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intensified the need for sustainable agricultural methods that optimize resource consumption, particularly
water and energy. Traditional open-field farming faces numerous limitations due to climate variability, land
degradation, and dwindling groundwater resources, prompting a significant shift toward protected
cultivation systems. Among these, greenhouse agriculture offers the advantages of higher crop yield, better
control over growing conditions, and enhanced resource use efficiency. However, the feasibility and
sustainability of greenhouse farming largely depend on local climate characteristics—specifically heating
and cooling requirements, which directly influence energy consumption patterns. In order to maximize
efficiency and minimize operational costs, it is essential to identify optimal locations for greenhouse
development based on precise climatic criteria. Geographic Information Systems (GIS), when combined
with meteorological data, provide powerful tools for spatial analysis and environmental suitability
assessment. This study leverages GIS to evaluate the heating and cooling degree-day needs for greenhouse
tomato cultivation across Iran, ultimately identifying regions with the lowest thermal energy requirements
and offering practical insights for optimizing greenhouse location strategies.

Introduction

The increasing demand for food due to population growth, along with rapid economic and cultural
development, has intensified the expansion of greenhouse cultivation worldwide. In Iran, several challenges
such as water scarcity, declining groundwater levels, limited arable land, and the growing need to produce
crops off-season have further emphasized the importance of greenhouse farming. Greenhouse cultivation
offers numerous advantages, including enhanced crop yields, efficient water use, and reduced dependency
on external environmental conditions. However, the optimal performance of greenhouses is highly
dependent on local climatic factors, particularly thermal requirements. Heating and cooling demands vary
significantly across different geographic regions, directly affecting energy consumption and economic
feasibility. Therefore, identifying suitable locations for greenhouse construction based on thermal
efficiency is essential. This study addresses the need to evaluate Iran’s diverse climate zones to determine
the most appropriate areas for greenhouse tomato cultivation from the perspective of heating and cooling
degree-day requirements using Geographic Information Systems (GIS).
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Materials and Methods

To assess the suitability of different regions in Iran for greenhouse tomato production, a spatial analysis
was conducted using GIS tools. Climatic data, including temperature records from synoptic weather stations
across the country, were collected and processed to calculate heating and cooling degree-days (HDD and
CDD) for each region. Degree-day indices were computed based on standard temperature thresholds
associated with the growth requirements of greenhouse tomatoes. Thermal maps for both HDD and CDD
were then generated to illustrate spatial variability across Iran. These maps served as the primary basis for
identifying regions with minimum heating or cooling needs. The zoning was performed using interpolation
methods, and final suitability maps were derived by integrating the thermal layers with geographic and
climatic constraints relevant to greenhouse construction.

Results and Discussion

The results revealed significant spatial variation in thermal requirements for greenhouse tomato
production across Iran. The heating demand ranged from 0 to 3500 degree-days annually, with the highest
requirements observed in colder regions such as Firouzkouh in the north. Conversely, cooling needs varied
from 0 to 2500 degree-days, with the highest values recorded in warmer areas like Shushtar in the
southwest. Based on the thermal zoning maps, southern regions of Iran—particularly in the southern,
southwestern, and southeastern parts—were identified as optimal locations for winter-season greenhouse
tomato cultivation due to their minimal heating needs. These areas offer substantial energy-saving potential
during colder months. In contrast, northern, northwestern, and northeastern parts of the country exhibited
the lowest cooling requirements, making them suitable for summer-season greenhouse tomato production.
The spatial distribution of thermal demand aligns well with energy-efficiency goals and can support a
seasonal strategy to minimize input costs while maximizing productivity. Furthermore, the analysis
highlights the significance of location-specific planning in greenhouse agriculture, emphasizing that
thermal suitability should be a primary factor in site selection.

Conclusion

This study demonstrates the value of GIS-based spatial analysis for identifying thermally suitable
regions for greenhouse tomato cultivation in Iran. By mapping heating and cooling degree-days, the
research provides a comprehensive overview of climate-based suitability across the country. The findings
suggest that optimizing the location of greenhouse structures according to seasonal thermal needs can
significantly reduce energy consumption and improve economic efficiency. Southern Iran is best suited for
off-season production during cooler months, while northern regions are favorable for warm-season
cultivation. Integrating such climatic assessments into greenhouse development strategies can contribute to
more sustainable and resilient agricultural systems in arid and semi-arid regions. Future studies may expand
on this framework by incorporating additional factors such as solar radiation, humidity, and economic cost-
benefit analyses to further refine location recommendations for greenhouse farming.
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Table 1. Common greenhouse crops Iran and their optimal temperatures (Zarei and Khaledi, 2023).
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Table 2. Heating requirements for greenhouse tomatoes at selected stations (first half of the year)

