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Background and Objectives: Cold waves are natural phenomena normally
occurring in winter and autumn seasons. They likely cause significant damage to
agricultural crops and garden yields. Accordingly, both monitoring and prediction of
cold waves occurrence are essential for planning and managing the associated risks
beneficially.

Materials and Methods: This study aims at analyzing cold waves data in Semnan
province, enhancing a better understanding of this phenomenon, and suggesting
practical solutions for effective management. To meet this target, the minimum
daily temperature data were analyzed from 1980 to 2020. To identify the cold
waves, the standardized minimum temperature (Z-index) was calculated during the
same period in Semnan province.

Results: Our findings revealed that the highest occurrences of cold waves occurred
in Semnan city with a fairly long-term duration (In 2007, there were two cold waves
lasting 3 and 7 days, and in 2016 there was a cold wave lasting 6 days). Moreover,
Shahmirzad, Shahrood and Miamey stations recorded the lowest minimum
temperature (-16.4 'C, -14.2 °C, -14.2 'C) in November 2016, respectively.

Conclusion: Results demonstrate that the cold waves occur with 10-year return
period. Subsequently, developing applicable management plans are essential to
reduce cold waves exposures and damages.

Cite this article as: Soltani, A., Poodineh, S., Raees, M., Zolfaghari, A., & Kaboli, H.S. (2024). Frequency analysis of
cold waves occurrence in Semnan province. Climate and Ecosystem of Arid and Semi-arid Regions, 1(1), 167-183.
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Fig. 1. Location map of the study area: a) Semnan province in Iran and b) Political divisions and geographical
location of synoptic stations in Semnan province
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Fig. 2. Classification of climatic zones of Semnan province
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Table 1. Synoptic stations and their characteristics
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Semnan
35,8l
54.55.45 36.22.48 1322 1951 1990
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J
52.21.35 35.14.35 885 1986 1988
Garmsar
Olaals
54.19.21 36.08.59 1154 1988 1988
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l . B
s 53.21.12 35.46.31 1957 1995 2010
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55.37.59 36.24.50 1083 1998 2000
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Table 2. Stratification of cold waves based on the standardized minimum temperature index
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Row Cold wave classification Intensity based on Z-index
1 e 10.99--05
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) Ly 3 e .99 -1
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3 > e 2,99 -2
Very cold
4 3 s | 35

Extremely cold
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Table 3. Characteristics of extremely-cold class cold waves in Semnan township

s 335 (P 39 A sl s f‘}é dab s Plas glabes u.:fal:.a
)
. Coldest day ©C) G CC) by g 30 3125, Z s
Wave 39 ol Jl It_owest dtaily rI]Duralt(ijon of Average mi(l;imum A Z-index
emperature the cold wave temperatures during the
number Day Month Year (oC) (Day) cold wave event (oC)
1 25 Jan. 1980 -10 1 - -3.09
2 12 Jan. 1983 -10.6 1 - -3.28
3 5 Jan. 1989 -9.8 1 - -3.01
4 29 Dec. 2006 -8 1 - -3.02
5 9 Jan. 2008 -3.28
6 10 Jan. 2008 -11.6 3 -11 -3.59
7 11 Jan. 2008 -3.34
8 14 Jan. 2008 -3.09
9 15 Jan. 2008 -3.09
10 16 Jan. 2008 -3.91
11 17 Jan. 2008 -12.6 7 -10.45 -3.15
12 18 Jan. 2008 -3.28
13 19 Jan. 2008 -3.21
14 20 Jan. 2008 -3.09
15 22 Jan. 2008 -9.8 1 - -3.02
16 23 Nov. 2016 -3.58
17 24 Nov. 2016 -3.39
18 25 Nov. 2016 -3.28
19 25  Nov. 2016 16 6 6.35 -3.90
20 26 Nov. 2016 -3.15
21 27 Nov. 2016 -3.10
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Table 4. Characteristics of extremely-cold class cold waves in Shahrood township

