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Abstract. Summer and winter vegetable cultivation is widely practiced in Tiirkiye.
Therefore, when unexpected situations such as wars and epidemics occur with climate
change, it is important to accurately determine how the cultivation areas of vegetables,
which have an important place in the food sector and agriculture, will change due to
climate change. This study aimed to estimate how climate change would affect the geo-
graphical distribution of tomato, watermelon, onion, and cucumber to be planted in
Tiirkiye in the future by using a climatic suitability model. For this purpose, climat-
ic suitability estimation was done using the EcoCrop module included in the DIVA-
GIS program for tomato, watermelon, onion, and cucumber under the results of the
HADGEM?2_ES model RCP4.5 and RCP8.5 scenarios in the future period (2050s) and
the reference period (1950-2000) in Tirkiye. The results of the research were evalu-
ated, and it was determined that the climatic suitability for watermelon would be posi-
tively affected, while the climatic suitability for tomato, onion, and cucumber would
be negatively affected in Tiirkiye. It is estimated that in the 2050s, climatically suitable
areas for tomato (13-16%), onion (3-7%), and cucumber (4-12%) cultivation will
decrease, while suitable areas for watermelon (26-35%) cultivation will increase. While
it is estimated that Tiirkiye will fall further behind in tomato and onion production
in the world rankings in the 2050s, the rankings for watermelon and cucumber will
not change. The changes in production due to the decrease in climatic suitability for
tomatoes and cucumbers and the increase in climatic suitability for watermelon will
impact the economy. It is recommended that production be based on these estimates
to maintain the diversity of vegetables on our tables in the future and to ensure the
sustainability of these products.

Keywords: EcoCrop Model, DIVA-GIS, Tiirkiye, suitability, sustainability.

1. INTRODUCTION

Climate change is considered the biggest environmental disaster today,
and its effects are increasing in the current period. Many studies conducted
on a global and regional scale show that the adverse effects of climate change
and variability on water, soil, and agricultural resources may become strong-
er in the future (Calt: and Somuncu, 2019). Tirkiye is among the risk group
countries in terms of the effects of global warming (WBG, 2022). The nega-
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tive impacts of climate change on the agricultural sector
will indirectly affect the national economy. Therefore,
the importance of mitigation and adaptation policies
emerges once again (Temur, 2017).

Tiirkiye ranks fourth in the world in vegetable pro-
duction (26.6 million tons), third in tomato production
(13.0 million tons), second in watermelon (3.4 million
tons) and cucumber (1.9 million tons) production, and
sixth in onion production (2.4 million tons) (Table 1).
When the data in Table 1 is evaluated, it is seen that
tomato, watermelon, onion, and cucumber are among
the vegetables with significant production amounts in
the world. Additionally, Tiirkiye ranks high in the world
in terms of cultivation. Therefore, it is very important
to determine how vegetables, which have an important
place in human nutrition, will be affected by climate
change in the future.

Climate change affects cucumber and watermelon
cultivation (Oyediran et al., 2018; Melo et al., 2020;
Aparna et al., 2023). Litskas et al. (2019) stated that
tomato cultivation will be negatively affected by cli-
mate change in Tirkiye. Biratu (2018) expects that pos-
sible changes in the context of climate change, such
as increased air temperature, changes in precipitation,
long-term water scarcity, etc., will have a significant
impact on tomato performance, which in turn will have
a serious impact on food security. Hanci and Cebeci
(2015) stated that the importance of abiotic stress fac-
tors emerged distinctively with global warming and that
the most important abiotic factors in onion cultivation
were salinity and drought. When these and other stud-
ies investigating the effects of climate change on these
plants are evaluated, it is seen that precautions should be
taken to adapt these plants to climate change.

The EcoCrop model was used to determine climatic
suitability in the study. Initially, the EcoCrop database
was created by the Food and Agriculture Organization
(FAO) as a database containing plant characteristics and
crop environmental requirements for more than 2000
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plants (FAO, 2023). This database was integrated into
DIVA-GIS by Hijmans et al. (2001) and named EcoCrop.
The reason for choosing this model is primarily its high
accuracy (Jarvis et al., 2012; Ramirez-Villegas et al.,
2013). In addition, it can perform suitability analysis for
many plant species in large areas over a long period. It
is a great advantage that it can determine climatic suit-
ability with high accuracy with limited data and contrib-
ute to agricultural production by providing important
predictions. Ignoring other environmental factors can
be considered a disadvantage. However, it is possible to
diversify and develop studies by integrating environmen-
tal factors into these results.

