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Abstract: This study delves into the critical issue of climate change and its impact on maize cultivation,
focusing on irrigation water requirements (IWR) and crop evapotranspiration (ETc) values over
three distinct time periods: 1971–2000 (RF), 2025–2054 (P1), and 2069–2098 (P2), under the climate
scenarios of RCP4.5 and RCP8.5 in the AR5 of the IPCC via the CROPWAT model. The research
reveals significant increases in mean temperatures, particularly during summers, in both scenarios,
signifying the substantial influence of climate change on the Cukurova Region’s climate. Daily
average evapotranspiration (ETo) values for the study periods demonstrate noteworthy increases,
with the most pronounced rise observed in July for P2 under RCP8.5, emphasizing the seasonality
and magnitude of the change. Moreover, the study underscores a consistent escalation in irrigation
water requirements from RF to P2 periods for both scenarios, highlighting the pressing need for
water resource management strategies in agriculture. Under RCP4.5, the study found that average
simulated ETc increased by 9.2% for P1 and 11.7% for P2 compared to the RF period. In the harsher
RCP8.5 scenario, ETc values displayed a substantial 20.0% increase for P2 and exhibited a wide range
of variation across the study periods. In the light of these escalating climate change impacts, this
study underscores the imperative of understanding and addressing the challenges encountered in
maize cultivation. The findings emphasize the consistent rise in temperature and irrigation demands,
underscoring the necessity for proactive adaptive strategies to ensure the sustainability of agricultural
practices and long-term food security. As climate change continues to exert its influence, this research
serves as a call to action for policymakers, agricultural stakeholders, and researchers to prioritize
adaptation efforts to safeguard the future of maize production and the global food supply.

Keywords: AR5 climate change scenarios; corn; irrigation water requirement; crop evapotranspiration;
RegCM4

1. Introduction

In terms of quantity, the first three places in world grain production are shared by
maize, paddy rice, and wheat, respectively. Maize is a rich source of food for both hu-
mans and animals and, nowadays, also a source of biofuel. Despite its importance, maize
farming is highly vulnerable to climate change, especially in regions with Mediterranean
climates [1,2]. Maize output is expected to be significantly impacted by changes in temper-
ature rise, rainfall patterns and the frequency of extreme weather events. These factors will
also likely have an impact on maize yields and water use [3–5]. It is critical to comprehend
how changes in long-term meteorological conditions change affects and understanding the
impact it has on reducing corn production and to create plans to mitigate or adapt to these
consequences. Furthermore, due to its high water requirements, optimizing irrigation is
crucial for maize cultivation [6]. During the early 1900s, the production of maize saw a
significant increase. Nowadays, the continent of America is the top producer, accounting
for 55.9% of the world’s maize production. Asia and Europe followed with 21.6% and
15.6%, respectively, while Africa produced 6.9% of the world’s maize. In 2022, Turkey’s
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maize production amounted to 6.8 million tons, which represented 1.4% of the world’s total
production [7]. The latest statistics from 2022 indicate that Adana, located in the Cukurova
Plain, ranks third in Turkey for harvested area (86,698 hectares) and maize production
(888,348 tons), placing Adana behind Konya and Şanlıurfa [8]. Maize is a crop that requires
a considerable amount of water, as it grows in the hottest season of the year. However,
compared to other field crops, maize is known to have high water use efficiency and can
produce a significant quantity of dry matter relative to crop evapotranspiration.

Agriculture has always been a vital aspect of human life, providing sustenance for the
expanding population. However, the changing climate has put the agricultural industry
under immense pressure. Increasing temperatures and shifting patterns of precipitation,
and extreme weather events are affecting crop yields and productivity [9–12]. In addition,
soil erosion, nutrient depletion, and desertification are leading to the loss of arable land [13].
Due to these environmental effects and the growing population—the linked demand
for food, creative, and sustainable styles need to be espoused in farming. By 2050, the
population of the world is expected to reach 9.7 billion, placing additional strain on the
planet’s resources, according to UN estimates. [14]. Among the many services affected
by climate change, the availability of natural water resources is becoming increasingly
limited due to changing rainfall patterns, rising temperatures, and the growing population.
Numerous studies have emphasized that these factors are the main drivers behind the
ever-growing scarcity of water sources [15–20].

