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ABSTRACT

In this study, Mann-Kendall (M-K) trend test was used to observe the temporal variation of precipitation,
temperature, and flow data of Manavgat Stream, Kopriigay and Dim Stream sub-basins in the Middle
Mediterranean Basin. Also, meteorological drought analysis by using Standardized Precipitation Index (SPI) and
Reconnaissance Drought Index (RDI), and hydrological drought analysis by using Streamflow Drought Index
(SDI) were performed for this study region. M-K trend test was re-applied to define the temporal variation of
standardized meteorological and hydrological drought values obtained in 3-, 6-, 9- and 12-months periods.When
the trend analysis results were examined, there was an increasing trend in all stations for the SPI method in the 12-
month period, while a decreasing trend was observed in the Manavgat and Alanya stations in the RDI method. In
the SDI method, a decreasing trend was detected in all periods. The temporal relationship of these drought indices
was tried to be explained for the processes in which significant changes were observed according to the trend test.
Therefore, the relationships between flow data and SP1 as well as RDI were examined at different lag times. When
the relationship between flow values of Dim and Manavgat Stream and both SPI and RDI values was examined,
it was obtained a high correlation for four-month delay.

Keywords- Middle Mediterranean Basin, Standardized Precipitation Index, Reconnaissance Drought Index,
Streamflow Drought Index, Trend Analysis
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Bu calismada, Orta Akdeniz Havzasi’nda bulunan Manavgat Nehri, Kopriigay ve Dim Cay1 alt havzalarina ait
yagis, sicaklik ve akim verilerinin zamansal degisimini gézlemlemek i¢cin Mann-Kendall (M-K) trend testi
kullamlmistir. Ayn1 zamanda, bu bélge icin Standartlastirilmis Yagis Indeksi (SYI) ve Kesif Kuraklik indeksi
(KKI) ile meteorolojik kuraklik, Akim Kuraklik Indeksi (AKI) ile hidrolojik kuraklik analizleri
gerceklestirilmistir. 3-, 6-, 9- ve 12- aylik periyotlarda elde edilen standartlastirilmis meteorolojik ve hidrolojik
kuraklik degerlerinin zamansal degisimini tanimlayabilmek i¢in M-K trend testi tekrarlanmigtir. Trend analizi
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sonuglar1 incelendiginde 12 ayhik periyotta SYI yontemi igin tiim istasyonlarda artan trend varken, KKi
yonteminde ise Manavgat ve Alanya istasyonunda azalan trend goriilmiistiir. AKI y&teminde tiim periyotlarda
azalan trend tespit edilmistir.Trend testine gdre anlamli degisimlerin gozlendigi siirecler ig¢in bu kuraklik
indekslerinin birbirleriyle olan zamansal iligkisi ortaya konulmaya g¢alisilmistir. Bunun ig¢in, akis verileri ile SPI
ve ayrica KKI arasindaki iliskiler farkli gecikme siirelerinde incelenmistir. Dim ve Manavgat Cay1 i¢in SYI ve
KKI ile akim degerleri arasindaki iliski irdelendiginde 4 ay gecikme ile yiiksek korelasyon elde edilmistir.

Anahtar Kelimeler- Orta Akdeniz Havzasi, Standartlastiridmis Yagus indeksi, Kesif Kurakhk Indeksi, Akim
Kuraklik Indeksi, Trend Analizi

