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Abstract
This study investigates future changes in meteorological drought characteristics in the Central Black Sea Region of Türkiye 
(Tokat, Çorum, Amasya, Ordu, and Samsun) for the period 2023–2080. Using precipitation projections from the HadGEM2-
ES climate model under RCP4.5 and RCP8.5 scenarios, the Standardized Precipitation Index (SPI) was applied at 1-, 3-, 
6-, and 12-month timescales. The analysis reveals a reduction in the frequency of near-normal wet conditions, alongside a 
noticeable increase in the frequency and severity of dry periods, particularly in the inland provinces. Although some coastal 
areas are projected to receive more precipitation, drought conditions are still expected to intensify, reflecting complex regional 
responses to climate change. The results of this study are intended to support long-term water resource management, agri-
cultural planning, and climate adaptation efforts in the region.
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Introduction

Climate change, defined by the UNFCCC as a long-term 
alteration in atmospheric composition due to human and 
natural factors, is increasingly viewed through the lens of 
anthropogenic impact (UNFCCC 1992). While some schol-
ars assert that climate variability has accompanied human-
ity throughout history, others emphasize its intensification 
with modernity and the Industrial Revolution (Ekici 2022). 
According to the IPCC’s Fifth Assessment Report, global 
warming is unequivocal, and post-1950 climate anomalies 
are unprecedented in the last millennium (Turkes 2020). 
The Sixth Assessment Report further attributes 95% of cli-
mate change to human activities (IPCC 2021), highlight-
ing several key indicators: a global temperature increase 

of 1.07 °C from 1850–1900 to 2010–2019, Arctic sea ice 
and Northern Hemisphere snow cover loss, surface melt of 
the Greenland Ice Sheet, reduction of Antarctic ice, ocean 
warming and acidification, a 0.20 m sea level rise between 
1901 and 2018, and atmospheric CO₂ levels exceeding those 
of the past two million years. It also notes more frequent 
extreme weather events, changing monsoon patterns, and 
a rise in tropical cyclone activity. These phenomena are all 
linked to human-induced radiative forcing and increased 
surface warming (IPCC 2021; Turkes 2022). Additionally, 
WMO data identify 2021 as among the seven hottest years 
recorded, reflecting sustained industrial-era warming. This 
shift disrupts seasonal patterns—shortening winters, extend-
ing summers, and threatening ecosystems as species struggle 
to adapt. The redistribution of tropical zones, shifts in water 
and agricultural regions, and marine acidification further 
illustrate the multifaceted consequences of climate change, 
including heightened risks of erosion, flooding, and deser-
tification (Ilkkilic 2022).

Heinrich and Gobiet (2012) used RCM simulations 
from the ENSEMBLES project to analyze drought and wet 
period characteristics across nine European locations for 
2021–2050, based on 1961–1990 observations. They found 
pronounced extremes in duration, magnitude, and spatial 
extent, especially in southern (France, Italy, Spain) and 
northern (Iceland, Scandinavia) regions, with significantly 
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increased interannual variability in wetter and drier areas. 
Sienz et al. (2012) compared the reliability of gamma dis-
tributions (GD) for monthly precipitation using Weibull 
(WD), Burr Type III (BD), exponentiated Weibull (EWD), 
and generalized gamma (GGD) distributions, based on data 
from 1901–2002 and simulations for 2001–2100 in England-
Wales. The study found that WD provided the most consist-
ent and accurate distribution compared to GD, as assessed 
using the Akaike information criterion (AIC). Mo and 
Lyon (2015) analyzed precipitation data from North Amer-
ica (1950–2010) using various models (NMME, NCEP, 
GFDL, NCAR, NASA, CMC1, CMC2). They highlighted 
the importance of the proximity of SPI forecasts to actual 
precipitation data, considering it a significant advancement 
for the Global Drought Information System (GDIS). Duffy 
et al. (2015) project increased drought frequency in the east-
ern Amazon and more extreme wetness after 2040 under 
the RCP8.5 scenario. Severe droughts could triple by 2100, 
posing risks to Amazonian forests.

Stagge et al. (2015) projected future drought scenar-
ios in Europe using RCP2.6, RCP4.5, and RCP8.5 mod-
els for 1970–2005 and three future periods (2011–2040, 
2041–2070, 2071–2100) with the CORDEX method. They 
analyzed the data using statistical tests (Welch, Kolmogo-
rov–Smirnov, and Chi-square) to assess model accuracy and 
emphasized the importance of selecting the best climate 
model for effective drought mitigation strategies in Europe. 
Choi et al. (2016), project future droughts in South Korea 
using five RCMs under RCP4.5 and RCP8.5 scenarios. 
Droughts, measured with SPI-1, SPI-6, and SPI-12, show 
variable trends. The number of drought months increases 
under RCP8.5 (2041–2070) and RCP4.5 (2071–2100). Over-
all, drought-affected areas are projected to decrease, except 
for SPI-1 under RCP4.5, which shows a slight increase. 
Diaconescu et al. (2016) analyzed observed precipitation 
data (1989–2004) in North America using SPI and simula-
tions from the Canadian regional models CANRCM4 and 
CRCM5. The study compared these simulations with previ-
ous Canadian RCMs and those in NARCCAP, finding that 
CRCM4 performed best according to NCEP-R2 scores. The 
CRCM5 model, however, was better at simulating Eastern 
U.S. states, particularly excelling in winter and improving 
summer forecasts significantly. Dabanli et al. (2017) analyze 
drought variability in Türkiye (1931–2010) using SPI indi-
ces and PCA. The study identifies four drought-vulnerable 
regions and calculates the percentage of extreme, severe, 
and moderate droughts. Southeastern and western Türkiye 
are more stable, while central and northern regions are less 
stable. The impact of ENSO phases on droughts is also 
discussed.

Agyekum et al. (2018) examined seasonal timelines and 
the differences between observed and modeled precipitation 
for 1950–2004 in the Volta Basin, Gulf of Guinea, using 18 

global climate models (GCMs) from the Coupled Model 
Intercomparison Project Phase 5 (CMIP5). The study found 
that the CCSM4 model was the most successful in simulat-
ing precipitation patterns. Demory et al. (2020) evaluated 
precipitation distributions in Europe (1971–2005) using 
global climate models (GCM) from the High-Resolution 
Model Intercomparison Project (HighResMIP), EURO-
CORDEX, and regional climate models (RCM) developed 
under the EU-funded PRIMEVERA initiative. The study 
found that PRIMAVERA simulations closely matched 
observed heavy precipitation in most regions and seasons, 
whereas CORDEX tended to overestimate extreme rainfall. 
However, both models were deemed reliable, depending 
on the variable parameters. Danandeh Mehr et al. (2020) 
analyzed drought in Ankara for 2016–2040 using SPI and 
SPEI with three climate models under RCP4.5 and RCP8.5 
scenarios. Results suggest that under RCP4.5, drought events 
are likely in the latter half of the period, whereas under 
RCP8.5, drought conditions are expected throughout the 
entire timeframe. Afshar et al. (2020) assess climate change 
impacts on droughts in Ankara, Türkiye, using rainfall data 
and climate model outputs under RCP 4.5 and RCP 8.5. 
They find increased drought occurrence, longer durations, 
and greater severity in the future. Extreme droughts are pro-
jected to occur more frequently, with a 12% decrease in the 
return period. Nuri Balov and Altunkaynak (2020) assessed 
future drought trends in Türkiye’s Western Black Sea and 
Euphrates-Tigris basins using SPI, Chinese Z Index, and 
Statistical Z Score under three climate models. Projections 
for 2040–2069 and 2070–2099 indicate increasing drought 
duration and intensity, especially under RCP8.5. All indices 
showed consistent spatial and temporal patterns.