Climatic suitability has been determined for various
vegetables around the world (Egbebiyi et al., 2019; Egbe-
biyi et al., 2020; Gardner et al., 2021; Moller et al., 2021;
Zagaria et al.,, 2023). In Tirkiye, climatic suitability has
been investigated in plants such as safflower, corn, mil-
let, canola, wheat, cotton, spinach, and sunflower (Aydin
and Sarptas, 2018; Deveci, 2023; Deveci, 2024; Sen et
al., 2024). Studies on climatic suitability estimation in
Tiirkiye are quite limited. Therefore, to reduce the nega-
tive effects of climate change, such studies should be
supported and increased by conducting trials in differ-
ent regions with various models, especially with strate-
gic plants. One of the most important features that dis-
tinguishes this study from other studies is that tomato,
watermelon, onion, and cucumber, the most widely cul-
tivated vegetables in Tiirkiye and the world, and occupy
an important place in human nutrition, were selected
and evaluated for climatic suitability. In recent years,
research on the effects of climate change on horticul-
tural crops has been frequently conducted in Tiirkiye,
including the species examined in this study. However,
this study is the first to address the spatio-temporal dis-
tribution of climatic suitability for these vegetables at the
Tiirkiye level through modeling using climate change
projections. It is also very significant in terms of ensur-
ing diversity and sustainability.

Table 1. Vegetable and tomato, watermelon, cucumber, and onion production amounts and rankings in the world and Tirkiye (2022)

(WPR, 2024a; WPR, 2024b; WPR, 2024c; WPR, 2024d; WPR, 2024e).

Tomato
(million tons)

Vegetable Production
(million tons)

Watermelon
(million tons)

Cucumber
(million tons)

Onion
(million tons)

China (616)

India (145)

United States (27.1)
Tiirkiye (26.6)
Vietnam (17.8)
Nigeria (16.1)

China (68.2)

India (20.7)
Tiirkiye (13.0)
United States (10.2)
Egypt (6.3)

Italy (6.1)

China (60.4)
Tiirkiye (3.4)
India (3.3)
Algeria (2.0)
Brazil (1.9)
Russia (1.6)

India (31.7)
China (24.5)
Egypt (3.7)
United States (2.9)
Bangladesh (2.5)
Tiirkiye (2.4)

China (77.3)
Tiirkiye (1.9)
Russia (1.6)
Mexico (1.1)
Uzbekistan (0.9)
Ukraine (0.8)
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This study aims to estimate climatic suitability for
tomato, watermelon, onion, and cucumber in Tirkiye
for the reference period (1950-2000) and future (2050s)
according to the outputs of the HADGEM2_ES model
RCP4.5 and RCP8.5 scenarios with the EcoCrop mod-
ule in the DIVA-GIS program. In this context, the effects
of temperature and precipitation, which are the most
important factors for plant cultivation, on the areas
where these vegetables can be planted have been tried to
be revealed. When unforeseen situations arise with cli-
mate change, accurately estimating the areas where these
vegetables, which have an important place in the agricul-
ture and food sector, can be planted will guide produc-
ers and those working in this field while planning.

2. MATERIAL AND METHODS
2.1 Research area

Tiirkiye is located between 26°-45° E longitude and
in 36°-42° N latitude in the Northern Hemisphere. Its
surface area is approximately 780000 km?. 3% of Tiir-
kiye’s surface area is in the European continent (Thrace)
and 97% is in the Asian continent (Anatolia). Tirkiye
is bordered to the west by Bulgaria and Greece, to the
east by Iran, Georgia, Armenia, Azerbaijan/Nahcivan,
and to the south by Iraq and Syria (GDSHW, 2023). The
research area and seven geographical regions in Tiirki-
ye are shown in Figure 1. According to the 2022 data of
the Turkish Statistical Institute, Tiirkiye’s total utilized
agricultural land is 38501 thousand hectares. Cereals
and other plant products are 16529 thousand hectares,
vegetable gardens are 718 thousand hectares, ornamen-
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Figure 1. Tiirkiye map (A-Marmara Region, B-Black Sea Region,

C-Aegean Region, D-Central Anatolia Region, E-Eastern Anatolia
Region, F-Mediterranean Region, G- Southeastern Anatolia Region).

tal plants are 6 thousand hectares, and fruits, bever-
ages, and spice crops are 3671 thousand hectares. While
meadow and pasture lands cover an area of 14617 thou-
sand hectares, 2960 thousand hectares of land are left
fallow (TurkStat, 2024a).

2.2 Climate of the research area

Tirkiye is located between the temperate zone and
the subtropical zone. The fact that Tiirkiye is surround-
ed by seas on three sides, the extension of the moun-
tains, and the diversity of landforms have led to the
emergence of climate types with different characteristics.
In the coastal regions of Tiirkiye, milder climate charac-
teristics are observed with the effect of the seas. Conti-
nental climate characteristics are observed in the inte-
rior of Tirkiye. Based on the criteria used in worldwide
climate classifications, Tirkiye has continental climate
(Southeastern Anatolia Continental Climate, Eastern
Anatolia Continental Climate, Central Anatolia Conti-
nental Climate, Thrace Continental Climate), Mediter-
ranean climate, Marmara (transition) climate, and Black
Sea climate (Atalay, 1997). According to long-term (1970-
2024) climate data averages for Tiirkiye, average maxi-
mum temperature is 19.2 °C (TSMS, 2023a), average
minimum temperature is 7.9 °C (TSMS, 2023b), average
mean temperature is 13.3 °C (TSMS, 2023c), average
annual total precipitation is 593.3 mm (TSMS, 2023d),
average relative humidity is 63.5% (TSMS, 2023e).

