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Drought-related outcomes, such as a decline in agricultural production and crop quality
and a shift in diversity, result in significant socio-economic issues. Therefore, drought
monitoring is essential to boost agricultural output, safeguard the environment, and
minimize financial losses in drought-prone areas. The fact that drought cannot be
observed instantly like natural disasters makes it possible to take necessary precautions
on a basin basis. In this direction, in this study, the Palmer Drought Severity Index (PDSI)
was determined in the Cekerek River Basin with satellite-based data. According to the
results obtained, extreme drought events were observed at all stations in May 2021. The
highest number of extreme drought events occurred at Camlibel station (51 events). The
number of extreme humid events varied between 2 and 15, and the highest number of
humid events were observed at Camlibel (15 events) and Yesilyurt (15 events) stations.
The drought trend status of the basin was evaluated with Innovative Trend Analysis
(ITA). According to ITA results, a decreasing trend was detected at Cekerek, Camlibel
and Yesilyurt stations. Overall, it was determined that the drought status of the basin
tended to exacerbate according to satellite-based PDSI values.

1. Introduction

Drought is an important natural event that threatens both
humans and all natural systems. It is a slowly starting and
naturally recurring event that affects different environmental
systems around the world [1]. Although drought develops
slowly, it causes great effects on regional ecology, hydrology
and economy. This is because the recovery process can take a
long time after the drought ends [2], [3]. The severity of
climate-related events such as floods and droughts increases
with the effect of global warming on the hydraulic cycle [4],
[5]. Drought has wide-ranging effects on surface and
groundwater resources, agricultural production, water
consumption, energy production and various other socio-
economic issues. The effects of drought go beyond
environmental dimensions and affect society in many sectors
[4], [6]. It is emphasized that the damage caused by drought is
approximately eight billion dollars [7], [8]. This situation is
especially important in regions with arid and semiarid climates.
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Drought is generally defined as precipitation occurring less
than the long-term average. It could be of different types:
meteorological, agricultural, hydrological and socioeconomic
drought [9], [10], [4]. Meteorological drought is caused by a
lack of precipitation. This situation leads to water shortages due
to the imbalance between precipitation and evaporation.
Agricultural drought leads to a lack of water required for plant
growth, and the water intake and consumption of plants become
unbalanced due to various external factors. Hydrological
drought refers to the inadequacy of surface water and
groundwater supply. Socioeconomic drought is the undesirable
social and economic effects caused by the combination of these
three drought types [11], [12], [13], [14].

With the increase in drought, the occurrence of very large
water shortages makes the sharing and management of water
resources even more difficult [15]. Drought is a natural disaster
that is continuous and the dry periods experienced today are of



Erdogan Karaagacl and Yurekli

Levantine Journal of Applied Sciences / Volume 5 (1) (2025) 1-8

great importance in terms of showing the dimensions of the
danger that Tirkiye will face in the future [16]. In addition, the
fact that Tiirkiye is under the influence of the Mediterranean
climate causes many natural disasters such as drought, floods,
forest fires, earthquakes, landslides and erosion due to global
climate change [17].

Drought is generally defined by its severity, duration and
frequency [18]. With the severity, periodicity and randomness
of drought and the increasing frequency and effects of drought
in recent decades, research on drought has become increasingly
important worldwide [14]. Similarly, it was stated that being
aware of the severity, duration, frequency and effects of drought
is important for plans to reduce the effects of drought [19].
Therefore, it is important to use various drought indices for
timely and accurate monitoring of drought conditions.