Wood et al. (2021) conducted a global study using six cli-
mate models (CanESM2, CSIRO, GFDL-ESM2M, CESM, 
GFDL-CM3, MPI) as part of the SMILE project, analyzing 
observational data from the Frogs database (1950–2016). 
Their findings indicated that the CESM and MPI mod-
els optimally capture interannual precipitation variability 
across most global land areas. Secci et al. (2021) analyzed 
groundwater responses in Northern Tuscany using SPI, 
SPEI, and SGI based on historical precipitation and well 
data. Regression models under RCP4.5 and RCP8.5 sce-
narios project widespread future declines in groundwater 
levels. The greatest reduction is expected in the medium 
term under RCP4.5, and in the long term under RCP8.5. 
Salimian et  al. (2021) applied LARS, IHACRES, and 
Bayesian models to 14 selected climate projections in the 
Karkheh Basin, Iran, using standardized precipitation and 
flow indices. Projections for 2020–2049 indicate a 54% 
probability of near-normal drought conditions in the region. 
Xu et al. (2023) projected global drought conditions from 
2016 to 2100 using CMIP6 data and the daily SPEI algo-
rithm. Their findings show that droughts will become more 
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severe globally, with regional variations, and precipitation 
is the main driver of drought events. Montes-Vega et al. 
(2023) used SPI, SPEI, and GRDI methods with RCP4.5 
and RCP8.5 scenarios to project climate trends in Doñana 
National Park for 2030–2060. Their model indicates sig-
nificant temperature increases and a 13–14% reduction in 
total precipitation, with heavy rainfall events declining by 
25–38%. Average annual precipitation is projected to drop 
from 575 to 496 mm (RCP4.5) and 493 mm (RCP8.5). Mou-
tia and Sinan (2024) projected drought trends in Morocco 
for the period 2023–2099 using the CMIP6 climate model 
under the SSP2-4.5 scenario, based on the Standardized Pre-
cipitation Evapotranspiration Index (SPEI). Their findings 
indicate a progressive expansion of moderate drought condi-
tions nationwide, with a decadal increase of approximately 
6%. Furthermore, the study anticipates the emergence of 
severe drought events in the latter half of the century. Taylan 
(2024) forecasts droughts in the Sakarya Basin (2024–2034) 
using SPI and LSTM methods. The study validates LSTM’s 
accuracy in predicting droughts and creates drought maps to 
identify vulnerable areas, aiding long-term water resource 
planning and drought management. Rayhan and Afraz 
(2024) compared five bias-corrected RCMs for the Western 
region of Bangladesh and found that the MIROC model had 
the highest accuracy. Future projections under the RCM 8.5 
W/m2 scenario suggest that short-term droughts (SPI-3) will 
become less frequent and severe by the  2060 s and  2080 s, 
with the North-West region remaining more drought-prone 
than the South-West until 2100.

Sen and Sisman (2024) highlight the difference between 
the probabilistic standardization index (PSI) and statisti-
cal standardization procedure (SSP) in the Standardized 
Precipitation Index (SPI). They explain that PSI correctly 
transforms hydro-meteorological data to a standard Gauss-
ian distribution, while SSP does not. The study compares 
PSI and SSP, demonstrating the proper use of PSI with 
data from the Danube, New Jersey, and Istanbul. Abu 
Arra and Sisman (2024a) propose a drought classifica-
tion matrix for comparing drought indices and scenarios, 
addressing gaps in traditional methods. Applied to stations 
in the UK and Türkiye, their study finds that a 10-year 
period is sufficient for meteorological drought, while a 
20-year period is needed for hydrological drought, provid-
ing a robust framework for global drought assessments. 
Abu Arra et al. (2024) developed the Periodic Innovative 
Polygon Trend Analysis (P-IPTA) method to analyze sea-
sonal effects on hydro-meteorological series at various 
temporal scales. Applied to precipitation, water availabil-
ity (Istanbul), and stream flow (Danube River), the method 
revealed decreasing trends, increased drought frequencies, 
and reduced wet event frequencies. P-IPTA, along with 
traditional methods like SPI, SPEI, and SDI, provides 
more reliable results and can be applied to a wide range 

of variables. Korkmaz and Kuriqi (2024) analyze drought 
conditions in Tunceli, Türkiye, using multiple indices 
(SPI, RDI, PNI, AI). The study finds that the region is 
shifting from humid to semi-arid, with RDI showing less 
variation than SPI. These findings stress the need for cli-
mate adaptation strategies and sustainable water manage-
ment. Abu Arra and Sisman (2024b) compared SPI and 
SPEI using the innovative drought classification matrix 
(IDCM) for Istanbul (1951–2020). The study found a high 
correlation (over 0.65) between the two indices, with 60% 
consistency in monthly drought classifications. Significant 
differences were found between in situ and satellite-based 
SPEI. This comparison is essential for accurate drought 
assessment and water resources management. Türkiye is 
expected to be significantly affected by climate change. 
Climate projections based on RCP4.5 and RCP8.5 sce-
narios estimate an annual average temperature increase 
of 1 °C to 5 °C between 2016 and 2099 (Demircan et al. 
2017). According to the IPCC Sixth Assessment Report, 
warming in Türkiye may exceed global averages by 
40–50%, with Southeastern Anatolia surpassing the global 
mean even in a 1.5 °C scenario (IPCC 2021).

The objective of this study is to examine the poten-
tial drought conditions in the Central Black Sea region, 
which, despite its high precipitation, is vulnerable to 
drought for the period 2023–2080. This investigation 
employs the SPI and HadGEM2-ES (RCP4.5 and RCP8.5) 
climate models to analyze the anticipated drought situa-
tion. Consequently, this study will ascertain the future 
impact of drought in the region under investigation. 
Moreover, to the best of the authors' knowledge, there 
is no study examining the future drought situation of the 
Central Black Sea Region within the scope of climate 
projections. Kurtoglu (2024) examined the precipitation 
data from Turkish State Meteorological Service (TSMS) 
stations in the Central Black Sea Region for the period 
2018–2022 and compared it with the precipitation out-
puts from three different climate models (HadGEM2-ES, 
MPI-ESM-MR, GFDL-ESM2M). The analysis revealed 
that the HadGEM2-ES model showed the closest match 
to the observed precipitation values. As a result, Kur-
toglu (2024) recommended the HadGEM2-ES model as 
the most reliable option for future projections. The article 
is divided into five sections. Section "Introduction" pro-
vides a comprehensive overview of the study's objectives, 
underpinned by a meticulous examination of extant litera-
ture. Section "Materials and methodology" of the article 
provides a comprehensive overview of the study area, the 
data sources, and the analytical method employed in the 
study. Section "Results" and Section "Discussion" of this 
article is concerned with the evaluation of the findings 
obtained as a result of the analyses. The final section of 
the article presents the conclusion.
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Materials and methodology

Study area

The Central Black Sea Region between 35°- 38° east lon-
gitude and 40°- 42° north latitude covering the Tokat, 
Çorum, Amasya, Ordu, and Samsun in Türkiye was deter-
mined as the study area. Samsun and Ordu are located on 
the Black Sea coast, while Tokat, Amasya, and Çorum are 
located inland. The Central Black Sea Region is located 
in the central part of the Black Sea Region. The Central 
Black Sea Region has a temperate climate. Day-night 
temperature differences are less than in continental cli-
mate zones. Samsun and Ordu receive more precipitation 
than Tokat, Amasya, and Çorum, which are located in 
the transition region, and average precipitation values are 
between 545 and 1946 mm. The highest temperatures in 
these stations are between 29° and 40.5℃ and the lowest 
temperatures are between 0° and −22℃. The average daily 
temperatures are between 5° and 15 °C. In Tokat, Amasya, 
and Çorum, which are located in the transition zone, the 
average precipitation is 252–808  mm and the highest 

temperature values are 28°- 45 °C. The lowest tempera-
tures in these stations are between −27.3° and −8.7 °C, 
and their average daily temperatures are between 6° and 
15 °C (Kiciman 2021).

