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Abstract

Trends in temperature series are the main cause of climate change. Because solar energy directs hydro-
meteorological events and increasing variations in this resource change the balance between events such as
evaporation, wind, and rainfall. There are many methods for calculating trends in a time series such as Mann-
Kendall, Sen's slope estimator, Spearman's rho, linear regression and the new Sen innovative trend analysis
(ITA). In addition, Mann-Kendall's variant, the sequential Mann Kendall, has been developed to identify trend
change points; however, it is sensitive to related data as specified by some researchers. Sen_ITA is a new trend
detection method and does not require independent and normally distributed time series, but has never been
used to detect trend change points. In the literature, multiple, half-time and multi-durations ITA methods are
used to calculate partial trends in a time series without identifying trend change points. In this study, trend
change points are detected using the Sen_ITA method and named ITA_TCP. This approach may allow researchers
to identify trend change points in a time series. Diyarbakir (Turkey) is selected as a study area, and ITA_TCP has
detected trends and trends change points in monthly average temperatures. Although ITA detects only a
significant upward trend in August, given the 95% statistical significance level, ITA_TCP shows three upward
trends in June, July and August, and a decreasing trend in September. Critical trend slope values are obtained

using the bootstrap method, which does not require the normal distribution assumption.

Keywords: Climate change, trend, partial trend, trend change point, Sen innovative trend analysis.

1.Introduction

Climate change makes itself feel more and more with the increasing
carbon level. In particular, it is assumed that climate change is
effective in the last two or three decades. However, the measurement
of hydro-meteorological data continues for several centuries. Trend
detection methods such as Mann-Kendall, Sen slope estimator, linear
regression, and Sen innovative trend analysis (ITA) consider that a
time series has a trend or not as total (Mann 1945; Sen 1968; Kendall
1975; Sen 2012). In addition, this is current in simulation studies to
test the strength of trend detection methods (Burn and Hag Elnur
20023; Yue et al. 2002; Bayazit and Onéz 2007).

However, a time series may have a trend for its certain part, because
the climate change phenomenon is new according to hydro-
meteorological data measurement. In literature, sequential Mann-
Kendall (MK_S) is used to detect trend change points by Sneyers,
(1991). The author applied MK to sequential forward and reverse time
series obtained from the main time series. If there is no significant
trend, the author said that the test statistical curves from the MK
overlay several times, otherwise the intersection of these curves gives
the time of the beginning of the trend. This method is sensitive to
correlated data and needs to some assumptions as normal
distribution and long data length. Recently developed ITA method
does not require an independent time series, normal distribution
assumption, and long data length, and these restrictive assumptions
may not always be in a time series. Many researchers have used this
method because of these advantages as well as visual trend definition

(Burn and Hag Elnur 2002b; Sonali and Nagesh Kumar 2013; Dabanl
et al. 2016; Elouissi et al. 2016; Sen 2019; Wu and Qian 2017; Deng et
al. 2017; Sen 2017; Ahmad et al. 2018; Alashan 2018; Caloiero et al.
2018; Li et al. 2018; Morbidelli et al. 2018; Zeybekoglu and Karahan
2018; Wu et al. 2019; Wang et al. 2020). On the other hand, the
researchers have never used this method to detect trend change
points in the sequential version in a time series, but they have used it
to detect partial trends.

Mohoriji et al., (2017) examined monthly global temperature trends
using the ITA method. The monthly temperature series are used as
two-half and multi-duration to detect partial trends. Tabari et al.,,
(2017) used ITA with a quantile perturbation approach to detect partial
trends in decadal monthly and annual flows in Qazvin plain in Iran.
They concluded that there are positive anomalies in the 1990s and
negative anomalies in the 2000s. Oztopal and Sen, (2017) explored the
possible partial trends in rainfall records in 35 stations in Turkey. In
the study, the precipitation records are divided into three sub-periods,
and the first period is compared to the other two sub-periods using
ITA to detect partial trends. Giigli, (2018a) divided a time series into
two equal sub-series and obtained different trends in these time series
as increasing-increasing, increasing-decreasing, decreasing-
increasing, decreasing-decreasing. Furthermore, Gigli (2018b)
considered a time series data length as 6t and checked against its first
4t with last 4t, ie the dual innovative trend analysis (D-ITA) and its
first 3t with middle 3t and last 3t, ie the triple innovative trend
analysis (T-ITA). Although ITA is used to detect partial trends in a time
series, trend change points are not detected in these studies.
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In this study, trend change points are calculated by the ITA method
(ITA_TCP) with sequential trend slope values for the forward and
backward direction of a time series. Also, the ITA method is applied to
the time series. The results obtained from the ITA method and
ITA_TCP approach are compared with each other. The ITA_TCP
approach enables researchers to detect the start time of the trend.
Moreover, this approach may be an answer to the basic question of
where (from which point) the main time series should be divided sub-
series.