2.3 Climate model and scenarios used in the research

HadGEM2 is a second-generation global model
developed by the Hadley Center, a research organiza-
tion of the United Kingdom Meteorological Service, and
stands for Global Environment Model Version 2. There
are many versions of this model with similar physical
properties but in different configurations. The HadG-
EM2 series includes a coupled atmosphere-ocean config-
uration and an Earth system configuration that includes
dynamic vegetation, ocean biology, and atmospheric
chemistry (Collins et al., 2011; Giindogan et al., 2017),
while the HadGEM2-ES version includes terrestrial car-
bon cycle, chemistry, ocean biochemistry, ocean and sea
ice, troposphere, aerosols, land surface, and hydrology
configuration(Martin et al., 2011).

In 2007, the Intergovernmental Panel on Climate
Change (IPCC) Experts Meeting in the Netherlands
defined four Representative Concentration Pathways
(RCPs) for characteristics and radiative forcing levels
and pathways. RCP4.5 used in the study is the medi-



um stabilization path and assumes that radiative forc-
ing stabilizes at 4.5 W/m? between 2100 and 2150. The
other scenario in the study, RCP8.5, is the high radia-
tive forcing and concentration path (Moss et al., 2008;
Giindogan et al., 2017).

2.4 Crop suitability model: EcoCrop

EcoCrop within DIVA-GIS only considers monthly
precipitation and temperature to determine plant suit-
ability (Hijmans et al., 2001; Hijmans et al., 2005). The
parameters used by EcoCrop are minimum length of
growing season (Gmin), maximum length of grow-
ing season (Gmax), killing temperature during rest
(KTmp), minimum temperature (Tmin), the maximum
optimum temperature (TOPmax), minimum optimum
temperature (TOPmn), maximum temperature (Tmax),
minimum precipitation (Rmin), maximum precipitation
(Rmx), minimum optimum precipitation (ROPmn), and
maximum optimum precipitation (ROPmx). The mod-
el gives suitability maps according to suitability index
values as output. The suitability index varies between
0 and 100 in EcoCrop (Ramirez-Villegas et al., 2013).
EcoCrop’s working logic and the method of calculating
the suitability index have been explained in detail with
formulas and graphs by many researchers (Ramirez-
Villegas et al., 2013; Wichern et al., 2019; Joshi, 2021;
Labaioui and Bouchoufi, 2021). The classifications are as
follows in EcoCrop: 0% is not-suited, 1-20% is very mar-
ginal, 21-40% is marginal, 41-60% is suitable, 61-80%
is very suitable, and 81-100% is excellent. The EcoCrop
parameters for tomato, watermelon, onion, and cucum-
ber are shown in Table 2 (FAO, 2023).
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2.5 Method

In this study, climatic suitability maps were generated
for four different vegetables (tomato, watermelon, onion,
and cucumber), which play a significant role in human
nutrition. Since the climatic suitability maps were mod-
eled for four crops, it was thought that it would be more
appropriate to use only one climate model (HadGEM2_
ES model, the most comprehensive version of the HadG-
EM2 series) and two scenarios (RCP4.5 and RCPS.5)
due to the high plant diversity. There are many reasons
why the HadGEM2_ES model RCP4.5 and RCP8.5 sce-
narios are preferred. Firstly, climate predictions have
been made using these models and scenarios in Tiirkiye
(Akgakaya et al., 2013; Ak¢akaya et al., 2015; GDWM,
2016). This is very important in terms of comparability.
Moreover, it was also determined that the HadGEM2_ES
model produced highly accurate estimates of temperature
data (Deveci, 2025). The scenarios used in this research
were RCP scenarios within the scope of AR5. As is well
known, RCP scenarios directly consider radiative forc-
ing and are classified according to the energy balance
that will be achieved by 2100. These scenarios are sim-
ple to implement and are compatible with the contents of
CMIP5 (Coupled Model Intercomparison Project Phase
5) and CMIP6 (Coupled Model Intercomparison Project
Phase 6). RCP scenarios are currently employed by many
researchers, particularly in conjunction with SSP (Deveci
et al., 2025; Dokuyucu et al., 2025; Duvan et al., 2025;
Khazaei, 2025; Zhang et al., 2025).

The schematic representation of the method applied
in the research is given in Figure 2. The climate data file,
consisting of climate data covering the reference period
(1950-2000), was obtained from the DIVA-GIS website
(DIVAGIS, 2023). Future period (2050s) data obtained

Table 2. Growth threshold for tomato, watermelon, onion, and cucumber crops according to the EcoCrop model (FAO, 2023).