The dataset used in this study included precipitation 
series recorded at 5 stations by the TSMS in the Black 
Sea Region of Türkiye. The localization of Samsun, Ordu, 
Amasya, Tokat, and Çorum meteorological stations used in 
the study in the region is given in Fig. 1 and positional and 
numerical details (1971–2022) are given in Table 1.

Global climate models

Global climate models play a vital role in defining global 
climate statistics, such as global mean surface temperature. 
GCMs are models which represent physical processes in 
the atmosphere, oceans, cryosphere and land surface. These 
models represent the most sophisticated tools available for 
demonstrating the response of the climate system to rising 
greenhouse gas emissions. The utilisation of regional cli-
mate models facilitates the development of higher-resolution 
climate projections through the integration of low-resolution 

Fig. 1   Distribution of stations in the Central Black Sea Region

Table 1   Positional 
characteristics and 
meteorological details 
(monthly) of stations

ID Station Altitude (m) Latitude (°N) Longitude (°E) Mean (mm) Median 
(mm)

Max. (mm)

17085 Amasya 409 40.5786 35.868 37.90 32.80 153.90
17084 Çorum 776 40.6284 34.8927 37.33 31.40 220.10
17033 Ordu 5 40.8213 37.861 87.70 79.15 267.60
17030 Samsun 4 41.3051 36.187 58.91 52.10 269.80
17086 Tokat 611 40.3504 36.5784 36.05 32.30 141.10
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Global Climate Model data, employing a range of method-
ologies (Yildirim and Gurkan 2016).

HadGEM2-ES is a second-generation global model devel-
oped by the Hadley Centre, a research organisation affiliated 
with the Met Office. Notably, there are numerous versions of 
this model, which possess analogous physical properties but 
divergent structures. The HadGEM2 series encompasses a 
coupled atmosphere–ocean configuration and a land-system 
configuration, incorporating dynamic vegetation, ocean biol-
ogy, and atmospheric chemistry. The HadGEM2 series is 
one of the models utilised in the preparation of the IPCC 
5th Report. The HadGEM2 series encompasses the follow-
ing versions: HadGEM2-A, HadGEM2-O, HadGEM2AO, 
HadGEM2-CC, HadGEM2-CCS, and HadGEM2-ES (Col-
lins et al. 2008; TSMS 2015). It is evident that HadGEM2-
ES represents a more advanced model in comparison to its 
other versions (TSMS 2015). MPI-ESM-MR is a new gen-
eration Earth System Model (ESM) developed by the Max 
Planck Institute for Meteorology in Hamburg, Germany, fol-
lowing a five-year research project that utilised the European 
Central Hamburg Model (ECHAM5) atmospheric model 
and MPIOM ocean general circulation models. Three dis-
tinct versions of the model have been developed: MPI-ESM-
LR, MPI-ESM-MR and MPI-ESM-P as LR (Giorgetta et al. 
2012; TSMS 2015). The MPI-ESM-MR version provides a 
more detailed representation of the atmospheric layers than 
the other two versions (TSMS 2015). GFDL-ESM2M is a 
global Earth System Model developed by the Geophysical 
Fluid Dynamics Laboratory (GFDL) of the National Oceanic 
and Atmospheric Administration (NOAA). GFDL is a uni-
fied global climate model that examines the interaction of 
material cycles (carbon, water, etc.) on the Earth and human 
activities on climate systems. During the development of the 
model, studies were conducted to best demonstrate the inter-
actions between climate and ecosystem and the changes that 
may occur in these due to both natural and human-induced 
causes. Two versions are in existence: GFDL-ESM2M and 
GFDL-ESM2G (Delworth et al. 2006; Dunne et al. 2012, 
2013; TSMS 2015). The final report of the project, prepared 
by the TSMS and published in 2015 under the title "Türkiye 
Climate Projections and Climate Change with New Sce-
narios TR2015-CC", presents the results of climate projec-
tions for Türkiye. These projections were developed using 
the RegCM4.3.4 regional climate model, which was based 
on data from the HadGEM2-ES, MPI-ESM-MR and GFDL-
ESM2M global climate models, as well as the RCP4.5 and 
RCP8.5 scenarios. In the study, the reference period was 
selected as 1971–2000, and climate projections were pro-
duced for the future period up to 2100 (TSMS 2015; Yildi-
rim and Gurkan 2016).

Kurtoglu (2024) conducted a comparison between the pre-
cipitation data collected from stations in the Central Black Sea 
Region by TSMS between 2018 and 2022 and the precipitation 

values produced by three different climate models. After a 
comprehensive assessment, it was found that the HadGEM2-
ES model aligned more closely with the observed precipita-
tion values. As a result, Kurtoglu (2024) recommended the 
HadGEM2-ES model as the most suitable option.

Standardized precipitation index (SPI)

McKee et al. (1993) developed the Standardized Precipita-
tion Index (SPI) to identify and monitor regional drought 
conditions. SPI enables the standardized transformation of 
observed precipitation data into probability-based values and 
can be calculated over various time scales, including 1, 3, 6, 
9, 12, 24, and 48 months. Short-term time scales (weekly and 
monthly) are particularly relevant for assessing agricultural 
water needs and water availability, while long-term periods 
(12, 24, or 36 months) are crucial for water supply planning, 
water resource management, and groundwater studies (Mishra 
and Desai 2005; Mishra and Singh 2011). SPI can be com-
puted based on several precipitation probability distributions, 
including the normal, log-normal, and gamma distributions 
(Yacoub and Tayfur 2017). However, numerous studies have 
reported that climatic precipitation series generally fit the 
gamma distribution more accurately (Thom 1958; Mishra 
and Desai 2005; Mishra and Singh 2010; Yacoub and Tayfur 
2017). The probability density function of the gamma distribu-
tion, (x), is expressed as:

and the gamma probability density function is given as:

where x represents the amount of precipitation, Γ(α) is the 
gamma function, and α and β are the shape and scale param-
eters, respectively. To compute the SPI, a gamma probability 
density function must be fitted to the frequency distribu-
tion of precipitation totals recorded at a given station. The 
shape (α) and scale (β) parameters of the gamma distribu-
tion are estimated individually for each station and for each 
relevant time scale. The maximum likelihood estimation 
method proposed by Thom (1958) is commonly employed 
to derive these parameters (Bacanli et al. 2009; Bacanli and 
Kargi 2019). The shape and scale parameters are calculated 
as follows:

where n denotes the number of observations. The estimated 
parameters are then utilized to construct the cumulative 
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probability function (x), which is defined by the following 
expression (Bacanli 2017):