It is not possible to prevent the drought events that affect the
world with current technologies. Studies show that although it
is not possible to eliminate drought, its impact and prevalence
can be reduced. Common drought monitoring and assessment
methods are based on station-based meteorological data. For
example, Palmer Drought Severity Index (PDSI) [11],
Standardized Precipitation Index (SPI) [20] and Standardized
Precipitation Evapotranspiration Index (SPEI) [1] are widely
used to monitor drought. Meteorological data are not sufficient
to monitor drought because they are incomplete or incorrect at
different stations in the same region. Satellite-based data
provide significant convenience in determining the time and
severity of drought [21]. It was emphasized that when
meteorological data are integrated with remote sensing data,
drought monitoring can provide more comprehensive, reliable
and accurate results [22], [23], [24]. Specific agricultural
drought index (SWDI) was calculated based on soil moisture
content and soil water parameters for an agricultural area in
Spain using data from SMOS (Soil Moisture and Ocean
Salinity) satellite [25]. The indices calculated using soil
moisture parameters obtained from satellite data with ground
measurements were compared. In another study, scPSDI and
SPEI indices, which are widely used to monitor drought in
China between 1961-2011, were compared [26]. Similarly,
using climate data from 17 meteorological stations in the
Aegean Region of Tirkiye between 1980-2000, Aydeniz
drought model was compared with PDSI index, which is widely
used in drought studies [27]. The dominant drought periods, the
beginning, end and severity of drought in Konya, Karaman,

Aksaray and Karapinar stations in the Konya Region of the
Central Anatolia Region was determined using PDSI [28].
Using temperature and precipitation data from 96
meteorological stations in Turkey and useful soil water holding
capacity (AWHC) data from the 1-m soil depth dataset of
ORNL DAAC in the USA, values for past significant drought
years were calculated according to the PDSI index [29]. In a
study performed in the Aegean Region of Tiirkiye, the
relationship and frequency between the drought indices (VHI,
VCI, TCI) calculated from satellite-derived data and the
drought index (SPEI) calculated from meteorological data were
determined [30].

The main purpose of the present study was to evaluate the
agricultural drought of Cekerek Basin, which is located in
Yesilirmak basin and has a high probability of drought due to
its location, with the satellite-based PDSI index. PDSI is
preferred by many researchers to evaluate different drought
types. Researchers such as [13] and [31] used PDSI as an
agricultural drought index in their studies. The procedures
performed to achieve the main objective of the study were as
follows: a) downloading satellite-based monthly PDSI maps
and determining drought index values in the ARCMAP
program, and b) determining the trend of the obtained PDSI
values with Innovative Trend Analysis (ITA).

2. Material and Method / Experiment

The Cekerek River Basin is located between latitudes 39° 30
and 40° 45' N and longitudes 35° 15' and 36° 15' E. This area is
approximately 1,165,440 hectares and  constitutes
approximately 1.5% of the total area of Tiirkiye. The Cekerek
River Basin, located in the central part of Turkey, is an
important sub-basin of the Yesilirmak Basin, one of the
country's largest water collection basins. The Cekerek Basin
covers parts of the provinces of Tokat, Amasya, Sivas, Corum
and Yozgat. Therefore, it is located in a transition zone between
the Central Anatolia and Black Sea regions.

In this study, PDSI maps of the relevant stations from the Terra
Cilimate database were used as material in determining
satellite-based PDSI values (Table 1). The geographical map of
the study area and the locations of the stations on the basin are
given in Figure 1.

Table 1. Some features of the stations used in the study

Stations | Longitude (East) Latitude (North) Year of record
Cekerek 40.08975 35.51139 1990-2023
Camlibel 40.04514 36.39951 1990-2023
Sulusaray 39.97968 36.0888 1990-2023
Yesilyurt 40.03515 36.21929 1990-2023
Zile 40.2976 35.86523 1990-2023
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Figure 1. Study basin and locations of stations on the basin

2.1. Palmer Drought Severity Index (PDSI)

This index, developed by Palmer [11], uses monthly climate
data to determine drought severity and focuses on regional
water balance calculations. Palmer developed this index to
statistically standardize anomalies between drought and
humidity.

In the study, the climatic water balance is modeled using basic
inputs such as monthly mean temperature, monthly total
precipitation and soil water content. In the calculation process,
an empirical approach is used to define the moisture
accumulation structure by dividing the soil layer vertically into
two parts. The upper layer is assumed to hold approximately 25
mm of the field capacity's available water. Rainfall and
evaporation take place in this stratum. The plant's effective root
depth and the properties of the soil determine how much water
is available in the lower layer of the soil. In order to meet the
water requirement, PET must first occur, then the soil must
become saturated and then surface flow must occur.

