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Abstract: The exploration of precipitation data trends using innovative analysis methods is antic-
ipated to offer significant contributions to sustainability across various domains, including water
resources management, agricultural planning, climate change understanding, environmental pro-
tection, risk assessment, and preparedness. This study employs an improved visualization of the
innovative trend analysis (IV-ITA) method for detecting annual and seasonal trends in precipitation
variables across 194 stations in Turkey over the period 1969–2020. The outcomes derived from the
IV-ITA method were further juxtaposed with the results obtained from the classical Mann–Kendall
(MK) test. Using the MK test, statistically significant increasing trends were detected in the annual
pattern along the northern coasts of Turkey. Based on the results obtained from the IV-ITA, substantial
decreasing trends were identified in the basins within the Southeastern Anatolia Region of Turkey.
Conversely, an increasing trend was observed in the basins situated in the northwest. It was also
established that an increasing trend was observed throughout Turkey, except for some stations in the
low-data group. The most significant increasing trend was noted in the basins along the southern
coastline, characterized by the prevalence of the Mediterranean climate. In the high-data group, an
increase of up to 50% was noted along the southwest coast. Upon comparing the outcomes derived
from the IV-ITA method with those obtained using the MK test, it becomes apparent that the IV-ITA
yields significantly more detailed results than the MK test. Additionally, applying the IV-ITA method
in climate-sensitive regions and basins is envisioned to enhance the accuracy of assessments, foster a
sustainable environment, and improve the effective management of water resources.

Keywords: change point; climate change; homogeneity tests; improved visualization; innovative
trend analysis

1. Introduction

The effects of climate change have recently led researchers to trend analysis studies [1].
Researchers have conducted numerous studies to identify the impact of climate change on
time series of different variables such as water quality [2,3], wave height [4], air tempera-
ture [5–10], precipitation [8,11,12], streamflow [13,14], and evaporation [15]. Precipitation
is a significant variable for determining the regional climate and designing hydraulic struc-
tures [16]. It is also essential in many issues, such as agricultural production, hydroelectric
energy production, supply of drinking water for cities, and sizing of hydraulic structures
such as dams [17,18]. Determining the change and trend of the precipitation variable over
time is necessary for taking precautions against disasters such as drought and flood. The
investigation of rainfall data trends contributes to sustainability in several ways. Under-
standing the trends in rainfall data is crucial for effective water resource management. It
aids in assessing water availability, planning for water use, and implementing sustainable
water management practices. In addition, having detailed information on rainfall trends
can provide vital information for effective and sustainable agricultural planning. Farmers
can benefit from these data and contribute to sustainable agriculture in crop selection, the
determination of irrigation type, and budget planning. Identifying trends in precipitation
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patterns can help researchers and policymakers develop strategies to mitigate and adapt
to climate change, the impacts of which are now being felt globally. It also contributes to
sustainability in environmental protection. By understanding these trends, conservation
efforts can be better targeted to protect vulnerable species and maintain ecological balance,
contributing to overall environmental sustainability. In recent years, numerous studies
have been conducted worldwide to ascertain the temporal trends of precipitation variables,
employing diverse methodologies for trend analysis [19–27].

In the literature, trend analysis methods are broadly categorized into two main
groups: parametric and non-parametric methods. Parametric methods are deemed more
robust, albeit with greater statistical power, yet they come with stringent assumptions
like serial independence and the necessity for a normal probability distribution function
(PDF). Parametric methods are limited in their ability to account for outliers. In con-
trast, non-parametric methods address this limitation by accommodating non-normal
PDFs and proving useful in scenarios involving outliers [28]. The Mann–Kendall (MK)
test is the most commonly employed technique for discerning the trend in time series
data [29,30]. Nevertheless, it is worth noting that the MK test assumes the absence
of serial correlations in time series. In contrast, many hydro-meteorological variables
exhibit substantial serial correlations in their time series data. This divergence high-
lights a potential limitation of the MK test in scenarios in which serial correlations are a
prevalent feature of the data [31]. This method is supported by Sen’s [32] slope calcula-
tion procedure. Subsequently, Sen [31,33–35] introduced the innovative trend analysis
(ITA) method, which is recognized for its simplicity and effectiveness in trend detec-
tion. The ITA is characterized by its simplicity in application, representing a novel ap-
proach to trend analysis when contrasted with the traditional MK trend analysis [36,37].
The ITA method has garnered significant attention from researchers, who have ap-
plied it to time series data of diverse hydro-meteorological variables over the past
decade [12,37–43].

