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Abstract

Analysing precipitation dynamics is vital to improve water resource management practices
and socio-economic stability, particularly in regions susceptible to climate change. This
study examines the spatiotemporal variability in precipitation dynamics and complexity
within the Antalya Basin, a region significant to Tiirkiye’s socio-economic framework,
over the period 1970-2017. Utilizing daily precipitation data from eight meteorologi-
cal stations, changes in precipitation complexity were analyzed through sample entropy,
wavelet spectra, change-point analyses (Pettitt, Buishand, Standard Normal Homogene-
ity, Pruned Exact Linear Time, and Wild Binary Segmentation), and trend analyses. The
findings revealed significant shifts in precipitation periodicity, frequency, and complexity,
highlighting the evolving hydrological characteristics of the basin. The results indicated
that precipitation complexity, particularly in the northern and western basin, exhibited dis-
tinct patterns compared to those in the eastern and southern regions, with sample entropy
values approximately 1.5 times greater in the north. Periodic fluctuations and increased
irregularity in precipitation dynamics were observed, particularly from 1999 to 2017. Such
changes have the potential to disrupt water resource planning and exacerbate risks such as
floods and droughts. The findings could be useful for decision-makers in water resources
management and for mitigating the impacts of climate change in one of the country’s
highly sensitive basins.

Keywords Precipitation complexity - Sample entropy - Wavelet analysis - Trend and
change-point analyses - Antalya basin

1 Introduction

Precipitation is one of the most significant hydrometeorological variables for understanding

the impacts of climate change in a region and for developing water management plans. In
addition to human-induced adverse effects, global warming is anticipated to increase the
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frequency, intensity, and duration of natural disasters such as floods, erosion, and droughts.
These phenomena have far-reaching social consequences, leading to substantial loss of life
and significant economic damage (Tsakiris and Vangelis 2005; Zargar et al. 2014). Moreover,
such variations could introduce greater uncertainty into rainfall dynamics, as precipitation
patterns that deviate from historically observed trends may emerge. Consequently, rainfall
is becoming more complex and irregular, characterized by heightened variability and unpre-
dictability. Irregularities in seasonal and interannual rainfall have significant impacts on
decision-making processes by exerting further stress on available water resources alongside
indiscriminate exploitation by several sectors, such as agriculture, industry, and municipali-
ties. Furthermore, distinct rainfall patterns that have not been observed in the history of the
basin could result in intensified floods or prolonged drought sessions which impose more
stress on available water resources. Therefore, a comprehensive analysis of the spatial and
temporal changes in the complexity of precipitation is crucial for the protection and devel-
opment of water resources (Huang et al. 2014; Wang et al. 2013).

Conducting a comprehensive analysis of spatiotemporal changes in precipitation dynam-
ics is challenging because of the nonlinear nature of the process. Entropy, as a measure of
the degree of uncertainty inherent in a given process, can serve as a useful tool in describ-
ing structural changes of precipitation (Chou 2014; Li and Zhang 2008; Zhou et al. 2012).
Sample entropy (SampEn) is a highly prominent tool for quantifying the degree of complex-
ity (Richman and Moorman 2000). It has been employed to detect nonlinearity and analyse
the regularity or complexity of a time series generated from various physical systems. For
instance, to investigate the anthropogenic effects on complexity in the Mississippi River,
Li and Zhang (2008) employed multi-scale entropy. To explain the evolution of complexity
of rainfall and runoff time series, Chou (2014) utilized SampEn to data sets from Wu-Tu
watershed, Taiwan. Xavier et al. (2019) analysed the complexities of monthly average pre-
cipitation time series obtained from 69 meteorological stations in Paraiba State, Brazil. The
results indicate that SampEn is useful for detecting changes in the spatiotemporal dynamics
of rainfall.