2. Methodology

ITA is a new trend detection method with a high visual capability and
stable results, even if there is an autocorrelation effect in the given
time series. The method compares substantially a parent time series
as two sub-series. The division of the parental time series from the
midpoint into two sub-series or series of equal lengths allows
researchers to use all data. However, climate change is a new problem
according to hydro-meteorological data measurement and a trend
obtained from all data duration may be smaller than the current
situation or ignored. For this purpose, it is important to detect trend
change points in climate change studies.

Assume that Z is a hydro-meteorological time series with components
Z1,Z2,..,Zn. If the parent time series, Z, is divided into two sub-series
from the midpoint, the first half, X, and the second half, Y, sub-series
are obtained. The first (second) half-series is plotted on the horizontal
(vertical) axis on a graph. Thus, scatter points are seen on the graph
and a 1: 1 (45 °) line is drawn on the same graph. If all scatter points
are above (below) the 1:1 line then there is a monotonic increasing
(decreasing) trend. There is no trend if the scatter points are over the
1:1 line. In another case, if the scatter points are under the 1:1 line at
minimum (maximum) values and above the same line at maximum
(minimum) values, there is a non-monotonic increasing (decreasing)
trend. These comments allow researchers to visually determine a local
trend in any time series, even for low, medium and high data ranges.

ITA calculates trends as in Eq.1; Y,X,and n is first and second sub-
series averages and data length. This approach enables us to use all
data and calculate the mean trend in parent time series. In order to
detect trend change points in the time series, successive s values such
as Si, Sz S3 ..., Sy can be calculated as seen in Eq.2 for forwarding time
series. Here, sx and Z represent sequential trend slope (s) values and
the main time series. If (Z') is assumed as the backward series of the
series then trend slopes of backward series (s;) can be calculated as
seen Eq.3.
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The calculated trend values may sometimes not be statistically
significant. The bootstrap method employed to calculate critical trend
slopes is used in this study. The method is based on generating
random series using observed time series values. In this study, 1000
random time series with data length observed using the bootstrap
method are produced. Trend slopes from 1000 random series are
calculated and sorted in ascending order. The fiftieth (decreasing) and
nine hundred fiftieths (increasing) trend slope values represent
critical trend slopes considering a 95% statistical significance level. A
triggered dimensionless parameter, zz, is as seen in Eq.4. Here s and
scri are the trend slope and critical trend slope values. If the zz
parameter is equal to or greater than 1 (-1), there is an increasing
(decreasing) trend.
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Simulation experiments are used to visualize sequential trend slope
values to detect trend change points. The series with one hundred
data length is generated by the computer program and trend slope
values s = + 0.05 are added to the first and/or second half of these
series to obtain various series with different partial trends.

Firstly, a 0.05 (-0.05) trend slope is added to the first (second) fifty
values of the random series to obtain increasing-decreasing time
series (Figure 1_a1). The trend slope curves for forward and backward
temperature series are obtained using Egs. 2 and 3. In Figure 1_a2, the
trend slope curves of the forward and reverse series intersect with the
approximate fiftieth value on the horizontal axis. This point indicates
a trend change point.
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Figure 1. Partial trend possibilities a) increasing-decreasing time series and s values b) decreasing-increasing time series and s values c)
increasing-increasing time series and s values d) decreasing-decreasing time series and s values e) trendless time series and s values

Secondly, -0.05 (0.05) trend slope (s) is added to the first (second)
half of the random series to obtain a decreasing-increasing time
series (Figure 1_b1). These curves intersect with the fiftieth value
again (Figure 1_b2).

Thirdly, increasing-increasing time series is obtained adding trend
slope values 0.05 (0.10) to first (second) half of the random series
(Figure 1_c1). However, the s curves move to parallel each other
and there is a maximum vertical distance in the fiftieth value in
Figure 1_c2.

