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Abstract
The analysis of long-term rainfall data in a changing climate is important because it has many sectoral applications such as 
agriculture, infrastructure, and water resources management. Statistical analyses of the annual maximum rainfall data were 
performed using the Mann–Kendall (MK) trend test to evaluate the annual maximum trend characteristics of the rainfall 
time series, the innovative trend analysis (ITA) method to detect categorial trends, and the ITA indicator to digitize the ITA 
results. Storm durations of 5, 10, 15, 30 min and 1, 3, 6, 24 h annual maximum rainfall series at 13 central stations in Central 
Anatolia, Turkey were used. According to the MK test results, there were no significant upward or downward monotonic trend 
at four stations, whereas the remaining nine stations showed a significant upward or downward monotonic trend. Significant 
negative and positive trends were identified for the sub-hourly and hourly rainfall, whereas significant positive trends were 
detected for hourly storm durations. Significant trend results were mostly consistent with the general ITA results. The sub-
hourly storm duration data were more consistent in terms of significant trends. Conversely, when evaluated according to 
low, medium, and high data values in the rainfall series (categories), the high data values showed different trends. Although 
no trend was detected with the MK test, the ITA results showed an upward or downward trend for 25 rainfall series. 29 of 
30 significant MK test results were consistent with the ITA indicator results, compared with 24 of 30 results of the visually 
inspected ITA results.
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Introduction

The analysis of long-term rainfall data in a changing climate 
is important because it has many direct applications. Agri-
culture, water resources, the design of flood defense systems 
and other physical environmental factors are affected by the 
properties of rainfall (Shawul and Chakma 2020). The aver-
age properties of rainfall could change and extreme rainfall 

may be intensified by climate change (Abbasnia and Toros 
2020), which could have long-lasting consequences, both 
social and economic, for many sectors, in particular agricul-
ture because rainfall is one of the most significant variables 
for agriculture. (Cogato et al. 2019; Alemu and Bawoke 
2019). Changes in seasonality, averages or extremes of rain-
fall can induce significant unfavorable impact on agricultural 
production (Cattani et al. 2018). Therefore, monitoring and 
identifying the temporal and spatial change in rainfall vari-
ation are necessary (Joshi and Makhasana 2020).

Nonparametric Mann–Kendall (MK) trend test together 
with other tests such as linear trend, Sen’s slope, modified 
MK and regression tests and innovative trend analysis (ITA) 
have been widely used for the detection of trend tendencies 
of hydrological variables and time series trends: Saplıoğlu et 
al. (2014) investigated the monthly and annual river flows 
into the Western Mediterranean Basin, Wu and Qian (2017) 
investigated rainfall trends, Hu et al. (2019) analyzed the 
precipitation, temperature, potential evapotranspiration, and 
river discharge over the Kamo River basin, Yagbasan et al. 
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(2020) investigated monthly water levels and other meteoro-
logical variables that effect the water level of Lake Mogan 
and Lake Eymir. These studies show the wide spread use of 
nonparametric trend tests, particularly the MK test, together 
with the ITA method to explore trend tendencies of different 
hydrologic variables.

Among these trend tests, the ITA method proposed by Şen 
(2012) allows the use of categorial data such as low, medium 
and high, in trend analysis. Furthermore, visual inspection 
of general and categorial trend of time series becomes pos-
sible with this method. Because of the wide applicability of 
the method, it has been applied in many regions, including 
Turkey, and for different variables such as temperature, wave 
height, stream flow, rainfall, or standardized precipitation 
index (Yilmaz 2019; Malik et al. 2019; Gedefaw et al. 2018; 
Caloiero 2018; Dabanlı et al. 2016; Güçlü 2018; Ay and Kisi 
2015; Haktanir and Citakoglu 2014).

Changes in rainfall patterns have been the subject of 
interest in many studies. In particular, extreme rainfall data 
are used in many applications such as infrastructure design, 
agricultural production, and insurance. It has been reported 
that an increase in the temperature of the atmosphere will 
increase the water holding capacity of air, which would 
trigger the possibility of more intense rainfall (Zhang et al. 
2017; Trenberth 2011). Therefore, it is crucial to define 
and investigate the extreme rainfall (in this study annual 
maximum rainfall of various storm durations) behavior and 
changes over time.

In this study, statistical analyses of the 5, 10, 15, 30 min 
and 1, 3, 6, 24 h annual maximum rainfall data of 13 cit-
ies in Central Anatolia, Turkey, were conducted using the 
following tools: the MK trend test to evaluate the annual 
maximum trend characteristics of the rainfall time series, the 
ITA method to detect categorial (trends in low, medium or 
high data values in the time series) trends, and ITA indicator 
to digitize the ITA results. The 5, 10, 15, 30 min and 1, 3, 6, 
24 h annual maximum rainfall series at 13 central stations 
in Central Anatolia, Turkey, were used. According to Mall 
et al. (2006), a basin located in a comparatively drier region 
will likely be more sensitive to climatic changes and Palmer 
et al. (2008) have reported that almost all populated basins 
will face water stress. Central Anatolia is one of the main 
ecological regions in Turkey. Bozoglu et al. (2019) reported 
that Central Anatolia will be one of the parts of Turkey that 
will be the most effected from temperature increase and pro-
posed the need for regional plans for effected stakeholders. 
Dudu and Çakmak (2018) also proposed that the Western 
and Central regions of Turkey are sensitive to extreme events 
in terms of economic impact (such as household income) 
owing to an increase in agricultural prices and a decline in 
crop yields. Dellal et al. 2011 projected a decrease in crop 
yield between 7.3% and 12.5% in Central Anatolia under 
climate change conditions. For this reason, Central Anatolia, 

which is one of the regions in Turkey that is the most sensi-
tive to the impact of climate change and which has already 
faced some of these impacts, was chosen for the analyses.

Study area and data

Central Anatolia is one of the seven geographical regions in 
Turkey and is located in the center of the country (Fig. 1). 
The area of Central Anatolia covers approximately 20% of 
the area of Turkey.

In Central Anatolia, most parts of the region are classi-
fied as semi-dry and semi-dry less humid. The difference 
between day and night temperatures is high in the region. 
The Taurus Mountains lay in the south and the North Ana-
tolian Mountains in the north. The elevation of the region 
increases toward the east and the average altitude of the 
region is over 1000 m. The mild weather cannot exceed the 
surrounding mountains so continentality effects are domi-
nant in the region. The spring and the winter are the rainiest 
seasons and the rain type is convectional and frontal.

The annual maximum rainfall series at thirteen weather 
stations were obtained from the Turkish State Meteorologi-
cal Service. The 13 stations from which the data used in this 
study were obtained are listed in Table 1.

Methodology

The MK trend test was applied for various durations of 
rainfall time series recorded at different locations in Central 
Anatolia. A trend analysis was performed by applying the 
MK test. The results of the MK test were compared with 
those obtained through the ITA approach and ITA indicator.