However, no study has jointly investigated the alterations in precipitation complexity
at the mean and frequency levels. This joint analysis is crucial because variations in com-
plexity across these dimensions can induce diverse behaviours across temporal and spatial
scales, including abrupt short-term fluctuations in precipitation. While the mean complexity
reflects the average structural variability in precipitation intensity over time, the frequency
of complexity captures the distribution and recurrence patterns of precipitation events at dif-
ferent temporal resolutions. Their combined alterations can thus influence the scaling prop-
erties of precipitation, affecting intermittency, clustering, and persistence characteristics.
For example, modifications in localized frequency patterns and mean complexity could alter
the spatial heterogeneity of precipitation fields, potentially leading to novel rainfall regimes
with unprecedented intensities and distribution patterns. Understanding these joint dynam-
ics is critical for improving the predictive models of hydrological extremes and evaluating
the influence of alterations in climate dynamics on regional water resources.

For detecting both monotonic and abrupt changes of complexity at the mean and fre-
quency levels, a joint application of trend, change-point, and wavelet analyses could be
useful. While Mann—Kendall and Sen’s slope estimator are useful for detecting changes
at the mean level, to identify abrupt changes in processes, the Pettitt (Pettitt 1979), Buis-
hand (Buishand 1982), and Standard Normal Homogeneity (Alexandersson 1986) tests are
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widely used. However, these methods are limited to detecting a standalone abrupt change-
point within the analysed process. To examine multiple change-points within a series, the
Pruned Exact Linear Time (PELT) (Killick et al. 2012) and Wild Binary Segmentation
(WBS) (Fryzlewicz 2014) methods could be utilised. Following the analyses of monotonic
and abrupt shifts, wavelet analysis is a highly suitable method for detecting changes in
the frequency domain. This is because wavelet analysis preserves the time—frequency rela-
tionship when analysing the characteristics of non-stationary data, such as precipitation
time series that exhibit abrupt short-term components and varying behaviours across scales.
Moreover, unlike Fourier analysis, wavelet analysis does not require the assumption of sta-
tionarity, which makes it particularly effective in detecting periodic changes occurring at
time scales different from those predefined in the analysis (Aon and Biswas 2024; Labat
2005; Shah et al. 2024).

The Antalya Basin is one of the most important basins in Tiirkiye, hosting numerous
significant water resources and a variety of habitats, such as croplands for cereals, industrial
crops, vegetables, orchards, pastures, wetlands, and forests. As Yilmaz (2015) highlighted,
the precipitation patterns in space and time in the Antalya Basin, which play a vital role in
the country’s socio-economic life, could be changed due to climate change. When coupled
with the growing water demand in the basin in recent years, such changes could pose chal-
lenges for sustainable water management. Therefore, the novelty of this research lies in the
examination of spatiotemporal precipitation complexity at the mean and frequency levels
through the employment of wavelet analysis in conjunction with change-point and trend
analyses to ascertain precipitation variability across distinct regions of the basin over dif-
ferent periods. Such an analysis has not been previously undertaken and could be instru-
mental in comprehending the alterations of precipitation dynamics that could lead serious
environmental and ecological problems throughout the basin. Consequently, the objectives
of this study are to (1) investigate the spatiotemporal variations in precipitation complex-
ity within the Antalya Basin, as quantified by sample entropy; (2) evaluate both monotonic
and/or abrupt transformations utilising wavelet and trend analyses integrated with change-
point analyses; and (3) map spatial variations in precipitation complexity. These analyses
can provide critical insights to decision-makers to augment the statistical comprehension
of precipitation characteristics and enhance water resource management within the basin.

2 Methodology
2.1 Sample Entropy

Entropy is a useful and commonly used method for analysing the complexity of dynamical
systems. Richman and Moorman (2000) proposed Sample Entropy (SampEn) by improving
approximate entropy that is being less demanding of computation resources and requires
relatively shorter data length. It calculates the conditional probability of two sequences
similar for m consecutive points remain similar at the next point within the tolerance of r

with Sgp = —In (ZN Mt /ZN m ’.") where n? and n/" ™! represent the number

that sequences match the template with the length of m and m + 1 with the tolerance crite-
rion 7 (Li and Zhang 2008). More details on the calculation steps can be found in Richman
and Moorman (2000). To calculate SampEn, m and r are usually employed as 2 and 0.1-0.2
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o (Chou 2012, 2014; Huang et al. 2011; Li and Zhang 2008; Zhou et al. 2012), and these
were taken as 2 and 0.15¢ in this study.

