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4- AUC: area under the receiver operating curve
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Figure 1- Map of the geographical location of the study area (Authors, 1400)
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Table 1- Bioclimatic variables used in constructing the distribution model of Halawi and Gantar cultivars in Iran and its

units
Abbreviation Environmental layers Unit
Bio 1 Average annual temperature Degrees Celsius (°C)
Vou Yl glod (1:Sbo o gambo 40
Bio 2 Average daily temperature range Degrees Celsius (°C)
Ve 3a) lod atel> (5,0l O geede 42>
Bio 3 Isothermal (Bio2/Bio7*100) Degrees Celsius (°C)
Yoe e ygnl pasls O gaeds 423
Bio 4 Seasonal temperature Degrees Celsius (°C)
T es hab it gk 423
Bio 5 Minimum temperature in the coldest month Degrees Celsius (°C)
Dy sle (2 3p S (slod Sl gk 423
Bio 6 Maximum temperature in the warmest month Degrees Celsius (°C)
7 9 oo (p 3y slod o> gl 2y
Bio 7 Annual temperature range Degrees Celsius (°C)
% Lo &Yl aeld gl 4> )0
Bio 8 Average temperature of the wettest season Degrees Celsius (°C)
Age: Slgte anlodws (3 ()l p bawgie slod O geede 42>
Bio 9 Average temperature of the driest season of the year Degrees Celsius (°C)
g Slgie anlods (5 ()b o5 bawgis (slod gl 425
Bio 10 Average temperature of the warmest season of the year  Degrees Celsius (°C)
Vg e aalodw (i S bawgile (slad g 42>
Bio 11 Average temperature of the coldest season of the year ~ Degrees Celsius (°C)
Vo sio anledus (3530 Lasgie (5lod gk 433
Bio 12 Annual precipitation Millimeter (mm)
W SVl (S5l gseome o
Bio 13 Precipitation of the warmest month of the year Millimeter (mm)
Woe olo cpyip S S8k ggeone Foide
Bio 14 Precipitation of the driest month of the year Millimeter (mm)
Woe olo (p pSid (S5l ggecna Foidhe
Bio 15 Seasonal precipitation Millimeter (mm)
103 Gl e S i o
Bio 16 Precipitation of the driest season of the year Millimeter (mm)
Vo ge2 Jad (ppSis SNk ggecne Foghe
Bio 17 Precipitation of the wettest season of the year Millimeter (mm)
Wi Juad (2 igloye (S5 ggorme Faisha
Bio 18 Precipitation of the warmest season of the year Millimeter (mm)
Mgz Jad nyipsS (SHk ggene Foike
Bio 19 Precipitation of the coldest season of the year Millimeter (mm)
sz b (n 520 (S8 ggene Fogke
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Figure 3- Iran classification map in terms of slope (Author,
1400)
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Figure 2- Iran classification map in terms of height (Author,
1400)
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Figure ¥- Iran classification map in terms of rainfall (Author,
1400)
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Figure 6- Distribution map of Gantar cultivar in Iran (Source:

Authors, 1400)
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Figure 6- Distribution map of Gantar cultivar in Iran
(Source: Authors, 1400)
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Table 2- Values of potential area of Gentar and Halawi cultivars in the current conditions based on MaxEnt output

olb SIS o8, Coluw EM o) Colino
Classes Gantar area Halawi area
S J 1458617.58 1538784.21
Non-cultivable
e 69966.64 36049.65
Low
JG.MJ .
> 49139.15 30345.82
Medium
N 33042.49 23782.49
Good
sl 37429.15 18335.83
Suitable
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Figure 9- Distribution map of Halawi cultivar growth
talents in the current situation based on MaxEnt output

(Authors, 1400)
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Figure 8- Distribution map of Gantar cultivar growth
talents in the current situation based on MaxEnt output
(Authors, 1400)
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Table 3- Values of potential area of Gantar cultivars in 2050 and 2070 based on MaxEnt output

CATRE 2050
Classes RCP2.6 RCP4.5 RCP6.0 RCP8.5
CulS JB \OYVAAD, D 15279855 1535115.8 1538069.2
Non-cultivable
e ¥03¥4,00 45929.15 37723.32 35846.65
Low
J“‘“?“’ YVVAS 55 27186.66 27458.32 26629.16
Medium
> YY.A¥ e 21094.16 23777.49 22042.49
Good
wollae Y¥aaa,vs 25999.99 24119.99 25607.49
Suitable
lib 2070
Classes RCP2.6 RCP4.5 RCP6.0 RCP8.5
— J{“’*“ 1503237.5 1511243.3 1508954.2 1513361.6
Non-cultivable
s 22493.32 31136.65 33939.15 28731.66
Low
Lo 54577.48 32464.15 44574.15 32969.99
Medium
N 37531.65 36643.32 29997.49 37087.49
Good
wolle 30354.99 36707.48 30729.99 36044.21