I. INTRODUCTION

Drought is defined as the scarcity of water due to the lack of precipitation in a region. Although drought
is one of the most difficult natural disasters to predict, it often develops slowly and occurs in over a long period of
time [1]. Drought, which is considered a common feature of the climate, is a recurrent event. This phenomenon
occurs not only in arid regions, but in all climatic zones [2]. Drought is examined in three parts as meteorological,
agricultural, and hydrological drought that occurs sequentially over time. Some indices are used in the
determination of these drought types. There are various studies related to Standardized Precipitation Index (SPI)
and Reconnaissance Drought Index (RDI) which are used for the determination of meteorological drought. SPI is
an index developed by McKee et al. [1] to determine the time interval, region, severity, and frequency of drought.
Aktiirk et al. [3] presented a drought analysis study in the Kirikkale province of Turkey with the use of SPI and
SPEI methods for the 1963-2018 period. They obtained high correlations between the two indices for the same
time scale and concluded that SPI and SPEI methods are applicable in the detection and monitoring of drought in
the study area. Akturk et al. [4] employed the SPI method to examine drought characteristics in the Kizilirmak
river basin of Turkey for the 1960-2017 period. They determined that the basin was under the impact of widespread
droughts across the country during the study period. Katipoglu et al. [5] used the average precipitation and
temperature values for 3- and 12- months periods in 52 years (1966-2017) of Erzincan station located in the
Euphrates Basin in Turkey. They analyzed these data using SPI, RDI, Statistical Z-Score Index (ZSI), Rainfall
Anomaly Index (RAI) and Standardized Precipitation Evapotranspiration Index (SPEI) methods. According to the
analysis results, it was seen that the precipitation-based SPI and ZSI methods were in accordance with each other.
Also, temperature-based SPEI and RDI were similar in themselves. It has been observed that the RAI method is
more effective than other methods in detecting extreme drought or rainy periods. SPEI and RDI have been shown
to be superior to other indices because they reflect the water climate changes on the analysis. Jehanzaib et al. [6]
conducted drought analyzes for South Korea using SPI, SPEI, Standardized Runoff Index (SRI) indices for
different time intervals. It has been observed that the possibility of the transformation of meteorological drought
into the hydrological drought increases under the effect of climate change. Cavus and Aksoy [7] conducted SPI
analysis on the precipitation data obtained from the Adana meteorology station located in the Seyhan river basin
of Turkey. For the years 1960-2016, analyzes were made for 1-, 3-, 6-, 9-, 12- and 24- months periods. Eris et al.
[8] conducted analyzes for 13 different stations in the KiigiikMenderes river basin of Turkey using Dimensionless
Precipitation Anomaly Index (DPAI), SPI, SPEI methods between 1960 and 2018. According to the analysis
results, it was observed that there was a severe and extreme drought in the basin. In addition, they indicate that it
was determined that drought intensity increased, and its frequency decreased over time. Cavus and Aksoy [9]
examined the spatial drought for the Seyhan River Basin in the Eastern Mediterranean region of Turkey. SPI was
derived from monthly precipitation data on a 12- month period for 19 meteorology stations on the river basin. In
terms of the lack of precipitation, it was determined that there was a moderate and severe drought in the Seyhan
River Basin. It was observed that the coastal part of the basin was affected more by the drought, while the northern
part was less affected. Aksever [10] examined a SPI drought analysis by using precipitation data between 1975
and 2018 for the Kaklik Plain in the Denizli province of Turkey. According to the analysis, it was found that 13
months were dry in this time interval. Giimiis et al. [11] conducted a drought analysis with SP1 by using monthly
precipitation data from the stations in the Sanliurfa province of Turkey for 78 years. For the data of the last 30
years, they found that the drought frequency increased. Efe and Ozgiir [12] conducted monthly and annual drought
analyzes for the Konya Province in Turkey by using SPI and Percentage of Normal Index (PNI) with the
precipitation data obtained from 20 stations for 1972-2013 years.They determined dry in most of the stations in
April especially in recent years according to the SPI method. According to the PNI method,they found that drought
recurs frequently in the summer months, especially in August in the majority of the stations. Another
meteorological drought method is the RDI proposed by Tsakiris and Vangelis [13]. In this method, potential
evapotranspiration (PET) data and precipitation data were used. Malakiya and Suryanarayana [14] used the RDI
and SPI methods to assess drought in Amreli region in India. They tried to determine drought categories based on
35-year data including precipitation and PET values. For both methods, more meaningful results were obtained
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for the 12- month period, and it was stated that moderate drought category was seen more frequently in the region.
Kousari et al. [15] conducted drought analysis for Iran with the RDI, nonparametric Mann-Kendall (M-K) method
and Sen's trend test. According to their outcomes, the RDI results showed a decreasing trend, especially in long
periods of 12-, 18- and 24- months. They stated that decreasing trend in RDI time series means the increasing trend
in drought severities. Tsakaris et al. [16] used the RDI, SPI and decimal slices methods for regional drought
assessment in Mornos and Nestos basins in Greece. According to their analysis,decimal slices methodsgave similar
results with the SPI1 and RDI methods. However, they stated that the RDI method was more suitable for sensitive
areas and regions that climate change occurs.

Hydrological drought appears as the lack of underground and surface water resources with the effect of
meteorological drought in a region in the next stage. Mishra and Singh [17] drew attention to the consequences
such as hydrological drought, the deterioration of water quality in the region, the decrease in agricultural yield, the
decrease in stream flows and the adverse effects on morphology. Many studies have been carried out for the
determination of hydrological drought with the Streamflow Drought Index (SDI) applied to standardize the stream
flow data. In the SDI method proposed by Nalbantis [18], volumetric flow data were used. Malik et al. [19]
conducted a drought analysis the SDI method using data from two stations located at the top of the Ramganga
River basin in India between 1975 and 2007.They stated that there was no severe and extreme drought for both
stations. They identified that the frequency of moderate drought was high for both stations. Giimiis [20] conducted
a drought analysis with the SDI method using a 52-year data set taken from four different stations in the Asi River
basin. According to the results of the analysis, he determined the year 2000 was a severe drought year, while the
year 2001 was an extreme drought year. Tabari et al. [21] conducted a drought analysis with the SDI method using
data from 1975-2009 for 14 stations located in the northwest of Iran. According to the SDI results, they found that
there was drought in each station. In addition, they observed that extreme drought occurred for 12-years between
1997 and 2009.