The statistical analyses of the annual maximum rainfall 
data was conducted using the following tools:

•	 MK trend test to evaluate the annual maximum trend 
characteristics of the rainfall time series.

•	 ITA method to determine categorial trends details about 
the trends.

•	 ITA Indicator to digitize the ITA results.

Synthesis of methods was used to evaluate the rainfall 
time series’ trend and described in the following sections.

Mann–Kendall test

Trend tests are generally classified into two categories; 
these are parametric and nonparametric tests. According 
to Yılmaz and Perera (2014), nonparametric trend tests are 
more appropriate for hydro-meteorological time series data 
as statistical tools to detect trends.
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The MK trend test is one of the nonparametric tests for 
trend detection and was used to detect the trends of time 
series in this study. The MK test is a rank-based test that 
has a widespread application for hydrometeorological time 
series data to detect trends (Yilmaz and Perera 2014; Cheng 
and AghaKouchak 2014; Onyutha et. al. 2015).

The MK test (Mann 1945; Kendall 1975; Gilbert 1987) 
is used to statistically assess the existence of a monotonic 
upward or downward trend of the interested variable over 
time. A monotonic upward (downward) trend means that the 
variable consistently increases (decreases) over time, but the 
trend may or may not be linear.

The main equations of the MK test are given below 
(Mann 1945; Kendall 1975; Longobardi and Villani 2010; 
Ahmad et al. 2015; Chen et al. 2016):

in which S is the MK test statistic.

(3.1)S =

n−1∑
i=1

n∑
j=i+1

sgn(xj − xi)

(3.2)sgn
�
xj − xi

�
=

⎧
⎪⎨⎪⎩

+1

0

−1

⎧
⎪⎨⎪⎩

�
xj − xi

�
> 0�

xj − xi
�
= 0�

xj − xi
�
< 0

(3.3)

VAR(S) =
n(n − 1)(2n + 5) −

∑m

i=1
ti
�
ti − 1

��
2ti + 5

�
18

Fig. 1   Map of the selected stations in the study area (Bacanli et al. 2011)

Table 1   Selected 13 weather stations in Central Anatolia

Station Lon Lat Elevation (m) Data range

Aksaray 33.99 38.36 965 1966–2015
Ankara 32.86 39.97 891 1950–2015
Cankiri 33.61 40.6 751 1960–2015
Eskisehir 30.55 39.76 801 1957–2012
Karaman 33.22 37.19 1025 1966–2015
Kayseri 35.5 38.68 1,093 1956–2015
Kirikkale 33.51 39.84 751 1968–2015
Kirsehir 34.15 39.16 1007 1942–2015
Konya 32.55 37.96 1031 1950–2015
Nevsehir 34.7 38.6 1260 1966–2015
Nigde 34.67 37.95 1211 1960–2015
Sivas 37 39.74 1285 1958–2015
Yozgat 34.8 39.82 1298 1960–2015
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The hypothesis, H0, that there is no trend is rejected when 
the absolute value of Z is greater than the critical value Zα, at 
a chosen level of significance α and the alternative hypoth-
esis, H1, is accepted.

Although the MK test is free of normally distributed data 
assumption, it assumes the data independency. Moreover, if 
serial dependence exist, the probability of rejecting the null 
hypothesis (no trend) increases (Serinaldi and Kilsby 2015; 
Caloiero et al. 2019). Therefore, it is vital to check autocor-
relation of data before using them in a MK test for detection 
of trends. R package trend (Pohlert 2020) was used for the 
MK test analyses.

ITA method

In this study, a 1:1 straight-line method (Şen 2012), which 
has been regarded as the best technical note in The Jour-
nal of Hydrologic Engineering, American Society of Civil 
Engineers in 2014, was used for trend detection. For this 
method, the time series are divided into two halves, sorted 
in ascending order. The first half of the series is the previous 
half and placed on the horizontal (X) axis. The second half 
of the time series is the latter half and is placed on the verti-
cal (Y) axis. The existence of a trend is visually determined 
by the position of scattered points relative to a 1:1 line (Şen 
2012; Haktanir and Citakoglu 2014; Güçlü et al. 2018; Ali 
et al. 2019; Alifujiang et al. 2020). The scattered points are 
also categorized according their position on the axis such as 
low, medium, and high values. For this categorization, the 
axis was divided in to 3 equal parts and points were desig-
nated according to the part they resided in. In this study, the 
low, medium, and high values of all the stations were also 

(3.4)

z =
S − 1√
VAR(S)

, if S > 0

z = 0, ifS = 0

z =
S + 1√
VAR(S)

, if S < 0

evaluated separately by the ITA method. ITA analyses con-
ducted by modifying the innovtrend function of R package 
trendchange (Patakamuri 2019).

ITA indicator

The mean value difference between Xi  and Xj  (Xi = data 
series in the first half series, Xj = data series in the second 
half series) could give the magnitude of trend of a given 
data series. To make the trend indicator of the ITA and MK 
test results of a similar scale, the trend indicator (ɸ) was 
multiplied by 10 The trend indicator is given as Eq. (3.5)

in which ɸ = trend indicator, n = number of observations in 
the series, Xi = data series in the first half series, Xj = data 
series in the second half series and μ = mean of data series 
in the first half series.

A positive ɸ value indicates an upward trend and a nega-
tive ɸ value indicates a downward trend. On the other hand, 
when the scatter points accumulate and get closer to the 1:1 
line, it is accepted that the trend is insignificant. (Gedefaw 
et al. 2018; Dorjsuren et al. 2018).

Results and discussion

The MK test was applied to 5, 10, 15, 30 min and 1, 3, 
6, 24 h annual maximum data for each of the 13 weather 
stations in Central Anatolia. The minimum data range was 
49 years and the maximum data range was 74 years for the 
trend analyses period (as shown in Table 1 for each station) 
which is a satisfactory period for climate studies and long-
term analysis. The results obtained through the MK test are 
shown in Table 2. The presence of a statistically significant 
trends was determined based on a comparison of the MK 

(3.5)Φ =
1

n

n∑
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10(Xi − Xj)

�

Table 2   The results of the monotonic Mann–Kendall trend test for 5, 10, 15, 30 min and 1, 3, 6, 24 h annual maximum rainfall series Z values

Aksaray Ankara Cankiri Eskisehir Karaman Kayseri Kirikkale Kirsehir Konya Nevsehir Nigde Sivas Yozgat
Z Z Z Z Z Z Z Z Z Z Z Z Z

5 M 0.21  − 3.07  − 1.67  − 1.78  − 0.67 1.72  − 0.74 0.78  − 1.00  − 1.27 1.12 0.21 0.69
10 M 1.18  − 2.20  − 1.17  − 1.70 0.08 1.71  − 0.41 0.86  − 0.40  − 0.30 1.77 0.11 0.28
15 M 1.17  − 1.69  − 0.28  − 1.65 0.64 1.39 0.11 1.64  − 0.06 – 2.50 0.08 0.49
30 M 1.42  − 1.75 0.86  − 1.06 1.18 1.83 0.36 2.65 0.43 0.59 3.37 0.50 1.60
1 H 1.53  − 2.23 1.04  − 0.47 1.23 1.56  − 0.02 3.04 0.91 1.35 3.60 0.05 1.92
3 H 2.08  − 0.66 1.40  − 0.79 0.54 1.64 0.20 3.01 1.07 0.57 3.19  − 1.09 2.09
6 H 1.15  − 0.31 1.89  − 0.59 0.50 1.35  − 0.32 3.35 1.34 0.23 2.66  − 0.38 1.89
24 H 0.41  − 0.88 1.29 0.39  − 0.77 1.46  − 0.55 2.93 2.70 0.58 1.71 0.36 1.59
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test statistics with the critical values at 0.1, 0.05, 0.01 sig-
nificance levels.