In recent years, many improved versions of the ITA method have been developed
by various researchers [13,34,35,44–46]. Then, Guclu [11] presented the improved visual-
ization version of the ITA (IV-ITA) method. The ITA method demonstrates the capability
to identify and visualize not only monotonically but also non-monotonically evolving
trends, encompassing five distinct trend types [11,33]. The new IV-ITA method provides
a valuable and beneficial contribution to obtaining more detailed information about
time series trends. Unlike other ITA applications, the data numbers are visible in this
version. In addition, two sub-categories, “low” and “high”, are defined by determining
the change point in the difference series with the universal Pettitt test [11]. Until now,
only a limited number of studies have applied the IV-ITA method to discern trends in
precipitation time series data [11,17]. These studies strongly advocate adopting the novel
IV-ITA approach in assessing trends within time series data of environmental variables,
encompassing hydrological, hydro-climatological, and water-quality parameters. Thus,
it is thought that more delicate and detailed results can be obtained compared to other
classical methods [17].

This study aims to compare the IV-ITA and the classical MK test on precipitation
time series recorded for 1969–2020 in 194 meteorological stations across Turkey. The
research aims to provide a more refined and enhanced visualization of precipitation
trends by applying the IV-ITA to time series data from homogeneous meteorological
stations across Turkey. For this purpose, homogeneous stations were determined using
various homogeneity tests. Then, trends were determined for the high- and low-data
groups of 156 stations, which were found to be homogeneous due to the analysis. It is
anticipated that this study will serve as a foundational platform for further research into
the impacts of climate change. The study’s importance is underscored by its capacity to
provide precise and in-depth evaluations of precipitation patterns in Turkey, facilitating
a heightened comprehension of climate fluctuations and their potential repercussions on
the environment, agriculture, and water resources. By introducing and implementing
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an enhanced visualization version, the research actively contributes to continuously en-
hancing methodologies employed in precipitation trend analysis. This, in turn, furnishes
valuable insights for climate studies and informs decision-making processes concerning
water resource management. Furthermore, the trend values obtained in the context of
this study will provide an opportunity for future comparisons of trend analysis methods
yet to be developed.

2. Study Area and Data

Turkey (36–42◦ N; 26–45◦ E) is located between Europe and Asia in the southeastern
part of Europe. With an area of approximately 780,000 km2, 97% of Turkey’s land is in Asia,
and the remaining is in Europe. The average altitude, about 1130 m, experiences a gradual
increase from central Anatolia towards the east (Figure 1).
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Figure 1. The digital elevation model of hydrological basins in Turkey.

The mean annual areal precipitation for 1991–2020 in Turkey is reported as 573 mm,
accompanied by an average temperature of 13.9 ◦C for the same timeframe. Geographically,
Turkey is surrounded by the Black Sea to the north, the Aegean Sea to the west, and the
Mediterranean Sea to the south. The southern Anatolian mountains and the Kaçkar Moun-
tains, running parallel to the coast, act as natural dividers, separating the Mediterranean
and Black Sea regions from the central Anatolia region. The central Anatolia Plateau,
positioned between these two mountain ranges, exhibits elevations ranging from 600 to
1200 m [47]. As part of the study, the time series data of monthly mean precipitation values
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were derived from a comprehensive dataset encompassing 194 meteorological stations
selected based on their extensive records spanning over 50 years. Homogeneity tests were
conducted on the data from these stations, leading to the identification of 156 stations
deemed homogeneous. The subsequent analysis focused on investigating the trends within
the time series of each of these 156 stations, with separate trend analyses conducted for
each station.

3. Methods
3.1. Homogeneity Tests

The homogeneity of the precipitation time series was initially evaluated by applying
four homogeneity tests. These were the von Neumann [48], Pettitt [49], Buishand [50],
and the standard normal homogeneity [51] tests. The homogeneity of the time series
was checked by testing the null hypothesis (H0). The H0 or H1 showed that the data
were homogeneous or non-homogeneous. Then, the obtained trend analysis results were
evaluated under three different classes given below [52]:

Classic 1: Useful (if one or zero tests reject the H0);
Classic 2: Doubtful (if two tests reject the H0);
Classic 3: Suspect (if three or four tests reject the H0) [12].

