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Introduction

Extreme climate events and agricultural disasters have increased in the past decades (IPCC, 2012).
Frost disaster is one of the extreme events characterized by a short duration of freezing air that is
destructive to crop growth and production (Xiao et al., 2018). Every year, early fall and late spring
frost, due to the coincidence with the critical stages of plant life, reduces agricultural product yield.
Investigation of changes in frost parameters such as the date of the first fall frost (FFF), the date of the
last spring frost (LSF), growing season length (GSL), the number of frost days (FD), and the length of
the frost period (LF) during the future period, to provide proper planning for planting crops and take
the necessary measures to prevent the occurrence of frost with sensitive stages of plant growth is
essential(Esmaeili et al., 2011). This study aims to investigate the temporal and spatial changes of the
mentioned frost parameters of the future period (2051-2022) based on three emission scenarios,
SSP126, SSP245, and SSP585, compared to the future statistical period in Isfahan province.

Methodology

In this study, Isfahan province is considered a study area. The minimum temperature data of the
past period and the outputs of 10 general circulation models were downscaled by LARS-WG for the
future period (2051-2022). In addition, the three emission scenarios SSP126, SSP245, and SSP585 of
13 stations in Isfahan province were used. General circulation models are weighted based on the
average deviation of the minimum temperature simulated in the base period from the average of the
observed data. Finally, for all stations, by combining the weight obtained for each model and the
difference of the data of each scenario from its base value, the micro-scaled output data for each station
was obtained using the LARS-WG6 model. To extract the frost parameters, preparing the minimum
temperature data of the observation and future periods was started by controlling the minimum
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temperature from the first day of September and the first day when the minimum temperature is equal
to the desired threshold; less than this threshold is considered the first fall frost (FFF) and the last day
of frost (LSF). The dates are set as Julius days. Then the LF, GSL, and FD are calculated, and the
spatial changes of the frost parameters in the future period based on all emission scenarios compared
to the past period are plotted by the ARC GIS 10.8.

Results and Discussion
Temporal and spatial distribution of changes in the first fall frost and the last spring frost of the future
period compared to the past period

On average, Chadegan (Oct 19) and Khour and Biabanak (Dec 6) had the earliest and the latest date
of the first fall frost in the past statistical period. The average of the earliest date of the first fall frost
at Chadegan station under the SSP585 emission scenario occurs one day later than the past statistical
period, and in Khour and Biabank, the average of the latest date of the first fall frost under the emission
scenarios of SSP126, SSP245 and SSP585 occur three, five and six days later than the past statistical
period, respectively. Zoning the number of changes in the first fall frost in the future period under
different emission scenarios compared to the past statistical period shows that the most increasing
change in Khour and Biyabank under the SSP585 scenario occurs six days later, and the most
decreasing change is related to Isfahan station under SSP126 scenario that it occurs eight days earlier.

For the last spring frost, Chadegan (Apr 21) and Ardestan (Feb 27) had the earliest and the latest
date of the last spring frost in the past statistical period. The average of the latest date of the last spring
frost at Chadegan station under the SSP126 emission scenario occurs one day later than the past
statistical period. At Ardestan, under the emission scenarios of SSP126, SSP245, and SSP585, it
happens five, four, and three days later than the past statistical period, respectively. Zoning shows that
changes in the date of the last spring frost in the future statistical period compared to the past statistical
period in all three scenarios in Khansar, Natanz, and Ardestan stations are increasing, which means the
last spring frost occurs later, and the changes in the Semirom, Daran and Fereydun Shahr are decreasing
that means the last spring frosts occur earlier.

Temporal and spatial distribution of changes in the frost length period, number of frost days, and growing
season length of the future period compared to the past period

The longest frost length period in the past statistical period was observed in Chadegan with 184
days and the shortest in Khour and Biyabank with 81 days. However, the expression of this period in
terms of the number of days does not mean that frost occurs every day. In the future statistical period,
under all emission scenarios, the length of the frost length period at Chadegan, Khour, and Biabank
will decrease. Moreover, some changes in the length of the frost period under all emission scenarios
throughout the province are observed. Zoning shows that, in red areas, most changes in the length of
the frost period occur decreasingly, and in blue areas, the most changes occur incrementally.