Based on the MK test statistics, significant decreasing 
and increasing trend results were detected. A significant 
decreasing trends in the annual maximum rainfall at Ankara 
and Eskişehir Stations were observed, whereas increasing 
trends were observed at Kırşehir, Niğde and Yozgat Stations. 
Aksaray, Çankırı, Karaman, Kırıkkale, Konya, Nevşehir and 
Sivas stations rainfall series show no significant trend except 
positive trends for 3 h rainfall for Aksaray, 5 min and 6 h 
rainfall for Çankırı and 24 h rainfall for Konya. In general, 
significant negative trends were identified for sub-hourly 
rainfall series, whereas significant positive trends were 
detected for hourly rainfall series considering all stations.

No significant trends were observed at seven of the thir-
teen stations at 0.05 significance level and four of thirteen 
stations at significance level 0.1 according to the MK test. 
The graphical illustration of sub-hourly and hourly data 
trends at 13 stations is shown in Figs. 2, 3, respectively. 
The 5 min data series had a significant trend with a Z 
value of − 3.07 at 0.01 significance level, whereas the 
10 min and 1 h series showed a trend at 0.05 significance 
level, and the 15 min and 30 min rainfall data showed a 
decreasing trend at the 0.1 significance level. On the other 
hand, a decreasing trend was significant at the 0.1 level for 
sub-hourly Eskişehir rainfall data. In contrast, an increas-
ing trend was detected for Kirşehir at a significance level 
of 0.01 except for the 15 min data series. The maximum 
rainfall at Niğde station also showed a strong trend with 

a significance level 0.01. As Kırşehir and Niğde stations, 
Yozgat station also showed an increasing trend, which was 
significant for hourly annual maximum rainfall. Addition-
ally, the data from Aksaray, Ankara, Kırşehir, Niğde and 
Yozgat stations indicated a unidirectional trend whether 
significant or not and although they were not significant 
even at a significance level of 0.1, increasing trends were 
observed at Aksaraya, Çankırı, Karaman stations for par-
ticular rainfall durations such as 30 min or 1 h. Sub-hourly 
rainfall series showed both increasing and decreasing 
trends, whereas the hourly rainfall series were dominated 
by mostly an increasing trend compared with the sub-
hourly rainfall series, as shown in Figs. 2, 3.

For every selected station of Central Anatolia, significant 
and insignificant rainfall trends were detected by the MK 
trend test. Then, the ITA method was performed to deter-
mine the behavior of the rainfall timeseries, to check the MK 
Test results and to examine the rainfall time series’ trend for 
low, medium, high values, and overall trend [Fig. 4 (upper 
panel 5, 10, 15, 30 min and lower panel 1, 3, 6, 24 h)].

Kırşehir station showed a clear increasing trend for 
30 min, 1, 3, 6, 24 h rainfall series but when the ITA graph 
for Kırşehir showed that this behavior was mainly dominated 
by the low and medium data values of the annual maximum 
series. The 15 min data show a significant upward trend 
according to the MK test results but no trend tendency based 
on accumulation at the 1:1 line according to the ITA results. 
However, the negative trend behavior was detected for the 
highest values of all the rainfall durations at Kırşehir station.

Fig. 2   MK test Z-value for sub-
hourly storm durations
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Fig. 3   MK test Z-value for 
hourly storm durations
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5 min 10 min 15 min 30 min

1 h 3 h 6 h 24 h

5 min 10 min 15 min 30 min

1 h 3 h 6 h 24 h

Fig. 4   The results of the ITA method for annual maximum rainfall series at 13 selected stations (upper panel 5, 10, 15, 30 min and lower panel 
1, 3, 6, 24 h) series x-Axis: First half of the series (in mm) and y-axis: Second half of the series (in mm)
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Fig. 4   (continued)
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Fig. 4   (continued)
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Fig. 4   (continued)
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Fig. 4   (continued)
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Fig. 4   (continued)
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Contrasting tendencies were also observed for Ankara 
station. The 5 min rainfall data exhibited a clear downward 
trend, whereas the remaining rainfall time series had dif-
ferent trend characteristics for their corresponding low, 
medium, and high data values. The MK Test results for 
Ankara revealed a downward trend for all rainfall durations, 
which was significant for the 5, 10, 15, 30 min and 1 h series. 
The ITA results displayed a clear downward trend for low 
and medium values of rainfall data, which were significant 
according to the MK test but the trend tendency substantially 
changed when the high values of data were considered. Even 
medium data values of 10–15 min rainfall data showed an 
upward trend. Nevertheless, the data points mostly fell below 
the 1:1 line, implying an overall upward trend.

Considering Eskişehir station, the sub-hourly rainfall data 
points fell below the 1:1 line, whereas the hourly data points 
fell around the 1:1 line. On the other hand, The 24 h rainfall 
data showed a generally steady increase and fell above the 
1:1 line. Moreover, the 3–6 h rainfall data also showed an 
upward trend for the medium values of rainfall data and no 
trend was observed for the rainfall values that were smaller 
than the medium values.

The results of applying the ITA method for Niğde station 
can be seen in Fig. 4, in which most of the rainfall data points 
were located in the upward trend area. This clearly con-
firmed the presence of a positive trend, however graphical 
illustration showed that the highest values were positioned 

at the downward trend side of the 1:1 line except the 24 h 
rainfall data. Yozgat station, one of the stations that showed 
a significant trend for hourly rainfall series according to the 
MK test, showed evident result of an upward trend for hourly 
rainfall series together with the 30 min series by the ITA 
methods. However, the medium data values of these time 
series were located slightly below the 1:1 line. Moreover, 
the insignificant upward trend of the sub-hourly data series 
revealed by the MK test results cannot be validated using 
the ITA method at Yozgat station from a visual inspection.