EcoCrop Parameters

Crop growth thresholds Units
Tomato Watermelon Onion Cucumber
Killing temperature (KTmp) °C 0 0 0 0
Minimum temperature (Tmin) °C 7 15 4 6
Minimum optimum temperature (TOPmn) °C 20 20 12 18
Maximum optimum temperature (TOPmax) °C 27 30 25 32
Maximum temperature (Tmax) °C 35 35 30 38
Minimum length of the growing season (Gmin) days 70 80 85 40
Maximum length of the growing season (Gmax) days 150 160 175 180
Minimum precipitation (Rmin) mm 400 400 300 400
Minimum optimum precipitation (ROPmn) mm 600 500 350 1000
Maximum optimum precipitation (ROPmx) mm 1300 750 600 1200
Maximum precipitation (Rmx) mm 1800 1800 2800 4300
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from HADGEM2_ES global climate model RCP4.5 and

RCP8.5 scenario outputs were downloaded from the

GCM Downscaled Data Portal website (CCAFS, 2023).

In this study, crop growth thresholds were obtained

from EcoCrop (Table 2). Climatic suitability indexes for

tomato, watermelon, onion, and cucumber in Tirkiye for
the reference and future periods were calculated with the

EcoCrop module in DIVA-GIS 7.5 software. The work-

ing principle of the EcoCrop model is explained below

(Ramirez-Villegas et al., 2013).

- The duration of the crop’s growing season is
defined. The length of the growing season is the
average of the minimum and maximum days speci-
fied in the crop cycle. Here, the calculation is made
by assuming that each month is potentially the first
month of the crop’s growing season for 12 months
separately.

-  The temperature suitability percentage is found. It is
calculated for each month. It is the minimum value
of all 12 potential growing seasons (Tsy;r).

- The rainfall suitability percentage is found. It is cal-
culated for each growing season (Rgy;r)-

Reference Climate Data
(1950-2000)

Reference Period
Climatic Suitability Maps

Tomato
‘Watermelon
Onion
Cucumber

- After calculating temperature and precipitation suit-
ability, total suitability is obtained by multiplying
these two values (Equation 1).

SUIT= Tsyir* Rgurr (1)

SUIT: Suitability
Tsyrr: Temperature suitability
Rgypr: Rainfall suitability

Then, reference and future period maps were cre-
ated in DIVA-GIS 7.5 according to the calculated suit-
ability indices. In the last stage, these maps were trans-
ferred to QGIS version 3.28, analyzed, and evaluated.
QGIS, also known as Quantum GIS, was preferred
because it is an open-access, free, and continuously
updated software. With this software, mapping, data
analysis, and editing layers can be done, and vector and
raster data types can be used and processed. It is also
possible to find many details, such as geographic coor-
dinate systems, symbols, labels, and data analysis tools
in this software (QGIS, 2023).

Future Climate Data
(2050s)

Future Period
Climatic Suitability Maps

/

Comparison of Climatic Suitability Maps

Figure 2. Schematic representation of the method applied in the research.



3. RESULTS

The climatic suitability obtained for reference and
future periods for tomato, watermelon, onion, and
cucumber is presented in Figure 3. When reference and
future period climatic suitability results for tomato were
evaluated, it was determined that not suited and mar-
ginal areas increased in both scenarios, and suitable,
very suitable, and excellent areas decreased in both sce-
narios according to the reference period. In the 2050s,
very marginal areas increased in the HADGEM2_ES
model RCP8.5 and decreased in RCP4.5. In watermel-
on, in both scenarios, very suitable and excellent areas
increased, while unsuitable, very marginal, and marginal
areas decreased. Suitable areas increased to RCP8.5 and
decreased to RCP4.5 compared to the reference period.
When the climatic suitability results for onion were
evaluated in the 2050s, it was determined that the excel-
lent areas decreased in both scenarios compared to the
reference period, while all other areas (unsuitable, very
marginal, marginal, suitable, and very suitable areas)
increased. In the future, in cucumber, while not suited
and excellent areas increased in both scenarios, mar-
ginal, suitable, and very suitable areas decreased. Very
marginal areas decreased to RCP4.5 and increased to

SUITABILITY FOR TOMATO

w
=3
288
26.8
26.3

20.6

17.6

Suitability Ratio (%)

A

MARGINAL  SUITABLE VERY EXCELLENT
SUIT.

ABLE

® Reference Pericd @WHADGEM2 ESRCP4.5 ®HADGEM2 ESRCP8.5

SUITABILITY FOR ONION

NOT SUITED VERY
MARGINAL

SUITABLE VERY
SUITABLE

EXCELLENT

® Reference Period ®HADGEM2 ESRCP4.5 ®HADGEM2 ESRCP8.S
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RCP8.5 compared to the reference period.