The highest number of frost days is related to Chadegan with 149 days, and the lowest is related to
Khour and Biyabank with 25 days. In the future statistical period, the number of frost days at all stations
will decrease under all emission scenarios. Zoning shows that Changes in the number of frost days in
all selected provincial stations are decreasing.

The most extended growing season length is related to Khour and Biyabank with 146 days, and the
lowest is related to Chadegan with 91 days. In the future statistical period, under all emission scenarios,
the longest growing season length is associated with Khour and Biabank, and the shortest is related to
Chadegan, but the changes in the growing season length are increasing in all stations. Zoning shows
that the most changes in the growing season length are related to Chadegan, which increases under the
emission scenarios of SSP126, SSP245, and SSP585 for 17, 18, and 21 days, respectively.
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The effect of frost changes on the yield of agricultural products in the future

Spring does not start at the same time in different stations of the province, and the growth of some
early flowering trees, such as almonds and apricots, starts earlier than the spring season, so it is
essential to pay attention to the growth stages of plants that coincide with these frosts. Suppose the
date of occurrence of the last spring frost in different stations in the future statistical period under all 3
diffusion scenarios coincides with the critical stages of plant growth (flowering stage). In that case,
there is a possibility that spring frosts and agricultural yields will be reduced. Due to changes in the
date of the first fall frost and the last spring frost, the length of the growing season varies at different
stations; therefore, choosing the proper planting time and cultivars resistant to cold and frost is essential
in the production efficiency of agricultural products.

Conclusion

Every year, early fall and late spring frost, due to the coincidence with the critical stages of plant
life, reduces agricultural product yield. In the past statistical period, the average date of occurrence of
the first fall frost is related to Chadegan, Daran, Fereydunshahr, and Shahreza, and the average of the
last spring frost in Khour and Biabank, and Ardestan occur earlier than other stations. In the future
statistical period, the date of occurrence of the first fall frost and the last spring frost under all emission
scenarios are the same as in the past statistical period. In addition, increasing and decreasing changes
were observed in the date of the first fall frost and the last spring frost in the future statistical period
compared to the past. The average of the earliest date of the first fall frost at Chadegan station under
the SSP585 emission scenario occurs one day later than the past statistical period, and in Khour and
Biabank, the average of the latest date of the first fall frost under the emission scenarios of SSP126,
SSP245 and SSP585 occur three, five and six days later than the past statistical period, respectively.
The average of the latest date of the last spring frost at Chadegan station under the SSP126 emission
scenario occurs one day later than the past statistical period. Moreover, in Ardestan, under the emission
scenarios of SSP126, SSP245 and SSP585 occur five, four, and three days later than in the past
statistical period, respectively. By knowing the date of the last spring frost, it is possible to determine
the planting date of many crops, and planting time should be chosen so that the critical stages of plant
growth are not exposed to spring frost. Also, changes in frost length period, number of frost days, and
growing season length were observed in the future statistical period compared to the past statistical
period throughout the Isfahan province. The most prolonged frost length period in the past statistical
period was observed in Chadegan with 184 days and the shortest in Khour and Biyabank with 81 days.
The highest number of frost days is related to Chadegan with 149 days, and the lowest is related to
Khour and Biyabank with 25 days. In the future statistical period, the number of frost days at all stations
will decrease under all emission scenarios. The longest growing season is related to Khour and
Biyabank with 146 days, and the lowest is related to Chadegan with 91 days. In the future statistical
period, under all emission scenarios, the longest growing season length is associated with Khour and
Biabank, and the shortest is related to Chadegan, but the changes in the growing season length are
increasing in all stations. The most changes in the growing season length are related to Chadegan,
which increases under the emission scenarios of SSP126, SSP245, and SSP585 for 17, 18, and 21 days,
respectively.
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Table 1- Details of meteorological stations