Moisture loss in the upper soil layer (Ls) or (PET-P) and
moisture loss from the lower layer (Lu) are calculated with the
formulas given in Equations 1 and 2.

Lg = min[ Ss, (PET — P)] (1)

Ly = [(PET — P) — L] =%

AWHC’

Ly <Sy @)

Here, Ss is the initially available water amount in the upper
layer; PET is the potential evapotranspiration calculated

according to the Thornthwaite method for that month; P is the
monthly total precipitation amount for the same month; Sy is
the available water amount stored in the lower soil layer at the
beginning of the month and AWC is the total available water
amount in both layers.

In the Palmer approach, several parameters are required for the
water balance. These are; potential recharge (PR); potential loss
(PL) and potential surface runoff (PRO). Potential recharge is
the amount of water required to bring the soil to field capacity
and is calculated by Equation 3.

PR = AWHC — S ©)

Here, S is the available water amount in both layers of the soil
at the beginning of the month.

Potential loss (PL) is the amount of water that could be lost from
the soil if there is no precipitation and is calculated based on
Equation 4.

PL = PLs + PLy (4)

Here, PLs is the potential loss in the upper layer of the soil while
PLy is the potential loss in the lower layer and is calculated as
shown in Equations 5-6.

PLg = min[PET, Ss] ®)

PLy = (PET — PLg) —L_

AWHC’

PLy <8y (6)

Palmer (1965) defined potential surface runoff as a function of
the amount of available water in the soil. This function is simply
given by Equation 7.
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Using the four potential values obtained (PET, PR, PL and
PRO), four coefficients required for climatic calculations are
determined. These are evapotranspiration coefficient (),
recharge coefficient (B), surface runoff coefficient (y) and
moisture loss coefficient (8). The coefficients are calculated
separately for each of the 12 months. The coefficients are used
to calculate the difference (d) between the total precipitation (P)
for each month and the suitable precipitation (P) created by the
climatological conditions in the relevant month.

d=P-P (8)
P expression given in Equation 8 is calculated by Equation 9:

P = aPET + BPR + yPRO + 6PL 9)

Coefficients given in Equation 9 is calculated by Equation 10:

RO L
—,6 = =
PRO PL

Y= (10)

3| =

Here ET; evapotranspiration, PET; potential evapotranspira-
tion, R; soil water recharge, PR; potential soil water recharge,
RO; flow, PRO; potential flow, L; loss water, PL; potential loss
water.

After calculating the value given in Equation 8, the Palmer
Moisture Anomaly Index given in Equation 11 is calculated.

Z=Kxd (11)

Here, K is the weight factor of the relevant month. The weight
factor is calculated with Equation 12. It represents the regional
climate correction coefficient K’ given in the equation.

K' =15 x logyo [(2222)] + 0.5 (13)
- L) a

Finally, the PDSI value is calculated with the help of Equation
15.

X; = 0.897X;_, + (15)

Table 2 shows the classification of drought values according to
PDSI. Although the values vary between -4 and 4, values
smaller than -4 and larger than 4 can also be calculated.

Table 2. The drought classes by PDSI drought indices

PDSI Value Drought Classifications
>4 Extremely wet
3.00-3.99 Very wet
2.00-2.99 Moderate wet
1.00-1.99 Slightly wet
0.50-0.99 Incipient wet spell
0.49 - (-0.49) Normal
-0.50 — (-0.99) Incipient drought spell
-1.00 — (-1.99) Mild drought
-2.00 - (-2.99) Moderate drought
-3.00 — (-3.99) Very drought
<-4 Extreme drought

2.2. Satellite image data

Satellite-based =~ PDSI  data  were  obtained from
http://lwww.climatologylab.org/terraclimate.html database.
TerraClimate is a dataset of monthly climate and climatic water
balance for global terrestrial surfaces for the years 1958-2019.
These climate data are generated by merging CRU (Climate
Research Unit TS 4.0) and JRA-55 (Japanese 55-year
Reanalysis) data. In addition, it has been validated with Global
Historical Climatology Network (GHCN) station data and
converted into a 4 km high-resolution spatial data. These high-
resolution data provide a reliable source for detailed climate
analysis and water balance calculations. The data covers the
period 1958-2023. The data is updated periodically.