Fourthly, decreasing-decreasing time series with trend slope
values -0.05 (-0.10) for first (second) half of the random series is

seen in Figure 1_d1. Again, the maximum vertical distance among
forwarding and reverse series s curves is in the fiftieth value
(Figure 1_d2). The trend curve of the forward series is above (below)
the trend curve of the reverse series in increasing-increasing
(decreasing - decreasing) time series (Figure 1_c2 and d2).

Lastly, trendless time series generated random values are seen in
Figure 1_el. The trend curves of the forward and reverse time
series intersect several times as indicated by Sneeyer (Figure 1_e2).
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3. Study Area and Application

Sequential trend slope values of monthly temperatures series
belong to Diyarbakir, Turkey, are analyzed through Sen innovative
trend analysis (ITA) to detect trend change points. The province of
Diyarbakir is located at the upper Tigris River (average annual flow
of 490 m?/s (Sen 2018)Figure 2a and 2b). The city with 37.9 N and
40.2 E coordinates has been an important center since the
Hellenistic period, through the Roman, Sassanid, Byzantine,
Islamic and Ottoman times to the present (UNESCO). The ancient
city of Diyarbakir is bounded with 5.8 km long and turbot shaped
city walls, which include numerous towers and gates (Figure 2c).
The city surrounded by walls has fertile agricultural lands, the
Tigris River and the abundant sunlight. The mean annual
temperature value of the city is 15.6 °C and monthly temperatures
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observed from 1978 to 2008 range from 1.35 °C (January) to 31.16
°C (July) (Table 1). The minimum temperatures have negative
values only in the winter season (December, January, and
February). The mean and median temperatures are positive in all
months and highest in July. The autumn season (September,
October, and November) has minimum absolute skew coefficients
and the standard deviation values are highest in winter.
According to ITA, there are visually decreasing trends in February,
April, May, September and December; and increasing trends in
June, July, August, and October (Figure 3). In addition, there is no
visually monotonic trend in January, March and November
months. Although there are visually increasing and decreasing
trends, trend slope in August is only statistically significant at the
95% significance level (Table 2).
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Figure 2. The map of the study area a) Turkey b) Recently Diyarbakir city c) Ancient Diyarbakir city
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Figure 3. Monthly average temperature trends between the years 1971-2008 in Diyarbakir (* the dashed (continuous) line indicates the trend

line (1:1 no trend)).
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Table 1. Statistical information about of Diyarbakir city average monthly temperatures.

Months (Observed years from 1978 to 2008)

1 2 3 4 5 6 7 8 9 10 11 12
Minimum (°C) -5.49 -3.24 4.45 10.31 16.31 23.44 28.29 28.03 22.40 13.95 6.02 -0.65
Mean (°C) 1.35 3.29 8.44 13.74 19.25 26.26 31.16 30.24 24.69 17.10 8.87 3.58
Median (°C) 1.89 3.09 8.94 13.52 19.44 26.41 31.34 30.19 24.76 16.97 8.88 3.65
Maximum (°C) 4.71 8.37 11.59 17.89 21.49 28.48 33.45 32.65 26.70 20.57 12.50 7.33
Standard deviation (°C) 2.71 2.53 1.76 1.49 1.49 1.11 1.04 0.98 0.96 1.30 1.57 1.88
Skew -0.93 -0.44 -0.70 0.58 -0.34 -0.41 -0.71 0.25 0.13 0.16 0.17 -0.37
Table 2. ITA trend parameters for Diyarbakir monthly temperatures between 1971 and 2008.
First half = Second half Standard Correlation Significance Critical slope Trend
Months mean mean deviation (0) P) level (a) (scri) slope (s) Result
January 1.43 1.48 2.69 0.71 0.05 0.075 0.010 No trend
February 3.64 2.94 2.57 0.88 0.05 -0.078 -0.037 No trend
March 8.52 8.36 1.79 0.94 0.05 -0.047 -0.008 No trend
April 14.05 13.43 1.51 0.75 0.05 -0.040 -0.033 No trend
May 19.47 19.03 1.51 0.91 0.05 -0.041 -0.023 No trend
June 26.07 26.45 1.13 0.85 0.05 0.030 0.020 No trend
July 30.98 31.35 1.06 0.90 0.05 0.029 0.019 No trend
August 29.90 30.57 1.00 0.96 0.05 0.028 0.035 Increasing
trend

