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Extended Abstract \

Introduction

security, particularly in arid and semi-arid regionsSiran, with its predominantly dry climate and limited
water resources, faces significant agricultural challenges. Thesincreasing demand for food, driven by
population growth, necessitates innovative solutions such as controlled-environment agriculture.
Greenhouse farming offers a promising approach by enabling year-round cultivation, optimizing water
usage, and mitigating adverse climatic conditiens. Zanjan province, known for its diverse agricultural
potential, has seen a grewinginterest in greenhouse farming. However, before implementing large-scale
greenhouse projects, a comprehensive climatic assessment is crucial to ensure long-term sustainability.
This study evaluates the feasibility of establishing a greenhouse town in Nikpey City, Zanjan province,
by analyzing keysmeteorological parameters and applying the Analytical Hierarchy Process (AHP)

methodology.

Materials and‘Methods

Greenhouse cultivation plays a vital role in optimizirgvikultural productivity and ensuring food

This study: utmxei a 21-year meteorological dataset (2001-2021) obtained from Zanjan province’s
weather stations. Key climatic parameters such as temperature, precipitation, relative humidity, wind
speed, sunshine hours, and cloudiness were examined to assess their influence on greenhouse suitability.
The Standardized Precipitation Evapotranspiration Index (SPEI) was used to analyze drought
conditions, while heating and cooling degree days were calculated to estimate energy demands.
Additionally, elimate classification was conducted using the De Martonne and Ambrothermic methods.
The Analytical Hierarchy Process (AHP) was employed to assign weight to each climatic factor,
providing a quantitative evaluation of Nikpey City’s suitability for greenhouse establishment. Data
processing and multi-criteria decision analysis were performed using software tools such as Expert
Choice and Super Decision to ensure accuracy and consistency.

Results and Discussion

The analysis revealed that the study area experiences moderate climatic variations, with an average
annual precipitation of 183 mm. Although the region generally falls within the normal precipitation
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range, periodic droughts have been recorded, emphasizing the importance of efficient irrigation
strategies. The mean annual temperature is 11.9°C, with an average maximum of 19.3°C and an average
minimum of 4.3°C. Extreme temperatures recorded in the region include a low of -29°C and a high of
42°C, highlighting the necessity for climate control measures in greenhouse operations. The heating and
cooling degree days assessment indicated that significant heating is required during the winter months,
whereas the need for cooling in summer is minimal. This underscores the importance of energy-efficient
greenhouse designs incorporating insulation and optimized heating systems. Wind speed analysis
showed that peak wind speeds reach 8.5 m/s in summer, with prevailing winds originating from the
south and southeast. Given the structural implications of strong winds, greenhouse designs must
incorporate wind-resistant frameworks to ensure durability and operational efficiency. Sunshine hours
analysis demonstrated that the region benefits from an average of 2975 hours efisunshine annually, with
peak radiation levels occurring in summer. This presents favorable conditions for greenhouse crop
growth, provided that shading and ventilation systems are adequately implemented. Relative humidity
varies significantly across seasons, with lower humidity levels during summer and higher levels in
winter. The ombrothermic analysis classified the region as cold and dry, corroborating'the De Martonne
classification that places Nikpey City within the semi-arid category. According,to the AHP results, the
most influential climatic factors affecting greenhouse viability inNikpey\are temperature extremes,
wind speed, and humidity fluctuations. While the region meets essential gree%quse farming criteria,
the harsh winter temperatures and strong winds pose notable challengess These constraints necessitate
strategic planning, including thermal insulation, heating technol%ies, and robust structural
reinforcements.

Conclusion \

The region’s average precipitation is generally stable and falls within normal conditions, though
occasional droughts and wet periods indicate climatic variability. The extremely cold winters and warm
summers suggest a need for heating in half of the year, while cooling requirements are limited to the
summer months. Additionally, relative humidity is high in winter and low in summer, influencing plant
growth and evaporatien rates. Wind'speed and direction vary seasonally, with stronger winds observed
in summer. Solar radiation is considerable, peakingin‘'summer and reaching its lowest levels in winter.
Based on climatic indices, the region is classified as cold and dry. Overall, the climatic assessment of
Nikpey indicates,thatysome parameters favor the establishment of a greenhouse town, while others
present limitations. The'mean maximum temperature (19.3°C), the number of months requiring cooling
(two months), and the prevailing annual'wind speeds provide favorable conditions. However, the need
for heating for six month\the year is classified as moderately suitable, potentially increasing energy
costs. 'Furthermere; the.absolute minimum temperature (-29°C), the number of frost days (119 days),
and the higheStannual wind speed (25 m/s) indicate serious constraints for greenhouse construction in
this area. In,eonclusion, while some conditions are beneficial, implementing heating strategies and
structural reinforeements against frost and strong winds is essential for successful greenhouse operations
in Nikpey City.

Keywords: Agricultural production, Analytic Hierarchy Process (AHP), Greenhouse cultivation,
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Table 1. The specifications of the meteorological stations in the study area
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Fig 4. The sliding averages of precipitation at the Nikpey station
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Table 5. The classification of precipitation calculated from SPEI
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¥l sl Hliegy Iy 630 53T Obl s omad Sy Ol cllumdyl (o9s8 Fobily
Annualym Esf ~ Bah Dey "Aza [Aba Meh  Shr Mor Tir Khr Ord Far  Parameter
B Lo
YO/ . . \ -1 . FA YUY VYA AVF YAy \IY . o

\ Cooling

aLA’
AZISVAR QA7 AT AVA SN 2R 0 fA SN RV L SR R VA arf <10 Y AR \Yorf YVa/#

Heating
N

Aol s sl il oo b ools (Lid ¥ Jgao 5o Baa Jldlas oogusme )0 (od Cugb ) Gaaids (Sl Ol pss
12 ol (M el LS b, b sloels 13 15 gl Ay 5 Sl S5 Ty 5 o o S,
a5l 3 cogdledy W )Is eeitane ()L 4y (5 SIST g w1093 5 o) Jad )0 Tgn clie Cugh il adlate
05 5 Sl gloole ;0 (oo Cagly (b 0Bl 9oL Bl Glls Wl oo plal Joad )0 el ol Zolass § (e
Slas] wilgs oo (comd Cugb ) 09 b ablie slool, 51 SO 0 g0 ot ine Ll slaole jo )l ol Jlade o 5
e Sagby (SLbI slsa b bailels (uled mhaw (2al5 Jodoay daailals” ol 5o ol e s 1 Sl sloaslils

(Goodarzi etal., 2023) cewl yiion o b phawes loailxdS b anslis (o

2 S ol ] 0 (o)) (i gy a¥lw g dilale polio .Y Jguo

\Y



Table 7. The monthly and annual relative humidity values (%) at the Nikpey station
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Fig 10. The climatic assessment of Nikpey for greenhouse crop cultivation (radiation-temperature)
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Fig 11. The climatic assessment of Nikpey for greenhouse crop cultivation (temperature-relative humidity)
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Table 10 The final scores calculated by the AHP method for the establishment of the Nikpey greenhouse
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