Hourly rainfall data fell above the 1:1 line, which indi-
cated an upward trend at Aksaray station. Low values were 
approximately on the 1:1 line, whereas medium values were 
positioned slightly above the 1:1 line. Conversely, the data 
from the high values were clearly in the downward trend 
area at Aksaray station. Çankırı station rainfall ITA analy-
ses revealed both an upward and downward trend. The 5, 
10, 15 min data of the low and medium values fell below 
the 1:1 line, except the highest data values. For the 30 min 
and 1 h rainfall data, almost all the points were near the 
1:1 line, which indicated no trend. Although vaguely, the 
upward trend was also detected in the 3, 6, 24 h rainfall data, 
whereas high values of these series showed a downward 
tendency at Çankırı station. At Karaman station, both the 
upward and downward trend were detected from the results 
obtained by the ITA method. The 5 min and 24 h rainfall 
series showed a downward trend, whereas the subsets (low, 

5 min 10 min 15 min 30 min

1 h 3 h 6 h 24 h

Fig. 4   (continued)
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medium or high values of data) of the series behaved dif-
ferently. The Kayseri station rainfall series showed a con-
sistently upward trend. All low, medium, and high rainfall 
data values were positioned above the 1:1 line with a few 
exception points for the high values. Low level values were 
closer to the 1:1 line, whereas the medium and high values 
showed a strong upward trend and were located farther from 
the 1:1 line compared with the low values at Kayseri sta-
tion. Considering the 10, 15, 30 min and 1 h rainfall series, 
a substantial upward movement of the medium values was 
clearly evident. For the high values, the pattern changed and 
most of them fell below the 1:1 line but the number of data 
points was not as much as the medium or low values. Trend 
results obtained for Kırıkkale station indicated no trend for 
all the low level and most of the medium values, which were 
generally positioned around the 1:1 line. However, all the 
high data values of the rainfall series except the 5 min data 
set clearly showed an upward trend, whereas only the 5, 10, 
15 min medium rainfall values fell below the 1:1 line.

At Konya station, the ITA results showed no trend in gen-
eral but the 5 min and 24 h rainfall series displayed slightly 
different behavior than the others. The 5 min rainfall data 
points fell below the 1:1 line, whereas the 24 h rainfall series 
points stayed above the line. The remaining rainfall data 
series were positioned along the 1:1 line with minor drifts 
from the 1:1 line and a general interpretation of the trend 
was not possible. However, the presence of a trend could be 
evaluated in terms of low, medium, and high rainfall series 
at Konya station. The ITA method results for the data from 
Nevşehir station showed a downward trend for 5, 10, 15 min 
and an upward trend of the medium values for 30 min and 
1, 3, 6, 24 h rainfall series. Low level data points were gen-
erally positioned on the 1:1 line or slightly below the line. 
High level values exhibited similar trend tendencies with 
their corresponding medium level data points for 5, 10 min 
and 1, 3, 6 h rainfall series. However, these high category 
values were represented by a small number of points. The 
Sivas station rainfall series showed different trend patterns. 
Almost all the rainfall series high values deviated from the 
1:1 line. Only the 3 h and 6 h time series showed a down-
ward trend and the rest of the rainfall series had a tendency 
of an upward trend. However, the upward trend of rainfall 
series was not demonstrated for all the data points. For 
example, the medium values of the 10 min rainfall series 
were on the 1:1 line, which indicated no trend. Furthermore, 
the higher values of the 15 and 30 min rainfall series fell 
below the 1:1 line, whereas the rest of the data points were 
above that line, and it was not easy to find any evidence of 
a trend for such a series. A summary and comparison of the 
MK test and the ITA method results of the 104 time series 
is shown in Table 3.

As shown in Table 3, the high, medium, and low values 
of all the stations were individually analyzed by the ITA 

method. As shown in table, significant trend results were 
mostly consistent with the general ITA results, but 6 of the 
30 significant MK trends were visually estimated not to have 
a trend with the ITA method (Tables 3, 4). Sub-hourly esti-
mates were more consistent in terms of significant trends. 
On the other hand, when these significant trends were evalu-
ated in terms of low, medium, and high data values of the 
rainfall series, especially high values of data show different 
trend tendencies compared with the general trend tendency 
of the whole series. When the high data values that exhibited 
different trend tendencies were examined, as most of the 
other high values, these values were not as many as the low 
or medium values. Although no trend was detected with the 
MK test, the visual inspection of the ITA results indicated 
an increasing or a decreasing trend for the 25 rainfall series.

Furthermore, to validate the ITA results, an indicator (ɸ) 
was used to detect whether the ITA trends were statistically 
significant (Table 4). A positive value of ɸ  indicates an 
upward trend and a negative value of ɸ indicates a down-
ward trend. The trend analysis of all the stations examined by 
the MK test, ITA calculated indicator, ITA visual inspection 
methods and results are presented in Table 4. 29 of 30 signif-
icant MK test results were consistent with the ITA indicator 
results whereas 24 of 30 results of the visually inspected ITA 
results were consistent with the MK results. The inconsist-
ent value was for the 15 min annual maximum rainfall data 
at Kırşehir station, which had a negative ITA indicator and 
showed no trend when it was visually inspected. Visually 
inspected ITA results and indicator-based ITA results did 
not always follow the same tendency. For instance, no trend 
tendency was evaluated by visual inspection according to the 
position and accumulation of the data points, whereas the 
ITA indicator calculations returned values that indicated a 
decreasing or an increasing trend.

Discussion and conclusions

The MK trend test (Mann 1945; Kendall 1975; Gilbert 1987) 
and the ITA method (Şen 2012) were applied to annual 
maximum rainfall series and the results were compared 
for 13 stations in Central Anatolia, Turkey. To digitize the 
ITA results, an indicator was calculated and used for the 
comparative analyses. The MK trend test has been used 
in many studies and is among the most widely used non-
parametric trend tests (Yilmaz and Perera 2014; Cheng and 
AghaKouchak 2014; Onyutha et al. 2015; Yucel et al. 2015), 
whereas the Şen method is also used to detect the trend with 
a different aspect, in particular low, medium, and high values 
of time series (Caloiero et al. 2019; Caloiero 2020; Alifuji-
ang et al. 2020; Haktanir and Citakoglu 2014,; Güçlü et. al 
2018). The MK and ITA results have also been compared 
and have been found to provide consistent results in terms of 
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trend. Dabanlı et al. (2016) used the MK and ITA methods 
to investigate relative humidity, temperature, precipitation, 
and runoff data for the Ergene basin. Kişi and Demir (2016) 
analyzed annual total precipitation by using the MK and 
ITA methods at Sinop, Samsun, Ordu, Corum, Amasya, and 
Tokat and found that MK and ITA revealed the same results 
for peak and low values of annual total precipitation. Kişi 
et al. (2018) investigated the trend tendencies of streamflow 
at 9 stations by using the MK, Sen’s method and Şen’s inno-
vative trend methods and showed the advantage of ITA over 
the Şen method and MK test in terms of applicability with 
the serially correlated, non-normally distributed time series 

and time series with short record length. Ay et al. (2018) 
examined the monthly streamflow data at 2 stations in the 
Euphrates-Tigris Basin and indicated the advantage of visual 
evaluation of data.