The agricultural sector is a major water user, accounting for 70% of the world’s freshwa-
ter use. Sustainable and efficient use of water resources is crucial for human survival. [21,22].
Developing effective water management policies can lead to better management of ground-
water resources and can have significant global implications. However, climate change
poses a significant threat to water resources, and existing water management approaches
might be insufficient to tackle this problem. The demand for agricultural production, which
requires more irrigation water, continues to increase with the growing population. Embrac-
ing contemporary irrigation methods, implementing water collection infrastructure, and
practicing deficit irrigation can contribute to water conservation and enhance agricultural
production efficiency [23–25]. Careful consideration of factors such as soil texture, climate,
crop type, water quality, and economic viability is necessary when choosing the irrigation
method. To effectively manage water in agriculture, crop water requirements and irrigation
schedule planning are essential. [26,27]. Although field studies are a common approach
for calculating crop evapotranspiration, they can be expensive, labor-intensive, and time-
consuming. To get over these restrictions, it is possible to calculate evapotranspiration for
various plant species using equations based on climate data from earlier field investigations.
With this method, estimating agricultural water usage may be carried out quickly and
affordably without a lot of fieldwork. Improving water management policies and adopting
sustainable practices in the agricultural sector can help ensure the efficient use of water
resources, preserve groundwater resources, and mitigate the effects of climate change.
Thus, the expeditious implementation of such an approach would enable more prompt
adaptation to the consequences of burgeoning population growth and changing climatic
conditions.

The estimation of evapotranspiration is critical for effective water management in
agriculture [28,29]. To accurately estimate evapotranspiration, various methods have
been developed over the years. However, these methods may have limitations in their
applicability. To overcome this, researchers have come up with a method called refer-
ence evapotranspiration (ETo), which can estimate evapotranspiration for different plant
varieties and climate conditions [30,31]. A generally used method for calculating evapo-
transpiration (ETo) or the movement of water from the Earth’s outside into the atmosphere
through plant transpiration and evaporation, is the Penman–Monteith approach [32–34].
This method is based on physical principles and requires a range of input parameters,
including meteorological data, soil properties, and plant characteristics. It has been sug-
gested that the Penman–Monteith approach be used as the norm for ET estimates by the
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American Society of Civil Engineers (ASCE) and the Food and Agriculture Organization
of the United Nations (FAO) because of its accuracy and ability to handle a wide range of
environmental conditions.

A variety of models [35] are used to compute factors including evapotranspiration,
plant water consumption, plant growth, irrigation water need, and yield, as well as the
effects of present conditions or climate change on agricultural production. [36–39]. These
can be spatial or point-based models. The CROPWAT model is available in the literature
for plant water consumption, calculation of irrigation water, and total water consumption
according to product pattern in a basin or region, as well as the calculation of changes
that may occur in water consumption and irrigation water due to climate change [40–45].
It is widely used in determining the appropriate product pattern [46,47] and calculating
the water footprint [48–50]. In studies conducted with CROPWAT, the water consump-
tion and irrigation water need or water footprint of many crops such as groundnut [51],
alfalfa [52], jatropha [42], coconut [53], rice [54], sorghum [55], chili and tomato [47], soy-
bean [56], banana and sugarcane [57], eggplant, cucumber and cabbage [58], barley [47],
wheat [42,47,55,57], cotton [42,55,58], potato [36], apple [43,44], carrots and onions [50],
grape, vegetables with leaves and lettuce [44], and maize [35,45,47,51,59–62] have been
calculated. Again, in various studies, researchers have attempted to determine the effect of
climate change on water consumption for maize using CROPWAT [63–66]. Some of these
are given below for a better understanding of the study.

Tangzhe Nie at al. [59] found the average values for the irrigation of maize, which
were calculated with CROPWAT. The findings were nearly 170 mm, 230 mm, 280 mm, and
340 mm in the wet, normal, dry, and extremely dry years, respectively, obtained from a
reference period from 1960 to 2020 in Heilongjiang Province at China.

The results of Abdoulaye et al. [60] are derived from IPCC AR5. Five global climate
models were used for climate change scenarios. Smith’s CROPWAT approach was used
to calculate the net irrigation water demand (IWR) of maize. These increases range from
nearly 1% to 21% (in North America) in the RCP4.5 scenario, and from 4% in Sub-Saharan
Africa to 68% in North America in the RCP8.5 scenario.

For Natural Agro-Ecological Region II in Zimbabwe, Temba Nkomozepi and Sang-Ok
Chung [40] evaluated trends and uncertainties in net irrigation water demand forecasts
based on global climate models derived using the Food and Agriculture CROPWAT model.
Future periods are likely to have a decrease in precipitation and a rise in baseline tempera-
ture and evapotranspiration. Their findings indicate that in these 2020 time slices of the
years 2050 and 2090, respectively, the net irrigation requirement (NIR) is predicted to rise
by an average (and range) of 33% (−22 to 92%), 66% (15 to 168%), and 99% (17 to 205%).

Kidane Welde and Hintsa Libsekal Gebremariam [62] assessed how plant spacing and
furrow affected the productivity and water usage efficiency of maize. Maize was used in
their study, and all cultivation applications were handled identically. CROPWAT was run
to predict the water needs of corn. The outputs demonstrated that the irrigation water use
efficiency (IWUE), varied significantly (p < 0.05) amongst approaches.