The precipitation, temperature and flow data used in meteorological and hydrological drought analysis
are randomly changing variables that may increase or decrease over time. TheM-K test, one of the special methods
used in the study, is a non-parametric test that examines the increase or decrease trend of a time dependent variable.
Yildiz et. al [22] analyzed drought severity, trend and results with SP1, 12- month period over a 48-year period in
the Susurluk Basin of Turkey. Innovative trend analysis and M-K tests were used to determine the trends of SPI
values. Malik et. al [23] used M-K and graphical Sen-Innovative Trend (SIT) tests to determine the Effective
Drought Index (EDI) trend of 13 meteorological stations in India. The results obtained by examining the trend that
could not be detected and observed by the MK method in the EDI data series showed the superiority of the SIT
method. Kisi and Ay [24] used Sen's [25] innovative water parameters method and M-K test. They conducted trend
analysis for 4 stations selected across the Kizilirmakriver basin. They found that the two methods were compatible
with each other. Biiyiikyildiz and Berktay [26] examined the trend of monthly total precipitation data of Sakarya
Basin by using the Sen, Spearman Rho and seasonal M-K tests in addition to the M-K test. For the precipitation
data obtained from 25 stations, decreasing trends with a significance level of 0.05 were determined at the half of
the stations while an increasing trend was observed in the remaining part. Yue and Wang [27] applied the cross-
correlated M-K Rank Correlation test to approximately 100-year precipitation data of 22 stations for three different
geographic regions in Canada.

In this study, meteorological and hydrological drought analysis, which is of great importance for the water
resources planning and monitoring, was carried out by using the monthly average flow, monthly average
precipitation, and temperature data. The Manavgat Stream, Dim Stream and Kopriigay stations in the Middle
Mediterranean Basin in Turkey were selected as the study area. The SPI and RDI methods were used for the
meteorological drought and the SDI was used for the hydrological drought analyses. The temporal variation was
investigated by applying the M-K test to historical precipitation, temperature, flow records and calculated PET
values, as well as the standardized drought indices obtained by the RDI, SPI and SDI methods for 3-, 6-, 9- and
12- month periods. The relationship between meteorological and hydrological drought was investigated using SPI,
RDI and flow values for different lag times.
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Il. METHOD
A. Study Area and Data

The study area includes the Manavgat stream, Kopriigay stream and Dim stream sub-basins which are
located in the Middle Mediterranean Basin.The Mediterranean climate is effective in this region, where the annual
average precipitation is 881.7 mm, the annual average temperature is 18.1 °C and the relative humidity is 60.6%
[28]. The Manavgat stream, which originates from the Taurus Mountains is 93 km long. It flows into the
Mediterranean Sea through Manavgat district center [29]. The Kopriicay stream originates from the Taurus
Mountains near Isparta Siitgiiler and flows into the Mediterranean Sea through narrow and deep canyons near Serik.
Likewise, the Dim stream originates from the Taurus Mountains and flows into the sea in Alanya. The map of the
study area is given in Figure 1.

Legend
- City Center
River

dem
Value
High : 2471
—
jrmm—

Low - O

Figure 1. The map of study area

For the meteorological drought analysis, monthly total precipitation, maximum, minimum and average
temperature values of Manavgat, Serik and Alanya meteorology stations were taken from the Turkish State
Meteorological Service. Also, for the hydrological drought analysis, monthly flow values of Manavgat Stream,
Kopriicay and Dim Stream were obtained from the General Directorate of State Hydraulic Works. These data
included values between 1972-1994 for Kopriigay, 1963-2002 for Manavgat River and 1963-1998 for Dim Stream.
Some statistical values of historical data were summarized in Table 1 and Table 2.