When t = x/β, the gamma cumulative distribution func-
tion is expressed by the following formula (Yacoub and 
Tayfur 2020):

The gamma distribution is undefined for values of 
x = 0; however, because precipitation time series may 
include zero values, the cumulative probability distri-
bution H(x) is adjusted to account for both zero and 
non-zero precipitation values. This adjusted cumulative 
distribution is defined as follows (Lloyd-Hughes and 
Saunders 2002):

(4)G(x) = ∫
x

0

g(x)dx =
1

��Γ(�)∫
x

0

x�−1e
−x

� dx

(5)G(x) =
1

Γ(�)∫
x

0

t�−1e−tdt

(6)H(x) = q + (1 − q)G(x)

Here, q represents the probability of zero precipitation. 
If m denotes the number of zero-precipitation occurrences 
in the time series, then q can be estimated as q = m/n. The 
cumulative probability function (x) is then transformed into 
the SPI, which follows a standard normal distribution with 
a mean of zero and a variance of one. The SPI value corre-
sponding to the computed (x) is obtained using the following 
approximation formulas (Abramowitz and Stegun 1965):

(7)0 < H(x) < 0.5, SPI = −

(

t −
c0 + c1t + c2t

2

1 + d1t + d2t
2+d3t

3

)
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√

ln

(

1

(H(x))2

)

(8)0.5 < H(x) < 1.0, SPI = +
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2
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2+d3t

3

)
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1
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)

In this equation, the constants are defined as fol-
lows: c0 = 2.515517, c1 = 0.802853, c2 = 0.010328, 
d1 = 1.432788, d2 = 0.189269 and d3 = 0.001308 (McKee 
et al. 1995). The normalization of SPI values ensures that 
both dry and wet periods are represented consistently 
across the selected time scale. A drought event is identi-
fied when the SPI value falls below −1, marking the onset 
of drought. The duration during which the index remains 
below −1 is considered the drought period (McKee et al. 
1995; Mishra and Desai 2005; Mishra and Singh 2011). 
Based on the SPI values, drought severity categories are 
presented in Table 2 (McKee et al. 1993).

As the value of SPI decreases from zero to negative, the 
intensity of drought increases. Conversely, as SPI increases 
from zero to positive, the intensity of precipitation rises.

Results

In this study, drought analysis was performed with SPI by 
using the estimated precipitation values generated as a 
result of climate projections (HadGEM2-ES RCP4.5 and 

HadGEM2-ES RCP8.5) for the period 2023–2080 of Tokat, 
Çorum, Amasya, Ordu, and Samsun meteorological stations, 
which have sufficient observation length in the Central Black 
Sea region. The SPI was applied at four different time scales 
(1 month, 3 months, 6 months, and 12 months) for five sta-
tions. SPI diagrams estimated according to the HadGEM2-ES 
RCP4.5 (Scenario 1) and HadGEM2-ES RCP8.5 (Scenario 
2) climate models of Tokat, Çorum, Amasya, Ordu, and 
Samsun are presented in Figs. 2, 3, 4, 5 and 6, respectively. 
The number of repetitions of humid/drought periods within 
the scope of the scenarios are given in Tables 3, 4, 5, 6 and 
7, respectively. As in Fig. 7, the annual precipitation for the 
2023–2080 period is presented according to two distinct sce-
narios: RCP4.5 and RCP8.5, as defined by the HadGEM2-ES 
climate model. Moreover, Tables 8, 9, 10, 11 and 12 present 
the changes between the projected future drought conditions 
(2023–2080) as estimated under the specified scenarios and 
the drought conditions that were determined from 1971–2022.

When the results in Fig. 2 and Table 3 for Tokat were 
evaluated together(RCP4.5), SPI-1 results show that 
although there was a SD period in January 2023, EW peri-
ods were determined in 2023 and 2025. In July 2025, it was 

Table 2   Classification of drought conditions according to the SPI 
(McKee et al. 1993)

SPI Class Symbol

 ≥ 2 Extremely Wet EW
1.50 ~ 1.99 Severely Wet SW
1.00 ~ 1.49 Moderately Wet MoW
0.99 ~ 0 Mildly Wet MW
0 ~ −0.99 Mildly Drought MD
−1.00 ~ −1.49 Moderate Drought MoD
−1.50 ~ −1.99 Severe Drought SD
 ≤—2 Extreme Drought ED
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EW with an index of 5.89 and this value was the maximum. 
EW periods became more frequent between 2040–2057 and 
2072–2078. There are severe and ED periods in 2023, 2033, 
2034, 2037, 2040, 2043–2044, 2049, 2052, 2057, and 2065. 
The period between 2058 and 2071 was generally considered 
MW and MD. SPI-3 results show ED periods in 2037, 2040, 
and 2057, and in 2049, both SD and EW periods were identi-
fied in the same year pattern. It can be stated that EW peri-
ods will be entered consecutively in 2073, 2076, and 2078. 
SPI-6 results show SD in 2025–2026, 2037, 2040, 2044, 
2049–2050, 2057–2058, 2065–2066. In 2073 and 2078, con-
secutive EW periods were calculated in six-month sequences 
in the same year. In the SPI-12 results, 2037 and 2044 are 
ED years, while 2045 and 2073 are EW years.

When the results of Scenario 2(RCP8.5) in Fig. 2 and 
Table 3 for Tokat are evaluated together, SPI-1 results show 
that SD and ED periods are not expected until 2036. After 
2037, SD have been determined in 5–10-year periods. ED 
are calculated in 2063 and 2073. It was calculated that EW 
periods will intensify in 2066, 2067, and 2068. In SPI-3, 
ED periods were calculated in 2037, 2046, 2051, and 2073. 
2037 and 2074 are the most SW periods. In 2079 and 2080, 
SW and EW periods became more frequent. When SPI-6 
results are analyzed, long-term severe and ED periods were 
estimated in 2037, 2046, and 2051. In the years 2057, 2068, 
2074, and 2079–2080, EW periods intensify. In SPI-12 
results, 2040, 2068, and 2080 stand out as EW years, while 
2044, and 2073 stand out as SD years.

When the results in Fig. 3 and Table 4 for Çorum were 
evaluated together(RCP4.5), SPI-1 results show that the peri-
ods 2041–2043, 2045–2046, and 2073–2076 are character-
ized by successive EW periods, while there are SD periods 
in 2026, 2033, 2037, 2040, and 2049. SPI-3 results show ED 
periods in 2037 and 2068. 2041–2043, 2045, and 2049 are 
EW periods. By 2073, most of the three-month translational 
periods throughout the year are also EW. Between 2059 and 
2067, MW periods were generally determined. SPI-6 results 
show MoW in the 2023–2036 period. 2042–2043 was deter-
mined as EW, while 2044 was determined as SD. SD periods 
in 2072 were followed by SW and EW periods in 2073 and 
2074. SPI-12 results show SD in 2037, 2058, and 2072, and 
SW and EW in 2031, 2073, and 2074.