2.3. Innovative Trend Analysis

According to this approach proposed in [32], the existing data
is divided into two parts without considering which distribution
the data fits and their increasing alignment is made. Two data
groups with increasing alignment are positioned against each
other in a coordinate system perpendicular to each other,
according to a line with a slope of 1:1 or 45°. Thus, the change
in the data is interpreted according to whether the positioned
data is above, below and above the 1:1 line. If the positioned
data is on the line, it is decided that there is no change in the
data, if it falls below the line, it is concluded that there is a
decreasing change in the data, if it falls above the line, it is
concluded that there is an increasing trend in the data. [33] also
presented the statistical significance test of this test. The
decision of whether this test is statistically significant or not is
based on the comparison of the means of the sub-series. For this
purpose, the calculated slope value (Sca) of the considered data
is compared with the critical slope (Scit) values and it is
concluded whether the change in the data is statistically
significant or not. The calculated slope value is calculated with
Equation 16.
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Sca[ — 2(3727:371) (16)
In the equation, ¥, and ¥, are the averages of the two series of
the original data while “n” is number of observations. Standard
deviation of the calculated slope (o) is obtained by Equation

17.

2V2
O'S_EO' 1—,03—,13/2 (17)
The terms “py 5. and “o¢” in the equation represents

correlation coefficient and standard deviation of the original
data. The confidence interval of the calculated slope at the 5%
significance level is obtained with Equation 18.

Cla-a) = 0 S¢rie0s (18)

In the equations above, the ’S¢it’” value is equal to the £1.96
value obtained from the standard normal distribution table for a
5% significance level.

3. Results and Discussion
3.1. Satellite-based PDSI results

One-year PSDI maps between 1990-2023 were downloaded
from the TerraClimate database. The downloaded maps have
the extension ‘.nc’. First, these maps were converted to raster
format maps. The converted maps were loaded into the
ARCMAP software to obtain monthly PDSI data. The temporal
graphs of the satellite-based PDSI results are given in Figures
2-6.

CEKEREK

Figure 2. Temporal graph of satellite-based PDSI values for
Cekerek

CAMLIBEL

Figure 3. Temporal graph of satellite-based PDSI values for
Camlibel

SULUSARAY

Figure 4. Temporal graph of satellite-based PDSI values for
Sulusaray

YESILYURT

-12
Figure 5. Temporal graph of satellite-based PDSI values for
Yesilyurt

ZILE

o

[=TR ¥ )

[

Figure 6. Temporal graph of satellite-based PDSI values for
Zile
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When satellite-based PDSI graphs are examined, the driest
event at Cekerek station occurred in May 2021 (PDSI: -8.64).
Forty-two extremely dry events were detected. The driest year
at Camlibel station was determined as 2021, and all months of
that year were extremely dry. The driest event was observed in
May with a PDSI data of -8.9. Fifty-one extremely dry events
occurred at Camlibel station. When Sulusaray station is
examined, while all months of 2021 were extremely dry, the

driest month was May with a PDSI value of -9.31. Forty-six
extremely dry events were observed at this station. All months
of 2021 were extremely dry at Yesilyurt station. The driest
month was May with a PDSI value of -9.81. Forty-nine
extremely dry events occurred at this station. Finally, 2021 was
extremely dry at Zile station. The driest event occurred in May
with a PDSI value of -8.54. Forty-six extremely dry events were
detected at Zile station. These results are given in Table 3.

Table 3. Comparison of PDSI calculated with meteorological data and satellite-based PDSI values

_ Extreme Number of Number of
Satellite-based Extremely Extremely drought extremely dry extremely
PDSI dry year dry month value events wet events
(<-4) (>4)
Cekerek 2021 May -8.64 42 10
Camlibel 2021 May -8.9 51 15
Yesilyurt 2021 May -9.31 49 15
Sulusaray 2021 May -9.81 46 12
Zile 2021 May -8.54 46 2

3.2. Results of Innovative Trend Analysis (ITA)

Both statistical and graphical analysis were done for ITA in the
study. ITA graphs of five stations in the study area are given in
Figure 7.