Suitable
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Figure 10- Distribution maps of Gantar cultivar growth talents with scenarios of RCP2.6, RCP4.5, RCP6.0 and RCP8.5 in
2050 and 2070 based on MaxEnt output (Authors, 1400)
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Table 4- Values of areas with cultivation potential of Halawi cultivar in 2050 and 2070 based on MaxEnt

olb 2050
Classes RCP2.6 RCP4.5 RCP6.0 RCP8.5
— J”'_b”'i 1522590.88 1529638.38 1510695.6 1521107.55

Non-cultivable
e 46821.65 44957.48 48182.48 61493.31
Low
JM’“ 36467.49 26514.99 37154.15 20884.99
Medium
s 16959.16 21962.49 27897.49 18388.33
Good
*if““" 25355.82 25121.66 24265.82 26320.82
Suitable
il 2070
Classes RCP2.6 RCP4.5 RCP6.0 RCP8.5
S J 1521440 1521485.88 1521653 1503202.56
Non-cultivable
S 51401.94 55757.48 59661.42 43599.15
Low
JMW 29694.45 30699.99 37032.26 58791.31
Medium
w5 23999.45 15282.49 9028.33 20791.66
Good
wolle 21659.16 24969.16 20819.99 21803.32

Suitable
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Figure 11- Distribution maps of Halawi cultivar growth talents with scenarios of RCP2.6, RCP4.5, RCP6.0 and RCP8.5 in
2050 and 2070 based on MaxEnt output (Source: Authors, 1400)
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Introduction: One of the most critical human issues globally is producing more food for the world's growing
population. The climate of each region is an effective factor in the agricultural sector and the amount of its
production. Iran is one of the world's date-producing countries, which ranks second in terms of date production
and exports. This plant has 200 genera and 4000 species, each of which can adapt to arid regions and can have
the highest production and economic efficiency in its proper place. It is a monocotyledonous plant from the
Palmaceae family that needs at least 10 degrees Celsius for continued growth. Growth will stop at temperatures
below 10 degrees Celsius, and temperatures below 4 degrees Celsius will encounter cold stress. This plant is
sensitive to environmental conditions and cannot live qualitatively and quantitatively in all hot and dry regions.
On the other hand, the palm tree is a plant that lives up to several hundred years, and some of its varieties bear
fruit up to 200 years old, but their valuable and economic life is on average about 50 years. It is noteworthy that
this tree did not produce an economic crop until ten years ago. Dates have an important role in currency
exchange, job creation, food security, and strengthening global competitiveness by providing income from non-
oil exports. Therefore, the construction of a palm tree is a risky long-term investment in the country. Dates have
different varieties, each capable of adapting to a region of arid regions and can produce the most production and
economic efficiency in its proper location. Global warming, its impact on different regions of the earth in the
future, and the response of the living creatures of these regions in the last century have led planners and
scientists of many disciplines, especially climatology researchers, and in particular agricultural climatologists, to
understand climate conditions and design long-lived sustainable plants that can survive in future environmental
conditions and have good economic returns, design programs, and awareness algorithms.

Materials and Methods: One of the best is the maximum entropy model (MaxEnt). By applying this
algorithm, it can be predicted how the species will exist in different regions based on the presence of the species.
The present study was conducted by field method, descriptive, and library statistics. The data used included
WordClim site data (bioclimatic variables), presence data of two cultivars of date palm, Gantar and Halawi, daily
meteorological data, elevation, and land slope based on the suitable land slope for palm tree cultivation, high and
low temperatures, and phonological data. CCSM4 model with quadratic scenarios of 2.6, 4.5, 6.0, and 8.5 was
used to predict and estimate different country regions in terms of talent for cultivation of two selected date
varieties. Due to the higher value of AUC in Scenario 4.5, this scenario was considered as the selected scenario.
This study is different from previous studies using the CCSM4 climatic model, new diffusion scenarios (RCP),
and prediction of date distribution concerning its cultivars, while previous studies on prediction of date
distribution have not paid any attention to it.

Results and Discussion: The results showed that the distribution and cultivation area of Gantar and Halawi
are different, and in the future, the suitable area of cultivation of Gantar cultivar will decrease, and the suitable
area of cultivation of Halawi cultivar will increase. Jacknife test showed that the model successfully predicted
the potential of cultivation area based on the AUC criterion and temperature-related biological variables (Bio 1,
Bio 6, Bio 8, and Bio 10) had the most significant impact on the distribution modeling of cultivars. Therefore,
with the rising temperature, parts of the country, especially the foothills of the plains, become more susceptible
to cultivation. So that at present, when the maximum height for the optimal growth of cultivars is about 700
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meters, it will reach about 1200 meters in the coming decades. At present, lranshahr city in Sistan and
Baluchestan province has the most desirable area of Gantar and Halawi cultivar cultivation. However, in the next
decade, the most desirable cultivation area will be the Gontar cultivar in Ahvaz city and Halawi cultivar in Jask
city. It was also found that using WorldClim site data for perennial and especially long-lived plants was not
sufficient. Because in these data, high and low temperatures that can destroy the plant during its life or shorten
its life and reduce the economic fruit of cultivation are not included, and of course gardening and fruit trees are a
long-term investment. The risk of investing should not be increased.

Keywords: CCSM4 model, Cultivation area suitability, Iran, Gantar, Halawi, MaxEnt entropy