2.2 Wavelet Analysis

Wavelet analysis has been widely used to determine possible localized, dominant, and recur-
rent frequencies of geophysical and hydrological time series (Coulibaly and Burn 2004). Let
X be a discrete time series with time step 0t (i.e. sampling period), and then the wavelet
transform is defined as:

N-1
W (s,u) = > X%, (t) 1)
1=0
wheret = 0,1,..., N — 1 and,
i) = o (1500 @)

s 18 defined as a scaled and translated mother wavelet with dilatation parameter s,
{s € R| s # 0} and translation parameter u, {u € R}, complex conjugate is denoted by
asterisk, and NV is the length of the time series. In this study, the Morlet wavelet was utilized
due to providing a good balance between time and frequency location (Briciu and Mihaila
2014; Grinsted et al. 2004; Tongal et al. 2017), and it is formulated as

b (t) = n=0-2giwot=t/2 3)

where wy is a non-dimensional frequency (wp = 6 used herein). The power spectrum
that provides the variance as a function of scale (period) and time can be calculated by
|W,, (s,u)|” (Torrence and Compo 1998).

2.3 Trend and Change-point Analyses

Due to being less susceptible to outliers, and independent from normality and linearity
assumptions, nonparametric trend analyses were used in this study (Chakraborty et al.
2017). The Mann—Kendall (MK) method has been widely used to detect trends in hydro-
meteorological time series, and detailed descriptions of this method can be found in the
literature. It has been discussed that serial correlation influences the variance of the MK
test (Gao et al. 2011). To eliminate the influence of possible serial correlation, the effective
sample size method was used to modify the variance of the MK statistic where details can
be found in Yue and Wang (2004). Furthermore, for a robust estimation of the magnitude of
a trend, a nonparametric Sen’s slope estimator (Sen 1968) was utilised in this study.
Although trend analyses are useful for determining a gradual change in a time series, a
change point may occur unexpectedly, and structural changes in the mean or probability
distribution could be observed. Since their efficiencies are reported in several hydrologic
studies (e.g., Gao et al. 2011; Goyal 2014; Jaiswal et al. 2015; Yang et al. 2026), Pettitt,
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Buishand, Standard Normal Homogeneity analyses were employed. To check for the exis-
tence of concurrent change-points, Pruned Exact Linear Time and Wild Binary Segmenta-
tion analyses were also employed. The details of these techniques can be found elsewhere
(see, Fryzlewicz 2014; Killick et al. 2012; Kim et al. 2025).

3 Study Area and Data

This study focuses on the spatiotemporal analysis of precipitation complexity in the Anta-
lya Basin, which constitutes approximately 2.5% of Tiirkiye’s total land area. The Antalya
Basin has a precipitation catchment area of approximately 19,577 km? and is one of the
richest regions in terms of water resources, including 12 rivers and numerous natural and
artificial lakes, such as Egirdir Lake and Karacaéren Dam Lake.

Due to the Taurus Mountains—reaching nearly 3000 m—Iocated in the northern part
and bordered by the Mediterranean Sea from the south, climatic characteristics of the basin
show diverse features. While the Mediterranean climate prevails over the coastal regions
of the basin, more terrestrial climatic features are observed in the internal and northward
regions due to the Taurus Mountains.

In the basin, there are eight stations with high-quality and long-term observations without
missing data. The daily precipitation data covers the period of 01.01.1970 and 31.12.2017,
obtained from the stations Isparta—17240 (St-1), Antalya—17300 (St-2), Alanya—17310 (St-
3), Senirkent—17826 (St-4), Uluborlu—17864 (St-5), Egirdir—17882 (St-6), Korkuteli—17926
(St-7), and Manavgat—17954 (St-8) (Fig. 1). For the considered period, the highest mean
annual temperature is observed as 28.2°C in Antalya, and it is approximately 5 °C lower in
average in the inland areas. Similarly, the lowest mean annual temperature value is about
9.9°C in the coastal region, but it drops to approximately 0.5°C inland.