Homogeneity analyses were performed for a confidence level of 95%. In addition, the
stations in Class 3 were excluded from the trend analysis.

3.2. Mann–Kendall (MK) Test

The non-parametric MK test, suggested by Mann [29] and Kendall [30], has been
widely used for the assessment of the significance of trends in hydrological time series [53].
The MK trend test is a statistical method that assesses the rank correlation between the
order of observations and their corresponding time sequence. For a hydro-meteorological
variable, the test statistic S is calculated as follows:

S =
n−1

∑
i=1

n

∑
j=i+1

sgn
(
xj − xi

)
(1)

where n is the data length, and xi and xj indicate data values at times i and j, respectively.

sgn
(

xj − xi
)
=


1; xj > xi
0; xj = xi
−1; xj < xi

(2)

When n > 10, the variance of S is calculated as:

Var(S) =

[
n(n− 1)(2n + 5)−

p

∑
i=1

ti(ti − 1)(2ti + 5)

]
/18 (3)

In Equation (3), p is the number of tied groups. It means there are equal data in the
time series. ti indicates how many times data are repeated. Finally, the Z value is obtained
from Equation (4):

Z =


S−1√
Var(S)

, S > 0

0 , 0
S+1√
Var(S)

, S < 0
(4)

The computed Z value is juxtaposed against the standard normal distribution with
specified significance levels (90, 95, and 99%). If the absolute Z value surpasses the critical
threshold, the H0 is rejected, indicating a statistically significant trend. Conversely, if the
absolute Z value does not exceed the critical threshold, it suggests a statistically significant
trend is absent. In instances of a detected trend, its direction, whether increasing or
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decreasing, is ascertained based on the sign of the S value. A positive S value indicates an
increasing trend, whereas a negative S value indicates a decreasing trend [12,54]. In this
study, the MK trend analyses were evaluated at three different confidence levels (80, 90,
and 95%, respectively).

3.3. Improved Visualization of Innovative Trend Analysis (IV-ITA)

The ITA method, introduced by Sen [33], enables the graphical assessment of trends
for low, medium, and high values within a time series, as elucidated by Caloiero et al. [39].
This method can be applied to determine the trend of the time series of any variable without
any restrictive assumptions. In this method, even small trends in the time series, monotonic
(or non-monotonic) increasing or decreasing trend conditions, and no trend conditions are
determined by considering the scattering of the data. These trend conditions are presented
graphically by Guclu [11]. The details of the ITA method and the application procedure are
given by Sen [33]. The ITA method does not show the number (dimension) of data in the
time series of the trend analyzed variable. However, in the newly improved visualization
version, both trends and data dimension (number) and sub-categories are shown. The
calculation steps of the IV-TA method are presented by Guclu [11]. The trend analysis of a
hydro-meteorological time series is presented as an example in Figure 2a,b for the classical
ITA and IV-ITA methods.
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Figure 2. Sample trend analysis for station 17024 using (a) IV-ITA and (b) ITA. Figure 2. Sample trend analysis for station 17024 using (a) IV-ITA and (b) ITA.

Guclu [11] stated that the new IV-ITA method has two significant advantages com-
pared to the classical ITA method. The first one is the data dimension (number) in the
IV-ITA method. Another one is that the Pettitt change point test can be applied to difference
series. This test allows the data to be divided into two different categories. Thus, the
graph’s right (left) side can be objectively labeled as high (low) values. The red and green
lines at the bottom of Figure 2a show each category’s increasing and decreasing trends.
Red and green change point parallel lines can be moved on the classical graph (Figure 2b),
where the percentage of each sub-group is calculated with 100 × (left side differences
mean)/(left side first half mean) and 100 × (right side differences mean)/(right side first
half mean) [11]. The details of the IV-ITA method and the application procedure are given
by Guclu [11] and Mallick et al. [18].
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4. Results
4.1. Homogeneity Test Results

Before commencing the trend analysis, an assessment was conducted to ascertain the
homogeneity of all stations within the study area. Homogeneity tests were performed
following the procedure recommended by Wijngaard et al. [52] at a confidence level of 95%.
It was established that the time series of 156 out of 194 stations exhibited homogeneity. In
other words, 38 stations were excluded from the trend analysis. The findings of studies
conducted by Tosunoglu et al. [55] and Arikan and Kahya [56], employing a similar proce-
dure, corroborate the results of this study. The distribution of the stations determined to be
homogeneous due to homogeneity tests on the map is given in Figure 3.
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Figure 3. The locations of the homogeneous meteorological stations in Turkey.