Climatical suitable and unsuitable areas for tomato,
watermelon, onion, and cucumber cultivation in Turki-
ye are shown in Figure 4. It is estimated that the areas
suitable for tomato cultivation in Tiirkiye will decrease
in RCP4.5 and RCP8.5. This decrease will be greater in
the RCP4.5 scenario. For watermelon, it is estimated that
suitable areas will increase, and unsuitable areas will
decrease in RCP4.5 and RCP8.5, respectively. In con-
trast, the opposite is true for onions. In other words, in
the RCP4.5 and RCPS8.5 scenarios, climatic unsuitable
areas are expected to increase while suitable areas are
expected to decrease, respectively. It can also be said that
these increasing and decreasing rates will not change
much. For cucumber, it is predicted that suitable areas
will decrease, with a further decrease in RCP4.5.

HADGEM?2_ES model reference period (1950-2000)
and future period (2050s) climatic suitability maps for
tomato, watermelon, onion, and cucumber cultivation in
Tiirkiye are given in Figure 5. When the climatic suita-
bility maps for tomato cultivation in Tirkiye were evalu-
ated, it was seen that the unsuitable areas in the Central
Anatolia Region increased in the 2050s. This increase
was estimated to be greater at RCP4.5. According to the
reference period, it has been determined that tomato

SUITABILITY FOR WATERMELON

-
- R
30 b
25
£
20
§ 15
210
a
5
NOT SUITED VERY MARGINAL SUITABLE VERY EXCELLENT
MARG] SUITABLE
Reference Period ~ SHADGEM2_ESRCP4.5 sHADGEM2_ESRCP 8.5
SUITABILITY FOR CUCUMBER
L=
o B
30 S
25
z
320
2
z 15
:-5 10
@

-1
wvi D o
b

EXCELLENT

NOT SUITED VERY
MARGINAL

MARGINAL

SUITABLE VERY
SUITABLE

®Reference Period WHADGEM2 ESRCP4.5 ®HADGEM2 ESRCPS.5

Figure 3. Climatic suitability of tomato, watermelon, onion, and cucumber under the RCP4.5 and RCP8.5 according to the HADGEM2_ES
model for the reference period (1950-2000) and the future period (2050s).
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Figure 4. Comparison of climatic suitable and unsuitable areas for tomato, watermelon, onion, and cucumber under the RCP4.5 and
RCP8.5 according to the HADGEM2_ES model for the reference period (1950-2000) and future period (2050s).

cultivation areas in the Black Sea Region will expand
and become more suitable areas in the future. While
unsuitable areas in the northeast of Tiirkiye turn into
more suitable areas in the future, on the contrary, it was
understood that the suitability of suitable areas in the
southeast of Tiirkiye will decrease in future estimates.
Another important change is that while tomato cultiva-
tion could be done in southern latitudes in the reference
period, there will be a shift towards northern latitudes in
2050 due to the effect of climate change.

When the climatic suitability maps for watermelon
cultivation in Figure 5 are evaluated, it is determined
that the unsuitable areas in the north of Tiirkiye will
become more suitable in the RCP4.5 and RCP8.5 sce-
narios, respectively. In the southeast, it is estimated that
the suitable areas will gradually become unsuitable, and
this situation will be more pronounced in RCP8.5. It is
understood that the suitable areas will expand in the
west of Tiirkiye. Here, the transformation of watermelon
cultivation, which can be done intensively in the South-
eastern Anatolia Region, into unsuitable areas in the
2050s has emerged as an important change.

In Tirkiye, it is estimated that the areas that were
not suitable for onion cultivation in the reference period
will become more suitable in the future in both scenar-

ios (Figure 5). In Figure 5A, it is determined that while
a small area in the Central Anatolia Region is marginal,
these areas will turn into unsuitable areas in the future
in both scenarios. It is estimated that a part of the south-
eastern side, which was suitable in the reference period,
will turn into marginal, very marginal, and unsuitable
areas in the future. A particularly striking situation is
that the onion, whose homeland is Western Asia, has
shown excellent climatic suitability in most parts of Tiir-
kiye and has adapted well.

Climatic suitability maps for cucumber cultivation
are evaluated in Figure 5. In the reference period, there
are unsuitable areas in Central Anatolia, Northeastern
Anatolia, and Southeastern Anatolia, which are shown as
gray. These unsuitable areas are predicted to expand fur-
ther in the future in the HADGEM2_ES model RCP4.5
and RCP8.5 scenarios (Figure 5B, Figure 5C). In the
RCP8.5 scenario, it is determined that climatic suitability
for cucumber cultivation will increase in the Black Sea
Region compared to the reference period. In the refer-
ence period, it is predicted that the unsuitable gray areas
in the north will shift to the east of Tiirkiye in the 2050s.

The change of suitable and unsuitable areas for
tomato, watermelon, onion, and cucumber cultiva-
tion in Tirkiye in the 2050s compared to the reference
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Reference Period (1950-2000)
(A)

Tomato

HADGEM2_ES RCP4.5
(B)
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HADGEM2_ES RCP8.5
(©)

Cucumber

NotSuited  VeryMarginal  Marginal Suitable

Very Suiuble  Excelleat

Figure 5. Climatic suitability maps for the reference period (A), HADGEM2_ES RCP4.5 scenario (B), and HADGEM2_ES RCP8.5 scenario (C).