4 Results and Discussion
4.1 Sample Entropies of Monthly Precipitation and Wavelet Analysis

Sample entropy (SampEn) values were calculated for each month using daily precipita-
tion data from 01.01.1970 to 31.12.2017, and the results are presented in Fig. 2. The pre-
cipitation dynamics at different stations exhibited distinct characteristics. For instance, the
complexity at stations 3 and 8 exhibited more periodic characteristics and appeared to have
lower variability than that at the other stations.

To examine whether there are any frequency changes in the complexity of precipitation
dynamics, wavelet spectra of sample entropies are presented in Fig. 3. The dominant fre-
quency was between the 8- and 16-months band for the stations (Fig. 3). Although stations 3
and 8 show higher continuity for this interval, discontinuities in the power are more evident
for the others (Fig. 3). For instance, the dominant frequency between 8 and 16 months is
lost or decreased between 1988 and 1999 for stations 1, 6, and 7. However, while the domi-
nant frequency is between the 8- and 16-month band, frequencies up to 8 months are also
observed. These frequencies are more related to intra-annual rainfall variability. Therefore,
variations in the frequency band of 816 months and the introduced frequencies up to 8
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Fig. 1 Map of Tiirkiye (top) and the Antalya Basin with locations of eight rain gauge stations used in this
study (bottom)

months could indicate alterations in the rainfall probability distributions within the observed
period of the basin. The changes in SampEn could manifest as variations in the frequencies
associated with precipitation and also extreme precipitation indices. Before examining the
potential temporal changes in the SampEn values, it is necessary to validate the existence of
change-points as indicated by the wavelet analysis.

4.2 Change-point and Trend Analyses for Sample Entropies of Precipitation

To investigate how sample entropy varies on a basin-wide scale, the focus was placed on
identifying the months with the most significant changes across all stations rather than
determining standalone change-points at each station. This approach was adopted to avoid
hindering the determination of basin-level variability, which could result from analysing
station-specific change-points in isolation (see Jiménez-Ruano et al. 2017). While Pettitt,
Buishand, SNH, and PELT detected several change-points at the stations, WBS identified
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Fig. 2 Temporal variations of monthly sample entropies calculated from daily precipitation data for the
period 1970-2017

the highest number of change-points (Table 1). Furthermore, most of these change points
were identified at different time periods. However, the WBS method ascertained co-existing
changes in stations 2, 3, 5, and 8 in the 132nd month and stations 3, 4, and 5 in the 348th
month. Therefore, to understand basin-wide changes, months 132 and 348 were selected as
change points. Three distinct periods in the complexity could be considered as 01.01.1970—
31.12.1980, 01.01.1981-31.12.1998, and 01.01.1999-31.12.2017, denoted by period 1,
period 2, and period 3, respectively.

The results of the trend analyses of the sample entropies employed for these periods
are shown in Table 2. While the Mann—Kendall analysis did not identify any significant
trends at the 95% statistical confidence level (all p-values exceed 0.05), the modified
Mann—Kendall analysis indicated increases in sample entropies during period 3 in St-1,
St-4, and St-5, and across all years in St-6. The magnitudes of the observed trends were
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Fig. 3 Continuous wavelet spectra of monthly sample entropies of precipitation. Enclosed regions with
solid black contours indicate statistically significant power against a red noise process at 95% confidence
level

1.54-107%,3.20 - 1074, 1.57 - 10™%, and 3.55 - 10~° nats/month at these stations, respec-
tively (Table 2). Evidently, the most pronounced change in precipitation complexity during
period 3 was observed at St-4.

The observed increases in sample entropy during period 3 in St-1, St-4, and St-5, as well
as across all years in St-6, suggest an increase in the complexity of precipitation dynamics
at these locations. Precipitation complexity is directly associated with the predictability,
frequency, and intensity of precipitation events. Consequently, as indicated by the wavelet
analysis (Fig. 3), recent changes (January 1999—December 2017) in precipitation dynamics
and complexity have been observed at these stations. These stations are located primarily in
Isparta and its vicinity, which is characterised by intensive fruit production and agricultural
activities. To ensure the sustainable management of agricultural practices, the impacts of
observed changes in precipitation dynamics on these activities should be thoroughly inves-
tigated in this region. However, it is evident that such an investigation falls beyond the scope
of this study.

