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Abstract The division and evaluation of data series 
used in monitoring drought into different time inter-
vals is a practical approach to detecting the spatial 
and temporal extent of drought spread. This study 
aimed to determine meteorological drought’s spa-
tial and temporal distribution using overlapping and 
consecutive periods and cycles of the standardized 
precipitation index (SPI) time series in the Mediter-
ranean region, Turkey. In the scope of the research, 
SPI values for the SPI12, SPI6 (1), and SPI6 (2) 
seasons were calculated for consecutive and over-
lapping hydrological years (1978–1998/21  years, 
1978–2008/31  years, and 1978–2018/41  years) at 
28 meteorological stations. Autocorrelation, Mann–
Kendall, and Sen slope trend tests were applied at a 
5% significance level for each season (SPI12, SPI6 
(1), and SPI6 (2)) and different time scales (21, 31, 
and 41 years). For each season and period, maps of 
the SPI drought class, average formation of drought 
class, Mann–Kendall (MK) trend, and Sen’s slope 
(SS) trend test statistics for the Mediterranean region 
were obtained, and the spatial distribution rate of 

trends was determined by drawing hypsometric 
curves. Changes in drought occurrence at differ-
ent time scales were thoroughly evaluated with the 
changing length of data recording.  Consequently, it 
was determined that the mild wet (MIW) and mild 
drought (MID) classes dominate the study area in the 
Mediterranean region. Significant and nonstationary 
changes detected in extreme wet and drought occur-
rences (extreme wet, EW; severe wet, SW; extreme 
drought, ED; severe drought, SD) were found to pose 
a risk in the study area. It was observed that there 
were spatially and temporally insignificant decreasing 
drought trends in the Mediterranean basin, consider-
ing that the time scales of these trends slowed down. 
Despite a nonsignificant trend from the MID drought 
class to the MIW drought class, it is predicted that the 
MIW and MID classes will maintain their dominance 
in the Mediterranean region. The central part of the 
study area (central Mediterranean basin) is the region 
with the highest drought risk.

Keywords Data record length · Meteorological 
drought · Mediterranean region · Trend analysis · 
Spatiotemporal analysis

Introduction

The fact that events such as drought, increasing tem-
peratures, heat waves, floods, hurricanes, and melting 
of glaciers caused by global warming are felt more 
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intensely every day is a critical factor in keeping the 
studies on this issue up to date. This situation, which 
concerns the whole world, is a considerable indica-
tor of the necessity of international measures and 
protocols as well as national-scale planning against 
global warming (IPCC Report 2020). Due to rising 
temperatures and changing drought conditions, the 
risk of drought has increased in some regions, while 
in others, there is an elevated risk of disasters such 
as floods and inundations (Hirabayashi et  al., 2010; 
Mujumdar et al., 2020; Nan et al., 2011). Under cur-
rent conditions, the adverse effects of disasters, which 
impact all living beings, must be minimized to ensure 
the sustainability of a healthy ecological environment 
and the continuity of life.

Drought is a disaster that varies by location and 
time, is influenced by various parameters, has unpre-
dictable impact levels when it occurs, and has an 
unknown start and end time (Haile et al., 2019; Kiem 
et al., 2016). Most importantly, the inability to predict 
how long the effects of drought will persist in a par-
ticular region is a significant challenge. In addition to 
unfolding gradually, this disaster progresses slowly, 
expanding its impact area (Tallaksen & Van Lanen, 
2004; Wilhite, 2016). Assessing drought, a conse-
quence of changing drought parameters, and deter-
mining the levels and priorities of measures are highly 
complex tasks. Drought is generally classified as mete-
orological, hydrological, or agricultural, depending on 
precipitation, runoff, and soil moisture parameters. 
Meteorological drought, a lack of precipitation (falling 
below the long-term average), is also seen as the onset 
of hydrological and agricultural drought (Wang et al., 
2016; Dai et  al., 2022). Considering this definition, 
the majority of studies have focused on meteorological 
drought. Different researchers have proposed various 
drought assessment methods for evaluating this type 
of drought. The standardized precipitation index (SPI) 
method, which is the most common and requires less 
data than other methods, stands out in the analysis of 
drought in different regions (Amiri & Gocic, 2023; 
Dukat et al., 2022; Hinis et al., 2023; Tsesmelis et al., 
2023). Patel et al. (2007) conducted a drought analysis 
using the SPI method with monthly rainfall data meas-
ured over 22 years at 160 stations in the Gujarat region 
of India. It was found that a 3-month SPI time series 
could be used to determine the region’s drought risk. 
Karavitis et al. (2011) used the SPI to analyze drought 
in the entire province of Greece, utilizing rainfall data 

measured over many years at 46 precipitation observa-
tion stations. Karimi et al. (2019) evaluated meteoro-
logical drought using the SPI method with 27 years of 
flow data from numerous stations in Iran at different 
time scales. Singh et al. (2022) used the SPI method 
to spatially and temporally analyze drought in south-
ern Bihar, emphasizing the higher likelihood of agri-
cultural drought than other types of drought. Dikici 
(2020) examined drought in the Asi River Basin using 
three other drought index methods, including the SPI 
method for various periods. Using the SPI method, 
Gumus et  al. (2021) analyzed drought in Turkey’s 
southeastern Anatolian Project (GAP) region at 3-, 
6-, and 12-month periods. Simsek et al. (2023) inves-
tigated meteorological drought in Turkey’s Black Sea 
region using the SPI and RDI methods, revealing the 
relationship between the results of the two different 
drought analysis methods. They noted that the SPI 
method produced acceptable estimates with less data 
in drought analysis. Alsenjar et  al. (2022) analyzed 
drought in the Black Sea region using precipitation 
records obtained from 28 meteorological observa-
tion stations with the SPI and standardized precipita-
tion evapotranspiration index (SPEI) methods. They 
emphasized that these two drought methods yielded 
very similar results. In recent years, studies compar-
ing other meteorological drought index methods that 
use temperature or potential evapotranspiration values 
as input alongside precipitation parameters with the 
SPI method have been frequently conducted. The gen-
eral evaluation of these studies suggests that the SPI 
method provides satisfactory results in meteorological 
drought analysis compared to other drought analysis 
methods. Many studies have concluded that there is no 
objection to using the SPI method for drought analysis 
due to its advantages, such as ease of calculation and 
the requirement for less data (Berhail & Katipoğlu, 
2023; Caloiero, 2017; Simsek et al., 2023).

Trend methods such as the Mann–Kendall (MK) 
method, innovative trend analysis (ITA), innova-
tive polygon trend analysis (IPTA), and Spearman’s 
rho (SR) method are widely used to detect trends 
of time series such as meteorological drought. The 
Mann–Kendall (MK) method is a trend analysis 
method that has been used for many years. This non-
parametric method determines statistically significant 
trends at different confidence levels in a time series 
(Citakoglu & Minarecioglu, 2021; Minarecioğlu & 
Çıtakoğlu, 2019). Before applying the MK test to a 
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time series, controlling for serial correlation effects 
and removing serial correlation from the time series 
is crucial (Modarres et al., 2016; Wu et al., 2007; Ye 
et al., 2019). Furthermore, while this method allows 
for a comprehensive analysis of trends across the 
entire time series, techniques such as the ITA evalu-
ate trend formation in time series values of different 
magnitudes (Esit, 2023; Esit et al., 2023b). The MK 
method has been preferred and utilized in many stud-
ies to determine the trend in SPI time series (Achite 
et al., 2022; Citakoglu & Coşkun, 2022; Gumus et al., 
2021, 2022a). In addition to the MK method, the non-
parametric Sen’s slope (SS) method provides infor-
mation about the magnitude and trend in time series 
using a linear model (Buyukyildiz, 2022; Esit et al., 
2023c). The MK test and Sen’s slope method were 
then used in the SPI time series to calculate the trend 
and trend magnitude of meteorological drought in the 
region (Achite et al., 2023; Esit et al., 2023a; Sharafi 
et al., 2022). These recent studies show that the MK 
test and SS method are widely applied to SPI time 
series for trend analysis.