4.2. Mann–Kendall Test Results

After the homogeneity tests, the analysis of seasonal and annual precipitation data
from 156 homogeneous stations distributed across Turkey was conducted using the
MK test. The test results were evaluated for three significance levels (20, 10, and 5%,
respectively). Given the substantial number of stations, the results of the MK trend test
were represented using distinct colors on Turkey’s basin map (Figure 4). As depicted in
Figure 4, most stations do not exhibit statistically significant trends at the determined
confidence levels. The stations marked as black dots show no discernible trend. Only
stations demonstrating a trend have been distinguished with color. Upon scrutinizing
the annual trends, statistically significant increases are observed at a 5% significance
level in the Eastern Black Sea Basin. Furthermore, a decreasing trend is noted at the same
significance level in one station located within two distinct basins. Notable increases are
evident along the Black Sea coastline after analyzing the trends for the spring season.
Furthermore, varying degrees of significant decreasing trends were identified in the
central Anatolia and Aegean regions. A general increasing trend was observed upon
reviewing the map prepared for the summer season. A decreasing trend was noted
at a low significance level (20%) in one station in the east and another in the west. In
autumn, a decreasing trend was evident for both high (5%) and low confidence levels,
while an increasing trend was observed for medium significance levels (10%). During
the winter, only an increasing trend was noted across all three levels of significance at
ten stations.
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4.3. IV-ITA Results

The trend analysis outcomes derived from the IV-ITA method for mean annual precipi-
tation time series are illustrated in Figure 5 for stations 17040, 17968, and 17300, respectively.
Station 17040 exhibits a monotonic increasing trend, while station 17968 displays a de-
creasing trend. These stations showed the same trends in the MK method. However, it
was determined that there were two cases of increasing or decreasing trends in the IV-ITA
method. At station 17040, an ascending trend of 4.7% was identified for the low-data group,
whereas a 10.2% increase was observed for the high-data group. Conversely, station 17968
exhibited a decline of 20.2% in the low-data group and 20.5% in the high-data group. It
was also determined that there was a 6.9% decreasing trend in the low-data group and an
increasing trend of 7.1% in the high-data group for station 17300. As can be seen from the
graphs in Figure 5, the new IV-ITA method gives the data numbers and ranges, while the
classical ITA method only gives their ranges. This is particularly evident in Figure 5c. In
addition to all these, the IV-ITA method provides additional information about the trends
in the time series.
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The IV-ITA method was applied to the precipitation time series of 156 stations, which
were found to be annually and seasonally homogeneous for this study. However, it is only
possible to present the graphs of some stations and seasons within the scope of the study.
Therefore, the spatial interpolation map change rates are shown in Figures 6–10 using the
inverse-distance weighting method. It is seen from the maps prepared for annual trends
(Figure 6) that trend changes vary between −20 % and 32% for the high-data category.
The trends for the low-data category range from −26% to 34%. In the maps depicting
the high-data category, notable decreasing trends are observed in the basins situated in
the southeastern Anatolian region of Turkey. In contrast, there is an increasing trend in
the basins located in the northwest. In addition, it is observed that there is an increasing
trend throughout Turkey in the low-data group, except for some stations. The highest
increasing trend was observed in the basins located on the southern coastline, where the
Mediterranean climate is dominant.
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Figure 10. Changes in winter trends for (a) high- and (b) low-data groups.

The maps depicting seasonal trends (Figures 7–10) illustrate notable declining trends
in the southern regions of Turkey within the high-data category. Furthermore, up to an
increase of 50% in high values is observed along the southwest coastline. At low values, it
was determined that there were significant increases in the Black Sea coastline. It has been
identified that there is an increasing trend of up to 70%, particularly evident in stations
located in the Black Sea Region. During the summer, a general decreasing trend was
observed in the high-data category, whereas significant increasing trends were noted in
the low-data category. In the spring, an increasing trend was observed in the high-data
category in the basins in the Aegean Region. In contrast, a decreasing trend was evident in
the basins situated in the central Anatolia and eastern Anatolia regions. In the low-data
category, a notable decreasing trend was observed in the basins in the Southeastern Anatolia
Region, whereas a general increasing trend was identified elsewhere. In the maps prepared
for the winter high-data category, it is seen that there is an increasing trend of up to 40%
throughout Turkey, except for a few stations. In the low-data category, there are significant
increasing trends in stations on the Black Sea coastline.