Changes observed in precipitation complexity do not always correspond to alterations in
precipitation quantity. Therefore, in addition to analysing changes in precipitation dynam-
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Figure 3 (continued)

ics, it is necessary to examine variations in precipitation quantity. The trends and magni-
tudes in precipitation quantity indicated an increase for period 3 and across all years in
St-1; a decrease for period 1 in St-4; an increase for period 3 and across all years in St-6; an
increase for period 1 and across all years in St-7; and a decrease for period 3 in St-8 (results
not shown). When considering the changes in sample entropy and rainfall, the increases
during period 3 for St-1 and all years for St-6 coincide. This finding indicates that, in the
vicinity of these stations, more complex and less predictable precipitation patterns—dif-
fering significantly from past observations with increased precipitation amounts—were
observed between 1999 and 2017. Such patterns could potentially lead to the emergence
of hydrological conditions in the future that deviate substantially from historical norms.
The flow regime, as an output of the basin’s hydrological system, could be directly and
adversely affected by changes in precipitation complexity owing to its inherently nonlinear
and complex nature. Specifically, the increase in precipitation complexity observed between
1999-2017, in regions such as Isparta, Senirkent, Uluborlu, and Egirdir, could ascertain
uncertainties in sustainable water management and the operation of water structures in these
areas.
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Table 2 Results of the original and modified Mann—Kendall methods and Sen’s slope estimation for the
sample entropies in distinct periods and complete series

Mann—Kendall Modified Mann—Kendall — Sen’s Slope
Yue and Wang (2004) Estimation
T Z p-value Corrected Zc New Slope
p-value
St-1 Period 1 0.026  0.447 0.655 1.305 0.192 0.00019
Period 2 -0.050 -1.099 0.271 —1.448 0.148 —1.97¢-4
Period 3 0.046 1.033  0.302 2.424 0.015 1.54e-4
Complete series  —0.025 —0.905 0.365 —1.357 0.175 —2.78e-5
St-2 Period 1 0.038  0.646 0.518 1.547 0.122 9.74e-5
Period 2 0.023 0505 0.614 0.962 0.336 0.000
Period 3 —0.002 —0.043 0.965 —0.124 0.901 0.000
Complete series  —0.001  —0.049 0.961 —0.171 0.864 0.000
St-3 Period 1 0.040  0.661 0.508 1.075 0.283 4.21e-5
Period 2 -0.024 -0.510 0.610 —0.548 0.584 0.000
Period 3 -0.004 -0.092 0.927 —0.231 0.817 0.000
Complete series —0.010 —0.336 0.737 —0.866 0.387 0.000
St-4 Period 1 —0.007 —0.116 0.908 —0.273 0.785 0.000
Period 2 —0.045 -0.981 0.326 -1.912 0.056 —1.70e-4
Period 3 0.074 1.661 0.097 4.98 0.000 3.20e-4
Complete series 0.028 1.010 0.313 1.639 0.101 3.24e-5
St-5 Period 1 —0.007 —0.114 0.909 —0.289 0.772 —1.9¢e-18
Period 2 -0.018 —0.380 0.704 —0.471 0.637 —5.56e-5
Period 3 0.044 0991 0.322 2.593 0.009 1.57e-4
Complete series  0.005  0.177  0.860 0.347 0.729 0.000
St-6 Period 1 0.025 0415 0.678 1.127 0.260 1.33e-4
Period 2 0.013  0.281 0.779 0.498 0.618 2.32e-5
Period 3 0.018  0.412 0.681 0.990 0.322 5.30e-5
Complete series 0.032 1.160 0.246 2.352 0.019 3.55e-5
St-7 Period 1 -0.014 -0.230 0.818 —0.647 0.518 —3.28e-5
Period 2 —0.033 -0.716 0.474 —1.089 0.276 —6.71e-5
Period 3 0.001 0.023  0.982 0.063 0.949 0.000
Complete series  —0.009 —0.338 0.736 —0.473 0.636 0.000
St-8 Period 1 0.058 0976 0.329 1.384 0.167 1.20e-4
Period 2 -0.010 -0.213 0.832 —0.341 0.733 0.000
Period 3 —0.028 —0.607 0.544 —1.288 0.198 0.000
Complete series  —0.022  —0.767 0.443 —1.760 0.078 0.000

Bold values indicate the statistically significant results at 95% confidence level.