In the Mediterranean basin, the frequency of heat-
waves has been increasing due to climate change 
(Kuba et al., 2016; Oguz & Akin, 2019). This increase 
has resulted in a decline in both the quantity and 
quality of water (Basakin et  al., 2019; Saris, 2021), 
reduced precipitation, and an elevation in annual 
temperatures, leading to a rise in the frequency and 
magnitude of natural disasters. Consequently, adverse 
event occurrences are frequently experienced in the 
Mediterranean region. The meteorological drought 
studies in the Mediterranean region, reported as the 
most sensitive region to ocean oscillations and global 
warming, are essential for water source planners and 
management (Bayer Altin & Altin, 2021; Ozturk 
et al., 2015).

Turkey, characterized by a semiarid climate in the 
Eastern Mediterranean basin, is positioned among 
the countries most vulnerable to the adverse effects 
of climate change (Barriopedro et  al., 2011; Giorgi, 
2006; Schär et al., 2004). The Mediterranean region, 
one of the seven regions of Turkey, forms the south-
ern coast. The region’s significant production of agri-
cultural products, mainly the export of products, has 
contributed to the country’s economy. A large por-
tion of these products is cultivated in greenhouses. 
The prevalence of facilities operating for tourism 
along the Mediterranean coast also emphasizes the 

importance of evaluating drought in this region. 
Moreover, it is noted that this region, reported to be 
the most sensitive in terms of air currents and drought 
change in Turkey, is significant (Carter et  al., 1972; 
Dikici, 2020; Turkes, 2020). Drought vulnerability 
is multidimensional, spatial, and temporal in nature. 
Therefore, determining the spatial and temporal char-
acter, trend, and magnitude of drought in the Mediter-
ranean region is crucial for water resource manage-
ment and risk sharing. The division and evaluation of 
data series used in monitoring drought into different 
time intervals is a practical approach to detecting the 
spatial and temporal extent of drought spread (Kes-
kiner & Cetin, 2023). Hence, spatial–temporal trends 
and magnitudes in the datasets are presented spatially 
at different time scales, and such studies to be carried 
out in GIS environments enable drought monitoring. 
This is vital regarding water resources management 
and decreasing the risks to sectors.

The present study which examines the meteoro-
logical drought of the Mediterranean Region, one 
of the most sensitive areas of Turkey in terms of 
global warming and atmospheric oscillations, by tak-
ing into account different data lengths. SPI values 
for SPI12, SPI6 (1), and SPI6 (2) seasons were cal-
culated for consecutive and overlapping hydrologi-
cal years (1978–1998/21 years, 1978–2008/31 years, 
and 1978–2018/41  years) at 28 meteorological sta-
tions. The spatial and temporal distribution of the 
SPI drought class, mean drought class occurrence, 
and MK and SS test statistics were mapped for each 
season and period. Spatial distribution ratios of the 
direction and magnitude of the trends were deter-
mined by drawing hypsometric curves. It was con-
cluded that the extreme drought (ED) and extreme 
wet (EW) occurrences in the region are unstable and 
carry a risk compared to other subclasses in the com-
ing years. Due to the impacts of climatic change are 
assessed to exhibit significant shifts from the ED to 
EW drought class or vice versa. The novelty of this 
study is the determination of spatial and temporal 
changes in meteorological drought propagation on 
consecutive and overlapping time scales. In this con-
text, the impact of climate change on drought was 
monitored at overlapping and sequential time scales. 
This study aims to determine the spatial and tempo-
ral distribution of climate classes, drought trends, 
and magnitudes for the SPI12, SPI6 (1), and SPI6 (2) 
seasons in overlapping and consecutive hydrological 



 Environ Monit Assess (2024) 196:602

1 3

602 Page 4 of 29

Vol:. (1234567890)

years (1978–1998/21  years, 1978–2008/31  years, 
and 1978–2018/41 years), and monitor the change in 
meteorological drought depending on the overlapping 
and consecutive series length of 21, 31, and 41 years.

Study area and methods

Study area and data

The Mediterranean region is considered the study 
area, covering 122,927  km2, is one of the seven 
regions of Turkey and forms the southern coast of 
Turkey with a population of 10,584,506 in 2021. 
The Mediterranean Sea borders the region to the 
south and Syria to the northeast. The summer is hot 
and dry, and the winter is mild and rainy. Addition-
ally, the province is characterized by the prevalence 
of the Mediterranean climate and the presence of 
maquis vegetation. Figure  1 shows the locations of 
the study area and meteorological stations used in 
this study. Within the aim of the study, the long-term 
(1978–2018) monthly precipitation series obtained 
from 28 meteorological observation stations which 
belongs to the Turkish State Meteorological Ser-
vices are 2.5%, 11%, 1%, and 9% as a ratio missing 
observations only in Anamur, Silifke, Seydisehir, and 
Kozan stations, respectively. The missing observa-
tions of these stations were completed by correlation 

and regression analysis as described by Landau and 
Everitt (2003) and Ryan et al. (2012). Meteorological 
stations projected coordinate system is referenced to 
D_WGS84_Universal Transverse Mercator (UTM)_
Zone 37N to generate maps.

The figure shows that the elevation is higher in the 
northern than in the southern region. Monthly total 
precipitation data recorded during the hydrological 
years from 1978 to 2018 at 28 meteorological obser-
vation stations were used in the drought analysis of 
the region. In this context, SPI values for the SPI12, 
SPI6 (1), and SPI6 (2) seasons were calculated for 
consecutive and overlapping hydrological years (21, 
31, and 41 years) for these stations.

Methods

Standardized precipitation index (SPI)

The standardized precipitation index (SPI) method, 
developed by McKee et  al. (1993), is a widely 
preferred approach for evaluating meteorological 
drought (Bazrafshan et  al., 2023; Kartal, 2023). 
This method is advantageous over other drought 
indices because it only requires precipitation data to 
calculate the index value. Before applying the SPI 
method, precipitation data must be fitted to a dis-
tribution. According to Thom (1966), the gamma 
distribution provides a good fit for climatological 

Fig. 1  Location of the 
study area and spatial dis-
tribution of meteorological 
stations in Türkiye
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precipitation time series. Angelidis et  al. (2012) 
revealed no significant differences in SPI12 and 
SPI24 when the precipitation data used in the SPI 
method were fitted to log-normal and normal dis-
tributions instead of gamma. Topçu and Karaçor 
(2023) used SPI and actual precipitation index 
(API) drought methods to determine meteorological 
drought in the Aras region of Turkey. They deter-
mined that the precipitation data of six stations used 
in meteorological drought analysis fit the gamma 
distribution among Pearson type III, gamma, nor-
mal, log-normal, and exponential distributions. 
Based on the cumulative probability of the total 
quantity of precipitation recorded at each station, 
the SPI enables us to determine the intensity of a 
drought or wet spell. Using precipitation data from 
a single meteorological station across time, the scal-
ing parameters and forms of the precipitation prob-
ability density function were established:

where α and β are the shape and scale parameters, 
respectively, x is the precipitation amount, and Γ(α) is 
the gamma function. The gamma function is defined 
as follows:

The shape and scale parameters can be estimated 
using the approximation of Thom (1958):

and

with

where x is the mean value of the precipitation quan-
tity; n is the precipitation measurement number; x is 
the quantity of the precipitation in a data sequence.

The acquired parameters are further applied to 
determine the cumulative probability of a certain 

(1)g(x) =
1
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(5)A = ln
�
x
�
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∑
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precipitation for a specific time period in a time-
scale of all the recorded precipitation. The cumula-
tive probability can be presented as:

Since the gamma distribution is undefined for a 
rainfall amount x = 0, in order to take into account 
the zero values that occur in a sample set, a modi-
fied cumulative distribution function (CDF) must be 
considered.

With G(x) the CDF and q the probability of zero 
precipitation, given by the ratio between the number 
of zeros in the rainfall series (m) and the number of 
observations (n).

The calculation of the SPI is presented on the 
basis of the following equation (McKee et al., 1993):

where Pij = total precipitation for time scale i in 
year j, Pim = mean precipitation for time scale i, and 
σi = standard deviation of precipitation for time scale i.

The SPI value is calculated by dividing the differ-
ence between precipitation and its mean over a speci-
fied period by the standard deviation. According to the 
criteria of McKee et al. (1993), SPI index values are 
classified based on the drought classification provided 
in Table 1 (Balram & Fanai, 2021). Situations with a 
negative SPI index are termed drought, while posi-
tive values are called wet conditions. The table shows 
that drought and wet periods are categorized into four 
sub-values. The intensity of drought or wet periods 
increases with the magnitude of the index value.