When the results in Fig. 3 and Table 4 for Corum were 
evaluated together(RCP8.5), SPI-1 results show SD periods 
after 2037. Between 2062 and 2074, EW periods intensify. 
SPI-3 results show EW periods in 2027, 2038, 2040, 2043, 
2059–2060, 2067–2068, 2074, and 2079. In 2037, 2053, and 
2066, ED periods were determined. SPI-6 results show gen-
erally MW and often MD periods, except for 2053 and 2066. 
SPI-12 results show 2027 and 2068 as extremely humid, and 
2053 and 2066 as SD.

When the results in Fig. 4 and Table 5 for Amasya were 
evaluated together(RCP4.5), SPI-1 results show SD in 2025, 
2033, 2037, 2037, 2040, 2049, 2050, 2058, and 2068. EW 
periods come to the fore in the periods 2040–2045 and 
2072–2079. SPI-3 results show EW periods in the periods 
of 2042–2046 and 2073–2078. In addition to intermittent 
SD periods, ED periods were determined in 2037. SPI-6 
results show EW periods in 2031 and 2046. SD periods were 
calculated in 2026, 2044, 2050, 2057–2058, 2066, and 2072. 
SPI-12 results show ED in 2058, and EW in 2046 and 2073.

When the results of Scenario 2(RCP8.5) in Fig.  4 
and Table 5 for Amasya were evaluated together, it was 
determined that SW and EW periods intensified between 
2067–2076, and ED periods were determined in 2063 in 
the SPI-1 results. In 2050 and 2060, EW periods become 
more frequent. High index values were calculated during 
these periods. SPI-3 results show EW periods in 2027, 
2035, 2038, 2040, 2043, 2045, 2047, 2055, 2059–2061, 
2064, 2067–2068, 2071, 2074,2076, and 2079. ED peri-
ods were identified in 2037 and 2053. When the SPI-6 
results were examined, EW periods in 2027, 2040, 2048, 
2059, 2067–2068, 2076, and 2079, and SD and ED periods 
in 2028, 2036–2037, 2049, 2051–2053, 2065–2066, and 
2076–2078 periods were calculated. SPI-12 results show 
SD in 2044, 2065, 2073, and 2078. 2068 was determined as 
EW, 2027, 2040, 2048, and 2080 as SW.

When the results in Fig. 5 and Table 6 for Ordu were 
evaluated together(RCP4.5), SD periods in 2029, 2032, 
2037, 2040, 2051, 2058, 2063, 2073, and 2078 and periods 
of EW that recur every 2 and 3 years were calculated in 

Fig. 2   Temporal distribution of SPI results for Tokat
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the SPI-1 results. In 2078, SW periods intensify. Although 
SPI-3 results show ED periods in 2037 and 2078, the periods 
2041–2049 and 2068–2079 were calculated as SW. SPI-6 
results show ED periods in 2037 and 2069. EW periods were 
noted in the periods 2041–2049 and 2073–2078. Although 
ED years could not be determined in the SPI-12 results, 

2032, 2037, 2048, and 2058 were calculated as SD. 2045 
and 2073 were determined to be EW.

When the results in Fig. 5 and Table 6 for Ordu were 
evaluated together(RCP8.5), SPI-1 results show SD peri-
ods in 2029, 2040, 2044, 2063, 2065, 2070, 2073, and 
2076, while EW periods in 2060 are noteworthy. Between 

Fig. 3   Temporal distribution of SPI results for Çorum
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2028 and 2079, EW periods are frequently repeated. SPI-3 
results show EW periods in 2027–2028, 2038, 2040, 2047, 
2065, 2068, 2070, 2072, 2075, 2077, and 2079. Long-
term SD were identified in 2051, 2053, 2062, and 2076. 
In 2063, 2073, and 2076, ED periods were determined. 
SPI-6 results show EW periods in 2027, 2040, 2048, 2068, 
2069, 2072, and 2079. In 2037, 2051, 2053, 2062, and 
2076, SD and ED periods are intense. SPI-12 results show 
2040 and 2048 as EW, and 2053, 2062, 2066, and 2073 
as SD and ED.

When the results in Fig. 6 and Table 7 for Samsun were 
evaluated together(RCP4.5), one of the noteworthy aspects 
of the SPI-1 results is that between 2023 and 2080, SD peri-
ods were identified only in 2078. Another noteworthy point 
is the intensification of EW periods in the 2040–2061 and 
2066–2079. SPI-3 results show SD in the periods 2026, 
2036–2037, 2062–2063, and 2068. EW periods were calcu-
lated in 2026–2027, 2041, 2043, 2045–2046, 2054, 2057, 
2059, 2061, 2067, and 2073–2074. When the SPI-6 results 
were analyzed, an ED period was calculated only in 2026. In 
the years 2041, 2067, 2073–2074, EW periods were deter-
mined during the long translation periods. While the SPI-12 
results did not determine SD and ED years, 2046, 2067, and 
2073–2074 were calculated as EW.

When the results in Fig. 6 and Table 7 for Samsun were 
evaluated together(RCP8.5), SPI-1 results showed SD in 2031, 

Fig. 4   Temporal distribution of SPI results for Amasya

Fig. 5   Temporal distribution of SPI results for Ordu

Fig. 6   Temporal distribution of SPI results for Samsun
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2049, and 2079. Although MW and MD were intense, EW 
periods were identified every five years. SPI-3 results show 
SD in 2031, 2053, 2055, 2064, 2064, 2071, 2073, 2074, and 
2078, while ED periods were not identified. In 2026–2027, 
2030, 2032, 2034, 2038, 2041, 2056, 2058, 2060, 2062, 2065, 

2067–2068, and 2079–2080, EW periods were determined. 
SPI-6 results show SD periods in 2025, 2025, 2053, 2071, 
and 2078. In 2027, 2040–2041, 2058, 2065, and 2067, EW 
periods were noteworthy. In the SPI-12 results, only 2027 was 
calculated as EW. 2031, 2053, and 2078 were in the SD class.

Table 3   Drought classification 
results for Tokat

EW SW MoW MW MD MoD SD ED

RCP4.5 SPI-1 34 24 42 186 334 63 12 1
SPI-3 21 23 50 151 254 58 19 4
SPI-6 14 18 43 109 158 43 20 1
SPI-12 2 3 4 17 26 2 2 2

RC P8.5 SPI-1 24 26 49 193 320 69 13 2
SPI-3 15 28 52 177 216 69 18 5
SPI-6 9 17 34 146 132 42 23 3
SPI-12 3 1 5 19 20 8 2 0

Table 4   Drought classification 
results for Corum

EW SW MoW MW MD MoD SD ED

RCP4.5 SPI-1 30 27 40 159 366 68 6 0
SPI-3 17 24 51 151 259 61 15 2
SPI-6 17 24 51 151 259 61 15 2
SPI-12 1 2 7 13 26 6 3 0

RCP.8.5 SPI-1 31 24 37 181 351 59 12 1
SPI-3 23 20 51 156 256 63 7 4
SPI-6 16 18 30 118 159 50 11 4
SPI-12 2 3 3 18 24 6 2 0

Table 5   Drought classification 
results for Amasya

EW SW MoW MW MD MoD SD ED

RCP4.5 SPI-1 36 26 49 154 357 65 9 0
SPI-3 22 36 40 147 262 55 17 1
SPI-6 13 24 35 116 150 51 17 0
SPI-12 2 4 4 15 25 5 2 1