Apart from St-1 and St-6, variations in precipitation quantity and sample entropy at other
stations occurred at different periods. One possible explanation for this discrepancy is that
changes in sample entropy could not be directly discerned from the mean precipitation val-
ues. In other words, alterations in precipitation dynamics could affect the frequency and
intensity of precipitation events without necessarily causing significant changes in mean
precipitation. Unexpected changes in precipitation complexity, however, constitute one of
the primary challenges in the development and utilisation of water resources. Owing to
the highly nonlinear interactions between the atmosphere, hydrosphere, and biosphere, sig-
nificant nonlinear and dynamic characteristics are observed in climatic variables (Di et al.
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2018). Consequently, failing to account for precipitation irregularities in determining cur-
rent or future water demands in the relevant region could lead to serious issues.

Figure 4 shows that precipitation in the northern and western basins was more complex
than that in the eastern and southern regions. The northern basin's sample entropy is about
1.5 times higher than of the southern. In period 1, the regions with sample entropy above
3.75 nats were widespread in the west; in period 2, such regions were restricted to the north-
ern basin, and low entropy regions (below 3.25 nats) expanded. This indicates decreased
precipitation complexity in period 2. In period 3, high entropy dominated the northern basin,
whereas low-entropy regions shifted slightly south, indicating an increase in entropy in the
north. While no significant changes were detected in the SampEn values of the coastal sta-
tions (i.e. stations 2, 3, 7, and 8), significant increases were identified at other stations.

(a) (b)
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Fig.4 Spatial distribution of sample entropies of (a) annual, and (b) period 1, (¢) period 2, and (d) period
3 for 19702017
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The possible reason for the detected changes could be attributed to the complex interac-
tions between altitude, wind patterns, and climatic variables such as temperature and evapo-
ration. The orographic rainfall within the basin is affected by winds from the Mediterranean
Sea and Western Europe. While the effects of the former increase the relative humidity
within the basin, the effects of the latter create a “fohn effect” and decrease the relative
humidity (Atalay and Efe 2008). Furthermore, rainfall in the northern basin is determined
by frontal activities, exposure, direction of mountain ranges, and altitude. The fronts pre-
sented at the southwest slopes of the Taurus Mountains act as an orographic barrier. There-
fore, the climate of the northern part of the basin is more complex than that of the coastal
region and could show a higher dependency on changes in temperature and wind patterns.
Recently, Kalyoncuoglu et al. (2018) detected shifted climate patterns in the Egirdir region
from steppe to humid from 2000. Also, Senol et al. (2025) found increased temperature and
potential evapotranspiration (PET) while no significant trends found in precipitation. This
indicates that the lack of a corresponding increase in precipitation to counterbalance the
water loss resulting from the increased temperature and PET, introduced significant drought
stress on Lake Egirdir. This complexity was reflected in the increased SampEn values.

The analysis of sample entropy reveals a shift in the dominant distribution from east-
ern-western orientation in period 1 to northern-southern direction in period 3 (Fig. 4). The
relationship between changes in wavelet spectra and precipitation complexity is evident.
According to Zhang et al. (2016), both precipitation quantity and variability can influ-
ence drought and flood events. Higher variability coupled with reduced precipitation could
increase drought risk, whereas higher variability alongside increased precipitation could
amplify flood risk. Alterations in precipitation patterns and rising complexity pose signifi-
cant risks to basin water resources and ecosystems. For instance, the correlations between
the values of the extreme precipitation index, Rx1Day (i.e., monthly maximum 1-day pre-
cipitation), and SampEn were found statistically significant varying between 0.26 and 0.53
(Fig. 5).