In a study carried out by Zhihui Li et al. [45] CROPWAT evaluated the water footprints
of maize, soybean, and rice. Their water consumption calculations were conducted at urban
and 1 km mesh scales in Northeast China in 2019. The findings demonstrated that the
average total water footprints of soybean, rice, and maize were, respectively, 1300 m3·ton−1,
620 m3·ton−1, and 530 m3·ton−1.

Mengran Fu et al.’s study [51] used geographic information system (GIS) technology to
analyze the green, blue, and gray water footprints of corn, wheat, peanuts and cotton during
the past 27 yearly period. This study is based on CROPWAT software 8.0 and agricultural
and monthly meteorological measurements in Shandong province. They calculated and
evaluated how the agricultural water footprint changes spatially from rainy year to rainy
year.

In a study carried out by Xueqing Zhao et al. [61], CROPWAT evaluated the amount
of IWR for spring corn production in Northeast China. This method was enhanced by
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combining it with the ArcGIS program to facilitate the computation and analysis of the
blue, gray, green, and total water footprint values, at the provincial and municipal levels,
of spring maize production in Northeast China.

CROPWAT, which calculates the response of crop water requirements (CWR) under
different environmental conditions and irrigation applications, is used in this study. The
reference climate data from 1971 to 2000 and future climate data from 2025 to 2054 and
2069 to 2098 will be used, as defined by the ICTP’s Regional Climate Model system version
4 (RegCM4). The reference evapotranspiration of the growing season, the irrigation water
requirements for maize, and the crop evapotranspiration for the periods will all be examined
in this study. The results of this study will aid in the adaptation of farmers and policymakers
to these changes and further our understanding of the effects of climate change on maize
growing in Mediterranean regions.

2. Material and Methods
2.1. Study Area

Adana Province, located in the southern part of Turkey, at 36.99◦ N latitude, 35.20◦

E longitude, and an elevation of 67 m, was chosen as the study area for the research. The
study area, Adana Province, is in the Mediterranean region, marked by temperate and
rainy winters, as well as scorching and arid summers. The climate data spanning from 1928
to 2020 obtained from the meteorological station can be found in Table 1.

Table 1. Climate data with monthly averages over an extended period (1929–2022).

Months
Maximum

Temperature
(◦C)

Minimum
Temperature

(◦C)

Mean Daily
Sunshine (hour)

Rainfall
(mm)

1. 14.8 5.2 4.5 113.6
2. 16.2 6.0 5.3 89.0
3. 19.4 8.3 5.9 65.5
4. 23.8 11.9 7.1 51.0
5. 28.3 15.8 9.1 48.1
6. 31.7 19.8 10.5 22.1
7. 33.9 23.0 10.6 10.2
8. 34.7 23.4 10.2 9.3
9. 33.1 20.2 9.0 19.3
10. 29.1 15.8 7.3 42.8
11. 22.7 10.8 5.8 71.5
12. 16.8 7.0 4.3 126.4

Avg./Total 25.4 13.9 7.5 668.8

2.2. Description of CROPWAT Model and Input Data

The Food and Agriculture Organization (FAO) Land and Water Development Division
created the tool CROPWAT to assist in estimating irrigation water requirements under
different management and meteorological situations, simulating crop evapotranspiration,
and calculating reference evapotranspiration. The program is useful for developing water
supply plans, evaluating drought impacts, assessing rain-fed production, and measur-
ing the irrigation efficiency. It is widely recognized as an important tool for supporting
sustainable agriculture and water management practices.

Crop water needs are calculated according to inputs of climate, crop, and soil vari-
ables. This can be determined by using established procedures to calculate the reference
evapotranspiration (ETo), rainfall, and crop coefficients (Kc). The model also needs in-
formation on soil type, maximum rooting depth, total available soil moisture, and soil
moisture depletion in order to schedule irrigation. The CROPWAT model computes ETo
and irrigation water requirements after the necessary input data is entered, and it then
presents the findings in tables or graphs. Developing efficient water supply strategies,
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maximizing irrigation applications, and supporting sustainable agricultural practices all
depend on this information.

2.3. Climate Data

The study utilizes projections developed for the central meteorological station of
Adana province, Turkey, for four distinct periods: the reference period of 1971–2000, near
future (2025–2054), and far future (2069–2098). Daily total precipitation (mm), average
humidity (%), average/minimum/maximum temperatures (◦C) and average wind speed
(m/s) will be measured for each period. The assessments were conducted using HadGEM2-
ES global climate model and two different scenarios (RCP4.5 and RCP8.5). The selected
models are widely recognized in the international literature and are among the global
climate models accepted by the IPCC reports. The model was developed using RegCM4.3.4,
a regional climate model. RegCM, the initial regional climate model, was created by the
International Centre for Theoretical Physics (ICTP), located in Italy. The RegCM model
has been effectively utilized in prior research to assess the possible impacts of future
climate change [67–69]. RegCM4.3.4, with dynamic downscaling method at a resolution of
20 km, was employed to process the outputs of HadGEM2-ES global climate model (spatial
resolution of 1◦ latitudes and 1.25◦ longitude and 18 vertical levels). The CROPWAT model
was then applied to the climate data for each year, enabling determination of the daily
average ETo, necessary irrigation needs during the growth season and annual ETc.

