkey. Data is obtained from Turkish State Meteorological Service for the period
of 1964 to 2015 for Amasya, Corum, Ordu, Samsun, Sinop and Tokat stations throughout the Middle Black Sea
Region. Primarily homogeneity of the data is examined with Run, Buishand and Von Neumann homogeneity
methods with a 99 % confidence level. Linear trend, Mann-Kendall and Innovative Sen’s trend methods are used
for trend analysis with a 99 % and 95 % confidence levels. Amasya and Corum stations are determined
homogeny according to the entire homogeneity tests. Ordu is homogeny for Run test besides Samsun, Sinop and
Tokat stations are homogeny for the Von Neumann test. The maximum temperatures showed an increasing
significant trend, while the minimum temperatures showed increasing trends statistically insignificant. The
results of Mann-Kendall and the Linear trend analysis are similar. The Sen’s method was consistent with linear
and Mann-Kendall tests, except for the minimum temperatures of the Amasya and Tokat stations. Since the
confidence interval is very sensitive in Sen’s trend method, trends in most of the stations have been determined
increasing. Trends of monthly maximum and minimum temperatures are analyzed in the study. The data of
1964-2015 periods of six stations in the Middle Black Sea region were taken into consideration. Long-term
trends in all trend analysis were determined that increasing significant trends are seen in maximum and
minimum temperatures.
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1 Introduction

Temperature is one of the most important climate data that can be used to analyze the climate of any region and
global warming. The fact that temperature changes cause drought, flood, productivity in agriculture and loss of
biodiversity creates both negative economic and social impacts. Therefore, trend analysis of temperature is
important for climate change studies and water resources management. Climate change is an increasingly violent
reality and since 1950 most of the observed changes are unmatched in comparison with a thousand years ago.
Air temperature analyzes since 1860 show that the average warming is 0.84 °C. (Intergovernmental Panel on
Climate Change [IPCC], 2013).

According to studies conducted in recent years, the climate of the world has changed, and the main cause is
excessive greenhouse gas emissions. (Anderson et al., 2010; IPCC, 2007; Mullan et al., 2008). Trend analysis
with temperature data is very important in climate change studies. According to climate change studies, human-
induced greenhouse gas emissions are continuing to increase, and average temperatures will continue to increase
in future. To determine statistically significant variations, many trend studies were focused on the air
temperature in the literature. (Begert et al., 2005; Chen et al., 2007; Zhang et al., 2008; Zhang et al., 2011;
Ageena et al.,2014; Camberlin, 2017).
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Parametric and non-parametric procedures are utilized to detect to trends in climatic variables. The parametric
test requires that the data be normally distributed. If the time series have non-normal distribution, missing values
and serial correlation, non-parametric procedures are proposed. Consequently, non-parametric procedures have
been commonly used because of require of not much acceptance (Partal, 2002). The objective of this study is to
investigate the applicability of Sen trend test (Innovative Sen’s Trend Test) which is not dependent on any
restrictive assumption as serial correlation, non-normality and sample number to maximum and minimum
monthly temperatures. For this aim, temperatures data from six different locations, Sinop, Samsun, Ordu, Tokat,
Corum and Amasya in in Middle Black Sea Region of Turkey were used. This data was also analyzed by well-
known Mann-Kendall trend test and Linear Regression Trend test. Finally, the results are given comparatively.

2 Study Area and Data

Study was carried out in the Middle Black Sea region which is located North of Turkey shown in Figure 1. Black
Sea climate is observed in the study area. Black Sea climate is warm, semi-humid and average annual
precipitation is about 700-1000 mm with an average annual temperature of 13-15°C. The Middle Black Sea
region is rich in terms of water resources. Kizilirmak and Yesilirmak rivers, which are the important water
resources for Turkey, passing through the region and pour into the sea.
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Figure 1. Location of Middle Black Sea Region

Monthly average temperature data sets used in the study, and data obtained from Turkish State Meteorological
Service. As shown in Table 1, there is six stations chosen for the study (Amasya, Corum, Ordu, Samsun, Sinop
and Tokat) for the period of 1964 to 2015. All stations have 51-year continuous observations for the 1964-2015
period. Monthly average temperatures have used to calculate the average annual temperatures that used in the
study.