Meteorological drought is monitored in this 
study using reference periods of 6 and 12  months. 
A new time series called October–March (SPI6 (1)), 
April–September (SPI6 (2)), and October–Septem-
ber (SPI12) is generated from the original monthly 
data to compute the seasonal SPI.

Serial correlation test

One of the primary challenges in trend analyses of 
time series data is the presence of internal depend-
encies, or, in other words, the existence of serial 
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correlation. In the context of the Mann–Kendall 
trend test, data with a positive serial correlation leads 
to the rejection of the null hypothesis of no trend in 
the trend analysis results (Wang et al., 2020). There-
fore, if autocorrelation exists among consecutive data 
points, a trend analysis should not be applied; instead, 
“pre-whitening” should be employed to remove serial 
autocorrelation. The trend analysis should then be 
applied to the resulting new series (Shifteh Some’e 
et al., 2012). In engineering, the lagged autocorrela-
tion coefficient for delayed internal dependencies can 
be calculated using Eq. 9 (Mohsin & Gough, 2009).

where xi and xi+1 represent the i.th and i + 1.th obser-
vation values, respectively; x̄ denotes the mean of the 
observation series, and n represents the number of 
observations in the series. The calculated CL(ri) value 
in the study is deemed to indicate that autocorrelation 
between consecutive observations is insignificant at a 

(9)r1 =

∑n−1

i=1

�
xi − x

��
xi+1 − x

�
∑n

i=1

�
xi − x

�2

5% significance level if it falls within the lower and 
upper confidence limits calculated with Eq. 10, with a 
95% probability (Gocic & Trajkovic, 2013).

Mann–Kendall (MK) test

The Mann–Kendall (MK) test is a recommended 
test by the World Meteorological Organization and 
is widely used to detect trends in time series data. 
In the MK test statistic calculations, denoted as S 
in Eq.  11, n represents the number of data points, 
and xj and xk, with j > k, represent the annual values 
for years j and k, respectively. The sign of (xj − xk) 
in Eq. 12 can be defined accordingly (Gumus et al., 
2023; Lin et al., 2020; Yilmaz et al., 2020).

The value of S expressed in Eq.  6 approximately 
follows a normal distribution with mean (E[S]) and 
variance (Var(S)) when n ≥ 10, and the Z test is used. 
In Var(S) calculations, q represents the number of 
grouped data in the dataset, and tp denotes the number 
of data points in the p-th group. The Mann–Kendall 
trend test Z statistic, defined by Eq. 14, can be calcu-
lated using S and Var(S) given in Eq. 13 (Keskiner & 
Cetin, 2023; Yue & Wang, 2002).

(10)
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(11)S =
∑n−1

k=1

∑n

j=k+1
sgn

(
xj − xk

)

(12)sgn
�
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�
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⎧
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+1 if xj − xk > 0

0 if xj − xk = 0

−1 if xj − xk < 0

(13)E[S] = 0,Var(S) =
1

18

[
n(n − 1)(2n + 5) −

∑q

p=1
tp
(
tp − 1

)(
2tp + 5

)]

The presence of a trend is determined using the 
Z statistic. The MK test statistic (ZMKtest) is checked 

(14)Z =

⎧
⎪⎨⎪⎩

S−1√
Var(S)

if S > 0

0 if S = 0
S+1√
Var(S)

if S < 0

against Z values from the standard typical distribution 
table. If − Z1-α/2 ≤ ZMKtest ≤  Z1-α/2, the null hypothesis 
stating no trend is accepted. A positive Z value indi-
cates an increase in the variable under investigation, 
while a negative Z value signifies a decrease in the 
series. In this study, the obtained ZMKtest, calculated 
based on the results, is evaluated within the confidence 

Table 1  SPI drought classification and values (McKee et  al., 
1993)

Classification SPI values

Extreme wet (EW) 2.00 or more
Severe wet (SW) 1.99 to 1.50
Moderate wet (MW) 1.49 to 1.00
Mild wet (MIW) 0.99 to 0.00
Mild drought (MID) 0.00 to − 0.99
Moderate drought (MD)  − 1.00 to − 1.49
Severe drought (SD)  − 1.50 to − 1.99
Extreme drought (ED)  − 2.00 or less



Environ Monit Assess (2024) 196:602 

1 3

Page 7 of 29 602

Vol.: (0123456789)

interval of Ztable =  ± 1.96 obtained from the typical 
distribution table at a 5% significance level.

Sen’s slope method

The Mann–Kendall trend test does not provide infor-
mation about the trend’s magnitude or direction in the 
studied data (Lettenmaier et  al., 1994). However, the 
non-parametric Sen’s slope method uses a linear model 
to provide information about the amount and direction of 
the trend in time series data (Gümüş et al., 2023; Salmi 
et al., 2002). In Eq. 15, n represents the number of data 
points, and N represents the number of Sen’s slope esti-
mates that need to be calculated in the time series for 
observed data at times j and k (xj and xk) (Kaur et  al., 
2021). The Sen’s slope trend statistic (Qi) for N pairs of 
observations is calculated with Eq. 16, and the obtained 
Qi values are arranged in ascending order to find the 
median value. Depending on whether the number of N is 
odd or even, the median of Qi values (Qmedian) is obtained 
as expressed in the equation set shown in Eq.  17. The 
Qmedian value represents the unit-time change in the rel-
evant observations. When the Qmedian value is positive, it 
is decided that there is an increasing trend; if it is nega-
tive, a decreasing trend is concluded. The statistical sig-
nificance of the Qmedian value is tested at a 5% signifi-
cance level to complete the analysis (Sen, 1968).

Inverse distance-weighted interpolation technique 
(IDW)

The inverse distance-weighted interpolation (esti-
mation) technique can be employed to estimate the 
potential value at an unobserved point by utilizing 
data from n observed points within an area. The esti-
mated value, ĝ, is determined by assigning weights to 

(15)N =
n(n − 1)

2

(16)Qi =
Xj − Xk

j − k
, j > k and i = 1, 2, 3,… ,N

(17)

Qmedyan =

⎧
⎪⎨⎪⎩

Q (n+1)

2

, if N is odd number
����Q( N)2 +Q( N+2)

2

����
2

, if N is even number

the observations surrounding the point to be evalu-
ated, as illustrated in Eq. 18 (Liu et al., 2021).

where n represents the number of observations used in 
the calculation (prediction); di0 is the Euclidean dis-
tance (m) between the observed and predicted points 
(meters); (x0, y0) denotes the UTM coordinates (m) of 
the expected point (meters); (xi, yi) represents the coor-
dinates of the observed point (meters); wi is the weight 
assigned to the observation value gi; p is the exponent 
value that ensures a decrease in weights assigned to 
more distant points; ĝ is the estimated value at the pre-
dicted point; and gi represents the observed value.

Change in the occurrence percentages of drought 
classes in different data record lengths

Equation  19 was used to calculate the percentage 
change (PC) in the occurrence percentage of different 
drought classes, as shown in Table 1 for drought indi-
ces values at different data record lengths.

Xi and Xi+1 represent the occurrence ratios in the 
short and long data record lengths, respectively.

Graphical analysis of the hypsometric curves 
of the MK and Sen’s slope statistics

The hypsometric curves of MK and Sen’s slope statis-
tics depict the distribution of the MK trend and Sen’s 
slope trend magnitudes, as in the height-area distribu-
tion (Chow et  al. 1988). Hypsometric curves can be 
adapted for parameters such as the areal distribution 
of surface runoff and drought indices (Keskiner et al., 
2020; Vivoni et al., 2008). In this study, maps of MK 
(Z) and Sen’s slope (Q) statistics for consecutive and 
overlapping 21-, 31-, and 41-year SPI time series in 
the SPI12, SPI6 (1), and SPI6 (2) seasons were gener-
ated at a resolution of 200 m × 200 m in raster format. 
In developing the hypsometric curves, the Z and Q 
statistics values and the areas covered by these statis-
tics in the pixels representing the basin were utilized.
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Xi+1 − Xi

Xi

)
× 100



 Environ Monit Assess (2024) 196:602

1 3

602 Page 8 of 29

Vol:. (1234567890)

Results

Descriptive statistics

Using the monthly total precipitation values observed 
during the hydrological years 1978–2018 from 28 
meteorological observation stations in the Mediterra-
nean basin, the long-term averages of the annual total 
precipitation values (P) for each station were calcu-
lated. Precipitation series representing long-term aver-
ages were divided into 21-year (1978–1998), 31-year 
(1978–2008), and 41-year (1978–2018) series in a 
consecutive and overlapping manner. Descriptive sta-
tistics of these series were determined, and it was 
observed that central tendency and variability did not 
create significant differences in consecutive and over-
lapping long-term averages. Detailed descriptive statis-
tics derived from these series are presented in Table 2. 
Examining the table values reveals a lack of significant 
differences in central tendency and variability between 
consecutive and overlapping long-term averages. This 
observation can be attributed to calculating descriptive 
statistics grounded in the averages of long-term rainfall 
series. The approximation of rainfall variability across 
different series lengths, namely, 21, 31, and 41  years 
(Cv = 27, 27, and 26), consistently supports this finding.