Table 3. Change in suitable and unsuitable areas in the reference
period (1950-2000) and future periods (HADGEM2_ES model
RCP4.5 and HADGEM2_ES model RCP8.5 in the 2050s).

Deviation
HADﬁfé\;IIZ_ES from Reference
Areas  Vegetables R;fer‘ence Period
eriod
RCP RCP RCP 4.5RCP 85
45 85 (%) (%)
Tomato 67.3 56.7 58.6 -16 -13
Suitable =~ Watermelon 448 56.6 60.7 26 35
Areas Onion 91.7 89.0 85.5 -3 -7
Cucumber 345 305 33.0 -12 -4
Tomato 327 433 414 32 26
Unsuitable Watermelon 55.2 43.4 39.3 -21 -29
Areas Onion 8.3 11.0 14.5 32 74
Cucumber 65.5 69.5 67.0 6 2

period in line with the HADGEM2_ES model RCP4.5
and RCP8.5 scenarios is summarized in Table 3. In the
2050s, suitable areas for tomato cultivation are projected

to decrease by (13%-16%) and unsuitable areas are pro-
jected to increase by (26%-32%); suitable areas for onion
cultivation are projected to decrease by (3%-7%) and
unsuitable areas are projected to increase by (32%-74%);
suitable areas for cucumber cultivation are projected to
decrease by (4%-12%) and unsuitable areas are projected
to increase by (2%-6%); suitable areas for watermelon
cultivation are projected to increase by (26%-35%) and
unsuitable areas are projected to decrease by (21%-29%).
In general, it is estimated that watermelon cultivated
areas will be positively affected, and tomato, onion, and
cucumber cultivated areas will be negatively affected by
the possible climate change in the 2050s.

4. DISCUSSION

In this study, when comparing the change in climat-
ic suitability for tomato, watermelon, onion, and cucum-
ber growing areas in Tirkiye during the 2050s with the
reference period (1950-2000), it was determined that cli-
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matic suitability for tomato, onion, and cucumber would
be negatively impacted, while climatic suitability for
watermelon would be positively impacted. It is estimated
that in the 2050s, climatically suitable areas for tomato
(13%-16%), onion (3%-7%), and cucumber (4%-12%) cul-
tivation will decrease, while suitable areas for watermel-
on (26%-35%) cultivation will increase.

Tiirkiye is among the countries that will be affect-
ed by climate change (WBG, 2022). Therefore, there
are important studies on climate change prediction in
the research area (Dalfes et al., 2008; GDWM, 2016).
Deveci (2023) modeled climate change in Tirkiye dur-
ing the 2050s with the HADGEM2_ES model under the
RCP4.5 and RCP8.5 scenarios. This study overlaps with
the current research in terms of the model used, sce-
narios, and selected period range. According to Deveci
(2023), while the average temperature data was 10.8 °C
for the reference period (1950-2000), it was estimated
to be 13.9 °C in the HADGEM2_ES model RCP4.5 sce-
nario and 14.8 °C in the HADGEM2_ES model RCPS8.5
scenario in the 2050s. While the average annual precipi-
tation data was 594 mm for the reference period (1950-
2000), it was estimated to be 560 mm in the HADG-
EM2_ES model RCP4.5 scenario and 573 mm in the
HADGEM2_ES model RCP8.5 scenario in the 2050s.
In the HADGEM2_ES model RCP4.5 scenario, the tem-
perature increase was 3.1 °C, and the highest precipita-
tion decrease reached 34 mm. In the RCP8.5 scenario,
although the temperature increase was 4 °C, precipita-
tion throughout Tiirkiye did not decrease as much as
in the RCP4.5 scenario (only 21 mm) (Deveci, 2023).
This situation was interpreted as the temperatures will
increase and precipitation will decrease in the research
area in the 2050s.

In Tirkiye, temperature increases have negatively
affected tomato cultivation and caused tomato planting
areas to decrease. Rhiney et al. (2018) found that toma-
toes would be negatively affected by a 1.5 °C tempera-
ture increase on the Caribbean Island of Jamaica, while
Egbebiyi et al. (2019) determined that tomatoes would be
negatively impacted by decreased rainfall associated with
a 1-4.5 °C temperature increase in West Africa. In Tiir-
kiye, tomato cultivation was possible in the southern lat-
itudes during the reference period, but with the impact
of climate change, there is a shift to northern latitudes.
Both studies were conducted in a region in the south,
which was hot according to the climate of Tiirkiye. As
the region in the south gets even hotter, the appropri-
ate temperatures for tomato are exceeded, and tomato
cultivation areas are negatively influenced by the tem-
perature. The reason for the increase in tomato cultiva-
tion areas in the north of Tiirkiye (Black Sea Region) in

the future is that the region, which is currently cool in
terms of tomato cultivation, will become more suitable
for tomato cultivation with the increase in temperature
averages in the future. Similarly, it was observed that the
south of Tirkiye (Southeastern Region) is very suitable
for tomato cultivation currently. In the forecasts for the
future, it was estimated that the areas suitable for tomato
cultivation would decrease in both scenarios due to the
further increase in temperature and decrease in precipi-
tation in these regions, which are already the hottest in
the country, and would turn into not suited, marginal,
and very marginal areas. The occurrence of this situa-
tion is considered normal. The results of this study are
consistent with Rhiney et al. (2018) and Egbebiyi et al.
(2019) show similar results. Saadi et al. (2015) found in
their study in the Mediterranean that changes in precipi-
tation will affect tomato cultivation less. Therefore, since
it was observed that temperature changed more than
precipitation in the research area, this study also con-
firms the results.