Table 1. Statistical values of precipitation and temperature data

Precipitation (mm) Temperature (°C)
Name of Time Intervals Standard Standard
Station Max. Average  Min. Dar} ar Max. Average Min. andar
eviation Deviation
Manavgat 1963-2002 780.8 92.04 0 47.57 30.3 18.49 7.7 0.13
Serik 1972-1994 603.4 93.48 0 48.03 29.9 18.40 6.8 0.24
Alanya 1963-1998 710.4 93.06 0 4741 305 18.87 8.3 0.14
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Table 2. Statistical values of flow data (m%/s)

Name of Station Time Max. Average  Min. Star)da_\rd
Intervals Deviation
Manavgat 1963-2002  0.084 0020  0.0000 0.006
Stream
Kopriicay 1972-1994 0.100 0.023 0.0080 0.007
Dim River 1963-1998 0.080 0.011 0.0009 0.005

B. Standardized Precipitation Index

The Standardized Precipitation Index (SPI) is a multiscale probability index that calculates precipitation
deviation during wet and dry periods and allows drought monitoring at different periods [1]. This index is accepted
as the starting point for the meteorological drought monitoring by the World Meteorological Organization. It is
widely used because it is simple and uses only monthly precipitation data [30].

With this index, calculations are made for a continuous monthly precipitation data set for at least 30 years
at different periods. Each of the precipitation data sets is considered to fit the Gamma function. Thus, the
relationship between precipitation and the probability of its occurrence can be determined [31].

SPI is obtained by subtracting the mean of precipitation from the amount of precipitation within the
specified time interval or period and dividing it by the standard deviation [32]. SPI is calculated as in Equation (1).
Xi—X¢

SPI = 5 (1)

Here, Xi is the amount of precipitation, X, is the mean precipitation in the time interval t, and Sy is the standard
deviation of the precipitation. The classification of SPI values is given in Table 3.

Table 3. Classification of SPI values [1]

SPI Value Classification
>2.00 Extremely humid
150 — 1.99 Humid
1.00 — 1.49 Moderately humid
-0.99 - 0.99 Milddrought
-1.00 - -1.49 Moderate drought
-150 - -1.99 Severe drought
<-2.00 Extremedrought

C. Reconnaissance Drought Index

Since the calculation approaches applied for each basin differ from each other, the results are unique for
each basin [33]. Reconnaissance Drought Index (RDI) is a method based on precipitation and potential
evapotranspiration data [13-16]. Reconnaissance drought index is calculated by Equation (2).

@ _ 2;21 Pij

where P;; and PET; represent precipitation and potential evapotranspiration values, respectively. N parameter

indicates the number of years of data set. Equation (2) is used to calculate the RDI initial value. RDI, value is
calculated as follows.

@ _ o
RDI® = 2= _q )

aki
a)
In Equation (3), @represents the mean of the a,(f) parameter. RDlIs refers to the standardized index and is

calculated as follows.

i Ok~
RDIY =2 )

Oy

Where y®is the In (a,((l)), y is the arithmetic mean value. &, is the standard deviation value [34].
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1)Thornthwaite method:

According to the method proposed by Thornthwaite and Matter [35], the PET value (mm/month) is
calculated according to Equation (5) by using the daily average temperature (T) values.

PET =16 (“I’—T)a ®)
where a is given by a third- order polynomial in the heat index(l) as below.
= 1151 (§)1.514 (6)
a=0.675x10"%13—0.771 x 107*/2 + 0.017921 + 0.49239 ©)
The PET value for different values of T is calculated according to Equation (8).
0 T<0°C
PET = 16 (21)° 0°C < T < 25.5°C @®)

—425.85 + 32.24 — 0.43T*? T = 26.5°C

The number of days in a month (), thedaylightduration (in hours) on fifteenthday of themonth (%), and latitude
are required to calculate the PET correction (Equation 9) [36].

PET = PET (;’;0) (%) )

D. Streamflow Drought Index

Streamflow Drought Index (SDI) was proposed by Nalbantis [37] for the analysis of hydrological drought
characteristics (duration, severity, and intensity) on multiple time scales. The SDI calculation method is like the
SPI method developed by [1]. The only difference is streamflow values that used instead of precipitation values
[37].

In this method, the stream cumulative flow is calculated by Equation (10) [38].
Qij =X q i=123,.. j=123,..,12 k=1.234 (10)

Here, Qjjis cumulative, gji. is hydrological year and k. is the total flow in the reference period. j defines the months
in a hydrological year (j = 1Octoberand j = 12September). The k value is the drought periods (k = 1, October-
December, k = 2, October-March, k = 3, October-June, k = 4, October-September). SDI value for each
hydrological year for period k is calculated by Equation (11).

SDIy =% =123, k=1234 (11)

Here Q, is the mean of the cumulative volume of flow for the reference period k and over a long period, and S is
the standard deviation value. Q, is considered the threshold level [39]. Hydrological drought conditions are
defined in Table 4 based on SDI.