September 24.94 24.44 0.97 0.77 0.05 0.028 -0.026 No trend
October 16.95 17.26 1.32 0.85 0.05 0.037 0.016 No trend
November 8.97 8.78 159 0.85 0.05 -0.043 -0.010 No trend
December 3.84 3.32 1.91 0.76 0.05 -0.055 -0.028 No trend

Sequential trend slope values are calculated by ITA_TCP for the
forward and backward series of monthly mean temperatures in
Diyarbakir using Eqs 2, 3 and 4 (Figure 4). The forward and
backward trend curves intersect several times in January,
February, March, April, May, October, November, and December, as
shown in Figure 1_e2. It can be said that there is no trend in these
months. In June, July and August, there are decreasing-increasing
trends as in Figure 1_b2. In addition, there is an increasing-

decreasing trend in September as seen in Figure 1_a2 template.
Trend change points are detected as the intersection point of trend
slope curves of forwarding and reverse series. The trend change
points for June, July, and August are detected as 1993 years as
seen in Figure 4. In September month, there is a transition region
for a trend change and trend change point is selected as the 1987
year because there is a maximum vertical distance among trend
slope curves in the year.

11



Sadik Alashan Brilliant Engineering 3 (2020) 6-15
3,00 3,0
»n P v N
9,00 - ~r 1,0 Y
= 74 = _—_ —
2 ; ~— T g ; v&/\-\__é"\/“-\/\___
:},00 / ',;,*LO I
-3,00 30
1970 1975 1980. 2000 2005 2010 1970 1975 1980 1985 1990 1995 2000 2005 2010
Qggﬁsﬁgﬂ&g?\?) Years Februar\r)2
3,00 3,0
&,00 21,0
, vl )
-— = o —
s I e | 3 [T A
a,00 N N ~1,0
“ \
-3,00 3,0
197019751980 128 rg?ﬁﬁa}%ﬁj 2000 2005 2010 19701975 1980 1985 1990 1995 2000 2005 2010
Years (April
30 3,0
wl wv
w10 1,0 N
E I / E l l—
~1,0 e w10 i N -
N ] N 1
-3,0 -3,0
1970 1975 1980 1985 1990 1995 2000 2005 2010 1970 1975 1980 1985 1990 1935 2000 2005 2010
Years (May Years (June
30 3,0
81,0 — 81,0 -
N G Yann 2a il BN KA @AY AW
1,0 ~ N10 - $=4.._,\_,
-3,0 -3,0
1970 1975 1980 1985 1990 1995 2000 2005 2010 1970 1975 1980 1985 1990 1995 2000 2005 2010
Years (July Years (August
3,0 3,0
E 10 |~ Ve E 1,0 \\ 7&
E S E N\ /
2.0 Jad \E g 210 S A /><
N 7 N — - N = = <
-3,0 -3,0
1970 1975 1980 1985 1990 1995 2000 2005 2010 1970 1975 1980 1985 1990 1995 2000 2005 2010
Years (September Years (October)
30 3,0
v wi /\
@10 @10
FE % A s ":"( - ~ |
N N =~
-3,0 -3,0

1970 1975 1980 1985,1990 1995 2000 2005 2010
Years (November

1970 1975 1980 1985,1990 1935 2000 2005 2010
Years (December

Figure 4. ITA_TCP trend curves of forwarding and backward temperature series for Diyarbakir monthly mean temperatures.

Sequential trend slope values are calculated by ITA_TCP for the
forward and backward series of monthly mean temperatures in
Diyarbakir using Eqs 2, 3 and 4 (Figure 4). The forward and
backward trend curves intersect several times in January,
February, March, April, May, October, November, and December, as
shown in Figure 1_e2. It can be said that there is no trend in these

months. In June, July and August, there are decreasing-increasing
trends as in Figure 1_b2. In addition, there is an increasing-
decreasing trend in September as seen in Figure 1_a2 template.
Trend change points are detected as the intersection point of trend
slope curves of forwarding and reverse series. The trend change
points for June, July, and August are detected as 1993 years as

12
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seen in Figure 4. In September month, there is a transition region
for a trend change and trend change point is selected as the 1987

year because there is a maximum vertical distance among trend
slope curves in the year.
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Table 3. ITA trend parameters for Diyarbakir monthly temperatures between 1971 and 2008.