A mapping exercise was undertaken for annual 
average rainfall to delve into spatial and temporal 
variations in variability. This mapping considered 
the averages representing each meteorological sta-
tion, as illustrated in Fig.  2. Based on consecutive 
and overlapping series averages, spatial distribution 
maps yielded the insightful conclusion that there is 
no significant alteration in long-term rainfall aver-
ages within the Mediterranean region. A thorough 
examination of the 21-, 31-, and 41-year time scales 
applied in the study area revealed that the Mut and 
Korkuteli stations experienced the lowest aver-
age rainfall (360–460 mm), while the highest aver-
age rainfall (1060–1160  mm) was observed in the 

Alanya, Antalya, and Antakya stations. When scru-
tinizing the locations of these stations, a notewor-
thy pattern emerged, indicating that the central and 
northwestern parts of the study area receive com-
paratively less precipitation than other regions.

Results of the independence test

Within the scope of the research, 6 and 12-month 
SPI (standardized precipitation index) values were 
calculated for 21, 31, and 41 consecutive and over-
lapping hydrological years. Stations exhibiting inter-
nal dependence in SPI12, SPI6 (1), and SPI6 (2) sea-
sons were determined, and the internal dependence 
control for all stations considered in the study is 
presented in Fig. 3. As seen in the figure, it is note-
worthy that the upper and lower confidence limits of 
the autocorrelation drawn with the horizontal dotted 
red line narrow as the series length increases (from 
21 to 41  years). As the SPI seasons changed from 
SPI12 to SPI6 (1) and SPI6 (2) months, the num-
ber of stations showing internal dependence tends 
to decrease, respectively. In 12-month SPI values, 
Isparta, Eğirdir, Elmalı, Finike, and Kale-Demre 
stations exhibit internal dependence at three differ-
ent time scales. Before applying MK trend analysis 
to the stations showing internal dependence, a “pre-
whitening” technique was applied to remove auto-
correlation from each period and from the overlap-
ping 21-, 31-, and 41-year series.

Drought analysis with the SPI method

The average percentage of SPI drought class 
occurrence

Within the scope of this study, consecutive and over-
lapping SPI (standardized precipitation index) series 
were created for 21, 31, and 41 years during the SPI12, 

Table 2  Descriptive 
statistics of overlapping 
and successive sequential 
21-, 31-, and 41-year 
precipitation (P) time series

P (mm) Mean Stand. dev Median Min Max Skewness Kurtosis Coef. of 
variation 
(%)

P_21 758.7 203.1 771.3 364.8 1162.0  − 0.08  − 0.17 27
P_31 754.0 200.0 773.1 362.5 1102.0  − 0.12  − 0.42 27
P_41 759.5 198.3 787.0 370.2 1129.5  − 0.14  − 0.39 26
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SPI6 (1), and SPI6 (2) seasons using monthly total pre-
cipitation values recorded over 41 years (1978–2018). 
The formation percentages of these series according to 
the SPI index classification given in Table 1 are illus-
trated in Fig. 4. Upon examining the figure, it is note-
worthy that there is an inverse correlation between the 
EW-ED, SW-SD, MW-MD, and MIW-MID drought 
classes in the 21-, 31-, and 41-year series during the 
SPI12, SPI6 (1), and SPI6 (2) seasons.

The changes (%) in drought classes (PC) between 
consecutive and overlapping 21–31 (10 years), 31–41 
(10 years), and 21–41 (20 years) yearly series in SPI 
time scales are provided in Table  3. As the table 
shows, during the SPI6 (1) season, the changes in 
drought (D) occurrences in SPI values continuously 
decreased (− 4.8, − 3.2, − 7.8). However, during the 
SPI12 and SPI6 (2) seasons, the changes in drought 
occurrences at 21–31, 31–41, and 21–41 time scales 

Fig. 2  Average annual precipitation of meteorological stations overlapping and successive sequential a 21-, b 31-, and c 41-year 
periods
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occurred in the sequence of increase–decrease-
increase, respectively (7.1, − 4.1, 2.6; 4.5, − 2.5, 1.9).

The most noteworthy aspect of the changes in SPI 
drought classes at the 21–31, 31–41, and 21–41 time 
scales is the consistency in the increase and decrease 
in the formation of drought classes durin + g SPI sea-
sons. For example, during the SPI6 (2) season, there 
is a continuous increasing trend in SD formation 
(35.5, 4.8, 41.9), while MD and ED formations in the 
same season consistently decreased (− 10.9, − 5.1, − 
15.5; − 12.1, − 3.4, − 15.2). The increase in SD while 
MD and ED always decrease suggests a stabilization 
trend toward the SD class during this period. In the 
SPI12 season, a decreasing trend in MW formation 
(− 2.8, − 2.9, − 6.0) was identified. In the SPI6 (1) 
season, an increase in the MIW class and a continu-
ous decrease in the MID class were observed (11.2, 
3.9, 15.5; − 6.2, − 4.3, − 10.3). When considering the 
variability of drought classes in the Mediterranean 
region for each period of drought and wet classes, 
the absolute variability of the EW, SW, ED, and SD 

drought classes is represented as 328.3, 139.8, 309.0, 
and 191.8, respectively. The absolute variability 
of the MW, MIW, MID, and MD drought classes is 
determined to be 61.8, 58.8, 60.8, and 65.3, respec-
tively. These results indicate that the region’s extreme 
moisture and drought classes do not exhibit absolute 
stability compared to other subclasses, suggesting a 
dynamic nature and posing a risk factor. In the study 
area, climatic change impacts are assessed to exhibit 
significant shifts (Handmer et al., 2012) from the ED 
to EW drought class or vice versa in 10-year time 
intervals.

Spatiotemporal changes in drought classes

SPI series calculated using data of three different 
record lengths for the SPI12, SPI6 (1), and SPI6 (2) 
seasons for each station were considered, and the 
median values of these SPI series were used to cre-
ate maps of drought classes for the study area, as pre-
sented in Fig. 5. The most striking observation in the 

Fig. 3  Lag-1 serial correlation coefficient of the SPI series at the different seasonal scales
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Fig. 4  The average of SPI drought class overlapping periods (1978–1998, 1978–2008, and 1978–2018)
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maps is that the study area is represented only by the 
MIW and MID drought classes. As seen in Fig. 4, MIW 
and MID drought class formation percentages in the 
SPI12, SPI6 (1), and SPI6 (2) seasons at 21-, 31-, and 
41-time scales are represented with the highest values. 
Therefore, the median values of the series, representing 
the central tendency, are represented by MIW and MID 
drought class values. These have suppressed and non-
represent other drought classes in the spatial distribution.

Upon examining the maps, during the SPI12 sea-
son at the 21–31  year time scale, the MID drought 
class spread eastwards, encompassing Mut, Silifke, 
Mersin, Adana, and Kozan regions. However, on the 
31–41 year time scale, this spread halted, and the MIW 
drought class regained dominance over the region. In 
the 21–41 year time scale, while MIW dominates spa-
tially, it is observed that the MID class in the Mut and 
Isparta regions stabilizes, similar to the other periods. 
In the SPI6 (1) season, it can be said that the MID class 
loses its dominance in the region at the 21–31, 31–41, 
and 21–41  year time scales, giving way to the MIW 
drought class. However, the Isparta region maintains 
a stable MID drought class across all time scales, as 
observed in the SPI12 season. In the SPI6 (2) season, it 
was determined that the MIW drought class exhibited a 
stable characteristic across all time scales, establishing 
dominance over the Mediterranean region.