In many climate studies, fully homogeneous data sets cannot be used because of human effects i.e. changing the
positions of stations, incorrect calibrations of measuring instruments etc. Firstly, for the analysis of the statistical
homogeneity of the data, Run (Swed-Eisenhard) test, Von Neumann rate test, and Buishand rank test were
applied at the 1 % significance level.

Table 1. Information about meteorological stations

Climatic  Station Climatic Period Latitude Longitude Altitude

Zone Name Zone (°N) (°E) (m)
Amasya Blacksea  1964-2015  40.39 35.50 412
s Corum Blacksea  1964-2015  40.33 33.58 837

° Ordu Blacksea  1964-2015  40.59 37.54 4

< Samsun Blacksea 1964-2015 41.17 36.18 4

0 Sinop Blacksea  1964-2015  42.02 35.10 32
Tokat Blacksea  1964-2015  40.18 36.34 608
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3 Methodology

3.1 Mann-Kendall Trend Test

Objective of this study to determinate changes in temperature in Middle Black Sea Region during the
observation period. Statistical variations in temperatures have been subjected to the non-parametric Mann-
Kendall (MK) test method. The Mann-Kendall test is a non-parametric method commonly used in hydrology and
meteorology to find trends over period. Steps of this method are given in Equation 1-4 (Mann, 1945; Kendall,
1975).
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In the Equations, n is the number of data, x; and x; are the data values in time series j and k, respectively and in
sgn (X« — X;) is the sgn function as; Var(S), variance value; P indicates the number of tied groups; t; shows the
number of ties of extent i; Z is the comparison value of Mann-Kendall. The standard normal distribution and the
Z value are compared according to the confidence intervals. (o =5 %, o =1 %). If the computed Z value is greater
than |Z| < |Zy.qn|, null hypothesis (Ho) is accepted and thus H; hypothesis is rejected. On the contrary case
hypothesis H; agreeable and besides there is a statistically significant trend.

3.2 Linear Regression Trend Test

Regression analysis is based on the solution of the graph obtained by writing two different variables on separate
axes. It is necessary to select a line that best expresses the obtained graph and determine the curve of this line.

Y ZB0+B1X (5)

In Equation 5, By is a constant value and P, is the slope. If this equation used in the determination of Middle
Blacksea Region temperatures trend analysis, B; iS expressed the amount of decrease or increase on trend
(Davidson and MacKinnon, 2003).

Whether the temperature data show a statistically significant trend is determined by the t test. t value of the B,
value (inclination) calculated with the help of Equation 5 is calculated. "t," is compared with a selected
significance level (eg 5%). If it exceeds the confidence interval (critical level), there is increase and decreases
according to the sign. If it does not exceed (-t <ty <tsi) the trend is called no.
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3.3 Innovative Sen’s Trend Test

The Sen (2012) method is independent of assumptions such as sample size and serial correlation, within the data
can be distributed as normally and non-normally also. Steps of this method are given in Equation 6-11.
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Where y,;, mean of the first data; y,, mean of the second data; p, correlation between first and second data; s,
slope value; n, number of data; o, standard deviation of all data; o, Slope standard deviation; Z critical values in
one-way hypothesis at 95 % (for example) confidence level.

Critical upper and lower values established for hypothesis test limits (Equation 11). It can be said that, if each
station’s slope value, s, is outside the lower and upper confidence limits, and alternative hypotheses, H,, are
verified, there is a trend (Yes) in time series. The type of trend is stated depending on the slope value (s) sign.
Slope (s) can be positive or negative. That means there is a decreasing (-) or an increasing (+) trend in time series
(Sen, 2015).

3.4 Run (Swed-Eisenhart) Test

The test procedure depends on the truncation of the time series concerned at the median level, giving rise to data
values greater or smaller than the median. Any uninterrupted sequence of greater (smaller) values preceded and
succeeded by at least one smaller (greater) value is referred to as a run. A succession of greater (smaller) values
constitute a positive (negative) run. Generally, the number of positive runs is equal to negative runs plus or
minus 1. For the time series concerned to be homogeneous, the number of positive (negative) runs should be
confined within the upper and lower confidence limits at a given significance level (usually 5 or 10 per cent)
(Swed and Eisenharth, 1943; Kadioglu, 1997). The calculation of confidence limits assumes of a normal
distribution.