First half  Second half Standard Correlation Significance Critical slope Trend
Months mean mean deviation (0) P) level (a) (scri) slope (s) Result
January 1.43 1.48 2.69 0.71 0.05 0.075 0.010 No trend
February 3.64 2.94 2.57 0.88 0.05 -0.078 -0.037 No trend
March 8.52 8.36 1.79 0.94 0.05 -0.047 -0.008 No trend
April 14.05 13.43 1.51 0.75 0.05 -0.040 -0.033 No trend
May 19.47 19.03 1.51 0.91 0.05 -0.041 -0.023 No trend
June 26.07 26.45 1.13 0.85 0.05 0.030 0.020 No trend
July 30.98 31.35 1.06 0.90 0.05 0.029 0.019 No trend
August 29.90 30.57 1.00 0.96 0.05 0.028 0.035 Increasing
trend
September 24.94 24.44 0.97 0.77 0.05 0.028 -0.026 No trend
October 16.95 17.26 1.32 0.85 0.05 0.037 0.016 No trend
November 8.97 8.78 159 0.85 0.05 -0.043 -0.010 No trend
December 3.84 3.32 191 0.76 0.05 -0.055 -0.028 No trend
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4, Results and Conclusions

ITA method and ITA_TCP approach are employed for the mean
temperature monthly series for Diyarbakir. The bootstrap
technique, which does not need the normal distribution
assumption, calculates the critical trend slopes. ITA method gives
only an increasing trend in August month according to the 95%
statistical significance level although ITA_TCP gives three
increasing (June, July, and August) and one decreasing trend
(September). Because the ITA method divides a parent time series
at the midpoint as two half series and this point may not be trend
change point. Since the ITA method could not determine trend
change points, it could not reveal the trends in June, July, and
September. Trend change points are detected by the ITA_TCP
method. The method found three increasing trends for June, July
and August months and a decreasing trend for September month
regarding 95% statistical significance level. The trend change
point is 1993 year for June, July, and August months and 1987 year
for September. Although some researchers to determine partial
trends in a time series use the ITA method, trend change points are
detected for the first time in this study. In addition, ITA_TCP gives
bigger trend slope value (s=0.053) according to ITA in August
(s=0.035). This shows that climate change has a greater impact on
hydro-meteorological events than has been recently calculated by
ITA. This approach is particularly useful for analyzing hydro-
meteorological events according to changing climate scenarios.

Also, this approach (ITA_TCP) can be used easily other time series.
Declaration of Conflict of Interests

The author declares that there is no conflict of interest.
References

[1] Ahmad I, Zhang F, Tayyab M, et al (2018) Spatiotemporal analysis
of precipitation variability in annual, seasonal and extreme
values over upper Indus River basin. Atmos Res 213:346-360.
doi: https://doi.org/10.1016/j.atmosres.2018.06.019

[2] Alashan S (2018) Data Analysis in Nonstationary State. Water
Resour Manag. doi: 10.1007/s11269-018-1928-2

[3] Bayazit M, Onéz B (2007) To prewhiten or not to prewhiten in
trend analysis?  Hydrol Sci J 52:611-624. doi:
10.1623/hysj.52.4.611

[4] Burn DH, Hag Elnur MA (2002a) Detection of hydrologic trends
and variability. J Hydrol 255:107-122. doi: 10.1016/S0022-
1694(01)00514-5

[5] Burn DH, Hag Elnur MA (2002b) Detection of hydrologic trends
and variability. J Hydrol 255:107-122. doi: 10.1016/S0022-
1694(01)00514-5

[6] Caloiero T, Coscarelli R, Ferrari E (2018) Application of the
Innovative Trend Analysis Method for the Trend Analysis of
Rainfall Anomalies in Southern Italy. Water Resour Manag
32:4971-4983. doi: 10.1007/511269-018-2117-2

[7] Dabanl i, Sen Z, Yelegen MO, et al (2016) Trend Assessment by
the Innovative-3en Method. Water Resour Manag 30:5193-5203.
doi: 10.1007/s11269-016-1478-4

[8] Deng S, Li M, Sun H, et al (2017) Exploring temporal and spatial
variability of precipitation of Weizhou Island, South China Sea.
J Hydrol Reg Stud 9:183-198. doi: 10.1016/j.ejrh.2016.12.079

[9] Elouissi A, Sen Z, Habi M (2016) Algerian rainfall innovative
trend analysis and its implications to Macta watershed. Arab J
Geosci 9:. doi: 10.1007/s12517-016-2325-x

[10] Gliglii YS (2018a) Alternative Trend Analysis: Half Time Series
Methodology. Water Resour Manag. doi: 10.1007/s11269-018-
1942-4

[11] Giigld YS (2018b) Multiple Sen-innovative trend analyses and
partial Mann-Kendall test. J Hydrol 566:685-704. doi:
https://doi.org/10.1016 /j.jhydrol.2018.09.034

[12] Kendall MG (1975) Rank Correlation Methods, Charles Griffin,
London (1975). Google Sch.