Due to the nonrepresentation of other drought 
classes in the maps (Fig.  5), which were generated 
based on the median values of the SPI series, the 
spatial distributions of the formation percentages of 

drought classes given in Table 1 for each SPI period and 
21-, 31-, and 41-time scales are presented in Figs. 6, 7, 
and 8, respectively. From Fig. 6, for the SPI12 season at 
the 21-year time scale, the spatial distribution of EW cov-
ers the southeastern, central, and northeastern parts of the 
region, exhibiting a dominant appearance with a percent-
age of 0–2. This situation changed at the 31-year time 
scale, and the EW class occurrence percentage increased 
to 2–4, covering the entire region. However, over the past 
41  years, the occurrence rate of the EW drought class 
has again decreased to 0–2 in the eastern and western 
parts of the region, while a stabilization trend of 2–4 is 
observed in the northeastern and central parts. Consid-
ering the spatial distribution of the ED drought class, in 
the 21-year time scale, there was an occurrence of 4–5 in 
the central part of the region. In the 31 time scale, espe-
cially in the central region, there were sharp decreases in 
the occurrences of the ED drought class, which can be 
considered significant (1–2%). When considering the 
41-year scale, the region’s overall occurrence of the ED 
drought class has increased toward 2–4.

When examining the spatial distribution of the SW 
drought class given in Fig.  6, weighted occurrence 
rates were approximately 0–8% for consecutive 21-, 
31-, and 41-year time scales, and no significant dif-
ferences were observed. An increasing trend in SW 
drought class expansion was identified consecutively 
at the 21-, 31-, and 41-year scales. While observ-
ing the distribution of the SD drought class in the 
Mediterranean region, consecutive decreases were 
observed at the 21-, 31-, and 41-year time scales, and 

Table 3  Pairwise comparison (%) of changing drought class occurrence (PC) overlapping periods (21 and 31, 31 and 41 and 21 and 
41 years)

)2(6IPS)1(6IPS21IPSlanosaeSIPS

Increase (%) Changing 
in 31

Changing 
in 41

Changing 
in 41

Changing 
in 31

Changing 
in 41

Changing 
in 41

Changing 
in 31

Changing 
in 41

Changing 
in 41

Decrease (%) According 
to 21

According 
to 31

According 
to 21

According 
to 21

According 
to 31

According 
to 21

According 
to 21

According 
to 31

According 
to 21

EW 107.7 -29.6 31.6 26.3 -33.3 -15.8 -15.4 45.5 23.1

SW -24.0 21.1 -8.7 -10.6 9.5 -2.1 34.2 -13.7 15.8

MW -2.8* -2.9* -6.0* -9.3 6.1 -3.7 -15.3 2.1 -13.5

MIW -9.3 7.8 -2.3 11.2** 3.9** 15.5** -4.3 3.1 -1.3

MID 11.7 -3.9 6.8 -6.2* -4.3* -10.3* 8.9 -2.5 6.2

MD 4.0 -6.7 -3.1 -10.0 1.2 -8.9 -10.9* -5.1* -15.5*
SD 13.2 -18.3 -8.2 37.8 -29.4 -2.7 35.5** 4.8** 41.9**
ED -54.2 100.0 -9.1 -23.1 65.0 26.9 -12.1* -3.4* -15.2*
W -6.5 4.3 -2.6 5.3** 3.2** 8.6** -3.9 2.3 -1.7

D 7.1 -4.1 2.6 -4.8* -3.2* -7.8* 4.5 -2.5 1.9

The yellow and blue backgrounds represent increases and decreases for successive overlapping time scales, respectively
*Continuous decrease over successive overlapping time scales
**Continuous increase over successive overlapping time scales
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a stabilization trend in SD drought class occurrences 
was determined at the regional level, ranging between 
3 and 6%. MW drought class occurrences predomi-
nantly occurred in the region at 0–15% levels for all 
time scales. The MD drought class occurred pre-
dominantly at levels of 4–16% in the area for 21- and 
31-year time scales, while for the 41-year time scale, 
weighted MD drought class occurrences were deter-
mined to shift toward 4–12%. While the spatial spread 
of the MIW drought class in the region showed a sig-
nificant decrease at the 21- and 31-year time scales, 
consecutive stabilization trends were identified at a 
range of 33–38% across the region for the 21-, 31-, 
and 41-year time scales. The weighted occurrence 
rate of the MID drought class in the 21-year time 
scale was 21–35%. Considering the last 10  years 
with the 31-year time scale, it was determined that 
the weighted occurrence increased to the level of 
28–41%. In the 41-year time scale, a stabilization 
trend in forming the MID drought class was observed 
in the 28–35% range. In the SPI12 season at the 21-, 
31-, and 41-year scales, consecutive decreases in 
extreme moisture and drought formations, such as 

EW, SW, ED, and SD drought classes, were identi-
fied across the region. However, as seen in Table 1, 
it is noteworthy that there is significant variability in 
formations in binary comparisons. In the subclasses 
of drought and moisture, it was observed that the for-
mations of drought classes consecutively stabilized 
across all time scales.

As observed in Fig. 7, for the SPI6 (1) season, the 
weighted occurrence rate of the EW drought class 
at the 21-year scale is predominantly approximately 
0–3%. Over the past 10  years, this dominant occur-
rence at the 0–3% level has shown an expanding 
trend as we transition to the 31-year time scale. In the 
41-year time scale, it is determined that this occur-
rence (0–3%) has spread across the region, indicat-
ing a stabilization trend. At the 21-year scale, the ED 
drought class formed in the central part of the region 
at a rate of 4–5%, while in the east and west of the 
region, this rate changed to 0–3%. In the 31-year time 
scale, the formation of the ED drought class occurred 
at 0–3% across the entire region, and compared to the 
21-year time scale, the formation of the ED drought 
class in the region decreased. In the 41-year time 

Fig. 5  The median-based 
drought classification at the 
different seasonal scales of 
the SPI method
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scale, while the formation of the ED drought class 
locally increased to 5–7% in the eastern region, there 
has been an increase in ED drought class formations 
across the province over the past 10 years.

From the spatial pattern of the SW drought class 
given in Fig. 8, occurrences across the entire region 
at the 21-year scale are in the range of 0–15%, while 
at the 31-year scale, occurrences have decreased to 
the range of 0–12%. At the 41-year scale, SW drought 
class formations occurred at a rate of 0–9%, tend-
ing to stabilize at approximately 3–4%. For the SD 
drought class in the Mediterranean region, formations 

at the 21-year scale ranged from 0–10%, with a pre-
dominant occurrence of SD drought class forma-
tions at 3–7% in terms of spatial distribution. Over 
the past 10 years, in the 31 years, occurrences in the 
region continued at a rate of 0–10%. However, the 
SD drought class occurrence at 7–10% in the cen-
tral and western parts of the region has increased 
over the past decade, indicating an increase in SD 
drought class formations. In the 41-year time scale, 
with occurrences ranging from 0 to 7%, the spatial 
distribution of SD drought class formations indicated 
a tendency toward stabilization. The MW drought 

Fig. 6  The map of average 
drought class occurrence 
(%) of SPI12 season

(%) N SPI12_21 SPI12_31 SPI12_41
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class formations did not show significant differences 
at the 21-, 31-, and 41-year scales. The predomi-
nant occurrence rate of the MW drought class at all 
scales varied between 5 and 15%. The spatial distri-
bution of MD drought class formations exhibited a 
similar character to the MW drought class, with the 
predominant occurrence rate in the region ranging 
from 4 to 12% across all scales. For the MIW class, 
the predominant occurrence rate in the spatial distri-
bution across all scales was approximately 25–45%, 
but a tendency toward stabilization was observed at 
the 41-year time scale. In the 21-year time scale, the 
predominant occurrence rate for the MID drought 
class ranged from 30 to 50%, but after 10  years, 
this rate decreased to approximately 20–40%. In the 
41-year time scale, the occurrence rate of the MID 
drought class in the region showed a tendency toward 
stabilization at approximately 30–40%. In the SPI6 
(1) period, considering all drought classes and time 
scales, it has been determined that the different lev-
els of formations in the 21-year series decreased in 
the 31-year time scale and further decreased in the 
41-year scale, indicating a tendency for each drought 
class to stabilize.