According to results, if data are independent of each other and from the same society, that series called simple
random series. The assumptions made for the homogeneity of the data are (Oliver, 1981);

Hq: The data are homogeneous.

H;: The data are not homogeneous.
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In equation 12; result z, number of data N, run number r, number of values that bigger then median, N,, number
of values that smaller then median N.. The Hy hypothesis is rejected at values greater than +£1.96 for z,
corresponding to a 95% confidence measure according to the test results.

3.5 Buishand Rank Test

This test is defined as corrected partial sums as seen in equation;
s;; =0 (13)

Kk

Si=2.(Y,-Y) (14)

i=1

When the data series are homogeneous, Sy value will be “0” because there is no systematic deviation of Y;. The
ratio of the difference between the maximum and minimum Sy to the standard deviation gives the R correction
rate, which is also the standard deviation equation (Wijngaard et al., 2003). R correction rate is calculated as in
Equation 6. If the result of the homogeneity test is less than the critical value, that data set is called
homogeneous.
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3.6 Von Neumann Test

The Von Neuman rate is defined as the ratio of the variance value of the sum of the mean to the mean of N years
(Von Neuman, 1941). If the result of the homogeneity test is greater than the critical value, then the data set is
called homogeneous.

nZ(Yl _Yi+1)
= (16)
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4 Application and Results

The aim of this study is to analyze the behavior of temperature for the Middle Black Sea Region. Data is
obtained from Turkish State Meteorological Service for the period of 1964 to 2015 for Amasya, Corum, Ordu,
Samsun, Sinop and Tokat stations. Observation data from gauge stations were applied to the non-parametric
Mann-Kendall (MK) test, as a parametric method linear trend test and the innovative trend analysis (Sen Trend)
approach to investigate the temperature trends. Run, Von Neumann and Buishand test methods were applied to
the data for homogeneity.
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4.1 Results of Homogeneity

Run test, Buishand rank test, and Von Neumann rate test were applied at the 5 % significance level for the
analysis of the statistical homogeneity of the data. Critical values for homogeneity test are shown in Table 2.

Table 2. Critical values for homogeneity tests

Critical Values (5% Significance Level)

. Von
Run Buishand Neumann
2.576 1.76 1.34

Amasya and Corum stations are determined homogeny according to the entire homogeneity tests. Ordu is
homogeny for Run test besides Samsun, Sinop and Tokat stations are homogeny for the Von Neumann test as
shown in Table 3. After homogeneity analysis temperature series are subjected to trend analysis. It is expected
that the trends will be strong in non-homogeneous stations.

Table 3. Homogeneity test results

Run Buishand Von Neumann
Station Max. Min. Max. Min. Max. Min.
Amasya -0.138 0.993 1.708 0.766 1.683 2.190
Corum 0.993 1.559 0.812 0.941 2.497 2.445
Ordu -1.836 1.559 2.406 0.977 0.868 2.129
Samsun -1.252 2.691 1.973 0.716 1.565 2.090
Sinop -1.252 3.257 2.033 0.854 1.375 2.303
Tokat -0.684 2.125 1.887 0.784 1.431 2.197

4.2 Results of Trend Analysis

According to the Mann-Kendall test results, at the levels of significance of 1 % and 5 %, it has been determined
that the maximum temperatures tend to increase in all stations except Corum station. At minimum temperatures
it is not statistically significant since the trend direction is positive (increasing). In addition, the maximum
increase in temperatures are seen at the Ordu station. Mann-Kendall test results shown in Table 4.

Table 4. Mann-Kendall test results for temperatures

Station  Parameter MZK ;:/22?1 Hypothesis ;:/2221 Hypothesis
Amasya ng. 3.395 1.96 Ha 2.58 Ha
= Min. 1.015 1.96 Ho 2.58 Ho
S Max. 1.901 1.96 Ho 2.58 Ho
g  Corum Min. 1559  1.96 Ho 2.58 Ho
< Ordu Max. 5.247 1.96 Ha 2.58 Ha
% Min. 1.714 1.96 Ho 2.58 Ho
g Samsun ng. 3.046 1.96 Ha 2.58 Ha
° Min. 1.316 1.96 Ho 2.58 Ho
g Sinop ng. 4.094 1.96 Ha 2.58 Ha
S Min. 1.543 1.96 Ho 2.58 Ho
Tokat Mz_ax. 3.574 1.96 Ha 2.58 Ha
Min. 1.113 1.96 Ho 2.58 Ho

Mann-Kendall and Linear trend results are very consistent and supports each other. According to the Linear
trend analysis in 5 % and 1% significance level, the maximum temperatures of all stations except Corum station
tend to increase similarly to the Mann-Kendall method results. Linear trend test results shown in Table 5.