RCP8.5 SPI-1 30 22 41 179 345 66 12 1
SPI-3 27 28 40 161 243 64 14 3
SPI-6 14 20 35 118 148 53 17 1
SPI-12 1 4 5 17 23 4 4 0

Table 6   Drought classification 
results for Ordu

EW SW MoW MW MD MoD SD ED

RCP4.5 SPI-1 35 27 34 185 349 57 9 0
SPI-3 28 22 35 177 239 63 14 2
SPI-6 18 16 34 115 154 54 13 2
SPI-12 2 3 3 23 16 7 4 0

RCP8.5 SPI-1 29 35 34 190 327 71 10 0
SPI-3 17 29 45 180 221 62 23 3
SPI-6 12 20 20 155 127 47 19 6
SPI-12 2 1 3 24 18 6 2 2
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According to Table 8 for Tokat, in SPI-1 results, the MW 
category was calculated to increase by 2.69% in HadGEM2-
ES RCP4.5 (Scenario 1) and 3.69% in HadGEM2-ES 
RCP8.5 (Scenario 2). According to SPI-3 results, in Sce-
nario 1, MW decreases by 3.20%, while MD increases by 
4.34%. In Scenario 2, MD decreased, while MoD increased 
by 1.32%. According to SPI-6 results, in Scenario 1, an 
increase of 2.90% in MoW, a decrease of 3.37% in MW, 
and a decrease of 1.13% in ED were determined. In Sce-
nario 2, an increase of 5.74% in MW and a decrease of 
7.05% in MD were calculated. In Scenario 1 of SPI-12, a 
decrease of 4.64% in MoD, an increase of 12.14% in MD, 
and a decrease of 10.01% in MoD were calculated, while in 
Scenario 2, an increase of 3.25% in the EW, a decrease of 
4.05% in periods of SW and an increase of 3.91% in MD 
were determined. When the averages of monthly precipita-
tion values were compared, while it was 36.05 mm between 
1971–2022, it increased between 2023–2080 and was calcu-
lated as 48.53 mm in Scenario 1 and 49.71 mm in Scenario 
2. The highest precipitation value was 141.10 mm between 
1971–2022, while it increased between 2023–2080 and was 
calculated as 185.70 mm in Scenario 1 and 197.20 mm in 
Scenario 2.

In accordance with Table  9 for Corum, in SPI-1, an 
increase of 6.27% in MD was calculated according to Sce-
nario 1 and an increase of 4.12% was calculated according 
to Scenario 2. SPI-3 results showed an increase in MD in 
Scenario 1, similar to SPI-1 results. SPI-6 results showed 
an increase of 3.10% in Scenario 1 and 4.90% in Scenario 2 
in MD and MoD. SPI-12 results show an increase between 
2.90% and 6.50% in the MD and MoD categories in both 
Scenarios. In addition, an increase was determined in the 
MoW category. When the average monthly precipitation 
values were compared, while it was 37.33 mm between 
1971–2022, it decreased to 35.99 mm in Scenario 1 and 
increased to 38.91 mm in Scenario 2 for 2023–2080. While 
the highest precipitation value was 220.10 mm between 
1971–2022, it was calculated as 237.9 mm in Scenario 1 
and 209.60 mm in Scenario 2 for 2023–2080.

By Table 10 for Ordu, SPI-1 results showed a 10.24% 
increase in MD rates in Scenario 1 and a 7.08% increase in 

Scenario 2. SPI-3 results show an increase in MD in both 
scenarios, in line with SPI-1 results. SPI-6 results showed 
an increase of 4%−5% in MD and MoD in Scenario 1 and an 
increase of 3.61% in Scenario 2 in MoD. SPI-12 results show 
an increase between 1.5% and 5% in MoD and SD categories 
in both scenarios. When the averages of monthly precipita-
tion values were compared, while it was 87.70 mm between 
1971–2022, it decreased between 2023–2080 and was calcu-
lated as 72.19 mm in Scenario 1 and 72.48 mm in Scenario 
2. The highest precipitation value was 267.50 mm between 
1971–2022, while it increased between 2023–2080 and was 
calculated as 486.20 mm in Scenario 1 and 275.80 mm in 
Scenario 2.

In accordance with Table 11 for Amasya, SPI-1 results 
show a decrease in MW and an increase of 3.22% in Sce-
nario 1, while it increased by 1.49% in Scenario 2. SPI-3 
results show an increase in MD in both scenarios, in line 
with SPI-1 results. SPI-6 results show an increase in the 
range of 1.5% to 5.5% in MD and MoD. SPI-12 results show 
an increase of 1.72% in ED in Scenario 1 and an increase 
in SD by 4.97% in Scenario 2. On the other hand, while 
there was an increase in the range of 5%−8.5% in MD, a 
decrease in the range of 4%−7% in MoD. In addition, it 
was determined that SW periods increased by 4.97% in both 
scenarios. While the average monthly precipitation value 
was 37.90 mm between 1971–2022, it increased between 
2023–2080 and was calculated as 38.74 mm in Scenario 1 
and 41.36 mm in Scenario 2. The highest precipitation value 
was 153.90 mm between 1971–2022, while it increased 
between 2023–2080 and was calculated as 186.10 mm in 
Scenario 1 and 231 mm in Scenario 2.

According to Table 12 for Samsun, in Scenario 1, SPI-1 
results show a decrease in MW and an increase of 10.31% 
in MD, while in Scenario 2 it shows an increase of 5.13%. 
SPI-3 results show an increase between 7 and 11% in MD 
in both scenarios, in line with SPI-1 results. SPI-6 results 
show an increase in the range of 4% to 10% in MD in both 
scenarios. SPI-12 results show that in Scenario 1, EW peri-
ods increased by 3.05%, SW periods by 4.97%, MD by 
3.12%, and MoD by 7.63%, while MW periods decreased 
by 10.48%. In Scenario 2, it was determined that SW, MoD, 

Table 7   Drought classification 
results for Samsun

EW SW MoW MW MD MoD SD ED

RCP4.5 SPI-1 34 22 51 136 403 49 1 0
SPI-3 26 27 38 143 288 51 7 0
SPI-6 25 15 25 104 189 46 2 0
SPI-12 4 4 3 14 23 10 0 0

RCP8.5 SPI-1 35 26 37 161 367 67 3 0
SPI-3 28 20 42 151 267 59 13 0
SPI-6 13 27 30 106 170 51 9 0
SPI-12 1 4 4 18 20 8 3 0
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and SD periods increased by 1%−5%, while MW periods 
decreased by 3.58%. While the average monthly precipita-
tion value was 58.91 mm between 1971–2022, it increased 

between 2023–2080 and was calculated as 66.55 mm in 
Scenario 1 and 70.11 mm in Scenario 2. The highest pre-
cipitation value was 269.80 mm between 1971–2022, while 

Fig. 7   Temporal distribution of Annual Precipitation for 2023–2080
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Table 8   Proportional changes in 
drought classification between 
1971–2022 and 2023–2080 for 
Tokat

1971–2022/2023–
2080

EW SW MoW MW MD MoD SD ED

RCP4.5 SPI-1 0.88% −2.00% −0.54% 2.69% 0.23% −1.04% −0.20% −0.02%
SPI-3 0.54% −1.61% 1.12% −3.20% 4.37% −0.58% −1.34% 0.69%
SPI-6 0.15% 0.04% 2.90% −3.37% −0.64% 2.07% −0.02% −1.13%
SPI-12 1.53% −0.60% −4.64% 0.46% 12.14% −10.01% −2.32% 3.45%