Climate change affects watermelon cultivation
(Stewart and Ahmed, 2020; Walters et al., 2021). Water-
melon does not like cool temperatures and is extremely
sensitive to frost (Salk et al., 2008; Kumar and Reddy,
2021). Watermelon is a plant species that can adapt to
arid conditions and is suitable for tolerating the water it
contains, as well as being a high-yielding species under
irrigated conditions (Yokota et al., 2002). There is a
positive relationship between the climate requirements
required to cultivate watermelon and the climate change
estimation results given by the climate change estima-
tion model in the study. In the Inner Aegean Region and
Central Anatolia Region of Tiirkiye, the higher tempera-
tures compared reference period caused more suitable
conditions for watermelon cultivation, and it was esti-
mated that watermelon cultivation areas in these regions
would be positively impacted by possible climate change.
Contrary to this situation, in the future, watermelon
production will decrease or even become impossible in
regions where the optimum temperature required for
watermelon cultivation is exceeded (Southeast Anato-
lia Region) due to increasing temperatures. This situa-
tion is slightly different in the Black Sea Region. In this
region, the reference period is cool and very rainy. It is
estimated that watermelon cultivation will be more sig-
nificantly positively affected by climate change in the
HADGEM?2_ES RCP8.5 map. The reason for this is that
the temperature has increased more in the HADGEM?2 _
ES model RCP8.5 scenario than in the HADGEM2_ES
model RCP4.5 scenario. It is estimated that the climatic
suitability for watermelon will increase, although it var-
ies regionally in Tiirkiye.
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In the research, it was predicted that there would be
changes in suitable areas in the climatic suitability maps
for onion, that is, they would turn into unsuitable areas.
It is thought that this is because the necessary climatic
growing conditions for onion in Tiirkiye have been
exceeded. Simdes et al. (2022) stated that an increase in
temperature may cause a decrease in the production of
onion varieties, and Brewster (2018) stated that tempera-
ture is an important determinant of onion growth dura-
tion and yield. Additionally, according to Rao (2016),
water is the primary limiting factor in reducing onion
yield. Therefore, the results of this study on estimating
the effect of climate change on onion cultivation showed
that onion, as a cool climate vegetable, was negatively
affected by the increase in temperature and decrease in
precipitation, by the results given by the above research-
ers for onion cultivation conditions. In the HADGEM2 _
ES RCP4.5 and RCP8.5 scenarios, the increase in tem-
perature created not suited areas, especially in the Cen-
tral Anatolia region, while it caused the areas to become
suitable in the Eastern Black Sea Region. Wurr et al.
(1998) suggested that a warmer climate would be advan-
tageous for producing onions in Britain. This result con-
trasts with the results of the study estimated for Tiirkiye.
This situation can be explained as follows. Because Tiir-
kiye is located further south, the climate is more suitable
for onion cultivation. With the increase in temperature,
onion cultivation will be disrupted as cool climate con-
ditions will turn to hot climate, while more favorable
conditions will be created for onion seed production.

Cucumber is one of the oldest cultivated and most
widely grown vegetable species and is grown in almost
all countries of the temperate belts (Tatlioglu, 1993).
Temperature, relative humidity, and radiation are the
main climatic parameters that significantly impact
cucumber growth and yield (Singh et al., 2017). Con-
stantly changing temperature is an important factor for
the growth, development, and yield of cucumber. Higher
temperature in both air and soil reduces overall growth
by affecting various physiological processes, such as
reduced rate of photosynthesis and increased transpira-
tion rate (Li et al., 2014; Ding et al., 2016). The annual
water consumption of the cucumber plant is 400-650
mm. Cucumber is very sensitive to water. It is desired
that the root area is always moist (Cemek et al., 2005).
When these conditions are evaluated, it is understood
that cucumber is negatively impacted by temperature
increase and is sensitive to water. The fact that cucumber
will be negatively influenced by the increase in tempera-
tures and decrease in precipitation in the 2050s in Tir-
kiye is in line with these studies. According to the results
of this study, it was concluded that cucumber would

Huzur Deveci

be negatively impacted in the 2050s due to changes in
growing temperature and water requirement, according
to possible climate change prediction results. The change
in cucumber cultivation in the future with climate
change is less affected than the other vegetables (tomato,
watermelon, onion), according to the research. Because
when Table 3 is analyzed, it is estimated that there will
be changes in both unsuitable areas (6%-2%) and suita-
ble areas (12%-4%) in the HADGEM2_ES model future
periods compared to reference periods. Therefore, the
lowest rates of change are observed in cucumber.