2.4. Crop Data

Zea mays L. (maize), was determined as the crop material. Maize data from previous
trials conducted in Adana conditions were used to decrease the findings’ margin of error.
For the maize cultivated in the selected location, the emergence, development, mid-season,
and late-season values were determined to be 9, 35, 45, and 35 days, respectively. And
26 April was designated as the planting date and 27 August as the harvest date [70]. The
Kc values of the maize grown in the location are 0.33, 1.14, and 0.31 for the early stage
of the season, the middle of the season and the end of the season, respectively. They are
taken from the records from the General Directorate of Agricultural Research and Policy of
Turkey [71]. The total yield response factor was 1.23, as reported by [70], and the critical
depletion value of 0.30 was allocated to the CROPWAT model [72]. The maize parameters
are shown in Table 2.

Table 2. The maize attributes employed in the study.

Parameters Values References

Planting date (days) 26/04
[70]Harvest date (days) 27/08

Kc values
initial 0.33

[71]mid-season 1.14
late-season 0.31

Stage (days)

initial 9

[70]
development 35
mid-season 45
late season 35

Rooting depth (m) initial 0.30
[30]late season 1.20

Critical depletion (fraction) 0.30 [72]

Yield response factor 1.23 [70]

2.5. Soil Data

The work conducted in Adana in a prior study formed the foundation for selecting the
suitable soil texture for the current investigation [70]. The soil in the study location is clay.
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The other factors, initial soil moisture depletion (10%), total soil moisture (198 mm m−1),
maximum rooting depth (120 cm), maximum rain infiltration rate (40 mm day−1), were
utilized as input data.

2.6. CROPWAT Model Outputs
2.6.1. Reference Evapotranspiration (ETo)

Estimating potential evapotranspiration in the study area is essential because it influ-
ences the quantity of irrigation water requirements of maize. Higher values of evaporation
would have been part of the understanding the effects of climate change when the IWR
being higher. Because it needs easily available inputs like minimum and maximum temper-
atures (◦C), wind speed (m/s), daily sunshine (h), and relative humidity (%), which were
estimated with the RegCM for the Adana province, the FAO Penman–Monteith formula
was used in this work to calculate evapotranspiration [30]. A mathematical equation is
utilized to express the Penman–Monteith equation employed in this study (Equation (1)).

ETo =
0.408∆(Rn − G) + γ

( 900
T+273

)
u2(es − ea)

∆ + γ(1 + 0.34u2)
(1)

In the equation;

Rn: net radiation at the crop canopy (MJ m−2 day−1);
G: soil heat flux density (MJ m−2 day−1);
T: average daily air temperature at 2 m height (◦C);
u2: wind speed (at 2 m height (m s−1));
es: saturation vapor pressure (kPa);
ea: actual vapor pressure (kPa);
es – ea: saturation vapor pressure deficit (kPa);
∆: slope vapor pressure curve (kPa ◦C−1);
γ: psychometric constant (kPa ◦C−1).

2.6.2. Crop Evapotranspiration (ETc)

When calculating ETc, the model makes use of the crop coefficient (Kc), which was
established in accordance with climatic data. The crop coefficient is defined as the reference
ETo to ETc ratio. ETc is calculated using the equation shown below (Equation (2)).

ETc = ETo × Kc (2)

2.6.3. Estimation of Irrigation Water Requirement (IWR)

By utilizing the calculated evapotranspiration figures along with the effective rainfall
(Peff) values, the IWR was determined. To calculate Peff, the CROPWAT model’s USDA Soil
Conservation Service approach was employed. Equations (3) and (4) illustrate the United
States Department of Agriculture (USDA) SCS approach for determining Peff.

Peff = P × (125 − (0.2 × P)) if P ≤ 250 mm (3)

Peff = 125 + (0.1 × P) if P ≥ 250 mm (4)

In the equations:

Peff: effective rainfall;
P: rainfall.

IWR represents the volume of water that needs to be supplied to the crop through
irrigation. When irrigation is the sole water source for the plant, IWR should surpass ETc.
However, if the plant derives water from alternate sources such as rainfall, deep seepage,
or runoff, IWR can be less than ETc [73]. In this study, the drip irrigation method was
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employed, focusing on replenishing insufficient moisture to reach field capacity, hence
disregarding all sources except rainfall. Equation (5) was employed to calculate IWR.