Sep Aug Jul Jun May Apr Latitude Longitude Station Name Row
oA e i ol Sl (3,8 il e bl Jsb oSl ol @,
01 00 00 0.1 79.3 215.8 38.22 4833 Ardabil / J.»)| 1
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00 00 00 00 0.0 16.8 32.52 51.71 Esfehan /leao! 3
00 00 00 00 0.0 0.0 31.34 48.74 Ahwaz /3|sal 4
00 00 00 00 0.0 36.7 36.47 52.38 Amol / ] 5
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00 00 00 00 11.8 133.9 38.12 46.24 Tabriz /3, 8
00 00 00 00 0.0 0.0 31.09 61.54 Zabol /1 J; 9
00 00 00 00 0.0 7.0 35.59 53.42 Semnan /;le 10
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Table 3. Heating requirements for greenhouse tomatoes at selected stations (second half of the year)

Latitude  Longitude
Annual Sep Aug Jul Jun May Apr P Jsb Station Name Row
Yl 292 R o1 5o 3 ol > Syl a0 LS kil e 0,
2209.7 323.0 448.7 4515 3923 2312 67.8 3822 48.33 Ardabil / J.s)| 1
2100.1 298.4 460.6 500.3 4124 220.4 30.2 37.66 45.06 Urmia /o) 2
1127.7 127.0 2824 3375 2743 89.8 0.0 3252 51.71 Esfehan /il 3
105.3 0.0 29.0 62.2 14.1 0.0 0.0 31.34 48.74 Ahwaz /lal 4
769.1 1373 2115 205.1 154.0 24.6 0.0 36.47 52.38 Amol / LI 5
218.4 0.0 58.1 1133 47.1 0.0 0.0 29.1 58.35 Bam /. 6
34 0.0 0.4 29 0.0 0.0 0.0 28.96 50.82 Bushehr / .45, 7
1.065193 2828 4417 483.5 389.5 180.1 7.6 38.12 46.24 Tabriz /3,5 8
493.9 113 1403 201.8 131.7 8.6 0.0 31.09 61.54 Zabol /)4 9
1050.8 119.5 282.1 325.1 257.6 59.6 0.0 35.59 53.42 Semnan /e 10
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Table 4. Cooling requirements for greenhouse tomatoes at selected stations (first half of the year)

Sep Aug Jul Jun May Apr Latitude Longitude Station Name Row
IRAS ols o » s S T el 2 sl Jsb ol el )
0.0 0.0 0.0 0.0 0.0 0.0 38.22 48.33 Ardabil / Jss | 1
0.0 163 11.5 0.0 0.0 0.0 37.66 45.06 Urmia /ass | 2
59.0 163.9 203.8 92.2 03 0.0 32.52 51.71 Esfehan /¢ kil 3
354.5 457.6 4532 3907 2155 29.9 31.34 48.74 Ahwaz /3]sl 4
40.2 106.0 712 13.5 0.0 0.0 36.47 5238 Amol /i 5
221.6 308.8 3557 299.5 169.2 17.6 29.1 5835 Bam /s, 6
270.8 317.9 285.6 235.0 143.1 12.9 28.96 50.82 Bushehr /4.5, 7
20.0 104.6 733 2.0 0.0 0.0 38.12 46.24 Tabriz /3,5 8
2073 337.7 3623 282.4 151.6 9.5 31.09 61.54 Zabol /4 9
120.5 2362 2574 148.6 10.0 0.0 35.59 53.42 Semnan /¢, Lo 10
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Table 5. Cooling requirements for greenhouse tomatoes at selected stations (second half of the year)

Latitude  Longitude
Annual Sep Aug Jul Jun May Apr P Jsb Station Name  Row
Yl RS Sy 5 e e LTV sl sl oKl pb )
0.0 0.0 0.0 0.0 0.0 0.0 0.0 38.22 48.33 Ardabil /Jes)) g
27.8 0.0 0.0 0.0 0.0 0.0 0.0 37.66 45.06 Urmia /a.es )| 2
519.2 0.0 0.0 0.0 0.0 0.0 0.0 32.52 51.71 Esfehan /kasl 3
2086.8 0.0 0.0 0.0 0.0 10.9 174.4 31.34 48.74 Ahwaz /lsel 4
230.9 0.0 0.0 0.0 0.0 0.0 0.0 36.47 52.38 Amol / L 5
1451.8 0.0 0.0 0.0 0.0 0.0 79.3 29.1 58.35 Bam /4, 6
1450.7 0.0 0.0 0.0 0.0 26.9 158.4 28.96 50.82 Bushehr /25 7
199.9 0.0 0.0 0.0 0.0 0.0 0.0 38.12 46.24 Tabriz /3,5 8
1390.2 0.0 0.0 0.0 0.0 0.0 39.4 31.09 61.54 Zabol I 4 9
777.8 0.0 0.0 0.0 0.0 0.0 5.1 35.59 53.42 Semnan /e 10
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Fig 2. Annual variations in heating (right) and cooling (left) requirements for greenhouse tomato production across the
country
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