In a recent study, Abbasnia and Toros (2020) examined 
extreme temperature and precipitation indices. Their results 
showed a decrease in heavy, very heavy, and extremely 
heavy rainfalls at stations located in inland Central Anatolia. 
However significant increasing trends were also detected for 
annual maximum time series at Kayseri, Kırşehir, Niğde and 
Yozgat stations in this study. Altın et al. (2012) presented 
evident results that showed decreasing trends in rainfall 

Table 3   Comparison of the Mann–Kendall (MK) trend test and the ITA method (Low (LITA), Medium (MITA), High (HITA)) for the 5, 10,15, 
30 min and 1, 3,6, 24 h annual maximum rainfall series

a)*denotes significant trend (0.01, 0.05,0.1) “+” denotes upward trend, “−“denotes downward trend, “0” denotes no trend
(b)*denotes significant trend (0.01–0.05–0.1) “+” denotes upward trend, “−“denotes downward trend, “0” denotes no trend

5 min 10 min 15 min 30 min

MK LITA MITA HITA MK LITA MITA HITA MK LITA MITA HITA MK LITA MITA HITA

(a)

Aksaray  +   −   −   −   +  x  −   −   +  x x  −   +  x  +   − 
Ankara  − *  −   −   −   − *  −   −   +   − * x  −   +   − * x  −   + 
Cankiri  − *  −   −  x  −   −   −  x  −  x  −   −   +   +  X  − 
Eskisehir  − *  −   −   −   − *  −   −   −   − *  −   −   −   −  x  −  x
Karaman  −   +   +   −   +   +   +   −   +   +   +   −   +   +   +   − 
Kayseri  + *  +   +   −   + *  +   +   −   +   +   +   −   + *  +   +   − 
Kirikkale  −  x  −   −   −  x  −   +   +  x  −  x  +  x  −   + 
Kirsehir  +  x  −   −   +  x x  −   + *  +  x  −   + *  +   +   − 
Konya  −  x  −   −   −  x  −   −   −  x  −   −   +  x  −  x
Nevsehir  −   −   −   −   −   −   −   −   −   −  x x  +  x  +  x
Nigde  +   +   +   −   + *  +   +   −   + *  +   +   −   + *  +   +  x
Sivas  +   +  x x  +   +  x  −   +   +   −   −   +   +  x  − 
Yozgat  +  x x  −   +  x  −  x  +  x  −  x  +   +  x x

1 h 3 h 6 h 24 h

MK LITA MITA HITA MK LITA MITA HITA MK LITA MITA HITA MK LITA MITA HITA

(b)

Aksaray  +  0  +   −   + * 0  +   −   +  0  +   −   +   −   +   + 
Ankara  − *  −   −   +   − * 0 0  +   −  0 0  +   −   −   −   + 
Cankiri  +   +  0  −   +   +   +   −   + *  +   +   −   +   +   +  0
Eskisehir  −  0 0 0  −  0 0  +   −  0  +  0  +   −   +   + 
Karaman  +   +   +   −   +   +   +   −   +   +   +   −   −  0  −   − 
Kayseri  +   +   +   −   + *  +   +   +   +   +   +   +   +   +   +   + 
Kirikkale  −  0  −   +   +  0  −   +   −  0  −   +   −   +   −   + 
Kirsehir  + *  +   +   −   + *  +   +   −   + *  +   +   −   + *  +   +   − 
Konya  +  0 0  −   +   +   −  0  +   +  0  −   + *  +   +   + 
Nevsehir  +  0  +  0  +  0  +   +   +  0  +   +   +   −   +   − 
Nigde  + *  +   +   −   + *  +   +   −   + *  +   +   −   + *  +   +   + 
Sivas  +  0  −   −   −   −   −   −   −   −   −   −   +   +   +   − 
Yozgat  + *  +  0  +   + *  +   +  0  + *  +   +  0  + *  −   +   + 
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intensity at stations in the south and east of Central Anatolia. 
In this study, significant decreasing trends were also detected 
for stations such as Ankara and Eskişehir, whereas for other 
stations, significant increasing trends existed. Çiçek and 
Duman (2015) found that in the semi-arid regions of Turkey, 
namely Central and Southeastern Anatolia, annual precipita-
tion tends to decrease. On the other hand, this study showed 
increasing significant trends for annual maximum time 
series, which means intensification of extreme rainfall over 
these regions. One reason for this can be that the decrease 
in the wet days was higher than the annual precipitation that 
leads to an intensification. Haktanır and Çıtakoğlu (2014) 
indicated that 90% of the annual maximum time series in 
Turkey are trend free after detailed analyses of standard-
duration annual maximum rainfalls series from 5 min to 24 h 
duration recorded in Turkey. However, results of this study 

indicated that one third of the rainfall series exhibited sig-
nificant trends. Güçlü et al. (2020) applied a method called 
innovative triangular trend analysis and reported a gener-
ally monotonically negative trend in Ankara, which was also 
consistent with the results of this study. One reason why the 
results of this study were different to those in other studies 
may be the temporal scale (in this study from 5 min to 24 h 
annual maximum) of the data and the length of the data (up 
to 2015). This also implies the need to periodically update 
the analyses with current data and use detailed data if pos-
sible to study rare events. Furthermore it is important to state 
that data ranges vary with stations and trend detection test 
results can be affected by the length of sample.

According to the MK test results in this study, there was 
no significant upward or downward monotonic trend at Kara-
man, Kırıkkale, Nevşehir and Sivas stations, whereas the 

Table 4   Comparison of the Mann–Kendall (MK) trend test, the ITA Indicator (ɸ) and visually inspected ITA (Visua) results for 5,10, 15, 30 min 
and 1, 3, 6, 24 h annual maximum rainfall series

“+” denotes upward trend, “−“ denotes downward trend, “o” denotes no trend

5 min 10 min 15 min 30 min

MK ɸ Visual MK ɸ Visual MK ɸ Visual MK ɸ Visual

Aksaray 0.21  − 1.05  −  1.18  − 0.46  0  1.17  − 0.28  0  1.42  − 0.22  0 
Ankara  − 3.07  − 2.27  −   − 2.20  − 0.97  −   − 1.69  − 0.69  −   − 1.75  − 0.15  − 
Cankiri  − 1.67  − 1.27  −   − 1.17  − 1.15  −   − 0.28  − 0.57  0  0.86  − 0.07  0 
Eskisehir  − 1.78  − 1.61  −   − 1.70  − 1.66  −   − 1.65  − 1.76  −   − 1.06  − 1.16  − 
Karaman  − 0.67  − 0.55  0  0.08 0.74  +  0.64 1.38  +  1.18 2.41  + 
Kayseri 1.72 3.48  +  1.71 3.26  +  1.39 3.02  +  1.83 3.55  + 
Kirikkale  − 0.74  − 0.97  −   − 0.41  − 0.18  0  0.11 0.17  0  0.36 1.09  0 
Kirsehir 0.78  − 1.60  0  0.86  − 1.15  0  1.64  − 0.22  0  2.65 1.17  + 
Konya  − 1.00  − 0.96  −   − 0.40  − 0.56  0   − 0.06  − 0.24  0  0.43 0.01  0 
Nevsehir  − 1.27  − 2.20  −   − 0.30  − 1.74  −   −   − 1.85  −  0.59  − 1.00  0 
Nigde 1.12 1.24  0  1.77 1.39  +  2.50 2.12  +  3.37 2.92  + 
Sivas 0.21 0.40  +  0.11 0.41  +  0.08 0.33  0  0.50 0.04  0 
Yozgat 0.69  −  0.49  0  0.28  −  0.37  0  0.49  −  0.06  0  1.60 1.08  0 