IWR = ETc − Peff (5)

2.7. Limitation of CROPWAT

It is important to remember that the study’s results were acquired within the con-
straints of the CROPWAT model while assessing all of the data. The user manual of
CROPWAT thoroughly outlines the conditions and computations under which the software
operates. It is not an open-source program. A summary of a few of these limitations can
be seen below. CWR and IWR are calculated using plant and meteorological data by the
empirical process-based model CROPWAT. Based on calculations of the daily soil water
balance, it can also be used to evaluate crop performance under both irrigated and rainfed
conditions. It should be noted that the soil moisture balance equation does not include the
terms sub-surface flow and capillary rise because their values are typically negligible. In or-
der to determine surface runoff and deep infiltration, which the model is unable to simulate,
Peff is also used. Furthermore, the net irrigation demand does not take system losses into
consideration; in that case, the gross irrigation requirement would apply. CROPWAT 8.0 is
adaptable enough to take into consideration losses from surface runoff, percolation—which
characterizes the storm water’s downward flow rate—and water capillary rise—by choos-
ing one of the earlier choices for effective rainfall [74]. CROPWAT simulated larger soil
water depletion and, as a result, higher ET according to the EPIC phase model since it did
not take into account the limitation of being dependent on crop species due to changes
in root distribution and density [75]. The lower simulated drainage may potentially be
caused by the higher soil water depletion that CROPWAT simulated. Another drawback
of the model is that CROPWAT uses the mean value of the crop coefficient for the plant
growth periods. The user of the CROPWAT model can specify either two layers (i.e., topsoil
and subsoil) or only one layer (i.e., maximum rooting depth). The disparities may also
result from the interpolation of climatic data used by CROPWAT to determine the daily
water balance. Furthermore, CROPWAT employs developmental time in days rather than
degree-days, which improves yield predictions and increases the accuracy of development
stage calculations.

A few CROPWAT shortcomings were noted by Vote et al. [76] in their work. Due to
differences in microclimates, soil conditions, and nutrient availability, Ky values can differ
significantly over time and space within single cultivars as well as between crop kinds and
crops. As a result, the simplified method of giving a single empirically determined value
of Ky across a predetermined period reduces estimate accuracy and raises uncertainty
in the model’s results. Additional shortcomings of CROPWAT include its incapacity
to transfer soil moisture over calendar years because simulations are set up to run for
discrete, individual years even though it has the ability to employ daily rainfall and ETo
values. Additionally, because it is a straightforward calculation that does not require local
calibration, the USDA SCS approach is frequently employed as the default method when
determining effective rainfall. However, the application should be restricted to similar
bioclimatic regions and/or months where ETo is high, as this empirical connection was
created inside a semi-arid climate with well-drained soils; otherwise, estimations of Peff
may be underestimated. The model’s inability to replicate how increasing atmospheric
carbon dioxide (CO2) concentrations might affect agricultural water demand is one of its
other limitations. [76].

Despite being able to use daily rainfall and ETo readings, the CROPWAT model has
numerous shortcomings that have been brought to light. One such shortcoming is that
soil moisture cannot be carried over calendar years because simulations are set to run for
discrete, individual years. Raeth [77,78] observed that CROPWAT seems to be calculating
using incoming solar radiation rather than net radiation, which would lead one to anticipate
larger irrigation requirements estimates.
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CROPWAT predicts irrigation depth using the average monthly evapotranspiration
value, which could lead to an under- or overestimation in the event of a significant daily
weather variance. The current setup in CROPWAT only allows for the entry of three digits
plus a decimal for a particular month, which is a limitation on rainfall data entry. In order
to increase the precision of the CROPWAT model’s estimation of irrigation during the dry
season, the groundwater level should be included. The percentage of water depletion that
CROPWAT needed to forecast a yield drop was due to water stress. The calculation of
crop irrigation needs was based on the assumption of an ideal water supply and efficient
precipitation. The model carries out a daily soil water balance computation to anticipate
root zone soil water content given water input and output from the irrigation system,
infiltration properties, and soil water retention, coupled with estimates of rooting depth.
The root zone stress conditions were related to the critical soil water content, which is
defined as the soil moisture level below which plant transpiration is restricted by soil water
content. This is expressed as the fraction of total available soil water (TAW). It fluctuates
depending on the crop and stage of growth and is influenced by the crop’s root density,
evaporation rate, and soil type, to some extent. Using an empirical yield response function,
the relationship between the relative yield drop and the relative evapotranspiration deficit
allowed for the quantification of the impact of water stress on yield. The most significant
shortcoming of the CROPWAT model is that it only takes into account drought stress
while ignoring other stresses, like salt. There may also be discrepancies between model
results and real data due to model crop coefficients. This study demonstrates that using
the CROPWAT model without first calibrating the crop coefficients and soil properties
would lead to large errors, which is something that should be taken into account. [79].
The CROPWAT irrigation scheduling component offers the opportunity to assess actual
efficiency values for various crop and soil situations using water balance calculations.
The impact of a soil water deficit on crop evapotranspiration, which is thought to decline
linearly in proportion to a drop in the amount of water available in the root zone, can be
explained by the water stress coefficient (Ks).