For the SPI6 (2) season, when examining the 
figures given in Fig. 8, it can be observed that the 
spatial distribution of the EW drought class in the 
21-year time scale is predominantly in the eastern 
and central regions of the region, with an occur-
rence rate of 0–1%. However, in the region’s west-
ern part, EW drought class formations at a 3–5% 
rate are notable. In the 31-year time scale, EW 
formations representing 1–3% of the region have 
been observed, indicating a trend toward stabiliza-
tion. This trend has increased toward a 3% occur-
rence rate over the past 10  years. In the 21-year 
time scale, the predominant occurrence of the ED 
drought class in the eastern and central parts of 
the region was 4–5%, while in other areas, it was 
0–3%. At the 31- and 41-year scales, the predomi-
nant formation of the ED drought class decreased 
by 3–4% and 0–3%, respectively. When examining 
the spatial distribution of the SW drought class, 
formations at the 21-year scale were observed to 
be approximately 0–9% throughout the region. At 
the 31-year scale, the formations were stable in 
the 3–6% range. In the 41-year time scale, while 
the SW formations occurred at a rate of 0–9% 
throughout the region, considering the 21–31 and 

Fig. 7  The map of average drought class occurrence (%) of 
SPI6 (1) season

Fig. 8  The map of average drought class occurrence (%) of 
SPI6 (2) season
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41-year scales, a stabilization trend toward 3–6% 
was observed. For the SD drought class in the 
Mediterranean region, formations in the 21-year 
scale were observed in the range of 0–6%, and 
over the past 10 years, the weighted occurrence in 
the 31-year time scale tended to stabilize at 3–6%. 
This trend continued in the 41-year time scale 
throughout the region. MW drought class forma-
tions at the 21-year scale were observed predomi-
nantly in the east of the province, around Isparta 
and Eğirdir, except for occurrences in the 15–25% 
range. No significant differences in occurrences 
were observed at the 21–31 and 41-year scales. 
It was determined that the MW drought class sta-
bilized in the region at a rate of 5–15%. The spa-
tial distribution of the MD drought class showed 
a pattern similar to that of the MW drought class. 
While occurrences in the 21-year time scale 
extended to areas around Isparta, Eğirdir, and 
Antalya at a rate of 15–25%, in the 31- and 41-year 
time scales, the predominant occurrence rate of 
the MD drought class in the region varied in the 
range of 5–15%. For the MIW drought class, it was 
observed that there was stabilization in spatial dis-
tribution throughout the area at an occurrence rate 
of 28–44% for all time scales. The predominant 
occurrence rates for the MID drought class were 
24–40% for all time scales, with differences only 
in spatial distributions.

During the SPI6 (2) period, when all drought 
classes and 21-, 31-, and 41-time scales are consid-
ered together, a consecutive decrease in EW, SW, 
ED, and SD drought class formations was observed 
throughout the region. However, it is important to 
note that there is significant variability in formations, 
as indicated by the dual comparisons in Table  1. In 
the subcategories of drought and wetness, it was 
found that each drought class tends to stabilize con-
secutively, similar to the pattern observed during the 
SPI6 (1) season.

Results of the trend test

Within the scope of this research, the MK and Sen’s 
slope tests were applied to consecutive and overlap-
ping 21-, 31-, and 41-year SPI time series for the 
SPI12, SPI6 (1), and SPI6 (2) periods. MK (Z) and 
Sen’s slope (Q) trends and trend magnitudes were 
obtained for each station for different periods and 

consecutive time scales. Mann–Kendall trend maps 
and Sen’s slope trend maps for each distinct SPI 
period and consecutive overlapping time scales were 
obtained through the IDW method using the Z and Q 
statistics representing each station.

Mann–Kendall trend maps

The MK statistics representing each station for the 
SPI12, SPI6 (1), and SPI6 (2) seasons at 21-, 31-, and 
41-year time scales were utilized to obtain the spatial 
distributions of the MK statistics and the hypsometric 
curves of the MK statistics. The spatial and tempo-
ral distribution of MK statistics in the Mediterranean 
region for all time scales of SPI12 is illustrated in 
Fig.  9. The Mann–Kendall trend maps and median-
based drought class maps shown in Fig. 5 were jointly 
considered in determining drought’s spatial and tem-
poral spread.

When examining the spatial distribution of the Z 
(SPI12) statistic at the 21-year time scale (Z(SPI12)21) 
for the SPI12 period, it is considered that the decreas-
ing trends occurring in the east of the region, par-
ticularly in the middle region around Mut, with Z 
values between − 1.5 and − 1.0, need to be taken into 
account. Over the past 10  years, significant trends 
have occurred at the 31-year time scale in the region. 
Significant decreasing trends have been observed, 
especially in the middle area around Mut, and 
decreasing trends continue toward the region’s east.

Considering the 41-year time scale, although there 
are no significant trends in the overall region in both 
increasing and decreasing directions, it has been 
determined that reducing trends, especially around 
Mut in the east of the area, persist, as observed in 
the 21-year time scale. For the SPI12 period, when 
considering the Z statistic according to hypsometric 
curves for 50% of the region, it is determined that at 
the 21-year time scale, Z is ≤  − 0.01, over the past 
10 years Z is ≤  − 0.03, and at the 41-year time scale, 
Z is ≤ 0.01. Regarding the trends in time scales based 
on the spatial average in the region, statistically 
nonsignificant decreasing-decreasing and increasing 
trends have occurred.

Considering the 21, 31 and 41-year time scales of 
the SPI12 season only significant decreasing trends 
(Z ≤  − 1.96) were observed in the 31-year time scale. 
It was determined that the drought trend increased in 
the vicinity of Mut. According to the climate class 
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map shown in Fig. 5, when 50% of the basin area is 
taken into consideration for the trends in different 
time scales seen in the hypsometric curves, it is deter-
mined that there is a trend from the MIW climate 
class to the MID class in the central part of the basin. 
It is predicted that MIW and MID climate classes will 
maintain their dominance in the future.

Mann–Kendall trend maps and hypsometric 
curves of the SPI6 (1) season at the different time 
scales are presented in Fig.  10. For the SPI6 (1) 

season at the 21-year time scale (Z(SPI6 (1)) 21), no 
significant trends were observed in either increas-
ing or decreasing directions (within − 1.96 to 1.96) 
across the entire study region. However, in the west-
ern part of the region, around Elmalı, in the cen-
tral area around Mut, and in the eastern part around 
Göksun, it is suggested to consider decreasing trends 
within Z = (− 1.5 − (− 1.0)). At the 31-year time 
scale, significant trends (Z ≥  − 1.96) were observed 
in Alanya, Mut, Silifke, and the surrounding areas, 

Fig. 9  The MK trend maps 
and hypsometric curves 
of SPI12 at different time 
scales



 Environ Monit Assess (2024) 196:602

1 3

602 Page 18 of 29

Vol:. (1234567890)

with a decreasing trend across the region. Consider-
ing the 41-year time scale, no significant trends were 
observed in increasing and decreasing directions 
across the area. Similar to the 21-year time scale, it 
was observed that the decreasing trends in the middle 
part of the region around Mut station stabilized. The 
presence of decreasing trends around the Mut sta-
tion was confirmed. In the hypsometric curves, when 

considering 50% of the region area, Z values were 
below − 0.4 for the 21-year scale, below − 0.6 for the 
31-year scale, and below − 0.25 for the 41-year scale. 
Despite not being statistically significant, decreasing-
decreasing-decreasing trends persisted across all time 
scales in consecutive and overlapping intervals.

For the SPI6 (1) season at the 21-, 31-, and 41-year 
time scales, significant trends in the decreasing 

Fig. 10  Mann–Kendall 
trend maps and hypsometric 
curves of SPI6 (1) at differ-
ent time scales
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direction (Z ≤  − 1.96) were observed only at the 
31-year time scale across the entire region. This pat-
tern is similar to the SPI12 period. Mainly, a signif-
icant trend in the middle part of the region, around 
Mut station, from the MIW drought class toward 
the MID drought class was notable according to 
the drought class map shown in Fig. 5. Considering 
the spatial averages of the hypsometric curves, it is 

anticipated that the MIW and MID drought classes 
will maintain their dominance in the future across the 
entire region, with a nonsignificant yet apparent trend 
toward the MID class.