1 h 3 h 6 h 24 h

MK ɸ Visual MK ɸ Visual MK ɸ Visual MK ɸ Visual

Aksaray 1.53 0.80  0  2.08 1.15  0  1.15 0.83  0  0.41 0.95  0 
Ankara  − 2.23  − 0.37  −   − 0.66 0.18  0   − 0.31 0.53  0   − 0.88  − 0.86  − 
Cankiri 1.04 0.17  0  1.40 0.56  +  1.89 1.23  +  1.29 0.39  + 
Eskisehir  − 0.47 0.22  0   − 0.79 0.34  0   − 0.59 0.50  0  0.39 0.80  + 
Karaman 1.23 2.35  +  0.54 0.85  +  0.50 0.60  +   − 0.77  − 0.42  − 
Kayseri 1.56 2.50  +  1.64 2.46  +  1.35 2.07  +  1.46 1.37  + 
Kirikkale  − 0.02 1.01  0  0.20 1.45  0   − 0.32 1.16  0   − 0.55 0.31  0 
Kirsehir 3.04 1.92  +  3.01 0.62  +  3.35 0.78  +  2.93 1.11  + 
Konya 0.91  − 0.08  0  1.07  −  0.09  0  1.34  − 0.05  0  2.70 1.61  + 
Nevsehir 1.35  − 0.36  0  0.57 0.07  0  0.23 0.02  0  0.58  − 0.41  0 
Nigde 3.60 2.49  +  3.19 1.49  +  2.66 1.46  +  1.71 0.89  + 
Sivas 0.05  − 0.90  0   − 1.09  −  1.26  −   − 0.38  − 0.70  −  0.36 0.32  + 
Yozgat 1.92 1.56  0  2.09 1.03  0  1.89 1.01  0  1.59 0.77  0 
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rest of the stations showed significant upward or downward 
monotonic trends. A positive trend was detected in Niğde, 
Yozgat and Kırşehir for the hourly series, whereas no sig-
nificant results were obtained in Sivas, Nevşehir, Kırıkkale, 
Eskişehir and Karaman for the sub-hourly data. Considering 
the sub-hourly data, Aksaray, Çankırı, Karaman, Kırıkkale, 
Konya, Nevşehir, Sivas and Yozgat showed no significant 
trends. However, Ankara, Eskişehir, Kayseri, Kırşehir and 
Niğde exhibited a significant trend for the sub-hourly rain-
fall series. Ankara and Eskişehir showed a significant down-
ward trend, whereas Kayseri, Kırşehir and Niğde revealed an 
upward monotonic trend. These results partially confirmed 
the results obtained in the previous studies mentioned above; 
however, there are not many studies that have investigated 
the annual maximum rainfall trends in Central Anatolia to 
make concrete comparisons.

Serinaldi et al. (2020) performed a neutral validation 
study and claim that sample size, distribution shape and 
serial correlation affect the ITA methodology as like other 
parametric technique derived for trend analysis. The MK 
is based on the assumption that the time series do not have 
serial correlation so all 104 time series were checked for 
autocorrelation. Also, Alashan (2020) used the modified MK 
method supported with ITA instead of Şen Slope Estimate 
and indicated that a smaller (bigger) trend value in a nega-
tively (positively) skewed series were obtained by the ITA 
method according to the Şen Slope Estimate in series with 
a significant correlation coefficient.. Therefore, the statisti-
cal properties of the time series and MK results were also 
considered for the potential relationship with the ITA results. 
The ITA indicator and MK results are found responsive to 
kurtosis and skewness value together in general on the other 
hand, the MK results were not as sensitive as the ITA indi-
cator for these changes. For example, the Z values of the 
15 and 30 min data series were − 1.69 and − 1.75, whereas 
the ITA indicators were − 0.69 and − 0.15, respectively, with 
kurtosis values of 1.15 and 5.89 and skewness values of 1.12 
and 2.14, respectively, at Ankara station; the 10 min and 1 h 
data approximately have the same MK test results. A similar 
behavior was observed for the Kırşehir station 1 and 3 h rain-
fall series and Kayseri station 3 h rainfall series, Niğde sta-
tion 3 h rainfall series. However, the 1 and 3 h rainfall series 
with a significant trend did not comply with these findings 
at Yozgat station. In addition, it was observed that small 
skewness and kurtosis values assured more consistent MK 
test and ITA indicator relationship. The statistical properties 
of all 104 time series can be found in online Appendix 1.

In this study, almost all the higher values had a smaller 
number of points, which means that the data had a heavy 
tail. Moreover, the criteria of how the low, medium, and 
peak values of the ITA method are determined effects the 
trend interpretation. For example, if the series is divided 
according to the value range (e.g., maximum rainfall height 

is 60 mm then the categories are 0–20, 20–40, 40–60 mm), 
then a higher portion includes few data points, even only one 
point in some cases such as the Ankara 24 h series, Yozgat 
30 min series, and Aksaray 5 min rainfall series. When the 
low, medium, and high cluster is taken according to num-
ber of points (n/3 low, n/3 medium and n/3 number of high 
values), or quantiles (up to 50% quantile is low, 50–75% is 
medium and over 75% is high) then different trend tenden-
cies will probably occur.

Significant increasing trends show that extreme rainfall 
will likely be intensified at these stations. Therefore, con-
sidering these results would be beneficial to obtain resilient 
long-term investment such as urban infrastructure and reduc-
ing the risk to human life in populated areas. Furthermore, 
an increasing extreme rainfall trend and magnitude must 
be evaluated together with land use/cover change to assess 
the potential flood risk. Moreover, the potential variations 
of these changes within the year, for instance shifting of 
extremes from one month to another, would affect crop pro-
duction and growing season. Moreover, reasons behind the 
significant decreases are also important, for example, the 
region would be getting drier with increasing dry periods.