Row Name of station Longitude Latitude Elevation(m)
1 Khour va Biabanak 55°02" 33°47 845
2 Naein 53°05’ 32°51° 1549
3 Isfahan 51°41’ 33°01° 1550.4
4 Ardestan 52°23’ 33°23’ 1252.4
5 Natanz 51°54° 33°32° 1684.9
6 Kashan 51°27° 31°58’ 982.3
7 Najafabad 51°22° 32°38’ 1641
8 Shahreza 51°50" 31°59° 1845.2
9 Semirom 51°42° 31°09’ 2274
10 Chadegan 50°38" 32°46° 2100
11 Daran 50°22° 32°38’ 2290
12 Fereydun Shahr 50°06" 32°56° 2490
13 Khansar 50°19’ 33°14’ 2300
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Table 2- List of CMIP6 models used in this study
Row Model Country Horizgntal Resolution
(in degrees)
1 BCC-CSM2-MR China 1.12° x .12°
2 CESM2 USA 1.25° x 0.94°
3 CNRM-CM6-1 France 1.4° x 1.4°
4 CanESM5 Canada 2.81° x 2.78°
5 MIROC6 Japan 1.4° x 1.4°
6 MRI-EMS2-0 Japan 1.12° x 1.12°
7 IPSL-CM6A-LR France 2.5° x 1.26°
8 GISS-E2-1-G USA 2.5° x 2°
9 HadGEM3-GC31-LL UK 1.88° x 1.25°
10 NESM3 China 1° x1.3°
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Fig. 1- Flowchart of study
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Table 3- Results of calculations of the average of the first fall frost (FFF) in the past and future
period under different scenarios

- I c X < = —
855 E 8 & 8 B £L £ 8 E &£ ® ® 8
& o ® = N < = ¥.S 5un 0O o] z < Z g
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Past 19 3 1 7 19 6 7 5 16 20 20 26 10
Nov Dec Dec Nov Oct Dec Nov Nov Nov Nov Nov Nov Nov

SSP1-2.6 12 6 30 2 19 9 31 3 11 14 17 29 9
' Nov Dec Nov Nov Oct Dec Oct Nov Nov Nov Nov Nov Nov
SSP2-4.5 14 5De 30 2 19 11 31 3 13 15 16 29 10
' Nov c Nov Nov Oct Dec Oct Nov Nov Nov Nov Nov Nov
SSP5-8.5 15 8 2 3 20 12 2 5 14 16 18 30 10
) Nov Dec Dec Nov Oct Dec Nov Nov Nov Nov Nov Nov Nov




DOI: 10.22055/jise.2022.39312.2005

Y.

e S 5 Sl Dl i gy g 101 5 (s alkaa

b

0 50 100

ansar
z
Fereidung n
e

Naja

Kashan
.

8.
:

200 xm

a Kashan
Khan:

-7 -4
H(-4)- (-2)
B (-2)- (1)
Cen-1
 1-3

——— 0o 50 100 200 xa

Al sar
L Ferciduns aran
Changes in FFF ('jhac!cg:m 1 '
($5P245) NojaGebad ]

ak 1l
}N\

Changes in FFF
(SSP126)
B -5) - (-6)
o) -4
C0e9-¢2
COe»-0
Hl 0-1
-3

GOE 50°00°E

51°00"E

52°00'E

53°00"E

34°0'0"N

31°0'0"N

S#00'E 5°00°E  S6'00'E 00" 50°00'E  SI°00'E  52°00°E

53°00'E
:

33°0'0"N

32°0'0"N

C Kashan

ansar .
.
Terei

0

a.r:m
g Changes in FFF
(SSP58S)
B -5)-(-3)
B3 -1
[Ien-o
Jo-2
-4
50 100 200 on s

Naja

v

50°00"E 51°0'0"E 52“()"0"L 53“0"()"[1 54“6’0"L 55 'd‘U"E 56“6‘0'
Fig. 2- Zoning of changes in the first fall frost (FFF) in the future based on (a) SSP126, (b) SSP245
and (c) SSP585 scenarios compared to the past period
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Table 4- Results of calculations of the average of the last spring frost (LSF) in the past and future

period under different scenarios

- I < X < = -
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sg 2 I X 5§ 5 *a @ 3 g £ X
Past 12 27 4 26 21 25 16 11 5 15 18 17 10
Mar Feb Mar Mar Apr Feb Apr Apr Apr Mar Mar Mar Apr