RCP8.5 SPI-1 −0.56% −1.71% 0.47% 3.69% −1.78% −0.18% −0.06% 0.13%
SPI-3 −0.49% −0.75% 1.47% 1.29% −2.18% 1.32% −1.51% 0.86%
SPI-6 −1.08% −0.21% 0.68% 5.74% −7.05% 1.83% 0.72% −0.63%
SPI-12 3.25% −4.05% −2.92% 3.91% 1.79% 0.33% −2.32% 0.00%

Table 9   Proportional changes in 
drought classification between 
1971–2022 and 2023–2080 for 
Corum

1971–2022/2023–
2080

EW SW MoW MW MD MoD SD ED

RCP4.5 SPI-1 −0.02% −0.93% −0.82% −3.28% 6.27% −0.81% −0.42% 0.00%
SPI-3 −0.34% −0.29% 0.33% −4.93% 7.16% −0.44% −1.26% −0.23%
SPI-6 −0.64% 0.29% −0.55% −3.64% 4.00% 3.10% −0.71% −1.85%
SPI-12 −0.20% −4.24% 8.22% −14.12% 6.37% 6.50% −0.60% −1.92%

RCP8.5 SPI-1 0.13% −1.36% −1.25% −0.12% 4.12% −2.10% 0.44% 0.14%
SPI-3 0.70% −0.97% 0.33% −4.06% 6.64% −0.10% −2.64% 0.11%
SPI-6 0.37% 0.59% −1.95% −0.61% −1.50% 4.90% −0.59% −1.21%
SPI-12 1.53% −2.52% 1.33% −5.50% 2.92% 6.50% −2.32% −1.92%

Table 10   Proportional changes 
in drought classification 
between 1971–2022 and 
2023–2080 for Ordu

1971–2022/2023–
2080

EW SW MoW MW MD MoD SD ED

RCP4.5 SPI-1 1.66% −1.57% −2.49% −2.43% 10.24% −3.99% −1.11% −0.32%
SPI-3 2.52% −1.01% −2.04% −5.06% 8.71% −0.29% −1.82% −1.00%
SPI-6 2.24% −0.73% 0.13% −7.66% 4.41% 5.33% −1.19% −2.53%
SPI-12 −0.40% 3.25% −0.60% −4.58% −3.18% 4.38% 4.97% −3.85%

RCP8.5 SPI-1 0.80% −0.42% −2.49% −1.71% 7.08% −1.98% −0.97% −0.32%
SPI-3 0.62% 0.19% −0.32% −4.54% 5.60% −0.46% −0.27% −0.83%
SPI-6 0.76% 0.26% −3.32% 2.19% −2.24% 3.61% 0.28% −1.54%
SPI-12 −0.40% −0.20% −0.60% −2.85% 0.27% 2.65% 1.53% −0.40%

Table 11   Proportional changes 
in drought classification 
between 1971–2022 and 
2023–2080 for Amasya

1971–2022/2023–
2080

EW SW MoW MW MD MoD SD ED

RCP4.5 SPI-1 0.69% −0.75% 1.75% −4.80% 3.22% −0.12% 0.01% 0.00%
SPI-3 0.52% 2.75% −2.91% −4.85% 6.90% −1.09% −0.72% −0.60%
SPI-6 0.45% 2.89% −0.17% −8.79% 5.90% 1.57% −0.76% −1.10%
SPI-12 −2.32% 4.97% −0.80% −8.75% 8.49% −4.84% 1.53% 1.72%

RCP8.5 SPI-1 −0.18% −1.33% 0.60% −1.20% 1.49% 0.03% 0.44% 0.14%
SPI-3 1.39% 1.37% −2.91% −2.43% 3.63% 0.46% −1.24% −0.25%
SPI-6 0.70% 1.90% −0.17% −8.30% 5.41% 2.07% −0.76% −0.85%
SPI-12 −4.05% 4.97% 0.93% −5.31% 5.04% −6.56% 4.97% 0.00%
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it increased between 2023–2080 and was calculated as 
675.10 mm in Scenario 1 and 503.10 mm in Scenario 2.

Within the scenarios used, it was concluded that from 
2023 to 2080, MW periods will decrease, and MD and MoD 
periods will increase in the Central Black Sea Region. An 
increase in precipitation is expected across the region except 
for Ordu. The increase in drought and the increase in pre-
cipitation averages are considered to be the most concrete 
indicators of climate change.

Monthly average precipitation and SPI-12 values for the 
period 1971–2022 and the period 2023–2080 (Scenario 1 
and Scenario 2) for the coastal region (Samsun and Ordu) 
and inland region (Tokat, Çorum, and Amasya) of the Cen-
tral Black Sea Region are presented in Table 13.

As can be seen in Table 13, the average precipitation in 
the inland region increases by 2%−38% (except Çorum, 
Scenario 1). MW and MD are the dominant drought classes 
in the inland region according to SPI-12. These MW val-
ues decrease by 0%−41% in Scenario 1 and decrease by 
16%−17% in Scenario 2 (except Tokat, Scenario 2). On the 
other hand, MD increases by 15%−36% in Scenario 1 and 
increases by 3%−14% in Scenario 2. In the coastal region, 
average precipitation amounts decrease by approximately 

17% in Ordu, while it increases by 12%−19% in Samsun 
in both scenarios. MW and MD are the dominant drought 
classes in the coastal region according to SPI-12. In this 
regard, MW decreases by 9%−31% in Scenario 1 and 
decreases by 7%−11% in Scenario 2. While MD decreased 
by 10% in Ordu in Scenario 1 and increased by 8% in Sam-
sun. According to Scenario 2, while no proportional change 
could be determined in Ordu, it decreased by 8% in Samsun.

Discussion

It was determined that drought events will increase with the 
decrease in precipitation caused by global warming (Kara-
man and Gökalp 2010). It is stated that Türkiye is among 
the countries adversely affected by climate change in the 
future, and desertification will occur due to the increase in 
temperature (Ustun 2008). According to climate projec-
tions, Altınsoy et al. (2011) determined that the Mediter-
ranean basin and surrounding countries will be negatively 
affected by the consequences of climate change in the future. 
Precipitation is also projected to decline: by 1–10% under 
moderate warming and up to 30% in southern regions under 

Table 12   Proportional changes 
in drought classification 
between 1971–2022 and 
2022–2080 for Samsun

1971–2022/2023–
2080

EW SW MoW MW MD MoD SD ED

RCP4.5 SPI-1 0.72% −0.69% −0.85% −5.46% 10.31% −2.09% −1.94% 0.00%
SPI-3 0.44% 1.39% 0.21% −8.61% 10.81% −2.17% −1.87% −0.19%
SPI-6 2.31% −0.15% −1.81% −5.70% 9.46% 0.07% −3.35% −0.82%
SPI-12 3.05% 4.97% −2.52% −10.48% 3.12% 7.63% −3.85% −1.92%

RCP8.5 SPI-1 0.86% −0.11% −2.86% −1.87% 5.13% 0.49% −1.65% 0.00%
SPI-3 0.79% 0.18% 0.90% −7.23% 7.19% −0.79% −0.84% −0.19%
SPI-6 −0.64% 2.80% −0.58% −5.21% 4.78% 1.30% −1.63% −0.82%
SPI-12 −2.12% 4.97% −0.80% −3.58% −2.06% 4.18% 1.33% −1.92%