Exploring extreme rainfall characteristics and their long-
term behavior is particularly important since this informa-
tion is incorporated into many sectors. Urban infrastructures 
such as rainwater networks are designed based on extreme 
rainfall, agricultural insurance rates are determined and 
change based on the occurrence of extreme events. The abil-
ity to secure human welfare, sustain agricultural productivity 
and plan with resilience are all possible with the presence 
of sufficient and correct data. There is no doubt about the 
power of using visual inspection and categorial data in trend 
analysis. In some cases, an overall trend is not easy to detect 
with the ITA method and it is vital to use a combination 
of trend detection methods to obtain more valid conclu-
sions. However, if a more precise evaluation is required, 
ITA allows the data categories to be examined individually.

Funding  This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Compliance with ethical standards 

Conflicts of interest  The author declares no conflict of interest.

References

Abbasnia M, Toros H (2020) Trend analysis of weather extremes across 
the coastal and non-coastal areas (case study: Turkey). J Earth 
SystSci 129:95. https​://doi.org/10.1007/s1204​0-020-1359-3

Ahmad I, Tang D, Wang T, Wang M, Wagan B (2015) Precipitation 
trends over time using Mann-Kendall and spearmans rho tests in 
swat river basin, Pakistan. AdvMeteorol 2015:1–15. https​://doi.
org/10.1155/2015/43186​0

https://doi.org/10.1007/s12040-020-1359-3
https://doi.org/10.1155/2015/431860
https://doi.org/10.1155/2015/431860


215Acta Geophysica (2021) 69:199–216	

1 3

Alashan S (2020) Combination of modified Mann-Kendall method 
and Şen innovative trend analysis. Eng Rep 2:e12131. https​://doi.
org/10.1002/eng2.12131​

Alemu MM, Bawoke GT (2019) Analysis of spatial variability and 
temporal trends of rainfall in Amhara region, Ethiopia. J Water 
Clim Change. https​://doi.org/10.2166/wcc.2019.084

Ali R, Kuriqi A, Abubaker S, Kisi O (2019) Long-Term Trends and 
Seasonality Detection term trends and seasonality detection of the 
Observed Flow in Yangtze River Using observed flow in yangtze 
river using Mann-Kendall and Sen’s innovative trend method. 
Water 11:1855

Alifujiang Y, Abuduwaili J, Maihemuti B, Emin B, Groll M (2020) 
Innovative trend analysis of precipitation in the lake issyk-kul 
basin Kyrgyzstan. Atmospere 11:332

Altın T, Barak B, Altın B (2012) Change in precipitation and tem-
perature amounts over three decades in Central Anatolia, 
Turkey. AtmosClimSci 2:107–125. https​://doi.org/10.4236/
acs.2012.21013​

Ay M, Karaca Ö, Yıldız A (2018) Comparison of Mann-Kendall and 
Sen’s innovative trend tests on measured monthly flows series of 
some streams in Euphrates-Tigris Basin. Erciyes Üniversitesi Fen 
Bilimleri Enstitüsü Fen Bilimleri Dergisi , 34:78–86 . Retrieved 
from https​://dergi​park.org.tr/tr/pub/erciy​esfen​/issue​/37078​/40681​
8

Ay M, Kisi O (2015) Investigation of trend analysis of monthly total 
precipitation by an innovative method. TheorApplClimatol 
120:617–629

Bacanli ÜG, Dikbaş F, Baran T (2011) Meteorological drought analy-
sis case study: Central Anatolia. Desalination Water Treat 26(1–
3):14–23. https​://doi.org/10.5004/dwt.2011.2105

Bozoglu M, Başer U, AlhasEroglu N, KılıcTopuz B (2019) Impacts 
of climate change on Turkish agriculture. J Int Environ Appl Sci 
14:97–103

Caloiero T (2018) SPI trend analysis of New Zealand applying the ITA 
technique. Geosciences 8:101

Caloiero T, Aristodemo F, Algieri Ferraro D (2019) Trend analysis 
of significant wave height and energy period in southern Italy. 
TheorApplClimatol 138:917–930. https​://doi.org/10.1007/s0070​
4-019-02879​-9

Caloiero T, Coscarelli R, Ferrari E (2020) Assessment of seasonal and 
annual rainfall trend in Calabria (southern Italy) with the ITA 
method. J Hydroinform. https​://doi.org/10.2166/hydro​.2019.138

Cattani E, Merino A, Guijarro JA, Levizzani V (2018) East Africa 
rainfall trends and variability 1983–2015 using three long-term 
satellite products. Remote Sens 10:1–26. https​://doi.org/10.3390/
rs100​60931​

Chen Y, Guan Y, Shao G, Zhang D (2016) Investigating trends in 
streamflow and precipitation in huangfuchuan basin with wavelet 
analysis and the Mann-Kendall test. Water 8(3):77. https​://doi.
org/10.3390/w8030​077

Cheng L, AghaKouchak A (2014) Nonstationary precipitation inten-
sity-duration-frequency curves for infrastructure design in a 
changing climate. Sci Rep 4:7093. https​://doi.org/10.1038/srep0​
7093

Cogato A, Meggio F, De Antoni M, Marinello MF (2019) Extreme 
weather events in agriculture: a systematic review. Sustainability 
11:2547

Çiçek I, Duman N (2015) Seasonal and annual precipitation trends 
inTurkey. Carpath J Earth Environ Sci 10:77–84

Dabanlı İ, Şen Z, Yeleğen MÖ, Şişman E, Selek V, Güçlü YS (2016) 
Trend assessment by the innovative-Şen method. Water Resour-
Manag 30:5193–5203

Dellal Đ, McCarl BA, Butt T (2011) The economic assessment of 
climate change on Turkish agriculture. J Environ ProtEcol 
12:376–385

Demir V, Kisi O. Comparison of Mann-Kendall and innovative trend 
method (Şen trend) for monthly totalprecipitation (Middle Black 
Sea Region, Turkey). In proceedings of the conference 3rd 
ınternational balkansconference on challenges of civil engineer-
ing, 3-BCCCE, Tirana, Albania, 19–21 May 2016

Dorjsuren B, Yan D, Wang H, Chonokhuu S, Enkhbold A, Yiran X, 
Girma A, Gedefaw M, Abiyu A (2018) Observed trends of climate 
and river discharge in mongolia’sselenga sub-basin of the lake 
Baikal basin. Water 10:1436

Dudu H, Çakmak EH (2018) Climate change and agriculture: an 
integrated approach to evaluate economy-wide effects for Tur-
key. Clim Dev 10:275–288. https​://doi.org/10.1080/17565​
529.2017.13722​59

Gedefaw M, Yan D, Wang H, Qin T, Girma A, Abiyu A, Batsuren D 
(2018) Innovative trend analysis of annual and seasonal rainfall 
variability in Amhara Regional State. Ethiop Atmos 9:326

Gilbert RO (1987) Statistical methods for environmental pollution 
monitoring. Wiley, New York

Güçlü YS (2018) Multiple Şen-innovative trend analyses and partial 
Mann-Kendall test. J Hydrol 566:685–704

Güçlü YS, Şişman E, Dabanlı İ (2020) Innovative triangular trend 
analysis. Arab J Geosci 13:1–8