Table 4. Hydrological drought conditions according to SDI [40]

Criterion Definition
SDI>0 No drought
-1<SDI<0 Mild drought
-1.5<SDI<-1 Moderate drought
-2<SDI<-15 Severe drought
SDI<-2 Extreme drought
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E. Mann-Kendall Trend Test

Mann-Kendall (M-K) trend test, known as Kendall's Tau statistics, is highly preferred in determining the
trends of the time series [41, 42]. M-K test is nonparametric and independent of data distribution. While the M-K
test statistic is expressed as S, it is calculated as follows.

S= Z?=_11 }lelsgn (x5 — x;) (12)
The trend in a time series is investigated by the null hypothesis According to Equation (12), the
hypotheses are ranked ini = 1,2, ......... , n-1 and x;. Also, the hypothesis is applied to x;time series. Each of the

data points (x;) is taken as a point compared with the rest of the x; data points. This is expressed in Equation (13).
lf(xj—xl-)>0, then +1
sgn(x; — x;) lf(Xj - xi) =0, then O (13)
lf(xj—xi)<0, then -1
The variance value of the S parameter is calculated according to Equation (14).

n(n—-1)(2n+5)-Yi%, t;()(i—1)(2i+5)
18

Var(S) = (14)

In Equation (14), t;is accepted as the number of nodes up to the sample i, and the significance of the M-
K test whose variance is determined by Equation (14) is confirmed by comparing it with the critical z value
calculated by Equation (15) with the standard normal variable z [21].

s-1
If S >0, then NZEo)
z= IfS=0, then 0 (15)
S+1
If § <0, then NZmo)

If the S value calculated according to Equation (15) is positive, it is an increasing trend and if it is negative,
it is a decreasing trend. In addition, M-K test provides convenience to the user as it is a method that can be used
even if there is any deficiency in the data set [43].

I11. APPLICATION

In this study, firstly, M-K tests were applied to historical precipitation, temperature data, and potential
evapotranspiration values which were calculated by depending on precipitation and temperature. Then, the M-K
test was applied to the standardized drought indices calculated using SPI, RDI and SDI in the 3-, 6-, 9- and 12-
month periods by DrinC software.

In SPI, the calculation of the index in 12-month and shorter periods is quite complicated because
precipitation data do not conform to the normal distribution. After establishing a probability relationship from
historical records, the probability of the occurrence of any observed precipitation data and its deviation from the
normal distribution whose mean is zero (0) and standard deviation is one (1) can be calculated. Precipitation data
are generally found to be compatible with the Gamma probability distribution. The conformity of the precipitation
data of the stations to the Gamma probability distribution was investigated to determine the precipitation
probabilities observed in periods less than 12- month. Thus, the cumulative probabilities of observed precipitation
data can be determined.

A. M-K Test of Historical Records

In addition to historical precipitation, temperature, and flow data, the M-K test was applied by using
potential evapotranspiration (PET) values calculated according to the Thornthwaite method to obtain RDI values
used in monitoring meteorological drought. M-K test results were given in Table 5.
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Table 5. M-K test results of historical records

. & 5 > > - 5
% Station Eé g % g § § E_ § % f % %
- S| 2|&| 5|2 > K < §
Manavgat -0.69 0.79 |-0.77|-0.11|-0.21| 143 |-0.61| 1.16 -0.27 1.86 -0.14 -0.94
:\_S Serik -0.58 032 | 1.06 | 0.37 |-0.53| 1.69 |-0.95| -0.16 -1.41 1.28 0.33 0.16
Alanya -0.63 137 |-0.21|-063|-0.37| 085 |-0.79| 1.06 -0.03 1.09 0.20 -0.44
) Manavgat 240* | 224*|1.00 | 1.19 | 0.00 | -0.68 | 0.23 | 2.08 ** | 2,89 *** | 372*** | 427 *** | 348 ***
g Serik 1.85 0.90 | 1.03 | 1.38 [-0.13| -0.34 | 0.03 1.17 230* 1.53 2.99 ** 1.99 *
© Alanya 225* | 0.64 | 033|187 |094| -0.08 |1.16 | 220* 2.35% | 4.29%** | 3.94*** | 512 ***
Manavgat 183 | 092 |-0.83|0.15 |-1.06 | -2.06 * |-0.94 | 1.36 2.74** | 376%** | 4.37*** | 3.30 ***
E Serik 148 | 0.05 | 042|085 |-0.85| -1.53 |-0.63| 0.74 211+ 1.53 3.12** 1.90
Alanya 176 | -0.18 |-1.24| 037 |-0.61| -1.89 | 0.26 | 1.92 2.25* | 4.18*** | 3.99 *** | 516 ***
Manavgat Str. | -2.10* | 1.39 |-0.17|-0.77 |-0.55| -1.71 | 0.22 | -0.52 -1.11 -0.99 -1.47 -2.23*
§ Kopriigay -2.03*| 0.13 | 0.13 |-0.66 |-0.82| -0.50 |-0.61| -0.45 -1.00 -1.37 -1.08 -1.32
Dim Str. 136 |2.08*|053|-0.67|-0.78| -1.62 |-0.26| -0.53 -1.70 -1.68 -0.18 -0.61