The monthly PDSI data were subjected to a statistical ITA test,
which yielded the upper and lower critical limit values at a 95%
confidence level. Based on the test results, it is accepted that
there is no trend when the trend slope is between the confidence

Table 4. ITA test results of the stations

levels, that there is a trend that is decreasing when it is below
the lower confidence level, and that there is an increasing trend
when it is higher than the upper confidence level. The ITA test
findings for the monthly PDSI drought severity values at the
95% significant level are displayed in Table 4. It is evident from
the table that Cekerek, Camlibel and Yesilyurt stations have a
statistically significant decreasing trend. This finding indicates
that drought tends to increase at these stations. No significant
trend was detected at Sulusaray and Zile stations.

Station Slope Correlations Slope of SD Lower CL Upper CL Conclusion

Cekerek -0.0084 -0.1421 0.0029 -0.0056 0.0056 Decreasing

Camlibel -0.0114 0.0358 0.0028 -0.0055 0.0055 Decreasing
Yesilyurt -0.0127 -0.0204 0.0029 -0.0057 0.00572 Decreasing
Sulusaray -0.0110 -0.0572 0.0029 -0.0057 0.0057 No Trend
Zile -0.0107 -0.1278 0.0028 -0.0055 0.0055 No Trend

[RIRIK CAM
L)
g
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Figure 7. ITA graphics of PDSI drought severity values

Meteorological data is generally preferred in drought
monitoring and assessment studies. However, drought
monitoring studies are negatively affected in cases where
meteorological data is missing or insufficient. Satellite-based
drought indices are preferred to eliminate this deficiency. The
SPI drought index in South Korea was compared using satellite-
based precipitation data and station-based precipitation data
[34]. According to the results obtained, satellite-based
precipitation estimates offered significant advantages in terms
of spatial coverage, timely information provision and cost
effectiveness compared to meteorological data in drought
assessments. Erdem et al. [35] stated in their study that the
analysis results obtained from satellite images and the SPI
values obtained from precipitation data were highly compatible
with each other. As a result of the study, they emphasized that
satellite images can be used successfully in drought analysis.
Tirkyilmaz et al. [36] compared thermal satellite images and
air temperature measured from meteorological stations. They
stated that the air temperature value obtained from satellite
images showed a high accuracy relationship with
meteorological stations under homogeneous land cover
conditions. Celik and Karabulut [24] stated in their drought
analysis study in the Antalya region that satellite-based
vegetation index models provide significant convenience in
understanding and predicting the drought phenomenon.

4. Conclusion

Turkey is located in the Mediterranean basin, so the risk of
drought is quite high. With the increasing impact of climate
change, drought severity is also increasing. Drought risk
analysis requires a comprehensive understanding and analysis
of the frequency of drought characteristics associated with
drought severity and duration. In this study, the drought status
of the Cekerek basin was evaluated using satellite-based PDSI
values in the River Basin and the drought trend was examined.
The main findings are as follows:

* Extreme drought events occurred in May 2021 at all stations.
* It was determined that extreme drought events occurred the
most at Camlibel station (51 dry events) and the least at Cekerek
station (42 dry events).

* It was determined that the number of extreme wet events was
less than extreme dry events, and extreme wet events were
observed most at Camlibel and Yesilyurt stations.

* When the drought trend was examined, it was determined that
drought tended to increase at Cekerek, Camlibel and Yesilyurt
stations according to ITA results.

In conclusion, the drought is increasing at the Cekerek River
Basin according to the satellite-based PDSI index. Determining
the drought characteristics of the region and analyzing their
temporal changes contribute to the drought management and
drought action plans of the region. Therefore, in future studies,
it is recommended to conduct a more detailed analysis of the
drought using different drought indices and trend analysis
methods.
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