In the research, the decrease in suitable areas with
the effect of possible climate change on tomato cultiva-
tion in Tiirkiye also shows that its contribution to the
country’s economy will decrease in economic terms.
There will be deficiencies in human nutrition in terms of
the nutritional values given by tomato after the decrease
in the cultivation areas of tomato, which is very com-
mon on the tables. Tomatoes, which are easily accessible
and found on every table today, will become difficult to
purchase and obtain due to geographical and climatic
reasons. According to TurkStat (2024b), Tirkiye’s toma-
to production, which exceeds 85 million population by
2024, ranks third in the world (Table 1). With the possi-
ble climate change in the 2050s, it is estimated that Tiir-
kiye will fall further in the world ranking. This will have
a negative economic impact not only on the Turkish
economy but also on the tomato market in the countries
where Tiirkiye produces and exports tomatoes. Tiirkiye
ranks second after China in watermelon production. It
is estimated that watermelon production in Tirkiye will
increase further with the positive effect of climatic suit-
ability. However, it is estimated that this increase will
not cause a significant change in the ranking since there
is a huge difference in production between China (60.4
million tons) and Tirkiye (3.4 million tons) (Table 1).
It is thought that this expected increase in watermelon
production will have a positive impact first in Tirkiye
and then in the world regarding both the economy and
human nutrition. It is estimated that Tirkiye, which
ranks sixth in the world in onion production in Table
1, will remain in the same rank or fall to a lower rank.
This is because it is predicted to be adversely affected by
climate change (especially temperature increases), likely
to occur in the 2050s. Since the production amount of
onion, which has a large place in food preparation in the
world and Tiirkiye and is in high demand, will decrease
due to the negative impact on its cultivation in Tiirkiye,
it will be used less in human nutrition and the onion
market will be impacted economically, as in the case of
tomatoes. As the climatic suitability of cucumber in Tiir-
kiye decreases, the amount of production will decrease,
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and the economy of Tiirkiye will be negatively affected
by this situation. Tirkiye, which ranks second in the
world in terms of cucumber production, is expected to
maintain its position between China and Russia in the
world ranking since it is estimated that there will not be
a dramatic increase in unsuitable areas.

There may be some possible limitations in this
study. One of these limitations is the lack of previous
research studies on this topic. This study is the first to
address the spatio-temporal distribution of climatic
suitability for these vegetables at the level of Tiirkiye
through modelling using climate change projections.
Therefore, it has been difficult to compare and consid-
er all aspects of the research. The EcoCrop model only
takes into account the effects of temperature and pre-
cipitation when modeling climate suitability. However,
there are many environmental factors that affect cultiva-
tion. Determining climatic suitability by considering the
effects of climate change, topography of the land, soil
temperature and soil type, soil quality, and water avail-
ability, etc., will provide a more comprehensive picture.
Perhaps, in a region that is climatically suitable, it will
be difficult to cultivate that plant because there is no
water, or it will not be possible to cultivate that plant. In
addition, even if it is not suitable for that region to culti-
vate any plant due to the structure of the land, it may be
classified as very suitable on maps. Diversifying research
with current scenarios will be useful in understand-
ing the effects of climate change. If similar maps can be
obtained with different scenarios, the predictions can be
verified, and if other results are obtained, the reasons
for the differences can be investigated and evaluated.
In addition, the lack of a recent suitability classification
study for these plants to calibrate the model is another
limitation of the study.

5. CONCLUSIONS

The research predicts that, in the future, water-
melon and tomato cultivation areas are predicted to
decrease in the south and increase in the north of Tir-
kiye, while cucumber and onion cultivation areas are
expected to vary regionally. Alternative crops should
be encouraged instead of these crops in regions where
production decreases due to climate change. There is a
generally negative trend in tomato, onion, and cucumber
cultivation in Tirkiye. It was observed that especially
the increase in temperatures and the decrease in pre-
cipitation, even if slightly, were effective in this negative
trend. The differentiated impact of climate change on
the cultivation areas (positively affecting watermelon,

while negatively impacting tomato, onion, and cucum-
ber) highlights the complex nature of climate change
effects on agriculture. To understand this complex struc-
ture, such studies need to be diversified with different
models, different scenarios, and different periods. While
it is estimated that Tirkiye will fall further behind in
tomato and onion production in the world rankings in
the 2050s, the rankings for watermelon and cucumber
will not change. The changes in production due to the
decrease in climatic suitability for tomatoes and cucum-
bers and the increase in climatic suitability for watermel-
on will impact the economy. It is important to estimate
and evaluate the future cultivation areas of these plants,
which have a very important place in nutrition in the
world and Tiirkiye, and to direct the future.
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