3. Results and Discussion

The mean temperature values for the working periods in Adana province are presented
in Figure 1 under scenarios RCP4.5 and RCP8.5. The highest calculated average temperature
value during the 1971–2000 (RF) period was determined as 26.3 ◦C. Under the RCP4.5
scenario conditions, this value is projected to be 29.2 ◦C for the period 2025–2054 (P1) and
30.7 ◦C for the period 2069–2098 (P2). It has been identified that in the RCP4.5 scenario,
temperature values in the study area will experience an increase of 11.0% for the P1 period
and 16.7% for the P2 period (Figure 1). Analyzing the temperature changes in the RCP8.5
scenario, the highest average temperature reaches 29.4 ◦C for the P1 period and 32.8 ◦C for
the P2 period, with corresponding increase rates of 11.8% and 24.8%, respectively (Figure 1).
In both scenario conditions, the months with the highest increases are the summers, while
the lowest increase rates occur during the winters. The observed rises in monthly average
temperatures align cohesively with the temperature escalation projections documented by
the IPCC [80]. Todaro et al. [81] have presented findings indicating a projected increase in
the annual mean temperature by the close of the century for the Mediterranean region. The
study reveals an estimated elevation of approximately 2.7 ◦C when considering the RCP4.5
scenario, in comparison to the reference period. Moreover, under the RCP8.5 scenario, this
temperature rise is anticipated to exceed 5 ◦C. Seker and Gumus [82] have documented a
noteworthy temperature projection escalation within the ranges of +1.0 to +2.2 ◦C for the
RCP4.5 scenario, and +1.8 to +3.1 ◦C for the RCP8.5 scenario. This observation underscores
the potential variability in temperature changes that could be experienced under different
emissions pathways, further underscoring the complexity of future climate dynamics.
Cukurova region could potentially experience a temperature elevation of 3 ◦C [83].
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Various methods are available for calculating reference evapotranspiration, such as
the Blaney–Criddle, radiation, Penman–Monteith, and pan evaporation methods. ETo
values for Adana province were computed using the Penman–Monteith method. The daily
average ETo values for the months of the RF, P1, and P2 periods are depicted in Figure 2
for both scenario conditions (RCP4.5 and RCP8.5). During the RF period, the highest
ETo value was determined in July at 6.5 mm/day, while the lowest value occurred in
January at 1.50 mm/day. In the RCP4.5 scenario, the highest value for P1 was 7.1 mm/day,
increasing to 7.4 mm/day in the P2 period. The daily average ETo differences for P1 and
P2 periods were 0.6 mm/day (9.2%) and 0.9 mm/day (13.8%), respectively (Figure 2a).



Water 2023, 15, 4215 10 of 17

These differences were further pronounced under the RCP8.5 conditions, with a noticeable
increase observed in July, where a 13.8% rise for P1 and a 20.3% increase for P2 were
calculated (Figure 2b). In the RCP4.5 scenario, the differences between the P1 and P2 periods
approached zero in certain months, particularly in June and November. This phenomenon
was attributed to anticipated heavy rainfall events as projected by the climate model.
Moreover, it is stated that within the sphere of climate change effects in the Mediterranean
region, a notable shift is anticipated in precipitation patterns, leaning toward a reduction
characterized by fewer occurrences but heightened intensity, particularly during the spring
season [84]. Concurrently, rising temperatures amplify both plant transpiration and soil
evaporation. The differences in calculated ETo values during the corn growing period
(April-August) for the RF-P1-P2 periods under RCP4.5 and RCP8.5 scenario conditions are
presented in Figure 3. In the RCP4.5 scenario, the difference between the average RF-P1 and
RF-P2 values was determined to be 0.4 mm/day and 0.6 mm/day, respectively. The increase
rates of the P1 and P2 periods compared to the RF period were 7.0% and 10.7%, respectively
(Figure 3a). In the RCP8.5 scenario, the rate of increase in calculated ETo values during the
growing period was higher compared to the RCP4.5 scenario, in particular reaching 19.1%
during the P2 period (Figure 3b). The maximum average ETo value calculated for the years
2025–2054 was 6.4 mm/day, while it was 7.0 mm/day for the years 2069–2098 in the RCP8.5
scenario. The calculated ETo values for the growing period indicate that in the RCP4.5
scenario, the maximum increase was 23.2%, whereas under RCP8.5 scenario conditions it
was 36.2%. Abdrabbo et al. [85] presented projections of forthcoming climatic alterations
in Egypt, indicating potential increases in annual ETo ranging from 4.67% to 26.76%,
contingent upon the specific geographic region. In their study, [86] documented an upward
trajectory in ETo within the framework of RCP4.5 and RCP8.5 scenarios over three distinct
temporal phases (2021–2040, 2041–2060, and 2061–2080). The documented elevation in ETo,
ranging from 4.9% to 10%, was accompanied by corresponding findings of reduced annual
precipitation within both the RCP4.5 and RCP8.5 trajectories. These observed precipitation
decreases, reaching magnitudes of up to 17.5%, provide a comprehensive perspective on
the intertwined dynamics of ETo and rainfall alterations in the context of future climate
shifts. A distinct pattern was highlighted where the most significant rise in reference crop
evapotranspiration occurs in July across all three scenarios, representing approximately
22% of the total annual increase [81]. Notably, extensive analysis demonstrates that a
substantial majority, around 85%, of this overall increase transpires within a concentrated
five-month period spanning from May to September. In contrast, the remaining seven
months collectively contribute a mere 15% to the total annual increment in reference
crop evapotranspiration. This trend underscores a pivotal observation: reference crop
evapotranspiration remains relatively constant during colder months in various scenarios,
while the substantial annual elevation primarily stems from a notable surge during warmer
months.
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The CROPWAT model was simulated for each year within the periods 1971–2000,
2025–2054, and 2069–2098 (under both RCP4.5 and RCP8.5 scenario conditions), and the
irrigation water requirement values for maize cultivation were obtained as shown in
Figure 4. The 30-year average of the RF period was determined to be 459.2 mm. In the
RCP4.5 scenario, the average irrigation water requirement for the P1 period was calculated
as 546.5 mm, and for the P2 period, it was 558.8 mm (Figure 4a). In the RCP8.5 scenario, the
average irrigation water requirement values for the P1 and P2 periods were determined as
558.4 mm and 618.9 mm, respectively (Figure 4b). For both scenario conditions, an increase
in the average irrigation water requirement was observed from the RF period to the P2
period. In the study conducted by Abdoulaye et al. [60], the change in the net irrigation
water demand of maize was calculated, with CROPWAT, to be 6.88% and 5.93% according
to the GFDL (RCP4.5 and 8.5) global climate model. The values varied between models:
14.81% and 16.65 in the MIROC 5 model, −41.99% and 8.55% in the NCAR model, 9.88%
and 13.13% in the ECHAM model, and 11.07% and 8.33% in the CSIRO model for RCP4.5
and 8.5 emission scenarios.
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and P2 periods under RCP4.5 (a) and RCP8.5 (b) scenario conditions.