5. Discussion

Climate change has been making its impact felt worldwide in recent years. Countries
in Mediterranean climate zones, such as Turkey, particularly experience these effects
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more intensely [57,58]. Among the prominent consequences are floods and landslides
caused by short-term heavy rainfall. It is anticipated that alterations in the precipitation
patterns, attributable to the impacts of climate change, will lead to heightened risks of
severe floods and droughts [59]. According to the records, the number of casualties in
natural disasters that have occurred in recent years in Turkey has increased. For example,
the deaths caused by landslides between 2006 and 2013 grew nine times compared to
previous periods. Based on records spanning from 1929 to 2019, a total of 1343 individuals
lost their lives in 389 landslides in Turkey. The Eastern Black Sea is the region with the
most fatal landslide events. When the 67-year trends of catastrophic landslide events are
examined, it has been determined that there is an increasing trend, especially in this region.
According to the records of fatal landslide events, it was seen that approximately 37% of
the landslides occurred due to precipitation variables. This ratio has recorded precipitation
as the most critical factor triggering the landslide event [60]. Floods are the second most
important natural disaster experienced by Turkey, which has been affected by changing
climatic conditions after the earthquakes [61]. Historically, the most devastating floods have
occurred on the Black Sea and Mediterranean coasts due to heavy rainfall and topography.
According to the records, 2101 flood events occurred in Turkey during the 90 years between
1930 and 2020, and 1026 people lost their lives in these floods. Recent studies have shown
that the trend of floods in Turkey is increasing [62]. Hence, numerous studies have been
undertaken to ascertain the trends in Turkey’s hydro-meteorological variables over time,
employing various trend analysis methods [23,63–67]. In previous studies [57,63,67], there
was a significant increase in annual precipitation in northern regions, while there was no
significant trend dominance in other areas. Although these results have been updated
over time, the trend has mostly stayed the same (Figure 4). However, the trend dominance
of seasonal precipitation decreased in this study compared to previous studies [68–70].
However, trend states will dominate all seasons in the near and far future [71].

A comprehensive understanding and exploration of changes and trends in precipi-
tation are essential for various critical areas, including sustainable water resource man-
agement, environmental protection, agricultural planning, climate change mitigation, risk
assessment, and preparedness. In this study, annual and seasonal trends of precipitation
time series monitored and recorded for 156 homogeneous stations in Turkey were deter-
mined using the new IV-ITA and the classical MK methods. Upon scrutinizing the annual
trend maps generated from the MK and IV-ITA methods, it becomes evident that notable
increasing trends exist along the Black Sea coasts. Due to its geographical location and
characteristics, the Eastern Black Sea Basin is the region in Turkey that experiences frequent
episodes of heavy rainfall, leading to recurrent floods and landslides. These results coincide
with the trends of flood and landslide disasters mentioned above. Similar results can be
said for seasonal trend analyses. In the spring and winter, especially on the Black Sea coast,
increasing trends were determined for the MK and IV-ITA methods. Floods have increased
in the region due to increased precipitation and snowmelt during spring. However, when
the results obtained with the MK method are compared with the IV-ITA, it is seen that
it detects a trend for a much smaller number of stations. In the IV-ITA method, trend
results were determined for both low- and high-data categories. The maps gave much more
detailed information for determining the regions with the trend. When the results obtained
from the MK method are compared with the IV-ITA results for this study, the IV-ITA gives
much more detailed results than the MK method. Similar results were also emphasized
in other studies using the IV-ITA method. The IV-ITA method was initially introduced by
Guclu [11] and subsequently applied by Mallick et al. [17] to assess trends in time series
of precipitation variables within homogeneous regions of Saudi Arabia. Guclu [11] used
the IV-ITA method for eight stations located in regions of Turkey with different climatic
characteristics. In addition, the classical MK method was applied to determine the ad-
vantages of the IV-ITA method. Guclu [11] stated that while the MK method could not
detect statistically significant trends for many stations, the IV-ITA method gave much more
detailed results. This is also reported by Mallick et al. [17]. They utilized the IV-ITA, MK,
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and ITA methods on 40 years of precipitation data collected from 22 meteorological stations
in Saudi Arabia. They reported that the classical MK method only identified monotonic
increase, decrease, and non-trend trends. Their studies emphasized that the developed
IV-ITA method made essential contributions to the ITA method and provided much more
detailed information about the time series trends.

