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Objective: Frost and freezing are among the most important environmental factors
causing damage to horticultural products, especially pomegranates, in various regions of
Iran. Due to its geographical location, Iran is constantly exposed to severe cold events. In
the present study, the effect of temperature as a climatic factor on pomegranate trees in
Kashan County during the period 1990 to 2024 has been investigated.

Method: Temperature values were calculated using probability distributions in SMADA
software. Considering the observed temperature changes in Kashan (increase in annual
mean temperature and seasonal shifts), the phenological stages of pomegranate were
approximately determined, and the probability of frost damage was calculated for each
stage. For estimating early autumn frost and late spring frost, Log-Pearson Type Il and
Log-Normal probability distributions were used, respectively.

Results: The phenological stages of pomegranate and their damage probabilities are as
follows: dormant bud on December 29 with 7.5% damage probability, bud burst on April
4 with 42.3%, flower bud emergence on May 23 with 36.8%, young fruit on June 30 with
25.5%, fruit growth on July 10 with 13.9%, and fruit ripening on October 17 with 68.7%.
Early autumn frost with Log-Pearson Type |1 distribution and 50% probability (2-year
return period) was estimated at 14.5%. Furthermore, late spring frost with Log-Normal
50% distribution determined the date of the first severe frost at 70 days of autumn
(approximately December 1) and the last severe frost at 105 days of autumn
(approximately December 16), showing a significant shift in the frost calendar compared
to the previous period (1990-2016).

Conclusions: The observed temperature changes in Kashan, including increased annual
mean temperature and seasonal shifts, have altered the frost calendar and the probability
of damage to pomegranate phenological stages. The highest damage probabilities are
related to fruit ripening (68.7%) and bud burst (42.3%). The significant shift in the dates
of the first and last severe frosts compared to the previous period highlights the necessity
of revising pomegranate orchard management calendars and adopting climate change
adaptation strategies.
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1. Introduction

Agriculture, especially horticulture in
Kashan, faces the significant challenge of frost
damage to various crops. Pomegranate, as a
subtropical fruit, is particularly vulnerable to
three types of frost: late spring frost, early
autumn frost, and severe winter frost. Climate
change, characterized by temperature increases
and seasonal shifts, has altered the traditional
frost calendar in the region. The updated

Daily minimum temperature data from
Kashan (1990-2024) were analyzed using
SMADA software and five probability
distributions (Normal, Two and Three-
Parameter Log-Normal, Pearson Type Ill, and
Log-Pearson Type I11). The best-fit distribution
was selected using statistical criteria such as
sum of squared errors. For determining
phenological stages, the equation N = A/(T-B)
was used, where N is duration between stages,

3. Results
Log-Pearson Type Il distribution was

selected as the best fit for analyzing frost data
in Kashan County. Phenological stages with
damage probabilities: dormant bud (December
29, 7.5%), bud burst (April 4, 42.3%), flower
bud emergence (May 23, 36.8%), young fruit
(July 1, 25.5%), fruit growth (July 11, 13.9%),
and fruit ripening (October 17, 68.7%). The first
severe autumn frost with 50% probability

4. Discussion
A 7-10 day shift in the frost calendar

compared to the previous period (1990-2016)
indicates the impact of regional warming on
pomegranate phenology. The highest damage
probabilities are at fruit ripening (68.7%) and
bud burst (42.3%) stages, requiring special
attention in orchard management. Log-Pearson
Type Il distribution is the best tool for
predicting moderately recurring events (2 to 25-
year return periods). The decreased frequency
of severe frost in the last decade is consistent
with regional warming trends in Kashan. The

findings of this research can serve as a basis for
adjusting frost warning calendars tailored to
recent decades' temperature changes in Kashan.
The aim of this study is to determine the effects
of frost on pomegranate orchards in Kashan
using temperature data from 1990 to 2024 and
SMADA software. This will help identify
changes in early and late frost patterns and
vulnerable phenological stages

2. Methodology
A is sum of effective temperatures, B is base

temperature, and T is average ambient
temperature. The dates of the first and last
severe frost and the probability of damage at
different phenological stages of pomegranate
were calculated. Finally, based on the superior
distribution and considering climate changes in
the 1990-2024 period, comprehensive frost risk
assessments were completed.

occurs 70 days after autumn (December 1) and
the last severe frost occurs 105 days after
autumn (December 16). For longer return
periods (200, 100, 50, 25, 10, 5, and 3 years),
probabilities of early and late frost occurrence
were calculated. The results show that rare
events with high return periods have values 2.5
to 2.8 times the mean, indicating severe risk.

probability of damage at dormant bud stage has
decreased, while at young fruit and fruit
ripening stages it has relatively increased.
These findings highlight the need for updated
management strategies based on recent climate
data.

5. Conclusion

Climate change has shifted the frost calendar
in Kashan and increased damage probability at
sensitive spring (bud burst) and autumn (fruit
ripening) stages. The best planting time for
pomegranate is determined as April 4 to 15
based on the updated climatic calendar. Using



Taghavi & Sajadifar

Journal of Environmental Foresight and Sustainable Development, Volume 1, Issue 3

12026

an updated warning calendar, selecting resistant
cultivars, and implementing protective methods
are essential for reducing damage. For longer
return periods (200, 100, 50, 25, 10, 5, and 3
years), the probability of early and late frost
occurrence has been calculated, indicating rare
but severe risks for pomegranate orchards.
Continuous temperature monitoring and
phenological stage tracking are essential for
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