Agricultural fields employing various irrigation systems may exhibit distinct irrigation
demands. However, the adoption of subsurface drip irrigation systems with enhanced
efficiency has the potential to facilitate effective irrigation practices for maize cultivation,
not only within the study region but also in analogous climatic and management scenar-
ios [87–90]. Across the Cukurova Region, the net irrigation water requirement displayed a
range of 365 to 876 mm [91,92]. Notably, an enduring net irrigation demand range between
0 and 823 mm was reported for furrow irrigated maize in Adana [70]. It was stated that ju-
dicious administration of subsurface drip irrigation systems culminated in an approximate
25% reduction in the net irrigation needs of maize while upholding optimal yields [93].
A range of 430.0 to 497.4 mm is reported for the irrigation water requirement of maize
plants in China [94]. In the context of a temperate climatic zone, a seasonal IWR range
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of 389 to 486 mm for maize is indicated [95]. Under Mediterranean climate conditions,
variable net irrigation requirements for maize, spanning from 334 mm to 434 mm, have
been reported [96]. Under the RCP4.5 scenario, the irrigation water requirement (IWR)
for maize cultivation shows a 19.0% increase in the P1 period compared to the RF period,
while this rate reaches 21.7% in the P2 period. In the context of RCP8.5 scenario conditions,
the increase in IWR is 21.6% for the P1 period and 34.7% for the P2 period compared
to the RF period. When considering the results of the irrigation water requirement, it is
generally observed that the highest expected value for the irrigation water requirement in
the future is projected to be 709.1 mm in the year 2092 under RCP8.5 scenario conditions.
A study conducted on the influence of climate change on wheat water demand, revealed
an envisaged increase in the IWR of wheat within the Mediterranean environment [97].
As articulated in a study, diverse irrigation quantities have been proposed as potential
adaptive strategies to alleviate the anticipated yield declines [98]. Notably, it is underscored
that the augmentation of water supply through irrigation is more pronounced under the
RCP8.5 scenario compared to the RCP4.5, despite the concurrent lower water use efficiency.
Similarly, distinct global trends within the IWR of maize crop under RCP4.5 have been
reported, showcasing elevations ranging from 0.74% to 20.92% [60]. Furthermore, in the
RCP8.5 scenario, projections indicate increases varying between 4.06% and exceeding 68%.
This pattern of increasing irrigation water demand across agricultural production zones
is consistent with previous studies and underscores the broader implications of climate
change on water resource management in agricultural systems. As temperatures rise ac-
cording to the predicted RCP scenarios, the amplified evapotranspiration rates and altered
precipitation patterns can substantially influence water availability for crop irrigation.