The values given in Table 5 are the z statistics obtained from the M-K test. The z statistics represent
different a confidence intervals. The *, **, and *** signs which were seen next to the values are the significance
levels of a for 0.05, 0.01, and 0.001 confidence intervals, respectively. In other words, when the confidence
intervals are narrower, the more meaningful the test results are obtained. On the other hand, negative (-) values
indicate the decreasing trend, positive (+) values indicate the increasing trend over time.

According to the M-K test results of PET values, an increasing trend was observed in Manavgat and
Alanya stations in May, June, July, August, September, and October, while a decreasing trend was observed in
both in March. At the Serik station, the most significant test result was obtained in August for the increasing trend
observed in June, July, August, and September. In general, there was an increasing trend in temperature values in
all months of the year. Especially in the period between May and October, this increase was in significant level
for all three stations. Although the flow data generally showed a decreasing trend, the most significant results were
seen in October for Manavgat Stream and Kopriicay stations and in November for Dim Stream.

B. M-K Test for Meteorological and Hydrological Droughts

To observe the change of meteorological and hydrological drought in the region over time, the standard
values of SPI, RDI, and SDI were calculated at 3-, 6-, 9- and 12-month periods, and the M-K test was applied for
these indices. In Tables 6, 7, and 8, these test results were given for SPI, RDI, and SDI, respectively.
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Table 6. M-K test results of SPI values

. ] S > - 3
B S|l2|& |8 |&|=2|F > | B
- Manavgat 0.87 | 0.17 | -0.71 | -0.24 0.06 | 1.24 | 0.94 0.40 -0.33 1.05 0.20 1.58
é Serik 121 | 0.74 | 0.85 0.85 106 | 190 | -0.74 | -0.05 | -0.42 | 0.29 -0.48 0.00
) Alanya 154 | 072 | -0.31 | -1.02 | -0.56 | 0.19 | 0.12 0.10 1.27 0.38 0.69 0.75
S Manavgat 048 | 0.10 | 0.01 -0.05 0.03 | 1.27 | 0.78 0.43 1.57 0.64 0.13 -0.27
é Serik 116 | 095 | 0.95 0.63 069 | 1.69 | -0.85 | -0.42 0.11 0.63 0.37 -0.05
o Alanya 059 | 0.12 | -0.01 | -0.93 | -045 | 059 | 0.10 1.19 1.08 121 0.40 0.12
S Manavgat 0.22 | 0.08 | -0.22 | -0.20 0.05 | 1.64 | 0.59 0.13 -0.31 | 0.06 -0.17 | -0.15
é Serik 1.00 | 1.16 | 0.90 0.74 0.63 | 090 | 0.37 0.00 0.00 0.48 0.40 0.42
S Alanya 0.72 | 0.31 | 0.07 -0.89 | -0.01 | 1.29 | 1.46 0.69 0.23 0.20 0.26 0.12
£ Manavgat 0.06 | 0.10 | 0.64 0.06 0.20 | 0.06 | 0.20 0.01 -0.10 | -0.24 | -0.22 | -0.29
E Serik 1.00 | 0.79 | 0.32 0.53 032 | 0.37 | 053 0.21 0.48 0.53 0.48 0.42
ﬁ Alanya 091 | 0.12 | 0.56 0.31 0.15 | 053 | 0.34 0.34 0.26 0.20 0.34 0.42

In Table 6, while the SP1 values for the Manavgat and Serik stations showed an increasing trend in the 3-
and 6- months periods in March, an increasing trend was observed at the Manavgat station in the 9 months period
in March. In addition, an increasing trend was observed at the Serik and Alanya stations in 12 months period in
October. In the 3- months period, an increasing trend was observed in June and October at the Alanya station. In
parallel with the increasing trend in historical precipitation data given in Table 5, a general increase was observed
in the SPI values while there was no significant decreasing trend.