Trend analysis studies are increasing daily, and research comparing new methods
with established ones is finding its place in the literature. The primary concern in all
these studies is the ability to detect the trend of the relevant variable in a more profound
and detailed manner. In this context, developed methods are designed to facilitate a
better understanding of trends [43]. One of the most recent methods among these is the
IV-ITA method. Comparing the frequently used MK method for Turkey, located in the
Mediterranean climate zone and highly sensitive to climate change, with the IV-ITA method,
it is significant for contributing to the literature. This study identified trends for many
stations that were not detected using the MK method. A detailed trend analysis was also
conducted for low- and high-data groups. The findings of the IV-ITA method, which was
developed to facilitate a clearer understanding of these trends, were presented through
mapping. This study will provide crucial information for future trend analyses and serve
as a framework for comparing trend analysis results to future period data generated under
different climate projections and scenarios. Findings obtained within the scope of this
study are anticipated to address the needs of various users, ranging from sustainable water
resource management to climate change mitigation.

6. Conclusions

This study aims to apply the improved visualization version (IV-ITA), the newly devel-
oped version of classical ITA, to precipitation time series obtained from the homogeneous
stations in Turkey. Furthermore, the Mann–Kendall (MK) method, widely employed in
trend analysis literature, was utilized on the same time series to compare the outcomes
with the IV-ITA method. Trend analyses were carried out annually and seasonally. The
significance of the study is highlighted by its ability to offer accurate and comprehensive
assessments of precipitation patterns in Turkey. This contributes to a deeper understanding
of climate fluctuations and their potential impacts on the environment, agriculture, and
water resources. Introducing and implementing an enhanced visualization version (IV-ITA)
actively contributes to improving methodologies used in precipitation trend analysis. As
a result, the study provides valuable insights for climate studies and informs decision-
making processes related to water resource management. The conclusions drawn from our
research can be summarized as follows:

• While the MK method detected trends for only a few stations among the 156 stations,
the newly developed IV-ITA method identified trends for a significantly more signif-
icant number of stations and separately determined these trends for both the high-
and low-data groups. This approach provides a more detailed interpretation of trend
detection and enables the detection of trends that traditional methods cannot detect;

• According to the IV-ITA method, annual trends for the low- and high-data categories
ranged from −20 to 30 and −26 to 34, respectively. Conventional methods cannot
graphically represent the trend variability of extreme events, such as ‘high’ and ‘low’
monthly precipitation values;

• According to the IV-ITA method for seasonal trends, different trends are detected
for other data groups in different regions for each season. This result highlights the
advantage of the IV-ITA method over the MK. The study has the potential to contribute
to advancing trend analysis literature with its presented results, and its application to
different climate parameters would yield more comprehensive and in-depth outcomes;

• For countries in the Mediterranean Basin that experience significant impacts of climate
change, the IV-ITA method can be employed to investigate trends in various hydrolog-
ical variables. Thus, using the IV-ITA method, the dominant climate regions in these
countries will be identified based on their respective types.
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This study also has some limitations. In this study, only the trends of previous pre-
cipitation data were investigated. Hence, the results obtained within the study’s scope are
intricately linked to the reliability of the data collected from meteorological stations. In
addition to the data obtained from meteorological observation stations, a spatial assessment
can be conducted using reanalysis datasets incorporating global data. The trends in maxi-
mum and minimum temperature values can also be investigated to evaluate climate change
comprehensively. Using similar methods is suggested to analyze future precipitation time
series trends under the effects of climate change. Mediterranean countries such as Turkey
need to determine the changes that will occur in the precipitation regime in the future
under different scenarios with the effects of climate change and to make trend analyses
on these values. In this way, past and future trends can be compared, and more effective
decisions can be taken against the different effects of climate change, especially regarding
water resource management. Furthermore, employing the IV-ITA method for assessing the
trends in drought intensity within hydrological basins in Turkey is advisable.
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