The results of crop evapotranspiration (ETc) values from simulations for the reference
period and both scenarios are presented in Figure 5. Under the RCP4.5 conditions, the
simulations yielded an average of 672.6 mm for the P1 period and 687.4 mm for the P2
period. These values are, respectively, 9.2% and 11.7% higher than the RF period average
of 615.5 mm (Figure 5a). In the RCP8.5 scenario, the values for the P1 and P2 periods
reach 680.3 mm and 738.9 mm, indicating an increase of 20.0% (see Figure 5b). Upon
considering all the data, the range of variation in ETc values for the maize crop during the
study periods was found to be between 578 mm and 817.6 mm. The reported ranges of
maize plant crop evapotranspiration (ETc) are as follows: 453 mm [99] and a range from
353 mm to 586 mm [100]. The discerned trends in ETc variations under distinct climate
scenarios elucidate the intricate relationship between climate dynamics and crop water
demand. The heightened water demands observed in the simulations, particularly under
the RCP8.5 scenario, call for comprehensive strategies to optimize water allocation in agri-
cultural systems. Understanding the nuances of these changes allows for the formulation of
targeted policies and practices that can bolster agricultural resilience in the face of evolving
climatic conditions. The evolving patterns of ETc under the RCP4.5 scenario across distinct
temporal phases (2021–2040, 2041–2060, and 2061–2080), indicating values of 481.32 mm,
484.94 mm, and 489.12 mm, respectively, have been reported. Conversely, within the frame-
work of RCP8.5, the minimal ETc value manifested during the 2021–2040 timeframe, while
the subsequent periods witnessed a progression in ETc, which reached its peak during
2061–2080 [101]. However, as another perspective, it was stated that models present an in-
triguing contrast, suggesting that rising temperatures could potentially lead to a reduction
in crop evapotranspiration over the course of a year [102]. This contrasting viewpoint can
be attributed to the conceivable consequence of warming temperatures on the duration
of the crop’s growth cycle, a notion previously highlighted [103]. This divergence from
the conventional understanding introduces the intriguing premise that elevated tempera-
tures might, paradoxically, contribute to a curtailment in the growth period, potentially
resulting in diminished water requirements. While distinct from the prevailing consensus,
this perspective invites a nuanced examination of the multifaceted interactions between
temperature shifts, phenological changes, and overall crop water demand.
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4. Conclusions

Maize holds a pivotal role within industrial agriculture due to its expansive cultivation
potential. Therefore, it becomes imperative to meticulously examine how climate change
influences maize and devise strategies for its adaptation. This study delves into the IWR and
ETc values of maize, comparing the periods 1971–2000 (RF), 2025–2054 (P1), and 2069–2098
(P2) under the climate scenarios of RCP4.5 and RCP8.5. The analysis of mean temperature
values in the Cukurova Region reveals significant increases, particularly during summers,
in both scenarios. Moreover, daily average ETo values for the RF, P1, and P2 periods,
respectively, under RCP4.5 and RCP8.5 conditions demonstrate notable increases, with the
highest values observed in July for P2 under RCP4.5, signifying a 13.8% rise compared to
the reference period, and a more pronounced 20.3% increase for P2 in July under RCP8.5.
While the 30-year average irrigation water requirement during the RF period was 459.2 mm,
in the RCP4.5 scenario, it increased to 546.5 mm for P1 and 558.8 mm for P2. In the RCP8.5
scenario, the average water requirement rose to 558.4 mm for P1 and 618.9 mm for P2,
indicating an overall increase in irrigation demand from the RF period to the P2 period
for both scenarios. Under RCP4.5 conditions, average simulated crop evapotranspiration
(ETc) was 672.6 mm for P1 and 687.4 mm for P2, representing respective increases of 9.2%
and 11.7%, compared to the RF period average of 615.5 mm. Under RCP8.5 conditions, the
ETc values were 680.3 mm for P1 and 738.9 mm for P2, indicating a 20.0% increase for P1
and a range of variation between 578 mm and 817.6 mm across the study periods. In the
face of escalating climate change, this study underscores the necessity of understanding
and addressing its impact on maize cultivation. The findings illuminate a consistent rise in
temperature and irrigation demands, emphasizing the necessity of adaptive strategies to
ensure sustainable agricultural practices and food security in the future.
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65. Kanzari, S.; Daghari, I.; Šimůnek, J.; Younes, A.; Ilahy, R.; Ben Mariem, S.; Rezig, M.; Ben Nouna, B.; Bahrouni, H.; Ben Abdallah,
M.A. Simulation of Water and Salt Dynamics in the Soil Profile in the Semi-Arid Region of Tunisia—Evaluation of the Irrigation
Method for a Tomato Crop. Water 2020, 12, 1594. [CrossRef]

66. Jayanti, M.; Sabar, A.; Dwi Ariesyady, H.; Marselina, M.; Qadafi, M. A comparison of three water discharge forecasting models
for monsoon climate region: A case study in cimanuk-jatigede watershed Indonesia. Water Cycle 2023, 4, 17–25. [CrossRef]
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