The SampEn values of stations 2, 3, and 8 have the highest correlations with the Rx1Day
values (Fig. 5). However, this relationship is dynamic, and the magnitude of the correlations
changes during different periods for different stations. The increases in the SampEn values
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Fig.5 Correlations between the SampEn and Rx1Day values for the stations
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of stations 1, 4, 5, and 6 may not be observed from the single extreme index, Rx1Day.
Because the relationship between SampEn and Rx1Day is nonlinear owing to the low linear
correlations, it is not possible to obtain direct relationships between these two measures.
Indeed, we identified statistically increasing trends in Rx1Day for stations 1 and 6 and
decreasing trends for stations 4 and 8 in period 3 (not shown). However, rather than specific
extreme indices, the alterations in these stations indicate that changed SampEn values could
lead to different rainfall patterns and rainfall characteristics than the historical patterns. In
addition to extreme indices, SampEn can affect rainfall probability distribution, duration,
and spatial variability. Indeed, alterations in rainfall complexity could lead to uncertain-
ties in spatiotemporal characteristics and introduce uncertainties in water resources man-
agement practices reflected by the reported distinct transient characteristics in the climate
(Kalyoncuoglu et al. 2018) and a prolonged drought session started from the onset of 2013
in the vicinity of Lake Egirdir (Senol et al. 2025). This study highlights the evolving pre-
cipitation patterns and complexity, which could complicate sustainable water resource plan-
ning, basin management, and infrastructure design in the Antalya Basin.

5 Conclusion

Global warming and anthropogenic activities have the potential to alter precipitation pat-
terns, thereby influencing natural disasters, such as floods and droughts, which in turn affect
socio-economic systems. The Antalya Basin, a region critical to Tiirkiye's socio-economic
development, necessitates an understanding of changes in precipitation patterns to mitigate
the effects of climate change. This study investigates daily precipitation variability from
1970 to 2017, utilising data from eight stations within the basin. It emphasizes changes in
sample entropy, a measure of complexity, and highlights significant shifts in precipitation
and corresponding complexity patterns. This study identifies notable changes in precipita-
tion amounts, periodicity, frequency, and complexity within the Antalya Basin. Wavelet and
change-point analyses of sample entropy revealed three distinct periods: 1970—1980, 1981—
1998, and 1999-2017. Wavelet analysis indicated discontinuities in precipitation complexi-
ties, resulting in varied precipitation dynamics throughout the studied period. These changes
were further analysed using Mann—Kendall, modified Mann—Kendall, and Sen’s slope anal-
yses. An increase in complexity was observed in period 3 for stations 1, 4, and 5, and consis-
tently across all years at St-6. Changes in precipitation amounts were also examined using
these methods, revealing concurrent increases in both precipitation complexity and amount
in period 3 at St-1 and throughout all years at St-6. Additionally, significant changes in the
spatial distribution of sample entropy were observed for the considered periods. While the
precipitation complexity initially oriented in the East—West direction in period 1, shifted
to a North—South orientation in period 3. It was also found that rainfall complexity in the
northern region is about 1.5 times higher than of the southern complexity. The main reason
for this is the complex interaction between frontal activities, altitude, direction of mountain
ranges, and wind patterns. Therefore, changes in precipitation complexity in the vicinity of
Isparta—the northern region—could introduce uncertainties in water resource management
and socio-economic activities, particularly in regions with intensive agricultural practices.
This study identifies changes in the spatiotemporal complexity of precipitation, which
impact uncertainty and irregularity in the Antalya Basin. It is imperative for decision-makers
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in water management to consider these changes, as they may indicate new patterns affecting
flood and drought risks in the Mediterranean—Central Anatolia climate zone; increased com-
plexity with more precipitation could elevate flood risk, whereas heightened complexity
with reduced precipitation could lead to drought. Evaluations across various scenarios are
essential, as focusing solely on precipitation amounts may overlook the significant impacts
of climate change. Therefore, it is crucial to assess diverse climate scenarios beyond precip-
itation amounts. The findings could facilitate the analysis of precipitation—climate relation-
ships and the prediction of future changes using global models, underscoring the importance
of evaluating climate change impacts under different scenarios to promote the long-term
sustainability of water resources and the surrounding environment.
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