Figure  11 shows Mann–Kendall trend maps and 
hypsometric curves of SPI6 (1) season at differ-
ent time scales. The most notable observation for 
the SPI6 (2) period at the 21-year time scale was the 

Fig. 11  Mann–Kendall 
trend maps and hypsometric 
curves of SPI6 (2) at differ-
ent time scales
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prevalent increasing trends across the region. Insig-
nificant decreasing trends were observed around Mut 
and Silifke. In the subsequent decade, at the 31-year 
time scale, statistically significant trends appeared in 
Finike, Elmalı, Seydişehir, Anamur, and Mut. In the 
region’s eastern part, a decrease in increasing trends 
was noted compared to the 21-year time scale. At the 
41-year time scale, increasing trends gained impor-
tance in the western and central regions, while in the 
east, especially around Mersin, Adana, Kozan, and 

Göksun, trends shifted toward a decreasing direction 
(Z = (0 − (− 1.5))). Considering 50% of the region part 
in the hypsometric curves, the Z statistic was below 
Z ≤ 0.55 for the 21-year scale, Z ≤ 0.70 in the subse-
quent decade, and Z ≤ 0.80 at the 41-year scale. Despite 
being statistically insignificant, increasing-increasing-
increasing trends persisted across all time scales.

In the SPI6 (2) season at the 21-, 31-, and 41-year 
scales, a prevailing trend of increasing trends in the 
region was identified, indicating a nonsignificant 

Fig. 12  Sen’s slope trend 
maps and hypsometric 
curves of SPI12 at different 
time scales
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tendency toward wetter conditions. According to the 
drought class map shown in Fig. 5, there was a nonsig-
nificant trend from the MID drought class toward the 
MIW drought class across the entire region. Consider-
ing the spatial averages of the hypsometric curves, it is 
anticipated that the MIW and MID drought classes will 
maintain their dominance in the whole area in the future.

Sen’s slope trend maps

Sen’s slope (Q) statistics were obtained for the SPI12, 
SPI6 (1), and SPI6 (2) seasons at 21-, 31-, and 41-year 
time scales to determine the spatial distribution and 
hypsometric curves of meteorological drought in the 
region. In the SPI12 season, the spatial and temporal 
distribution of Q statistics in the Mediterranean region 
for all time scales is shown in Fig. 12. The linear mod-
eling of trends using Sen’s slope method has revealed 
changes in time scales more explicitly than MK maps 
in determining the spatial and temporal spread of mete-
orological drought in the region. The Sen’s slope trend 
map and median-based drought class maps shown in 
Fig. 5 were jointly evaluated for this purpose.

In the SPI12 season at the 21-year time scale, the 
decreasing trends in the region occurred with speeds 
(SPI12/year) in the range of − 0.025 − (− 0.075) in the 
western areas of Isparta, Elmalı, Finike, Kaş, Mut, and 
Göksun. In the east, predominantly increasing trends 
were observed, with increasing annual trend speeds 
ranging from 0.000 to 0.050. At the 31-year time scale, 
it was determined that the decreasing trend speeds con-
tinued to slow down across the region. At the 41-year 
time scale, it was observed that decreasing trends per-
sisted, and increasing trends spread across the area. 
Considering 50% of the region part in the hypsometric 
curves, the trend speeds were below Q ≤  − 0.015 SPI12/
year, Q ≤  − 0.014 SPI12/year, and Q ≤ 0.001 SPI12/year 
for the 21-, 31-, and 41-year time scales, respectively.

When considering the hypsometric curves of the 
SPI12 season, there was no significant difference 
in the drought spread rate in overlapping every 10 
(31 years) years compared to the 21-year time scale. 
However, in the overlapping 10 (41  years) years, it 
was determined that the drought spread rate in the 
region slowed down and exhibited an increasing 
trend. Considering the drought class map given in 
Fig. 5, it is anticipated that in the future, there will be 
a trend toward the MID drought class shifting toward 
the MIW drought class in the region.

Sen’s slope trend maps and hypsometric curves 
obtained for the SPI6 (1) season at different time 
scales are shown in Fig. 13. In the SPI6 (1) season, 
the trend speeds (SPI6 (1)/year) of decreasing and 
increasing trends that occurred in the region at the 
21-year time scale were similar to the SPI12 sea-
son (− 0.025– (− 0.075); 0.000–0.050). At the 31- 
and 41-year time scales, it was determined that the 
slowing down of decreasing trend speeds across the 
region exhibited the same behavior as the transitions 
between drought classes in the SPI12 season. In the 
hypsometric curves for the SPI6 (1) season, consider-
ing 50% of the region, the trend speeds were below 
Q ≤  − 0.024 SPI12/year, Q ≤  − 0.016 SPI12/year, 
and Q ≤  − 0.005 SPI6 (1)/year for the 21-, 31-, and 
41-year time scales, respectively. It was observed that 
drought prevailed with decreasing, decreasing, and 
decreasing trends, but the spread rate slowed.

Considering the hypsometric curves of the 21-year 
time scale in the SPI6 (1) season, it was determined 
that drought spread exhibited decreasing trends in 
the region during overlapping and successive 31 
(10  years) and 41 (10  years) periods. However, the 
speed gradually slowed down. When considering the 
drought class map given in Fig.  5, it is anticipated 
that in the future, there will be a trend toward the 
MID drought class shifting toward the MIW drought 
class in the study region, similar to the SPI12 season.

In Fig. 14, Sen’s slope trend maps and hypsomet-
ric curves of SPI6 (1) season at different time scales 
are presented. In the SPI6 (2) season, at the 21-year 
time scale, the trend speeds (SPI6 (2)/year) of 
decreasing trends that occurred in the region in the 
west in the Isparta, Mut, and Göksün regions ranged 
from − 0.025 to 0.000. Predominantly increasing 
trends (0.000–0.100) were observed in the east. 
At the 31-year time scale, it was determined that 
region-wide decreasing trend speeds did not change 
(− 0.025 to 0.000), and their areal spreads declined. 
Increased trend speeds slowed (0.000–0.050), but 
their spreads expanded. In the 41-year time scale, it 
was found that the decreasing trend speeds did not 
change, but their spread expanded in the area cov-
ering Kozan, Adana, and Göksun. Increased trends 
spread across the entire region, but no change in 
trend speeds was observed. When considering 50% 
of the whole area in the hypsometric curves, it 
was determined that the trend speeds were below 
Q ≤ 0.024 SPI6 (2)/year, Q ≤ 0.016 SPI6 (2)/year, 
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and Q ≤ 0.008 SPI6 (2)/year for the 21-, 31-, and 
41-year time scales, respectively. It was observed 
that trends were increasing, increasing, and increas-
ing for three scales, indicating the dominance of 
moisture, but the spread rate slowed down.

From the hypsometric curves of the SPI6 (2) sea-
son, it was determined that in overlapping 21-, 31-, 
and 41-year time scales, the increasing trends indicat-
ing increased moisture in the region showed a pro-
gressively slowing spread rate. Considering that the 

drought class map is shown in Fig. 5, it is anticipated 
that in the future, the MIW drought class will main-
tain its dominant characteristic in the region.

Discussion

Gül and Kuzucu (2017) analyzed the meteorologi-
cal drought of the Seyhan Basin in the eastern part 
of the study area using two different methods and 

Fig. 13  Sen’s slope trend 
maps and hypsometric 
curves of SPI6 (1) season at 
different time scales
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conducted a trend analysis. The study found no sig-
nificant trend in monthly precipitation data but iden-
tified a noticeable decreasing trend in drought index 
values. Additionally, drought intensity and frequency 
have increased in recent years. Gumus (2019) deter-
mined the trend and trend start years of meteorologi-
cal parameters measured at 14 stations in the Cey-
han and Seyhan basins. It was determined that there 
were significant temperature increases, and the trend 

generally started in the mid-1990s. Simsek (2021) 
analyzed the hydrological drought of the Mediter-
ranean region in 3-, 6-, and 12-month periods. As a 
result of the study, it was reported that ED and SD 
drought classes occurred at a higher rate in the central 
part of the region than in other parts of the region. In 
this study, a similar situation occurred in meteorolog-
ical drought, especially for the SPI12 season, on time 
scales of 21 and 41  years. Dikici and Aksel (2021) 