Güçlü Y, Şişman E, Yeleğen M (2018) Climate change and FID curves. 
J Flood Risk Manage 11:S403–S418. https​://doi.org/10.1111/
jfr3.12229​

Haktanir T, Citakoglu H (2014) Trend, independence, stationarity, 
and homogeneity tests on maximum rainfall series of standard 
durations recorded in Turkey. J HydrolEng 19:9. https​://doi.
org/10.1061/(ASCE)HE.1943-5584.00009​73

Hu M, Sayama T, Try S, Takara K, Tanaka K (2019) Trend analysis 
of hydroclimatic variables in the Kamo River Basin. Japan Water 
11:1782

Joshi GS, Makhasana P (2020) Assessment of seasonal climate trans-
ference and regional influential linkages to land cover–Investiga-
tion in a river basin. J Atmos Solar TerrPhys 199:105209

Kendall MG (1975) Rank correlation methods, 4th edn. Charles Grif-
fin, London

Kisi Ö, Santos CAG, Silva RM, Zounemat-Kermani M (2018) Trend 
analysis of monthly streamflows using Şen’s innovative trend 
method. Geofizika 35:53–68

Longobardi A, Villani P (2010) Trend analysis of annual and seasonal 
rainfall time series in the Mediterranean area. Int J Climatol 
30:1538–1546

Malik A, Kumar A, Guhathakurta P, Kisi O (2019) Spatial-temporal 
trend analysis of seasonal and annual rainfall (1966–2015) using 
innovative trend analysis method with significance test. Arab J 
Geosci 12:328

Mall RK, Gupta A, Singh R, Singh RS, Rathore LS (2006) Water 
resources and climate change: an Indian perspective. CurrSci 
90:1610–1626

Mann HB (1945) Non-parametric tests against trend. Econometrica 
13:163–171

Onyutha C, Tabari H, Taye MT, Nyandwaro GN, Willems P (2015) 
Analyses of rainfall trends in the Nile River basin. J Hydro Envi-
ron Res 13:36–51

Palmer MA, ReidyLiermann CA, Nilsson C, Flörke M, Alcamo J, Lake 
PS, Bond N (2008) Climate change and the world’s river basins: 
anticipating management options. Front Ecol Environ 6:81–89. 
https​://doi.org/10.1890/06014​8

Patakamuri SK (2019) Trendchange: innovative trend analysis and 
time-series change point analysis. Vienna, Austria, The R project 
for Statistical Computing

Pohlert T (2020) Trend: Non-Parametric Trend Tests and Change-Point 
Detection. R Package Version 1.1.2  https​://CRAN.Rproj​ect.org/
packa​ge=trend​

https://doi.org/10.1002/eng2.12131
https://doi.org/10.1002/eng2.12131
https://doi.org/10.2166/wcc.2019.084
https://doi.org/10.4236/acs.2012.21013
https://doi.org/10.4236/acs.2012.21013
https://dergipark.org.tr/tr/pub/erciyesfen/issue/37078/406818
https://dergipark.org.tr/tr/pub/erciyesfen/issue/37078/406818
https://doi.org/10.5004/dwt.2011.2105
https://doi.org/10.1007/s00704-019-02879-9
https://doi.org/10.1007/s00704-019-02879-9
https://doi.org/10.2166/hydro.2019.138
https://doi.org/10.3390/rs10060931
https://doi.org/10.3390/rs10060931
https://doi.org/10.3390/w8030077
https://doi.org/10.3390/w8030077
https://doi.org/10.1038/srep07093
https://doi.org/10.1038/srep07093
https://doi.org/10.1080/17565529.2017.1372259
https://doi.org/10.1080/17565529.2017.1372259
https://doi.org/10.1111/jfr3.12229
https://doi.org/10.1111/jfr3.12229
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000973
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000973
https://doi.org/10.1890/060148
https://CRAN.Rproject.org/package=trend
https://CRAN.Rproject.org/package=trend


216	 Acta Geophysica (2021) 69:199–216

1 3

Saplıoğlu K, Kilit M, Yavuz BK (2014) Trend analysis of streams in 
the Western Mediterranean Basin of Turkey. Fresenius Environ 
Bull 23:1–12

Serinaldi F, Kilsby CG (2015) StationarityIs undead: uncertainty domi-
nates the distribution of extremes. Adv Water Resour 77:17–36. 
https​://doi.org/10.1016/j.advwa​tres.2014.12.013

Serinaldi F, Chebana F, Kilsby CG (2020) Dissecting innovative trend 
analysis. Stoch Environ Res Risk Assess 34:733–754. https​://doi.
org/10.1007/s0047​7-020-01797​-x

Shawul AA, Chakma S (2020) Trend of extreme precipitation indices 
and analysis of long-term climate variability in the Upper Awash 
basin, Ethiopia. TheorApplClimatol 140:635–652. https​://doi.
org/10.1007/s0070​4-020-03112​-8

Şen Z (2012) Innovative trend analysis methodology. J HydrolEng 
17:1042–1046

Trenberth KE (2011) Changes in precipitation with climate change. 
Clim Res 47:123–138

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

Yagbasan O, Demir V, Yazicigil H (2020) Trend Analyses of meteoro-
logical variables and lake levels for two shallow lakes in Central 
Turkey. Water 12:414

Yilmaz B (2019) Analysis of hydrological drought trends in the gap 
region (Southeastern Turkey) by Mann-Kendall test and innova-
tive Şen method. ApplEcol Environ Res 17:3325–3342

Yilmaz AG, Perera BJC (2014) Extreme rainfall non-stationarity inves-
tigation and intensity-frequency-duration relationship. J Hydro-
lEng 19:1160–1172. https​://doi.org/10.1061/(ASCE)HE.1943-
5584.00008​78

Yucel I, Güventürk A, Sen OL (2015) Climate change impacts on 
snowmelt runoff for mountainous transboundary basins in east-
ern Turkey. Int J Climatol 35:215–228. https​://doi.org/10.1002/
joc.3974

Zhang X, Zwiers F, Li G, Wan H, Cannon AJ (2017) Complexity in 
estimating past and future extreme short-duration rainfall. Nature 
Geosci 10:255–259. https​://doi.org/10.1038/ngeo2​911

https://doi.org/10.1016/j.advwatres.2014.12.013
https://doi.org/10.1007/s00477-020-01797-x
https://doi.org/10.1007/s00477-020-01797-x
https://doi.org/10.1007/s00704-020-03112-8
https://doi.org/10.1007/s00704-020-03112-8
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000878
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000878
https://doi.org/10.1002/joc.3974
https://doi.org/10.1002/joc.3974
https://doi.org/10.1038/ngeo2911

	Visual and statistical inference of hourly and sub-hourly extreme rainfall trends Central Anatolia, Turkey case
	Abstract
	Introduction
	Study area and data
	Methodology
	Mann–Kendall test
	ITA method
	ITA indicator

	Results and discussion
	Discussion and conclusions
	References