Table 7. M-K test results of RDI values

5 s | £ 5| 22| 5| = % | 3
'&% Station g g g % g § é_ g s f :((fn é
z2 [a} i w A
s Manavgat 0.76 0.43 -0.13 0.20 0.85 1.36 0.76 0.15 -0.42 0.98 -0.03 1.27
E Serik 0.90 0.53 0.37 0.58 1.16 1.80 -0.79 | -0.05 | -0.53 0.16 -0.53 | -0.26
) Alanya 1.13 0.89 -0.04 | -0.80 | -0.18 0.18 -0.18 | -0.01 1.16 0.16 0.29 0.37
S Manavgat 0.78 0.71 0.06 -0.03 | -0.20 0.69 0.50 0.10 1.29 0.10 -0.27 | -0.48
é Serik 0.79 1.32 1.06 0.42 0.90 1.48 -0.74 | -0.58 | -0.21 0.32 -0.26 | -0.26
o Alanya 0.78 0.53 0.12 -1.02 -0.97 -0.04 | -0.45 0.78 0.75 0.59 0.01 -0.31
S Manavgat 0.31 -0.27 -0.83 | -0.66 | -0.45 1.36 -0.06 | -0.36 | -0.78 | -0.36 | -0.13 | -0.29
é Serik 0.74 0.74 0.42 0.05 0.32 0.85 0.16 -0.37 | -0.26 0.11 0.00 0.05
& Alanya 0.59 0.10 -0.50 | -1.59 | -0.75 0.72 0.80 0.10 -0.48 | -0.75 | -0.34 0.10
£ Manavgat -045 | -0.71 -0.20 | -048 | -050 | -0.41 -0.45 | -055 | -048 | -0.62 | -0.76 | -0.90
E Serik 0.48 0.21 0.37 0.11 -0.53 0.05 0.05 -0.05 0.05 0.00 0.00 -0.05
&I'u Alanya -0.07 | -0.56 0.04 -0.20 | -056 | -0.20 | -0.40 | -0.40 | -0.18 | -0.20 | -0.42 | -0.40

As can be seen in Table 7, an increasing trend was observed with the RDI method, which is similar to the
SPI method, in March at the Serik and Manavgat stations for the 3-month period. There is an increasing trend for
November at the Serik station in the 6-month period. The same upward trend was also observed at Alanya station
in October. Especially at the Serik station, there is a trend parallel to the increase in historical temperature and
PET values in both SPI and RDI methodsfor 12- month period. Since the upward trend in both temperature and
PET values at Serik station was lower than that of Manavgat and Alanya stations, decreasing trends were observed
in the RDI. When the 12-month period was analysed, an increasing trend was seen in SPI values at Manavgat,
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Serik and Alanya stations. In the same period, a decreasing trend was observed in RDI values at Manavgat and
Alanya stations. The decreasing trend seen in RDI is thought to be due to more significant increases in temperature
values in Manavgat and Alanya. In RDI method, unlike SPI, PET values are also used depending on the air
temperature as well as the precipitation parameter. For this reason, it has been observed that there are trend
differences between the two indices.

Similar to this study, Ding et al. [28] carried out drought analysis of eight meteorological stations in
Antalya using SPI. They observed increasing trends at 3-, 6-, 12- and 24-month periods at Alanya and Manavgat
stations. Simsek [44] performed trend analysis using 3-, 6- and 12-month SDI values of 29 streamflow-gauging
stations in the Mediterranean Basin.It was seen that there was decreasing trend in most of the stations. In addition,
there are studies having similar results in nearby regions as [45, 46].

Table 8. M-K test results of SDI values

=] [<8] o o o @ = —_ > @ 17 o)
2 Station S g £ g 2 £ s g S = > g
g g 21 85|58 |3 | < T e T =
Z [a) - L A
Manavgat ) ) ) ) ) . ) } )
£ Stream 013 | 000 | -057 | -1.06 | -0.80 | -0.69 | -0.34 | -0.89 | -1.27 | -1.43 | -1.85 | 024
g Kopriigay 000 | -032 | 090 | -0.79 | -1.00 | -0.37 | -053 | -0.82 | -1.00 | -1.21 | -2.01* | -0.95
“ | DimStream | 127 | 061 | -0.23 | -1.21 | 094 | -0.72 | -0.75 | -1.08 | -157 | -1.51 | 129 | 157
c Manavgat -0.45 | -048 | -0.80 | -1.04 | -0.83 | -0.69 | -052 | -1.04 | -0.69 | -0.22 | -0.73 | -0.66
§ Stream
g Kopriicay 0.90 | -0.74 | 074 | -0.69 | 077 | -0.37 | 085 | -0.74 | -069 | 005 | -0.69 | -1.43
© | DimStream | 000 | -040 | -0.64 | -1.32 | 094 | -0.78 | -0.89 | -1.13 | 0.75 | 067 | 040 | 0.0
c Manavgat -0.64 | -080 | -1.01 | -1.20 | -1.25 | -0.59 | -0.38 | -0.87 | -0.66 | -0.94 | -092 | -0.94
= Stream
g Kopriicay -0.85 | -0.74 | -1.00 | -0.79 | -0.16 | -0.11 | -0.32 | -0.95 | -158 | -1.27 | -1.27 | -1.37
© | DimStream | -026 | -020 | -0.67 | -1.38 | -1.48 | 000 | 023 | -0.18 | -053 | -0.53 | -069 | -0.83
< Msa”a"gat 087 | -080 | 078 | -0.90 | 097 | -0.80 | -0.76 | -0.94 | -1.04 | -1.01 | -1.13 | -1.29
g tream
£ Kopriigay 079 | 032 | -058 | -0.63 | -0.85 | -1.00 | -1.37 | -156 | -158 | -1.48 | -1.21 | -1.16
S | Dimstream | -018 | -0.83 | -091 | -050 | -059 | -0.42 | -078 | -0.80 | -1.08 | -0.86 | -0.72 | -0.69