SSP1-2.6 15 4 4 25 22 25 14 6 31 16 17 22 16
' Mar Mar Mar Mar Apr Feb Apr Apr Mar Mar Mar Mar Apr
SSP2-45 14 3 4 24 21 23 13 5 29 14 15 20 16
' Mar Mar Mar Mar Apr Feb Apr Apr Mar Mar Mar Mar Apr
SSP5-8.5 13 2 2 24 21 23 13 4 29 14 15 20 15
) Mar Mar Mar Mar Apr Feb Apr Apr Mar Mar Mar Mar Apr
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Fig. 3- Zoning of changes in the last spring frost (LSF) in the future based on (a) SSP126, (b) SSP245
and (c) SSP585 scenarios compared to the past period
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Table 5- Results of calculations of the average of the frost length (FL) in the past and future period
under different scenarios
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Fig. 4- Zoning of changes in the frost length (FL) in the future based on (a) SSP126, (b) SSP245 and
(c) SSP585 scenarios compared to the past period
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Table 6- Results of calculations of the average number of frost days (FD) in the past and future
period under different scenarios

Station/
Scenario
Isfahan
Ardestan
Kashan
Shahreza
Chadegan
Khour
Biabanak
Fereydun
Shahr
Daran
Semirom
Naein
Najafabad
Natanz
Khansar

Past 68 32 39 85 149 25 128 118 91 60 73 56 104
SSP1-26 59 24 26 72 12r 15 109 101 77 50 62 41 88
SSP2-45 58 25 25 71 125 16 109 101 75 49 60 40 88
SSP5-85 56 23 23 69 123 15 105 97 73 46 57 38 86
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Fig. 5- Zoning of changes in the number of Frost days (FD) in the future based on (a) SSP126, (b)
SSP245 and (c) SSP585 scenarios compared to the past period
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Table 7- Results of calculations of the average of growing season length (GSL) in the past and future
period under different scenarios

- c © = X C = -
= C < [<5] 7] = o 9O oo ] c [35] S © ]
gg § T & = 3 s 86 & § =z & £ <
Past 128 141 139 116 91 146 108 108 128 132 127 136 118
SSP1-2.6 133 157 150 125 108 159 120 121 130 142 138 155 127
SSP2-45 135 156 151 128 109 159 121 122 133 147 138 156 128

SSP5-8.5 137 157 152 128 112 160 122 123 133 148 140 158 128
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Fig. 6- Zoning of changes in the growing season length (GSL) in the future based on (a) SSP126, (b)
SSP245 and (c) SSP585 scenarios compared to the past period
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Table 8- Resistance of trees to low temperatures in °C

growing steps

Small green Buds closed but Trees
° Full bloom

fruit colored
-1.7 -2to-4 -3to-5 Almond
-0.6 -0.6 -1 grape
-1.1 -1.1 -1 Walnut
-1.7 -2.2t0-2.8 -3.5t0-45 Apple
-0.6 -2.2 -4 Apricot
-1.1 -2.2 -2.2 Cherries
-1.1 -2.2 -2.510-3.3 pear
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Table 9- Information about some horticultural products in the province

Maximum harvest time Flower time Date Of. bud City Product
swelling
20 Apr to 20
5 Jul May 20 Mar to19 Apr Shahreza Cherries
30 Jun 24 Apr 8 Apr Najafabad
10 Jul 29 Mar 9 Mar Isfahan
10 Jul 8 Apr 4 Mar Najafabad Plum
5 Aug 4 May 20 Apr Fereydun Shahr
30 Jun 20 Mar 14 Mar Shahreza
21 Jul 20 Mar 19 Mar Shahreza
5 Jul 24 Mar to 29 Mar 23 Feb to 4 Mar Isfahan _
22 Aug 20-Apr 20 Mar to 3 Apr  Fereydun Shahr Apricot
21 Jul 8 Apr 4 Mar to 19 Mar Najafabad
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