[13]LiJ, Wu W, Ye X, et al (2018) Innovative trend analysis of main
agriculture natural hazards in China during 1989-2014. Nat
Hazards. doi: 10.1007/s11069-018-3514-6

[14] Mann HB (1945) Nonparametric Tests Against Trend.
Econometrica 13:245. doi: 10.2307/1907187

[15] Mohorji AM, Sen Z, Almazroui M (2017) Trend Analyses Revision
and Global Monthly Temperature Innovative Multi-Duration
Analysis. Earth Syst Environ 1:9. doi: 10.1007/s41748-017-0014-
X

[16] Morbidelli R, Saltalippi C, Flammini A, et al (2018) Influence of
temporal data aggregation on trend estimation for intense
rainfall. Adv Water Resour 122:304-316. doi:
https://doi.org/10.1016/j.advwatres.2018.10.027

[17] 6ztopa1 A, Sen Z (2017) Innovative Trend Methodology
Applications to Precipitation Records in Turkey. Water Resour
Manag 31:727-737. doi: 10.1007/s11269-016-1343-5

[18] Sen PK (1968) Estimates of the Regression Coefficient Based on
Kendall's Tau. J Am Stat Assoc 63:1379-1389. doi:
10.1080/01621459.1968.10480934

[19] Sen Z (2017) Global warming quantification by innovative trend
template method. Int J Glob Warm 12: doi:
10.1504/1JGW.2017.084783

[20] Sen Z (2012) Innovative Trend Analysis Methodology. J Hydrol
Eng 17:1042-1046. doi: 10.1061/(ASCE)HE.1943-
5584.0000556

[21] Sen Z (2019) Partial trend identification by change-point
successive average methodology (SAM). J Hydrol
571:288-299. doi:  https://doi.org/10.1016/j.jhydrol.
2019.02.007

[22] Sen Z (2018) Climate change expectations in the upper Tigris
River basin, Turkey. Theor Appl Climatol. doi:
10.1007/s00704-018-2694-z

[23] Sneyers R (1991) On the statistical analysis of series of
observations.

[24] Sonali P, Nagesh Kumar D (2013) Review of trend detection
methods and their application to detect temperature
changes in India. J Hydrol 476:212-227. doi:
10.1016/j.jhydrol.2012.10.034

[25] Tabari H, Taye MT, Onyutha C, Willems P (2017) Decadal
Analysis of River Flow Extremes Using Quantile-Based
Approaches. Water Resour Manag 31:3371-3387. doi:
10.1007/s11269-017-1673-y

[26] Wang Y, Xu Y, Tabari H, et al (2020) Innovative trend analysis
of annual and seasonal rainfall in the Yangtze River
Delta, eastern China. Atmos Res. doi:
10.1016/j.atmosres.2019.104673

14


https://doi.org/10.1016%20/j.jhydrol.2018.09.034
https://doi.org/10.1016/j.advwatres.2018.10.027
https://doi.org/10.1016/j.jhydrol

Sadik Alashan

Brilliant Engineering 3 (2020) 6-15

[27] Wu H, Li X, Qian H, Chen J (2019) Improved partial trend
method to detect rainfall trends in Hainan Island. Theor
Appl Climatol. doi: 10.1007/s00704-018-02762-z

[28] Wu H, Qian H (2017) Innovative trend analysis of annual and
seasonal rainfall and extreme values in Shaanxi, China,
since the 1950s. Int J Climatol 37:2582-2592. doi:
10.1002/joc.4866

[29] Yue S, Pilon P, Cavadias G (2002) Power of the Mann-Kendall
and Spearman’s rho tests for detecting monotonic trends
in hydrological series. J Hydrol. doi: 10.1016/S0022-
1694(01)00594-7

[30] Zeybekoglu U, Karahan H (2018) Standart sureli yagis
siddetlerinin egilim analizi yontemleriyle incelenmesi.
Pamukkale Universitesi Mithendislik Bilim Derg 24:974—
1004

15