According to Table 8, there was a decreasing trend for all three flow stations in the 3-, 6-, 9- and 12-
month period in June, July, and August. According to the SDI method, the decreasing trend was observed in the
summer months, and it supported the occurrence of the hydrological drought in the continuation of the
meteorological droughts detected in March in the region. The decreasing trends for the Manavgat and Dim streams
in January and for 3-, 6- and 9- month periods showed the effect of hydrological drought in the flows of the region.

In addition, it was considered that hydrological drought may occur in the continuation of meteorological
drought, the relationships between monthly flow values of each stream and both SPI and RDI values were
examined in different lag times. A high correlation was obtained between meteorological drought indices and flow
values in the four-month delay period for the Dim stream as shown in Figs. 2 and 3. In the figures, the highest R?
values (0.60 <R?<0.80) for the 6- and 9- month periods were obtained in December and January. The highest R?
value was found to be 0.74 for both SPI and RDI in the 9-month period with a delay of four months. This showed
that the correlation was strong between the standardized meteorological data in October (i.e.the beginning of the
water year) and the flow data in January and December approximately four months later. While this high
relationship in the winter months seemed to weaken towards the end of the water year for the 3-month period (0.00
<R2<0.20), it increased relatively during the 6-, 9- and 12-month periods after July (0.20 <R2<0.40). There was a
common similarity at the end of November and in February for all periods with a range of 0.40 <R?<0.60.
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Figure 2. R? values between SPI and flow values of Dim Stream for a delay of four months
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Figure 3. R? values between RDI and flow values of Dim Stream for a delay of four months

Also, the relationship between flow values and meteorological drought indices (SPI and RDI) were
obtained as 0.58 (0.40<R?<0.60) for 6- months period for the 4-month delay period of Manavgat Stream. For
Koépriicay, the lower relationship was found (0.00 <R?<0.20). In the study area, the relationship between flow
values and meteorological drought indices showed local differences in different periods.

IV. CONCLUSIONS

The increasing need for domestic, industrial, and irrigation water because of the climate change due to
global warming and the population growth requires better planning of non-renewable water resources. For this
planning, it is not possible to separate the drought risk which occurs in a long time from the decrease in water
resources. The effect of determining hydrological drought that may occur in the case of long-term meteorological
drought, defined as lack of precipitation, on sustainable water resources studies is important. M-K trend test has
been applied to see the temporal changes of historical precipitation, temperature, flow, and potential
evapotranspiration data of Manavgat Stream, Kopriigay, and Dim Stream sub-basins in the Middle Mediterranean
Basin, which is important for agricultural production to monitor meteorological and subsequent hydrological
drought. In addition, the standard values obtained with the SPI, RDI, and SDI used for the analysis of
meteorological and hydrological drought were also tested with the M-K test. According to the M-K test, the
increasing and decreasing trends of the precipitation and flow drought indices in the region over time were
observed in successive months. It is known that SPI in a 6- month period may be an indicator for the determination
of hydrological drought in the continuation of meteorological drought. In addition, a strong correlation was
observed between the 6-month SPI values and the flow values for the 4- month lag time. This situation supports
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that agricultural and hydrological drought may occur after the meteorological drought. Similarly, the parallel
changes of precipitation and PET values in the same time intervals show that agricultural drought is compatible
with arid and rainy processes in terms of meteorology. As a result of this study, by knowing the relationship
between meteorological and hydrological drought with a delay of 4 months, early detection of possible
hydrological drought risk will be provided. In this way, it could be recommended to take measures for the optimum
use of water resources for the relevant stakeholders.
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