ACE 2018

Table 5. Linear trend test results for temperatures

LT %95 %99

Station  Parameter t tori Hypothesis tcri Hypothesis
Amasya Max. 3.300 2.01 Ha 2.67 Ha
S Min. 0.457 2.01 Ho 2.67 Ho
S Max. 0.474 2.01 Ho 2.67 Ho
g Corum Min. 1281 201 Ho 2.67 Ho
§ Ordu Max. 6.879 2.01 Ha 2.67 Ha
X Min. 1.751 2.01 Ho 2.67 Ho
8 Samsun Max. 3.204 2.01 Ha 2.67 Ha
@ Min. 1609 201 Ho 2.67 Ho
g Sinop Ms_alx. 4,573 2.01 Ha 2.67 Ha
s Min. 1.379 2.01 Ho 2.67 Ho
Tokat ng. 3.025 2.01 Ha 2.67 Ha
Min. 0.772 2.01 Ho 2.67 Ho

The results obtained using Innovative Sen trend method are given in Table 6. Although similar results are
obtained with the other two methods, it has been determined that minimum temperatures tend to decrease in
Amasya and, Tokat stations. Statistically significant trends were observed at all stations except Tokat station at 5
% significance level. Corum, Ordu, Samsun and, Sinop stations showed statistically significant trends in the
significance level of 1 %.

Table 6. Innovative Sen trend test results for temperatures

Lower Lower
Station  Parameter sI% -I;;e ngl)_er Hypothesis Ui%)ir Hypothesis

%095 %099
Amasya Me_ax. 0.049 0.008 Ha 0.011 Ha
s Min. -0.013 0.010 Ha 0.013 Ho
S Max. 0.019 0.021 Ho 0.028 Ho
g  Corum Min. 0.028  0.014 Ha 0.019 Ha
§ Ordu Max. 0.057 0.004 Ha 0.005 Ha
X Min. 0.020 0.006 Ha 0.008 Ha
g Samsun Max. 0.043  0.003 Ha 0.004 Ha
° Min. 0.025  0.006 Ha 0.008 Ha
g Sinop ng. 0.054 0.002 Ha 0.003 Ha
S Min. 0.027  0.005 Ha 0.007 Ha
Tokat Max. 0.054  0.005 Ha 0.007 Ha
Min. -0.008 0.015 Ho 0.019 Ho

5 Conclusion

In the present study, long-term trend and homogeneity trends for maximum and minimum monthly temperature
series was analyzed at the levels of significance of 1 % and 5 %. Data is obtained from Turkish State
Meteorological Service for the period of 1964 to 2015 for Amasya, Corum, Ordu, Samsun, Sinop and Tokat
stations throughout the Middle Black Sea Region. Monthly average temperatures have used to calculate the
average annual temperatures that used in the study.

According to the homogeneity tests, except Amasya and Corum stations the data belonging to the Ordu, Samsun,
Sinop and Tokat stations are found mis-trustfully non-homogeneous. Temperature series belonging to 6 stations
are subjected to Mann-Kendall trend, Linear trend and Innovative Sen trend analysis after these homogeneity
analyses.

The maximum temperatures showed an increasing significant trend, while the minimum temperatures showed
increasing trends statistically insignificant. The results of Mann-Kendall and the Linear trend analysis are
similar. According to the Mann-Kendall test results, at the levels of significance of 1 % and 5 %, it has been
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determined that the maximum temperatures tend to increase in all stations except Corum station. According to
the Linear trend analysis in 1 % and 5 % significance level, the maximum temperatures of all stations except
Corum station tend to increase similarly to the Mann-Kendall method results.