Fig. 14  Sen’s slope trend 
maps and hypsometric 
curves of SPI6 (2) at differ-
ent time scales
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analyzed drought risk in the Ceyhan Basin using 
meteorological, hydrological, and hydrogeological 
data. These values were compared by determining 
the indices and indicators found in past studies, and 
their relationships were examined. It was reported 
that a slowly progressing drought occurred in the 
basin during the examined period. Precipitation in 
the basin has decreased over the last 50 years. It has 
been determined that drought occurrence is at serious 
levels in 20-year recurrence periods. Bayer Altin and 
Altin (2021) analyzed meteorological and hydrologi-
cal drought using the values measured between 1967 
and 2017 at flow and precipitation observation sta-
tions in the Eastern Mediterranean basin. In the study, 
meteorological drought was calculated with SPI and 
hydrological drought with a standardized streamflow 
index (SSI). As a result of the study, they reported 
that there was a 1-year delay between meteorologi-
cal drought and hydrological drought according to 
the Pearson correlation coefficient. According to SPI 
12, drought occurrence was quite evident between 
2002–2003 and 2008–2009. This situation parallels 
the consecutive and overlapping time scale drought 
results of the SPI12 season 1978–2008/31  years 
for the central part of the study area. Gumus et  al. 
(2022b) determined the trend of monthly total flow 
data measured between 1977 and 2015 at 20 flow 
observation stations in the Mediterranean region with 
MK, innovative polygon trend analysis (IPTA) and 
innovative trend significance test (ITST), the trend 
magnitude was determined with the SS method. From 
the results obtained, statistically decreasing series for 
the MK, ITST, and IPTA methods were determined in 
55, 158, and 158 of the 240-time series, respectively, 
in the study region. Additionally, the average SS 
value at stations in the region’s east was determined 
to be − 26%/decade. This result is quite similar to the 
spatial variation of SS values at all successive time 
scales of SPI12 and SPI6 (1) in the presented study, 
showing that the decrease in precipitation affects 
river flows and water resources. Gumus (2023) used 
temperature and precipitation data measured con-
tinuously for 51 years at 199 stations to analyze the 
drought of all of Turkey with the SPEI and SPI meth-
ods. The occurrence percentages of different drought 
classes for the Mediterranean region were evaluated 
spatially and temporally in the study where meteoro-
logical drought was examined in 3-, 6-, and 12-month 
periods. It can be said that the spatial distributions of 

the occurrence percentage of drought classes obtained 
by the SPI method are quite similar to the formation 
rates and spatial distributions of drought classes in 
the SPI12 season on a 41-year time scale in this study. 
Soylu Pekpostalci et al. (2023) conducted a meteoro-
logical drought analysis using the SPI method based 
on precipitation data recorded between 1971 and 2021 
at 35 meteorological observation stations in the Med-
iterranean region. They calculated SPI series for 3-, 
6-, and 12-month periods to evaluate meteorological 
drought. The spatial occurrence of different drought 
classes at stations for these time scales was presented. 
The results obtained closely resemble this study’s 
outcomes of a 41-year time scale. In both studies, it 
was observed that the percentage of occurrence of the 
ED drought class is significant in the central part of 
the study area and at the Göksun station, while the 
percentage of occurrence of the SD drought class is 
notably high in the western part of the region, and 
the MD drought class has a high occurrence percent-
age in the northwest of the region. Seker and Gumus 
(2022) made a future projection of the precipitation 
and temperature values of the Mediterranean Region. 
As a result of the study, it was determined that with 
the SSP5–8.5 scenario, precipitation in the southeast-
ern and eastern parts of the region will decrease by an 
average of 33.4% between 2021 and 2100.

Considering these studies on the study region in the 
literature, it is understood that the SPI method is used 
in the drought analysis of meteorological drought, 
and the MK test and the SS test are used to determine 
the drought trend and magnitude trend, respectively. 
When these studies on the drought of the region were 
examined, it was determined that the data length was 
considered as a period, and in this study presented, 
it was determined that it was possible to evaluate the 
change of drought from the past to the present in more 
detail if cumulative drought analysis was revealed 
by taking into account different data record lengths. 
The spatial distribution of the occurrence rate, trend, 
and change of different drought classes and hypso-
metric curves of the MK and Sen’s slope statistics 
was evaluated in SPI12, SPI6 (1), and SPI6 (2) for 
data record lengths of 21, 31, and 41 years. From the 
results obtained as a result of the study and the results 
of previous studies, it was determined that the mete-
orological and hydrological drought risk is relatively 
high both in the central part of the study area and 
in the northeastern region (the southern part of the 
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Seyhan basin). From the spatial and temporal changes 
of the SPI 12 and SPI 6(2) values obtained in the 21-, 
31-, and 41-year periods of the study region, drought 
increased in the region from 21- to 31-year and from 
21- and 41-year data sets, while drought decreased in 
the analysis based on the 31- and 41-year data sets. 
In the SPI 6 (1) season, there is a decrease in the 
percentage of drought occurrence for each period of 
10  years (21 to 31, 31 to 41, 21 to 41). For all sea-
sons examined, it is seen that the magnitude of the SS 
value decreases with increasing data record length In 
the central part of the region (around Mut station), a 
statistically significant decreasing trend was obtained 
with MK on a 31-month time scale in the SPI 12 and 
SPI6 (1) seasons. In SPI6 (2), no statistically signifi-
cant increasing or decreasing trend exists in any data 
record length.

In the SPI12, SPI6 (1), and SPI6 (2) seasons, 
inverse correlations were identified between EW-ED, 
SW-SD, MW-MD, and MIW-MID drought classes 
across 21–31, 31–41, and 21–41-year scales. Com-
paring the formations of drought classes in the SPI12, 
SPI6 (1), and SPI6 (2) seasons across 21–31, 31–41, 
and 21–41-year time scales, it was determined that 
the absolute variability of the formations of EW, SW, 
ED, and SD drought classes in both increases and 
decreases was much greater than the absolute vari-
ability of the increases and decreases in MW, MIW, 
MID, and MD drought classes. This result coincides 
with the occurrence of floods and flooding events in 
the region in recent years. The results obtained should 
be considered in terms of improving the stream beds, 
increasing their capacity by evaluating the flood risk, 
and planning the existing water resources in drought 
due to the increase in the indices values of extreme 
drought and wet in the region. In addition, it is known 
that the productivity of agricultural activities in the 
Mediterranean region is affected by rainfall decreases 
and extreme rains and hailstorms, which seriously 
damage the region’s economy.

Conclusion

This study aims to evaluate meteorological drought 
in the Mediterranean Region, which forms the south-
ern borders of Turkey and is very sensitive to ocean 
oscillations across different time scales. Within the 

scope of the study, monthly total precipitation records 
spanning 41 years were divided into the hydrological 
years 1978–1998 (21  years), 1978–2008 (31  years), 
and 1978–2018 (41 years) to obtain monthly SPI12, 
SPI6 (1), and SPI6 (2) seasons. Various drought 
class maps, drought class average formation maps, 
Mann–Kendall trend maps, and Sen’s slope trend 
maps were obtained for different periods and time 
scales. The results of the study can be summarized as 
follows:

• Although there was no significant change in the 
average annual total precipitation data measured at 
21, 31, and 41 years of recording periods, it was 
determined that data recording lengths were effec-
tive on meteorological drought results.

• As the length of the data record increases, the 
upper and lower bounds of the internal depend-
ence become narrower, and the number of stations 
with internal dependence effect decreases from 
SPI12 to SPI6 (1 and 2).

• The region’s extreme wet and drought formations 
are not stationary compared to other subclasses 
and carry risk.

• Statistically significant decreasing trends are evi-
dent in the central part of the study area over a 
data length of 31 years. It is understood that this 
part is the riskiest region regarding drought.

• Although SS and MK test statistics are similar 
spatially and temporally, the SS test revealed the 
transitions in drought changes more clearly.

• The predominance of MID and MIW periods 
throughout the region in the 41 years reveals that 
the region may experience hydrological drought in 
the coming years.

From the results obtained as a result of the study 
and the results of previous studies, it was determined 
that the meteorological and hydrological drought risk is 
relatively high both in the central part of the study area 
and in the northeastern region (the southern part of the 
Seyhan basin). The results obtained should be consid-
ered in terms of improving the stream beds, increasing 
their capacity by evaluating the flood risk, and plan-
ning the existing water resources in case of drought due 
to the increase in the index values of extreme drought 
and rainy periods in the region. It is possible to evalu-
ate the impact of climate change on drought classes in 
drought studies that take into account consecutive and 
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overlapping data record lengths. In future studies, issues 
such as examining the effects of atmospheric oscillations 
on the meteorological and hydrological droughts of the 
region and considering the hydrological drought in the 
region can be addressed similarly to this presented study. 
The limitation of this study is that only the precipitation-
based SPI method is taken into account in the evaluation 
of meteorological drought and that other methods that 
use potential evapotranspiration (PET) values in drought 
analysis in addition to the precipitation parameter are 
not used, considering that atmospheric oscillations will 
change temperatures in the region.
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