Table 13   Precipitation and SPI-12 ​​of the Inland and Coastal regions (1971–2022 and 2023–2080)

Monthly average precipitation (mm) SPI-12

1971–2022 2023–2080
(RCP4.5)

2023–2080
(RCP8.5)

1971–2022 2023–2080
(RCP4.5)

2023–2080
(RCP8.5)

Category

Inland Tokat 36.05 48.53 49.71 29.00% 29.00% 33.00% MW
33.00% 45.00% 34.00% MD

Corum 37.33 35.99 38.91 37.00% 22.00% 31.00% MW
39.00% 45.00% 41.00% MD

Amasya 37.9 38.74 41.36 35.00% 26.00% 29.00% MW
35.00% 43.00% 40.00% MD

Coastal Ordu 87.70 72.19 72.48 44.00% 40.00% 41.00% MW
31.00% 28.00% 31.00% MD

Samsun 58.91 66.55 70.11 35.00% 24.00% 31.00% MW
37.00% 40.00% 34.00% MD
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a 4 °C increase. The Black Sea Region is expected to be the 
least affected in terms of rainfall reduction. The National 
Climate Change Action Plan projects temperature increases 
of 2.5 °C to 5 °C across Türkiye, accompanied by risks 
such as drought, forest fires, water scarcity, desertification, 
and ecological degradation (Republic of Türkiye Ministry 
of Environment, Urbanization and Climate Change 2012). 
Within the scope of climate projections, it is predicted that 
temperatures will increase by 3 °C–7 °C until the 2070–2100 
period, and precipitation climatology in Türkiye will vary 
between −0.8 mm/day and 1.2 mm/day (Turp et al. 2014). In 
western Türkiye, the influence of the North Atlantic Oscil-
lation (NAO) has contributed to observed increases in sea 
level and temperature (Dogan et al. 2015a, b). In addition, 
according to another study, drought periods are predicted 
to prevail in the second half of the century (Yuruk 2017).

In the modeling made for the years 2016–2099 in Tür-
kiye, it is expected that temperatures will increase. It is pre-
dicted that there will be a decrease in precipitation in the 
summer season, except for the west coast and northeast of 
the country, and a decrease in precipitation throughout the 
country in the autumn. Despite the predicted decreases, an 
increase in winter precipitation is expected (Demircan et al. 
2017). By the middle of the twenty-first century, water avail-
ability in arid regions in Türkiye will decrease by 10%–30%, 
droughts will intensify in the south of the country and their 
effects will become more pronounced (Sirdas 2002; Sirdas 
and Sen 2003a, b). Onol et al. (2014) determined, there 
will be a decrease in winter precipitation of between 10 
and 60%, especially in Türkiye. This is based on tempera-
ture and precipitation projections for the region, including 
Türkiye, made using three different global climate models 
(ECHAM5, CCSM3, HadCM3) and A2, A1F1 and B1 sce-
narios, as well as the RegCM3 Regional Climate Model for 
the period 2071–2099. Gürkan et al. (2016) projected cli-
mate changes in Türkiye under RCP4.5 and RCP8.5, esti-
mating up to 2.5 °C temperature rise and significant regional 
decreases in precipitation, especially in Mediterranean and 
Fırat-Dicle basins. In the studies carried out specifically for 
different basins in Türkiye, it is concluded that there will be 
serious decreases in the average precipitation with the cli-
mate scenarios of the Akarçay Basin, which is located at the 
intersection of Central Anatolia, Mediterranean, and Aegean 
regions, and it is stated that temperatures will increase 
despite the decrease in precipitation (Dabanli 2017). In addi-
tion, in the 2015–2100 projections of Acısu, Selendi, Murat, 
Medar, Gördes, Ahmetli, Demirci, and Deliiniş sub-basins 
in the Gediz Basin, it is estimated that there will be long and 
uninterrupted wetlands in the basins until 2035, and after 
2050, droughts will increase until 2080, and severe droughts 
will occur after 2080 (Cetin 2023).

In Anatolian geography, arid/semi-arid climate character-
istics are intensely experienced. As a result of global climate 

change, Eastern Anatolia is expected to be the region most 
affected by drought in the future. Drought in Türkiye has 
been experienced in oscillations from the past to the present, 
and the effect of drought will be strengthened in climate 
scenarios (Ozturk 2022). Camalan et al. (2023) investigated 
drought trends in Central Anatolia using standardized indi-
ces and climate projection data. Findings show that drought 
severity has increased since 1994, with rising temperatures 
and irregular precipitation as key drivers. Future projec-
tions suggest further intensification of drought due to global 
warming. The Ministry of Environment, Urbanization and 
Climate Change predicts that there will be an increase in 
winter precipitation throughout the country and a decrease 
in precipitation in spring, except for the coastal/northeast-
ern regions (Republic of Türkiye Ministry of Environment 
Urbanization and Climate Change 2018). The IPCC 6th 
Assessment Report states that global warming will cause 
changes in climate systems in the future. It was stated that 
with a warmer climate than today, very precipitous and very 
arid weather will come, and accordingly, floods and droughts 
will be experienced more frequently (IPCC 2021). In some 
studies, conducted in the Eastern Black Sea Region, climate 
change is expected to affect all settlements (Tugaç, 2022). 
There will be an increase in droughts and fluctuations in pre-
cipitation (Nacar et al. 2022). In addition, it was concluded 
that in addition to the significant increase in temperatures 
in the Black Sea Region, drought will gradually increase in 
the future (Kir 2021). In general, when the studies in the 
literature, including this study, are evaluated together, it is 
seen that there is a high probability that drought will become 
more widespread in Türkiye in the future, and accordingly, 
water shortages will occur in Türkiye.

Conclusion

This study aimed to determine the drought status of the 
Central Black Sea Region of Türkiye from 2023 to 2080 
according to climate models. For this purpose, HadGEM2-
ES RCP4.5 and HadGEM2-ES RCP8.5 scenarios for Tokat, 
Çorum, Amasya, Ordu, and Samsun were used. The drought 
situation calculated within the scope of the determined sce-
narios and the current situation for the 1971–2022 period 
were evaluated together. When the current situation in the 
Central Black Sea Region for 1971–2022 and the drought 
situation calculated by the scenarios for the 2023–2080 
period were evaluated together, it was determined that the 
drought level will increase in the future. In addition, it was 
determined that normal drought periods in the interior of the 
region have been postponed to near-normal drought periods. 
It was calculated that normal drought periods were decreas-
ing in the coastal strip of the region. However, this drought 
class has not been relegated to the near-normal drought 
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class as in the inland regions. It is estimated that moderately 
severe drought and very humid periods will intensify in the 
future, especially in Samsun, while moderate/severe drought 
periods will be experienced frequently in Ordu.

This study is considered to be a resource to be utilized in 
the effective and sustainable use of water resources over the 
years, regional and temporal planning of agricultural product 
diversity, measures to be taken against natural disasters such as 
floods, and studies to be carried out by the state and researchers 
on the subject. As the continuation of this study, it is aimed to 
determine the severity, duration, frequency, and impact area 
of drought in the region by using different drought analysis 
methods in the literature and hydro-meteorological climate 
parameters within the scope of current/climate models.
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