Innovative Sen trend method was consistent with Linear and Mann-Kendall trend tests, except for the minimum
temperatures of the Amasya and Tokat stations, it has been determined that minimum temperatures tend to
decrease in these stations. Since the confidence interval is very sensitive in Innovative Sen trend method, trends
in most of the stations have been determined increasing. It is very clear that the trends are stronger at the non-
homogeneous stations. As a result, temperatures in the middle black sea region tend to increase in all three
methods.4

References

Ageena, ., Macdonald, N. and Morse, A. P. (2014). Variability of maximum and mean average temperature
across Libya (1945-2009). Theoretical Applications Climatology, Vol. 117, pp. 549-563.

Anderson, B. T., Hayhoe, K., and Liang, X. Z. (2010). Anthropogenic induced changes in twenty-first century
summertime hydroclimatology of the Northeastern U.S. Climate Change, Vol. 99, pp. 403-423.

Begert, M., Schlegel, T. and Kirchhofer, W. (2005). Homogeneous temperature and precipitation series of
Switzerland from 1864 to 2000. International Journal of Climatology, Vol. 25, pp.65-80.

Camberlin, P. (2017). Temperature trends and variability in the Greater Horn of Africa: interactions with
precipitation. Climate Dynamics, VVol.48, pp.477-498.

Chen, H., Guo, S., Xu, C. and Singh,V.P. (2007). Historical temporal trends of hydro-climatic variables and
runoff response to climate variability and their relevance in water resource management in the Hanjiang
basin. Journal of Hydrology, Vol.344, pp.171-184.

Davidson, R. and MacKinnon J.G., 2003. Econometric Theory and Methods. New York, Oxford University
Press, 768 pp.

Intergovernmental Panel on Climate Change (IPCC). (2007). Climate Change 2007: The Scientific Basis.
Contribution of Working Group | to the Fourth Assessment Report of the Intergovernmental Panel on
Climate Change. Summary for Policy Makers.

Intergovernmental Panel on Climate Change (IPCC). 2013. Climate Change 2013: The Physical Science Basis:
Working Group | Contribution to the Fifth Assessment Report of the Intergovernmental Panel on Climate
Change. Summary for Policy Makers.

Kadioglu, M. (1997). Trends in Surface Air Temperature Data Over Turkey. International Journal of
Climatology, Vol.17, pp. 511-520.

Kendall, M. G. (1975). Rank correlation methods. London, Griffin, 196 pp.

Mann, H. B. (1945). Nonparametric tests against trend. Econometrica, Vol. 13, pp. 245-259.

Mullan, B., Wratt, D., Dean, S., Hollis, M., Allan, S., Williams, T., Kenny, G. and MfE (Ministry for the
Environment). (2008). Climate change effects and impacts assessment: A guidance manual for local
governments in New Zealand, 2nd Ed., Ministry of the Environment, Wellington, New Zealand, pp.149.

Oliver, J.E. (1981). Climatology: Selected Applications. London, Edward Arnold Ltd., 260 pp.

T. Partal, Trend Analysis in Turkey Precipitation Data, Istanbul Technical University, 2002.

Sen, Z. (2012). Innovative Trend Analysis Methodology. Journal of Hydrological Engineering, Vol.17, pp.
1042-1046.

Sen, Z., (2015). Innovative trend significance test and applications. Theoretical Applications Climatology, Vol.
127, pp. 939-947.

Swed, F.A. and Eisenhart, C. (1943). Tables for testing randomness of grouping in a sequence of alternatives.
The Annals of Mathematical Statistics, Vol.14, pp. 66-87.

Wijngaard J. B., Tank A. M. G. K. and Koénnen G. P. (2003). Homogenity of 20th Century European Daily
Temperature and Precipitation Series. International Journal of Climatology, Vol. 23, pp.679-692.

Zhang, Q., Li, J., Chen, Y.D. and Chen, X. (2011). Observed changes of temperature extremes during 1960-2005
in China: natural or human induced variations? Theoretical Applications Climatology, Vol. 106, pp.417-431.

Zhang, Q., Xu, C.Y., Zhang, Z., Ren, G. and Chen, Y.D. (2008). Climate change or variability? The case of
Yellow River as indicated by extreme maximum and minimum air temperature during 1960-2004.
Theoretical Applications Climatology, Vol. 93, pp. 35-43.