390 RS C}‘(‘b’ ,;Jﬁl»dum;ﬁép
ol Coldest day 390 (A s Gay) bopw 38 355 J b
g ¢C) _ Duration (&) Z jasls
Wave 99 oL Ju 't-OWE"St (ia'ly of tlr:je Average minimum  Z-index
emperature co temperatures durin
number Day Month Year o p g
y (°C) wave the cold wave event
(Day) (°C)
1 19 Feb. 1982 -12.4 1 - -3.19
2 27 Jan 1983 -11.6 1 - -3.08
3 Jan. 2008 -11.8 1 - -3.14
4 Feb. 2014 -13.6 1 - -3.52
5 24 Nov. 2016 -4.01
6 25 Nov. 2016 -4.98
7 26 Nov. 2016 14.2 4 -11.50 -4.01
8 27 Nov. 2016 -3.52
Table 5. Characteristics of extremely-cold class cold waves in Miamey township
S . N el Jlas slabes Kl
o ket Coldest da 90 P SH3 ; s
J y . (J})) (0C> L‘ﬂ C}‘ J‘-\>'J djb U‘"L"
& e Duration Average minimum Z
s ol J Lowest daily of the J - Z-
Wave 290 temperature cold temperatures during
number Day Month Year o the cold wave event ~ index
(°C) wave ©C)
(Day)
1 24 Nov. 2016 -4.09
2 25 Nov. 2016 -3.40
3 26 Nov. 2016 142 4 1225 -3.72
4 27 Nov. 2016 -3.35

55 e oKyl s 3 g gl NS sl C‘y\ Slasein F Jad>
Table 6. Characteristics of extremely-cold class cold waves based on the Shahmirzad station

390 R Cf‘f'ﬁ );ylbdhb;oﬁi}lﬁs
ol Coldest day PP sl G b g0 31455 J b asls
- CC) 55 Duration “C) 7
Wave 99 Lo Jl  Lowestdaily  of tlr(‘je Average minimum Z-
temperature co temperatures during  index
number Day Month Year . p g
y (°C) wave the cold wave event
(Day) (°C)
1 26 Nov. 2011 -11.2 1 - -3.09
2 24 Nov. 2016 -3.24
3 25  Nov. 2016 164 2 -13.13 -4.40
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Table 7. Characteristics of extremely-cold class cold waves in Garmsar downship

340 J‘-’-J:':f'" C_,A f“"’ 22 Js"\’ LSLM"" Aﬁg""?‘
ol Coldest day 335 (ppd e sl G b g0 31455 J b el
e ¢C) Duration (&) 7
Wave 380 obo Jl Lowest dally Of the Average minimum Z-
temperature cold i i
number Day Month Year ; temperatures during  index
(°C) E’E’)ave) the cold wave event
ay G
1 11 Feb. 2008 -11.2 1 - -3.23
2 15 Jan. 2008 -3.16
3 16 Jan. 2008 -3.39
4 17 Jan. 2008 -12.6 5 -12 -3.16
5 18 Jan. 2008 -3.22
6 19 Jan. 2008 -3.16
7 25 Nov. 2016 -3.37
7.4 2 -6.8
8 26 Nov. 2016 -3.07
Olaals bb,@—ﬁ)b .:f.a}.J ‘_,,..)&S &Loja C‘_}a‘ olasein A d}.l?
Table 8. Characteristics of extremely-cold class cold waves in Damghan township
395 A3 T el Slas glabes Kl
o,led Coldest day 350 e sl Gay) 7 P b o (s
? e i CC) b o shis, J b 025
& ) Duration Average minimum Z
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2 15  Jan. 2008 -12 1 - -3.18
3 5 Feb. 2008 -11 1 - -3.21
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6 27 Nov. 2016 -3.07
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Fig. 3. Average temperature of land surface extracted from ERA5-Land images in January 2008 (a: 1/15/2008),
(b: 1/16/2008), (c: 1/17/2008), (d: 1/18/2008), (e: 1/19/2008).
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