(owen 5, sov ] WAA JLo / YAY B YWY ladoiol o)los YA als / S g OF ol & i

Ja! di g0 5 Jlo 0 iy gy b It g SO0 b9, E599 Juki
(pNo g yfovod Wod srolun! 359 y90 axiliag)

T B9y (5 e 36

MDA ZARENCIR L A/ sl s sl

Olhes e Jo 5y o823l (55,5128 Sl ool p ke utign 05 8 ool mlio udigo 4ty (5 585 (g pmils)
Oldes b e o83l (55,5128 0aSiils o p ke pdigo 58 ol e tiga sl
smarofi@yahoo.com : 5 xSl g (SIS J gins 3

oaisa
Loodle 5 Olies wass slaslKiunl ¢l laids 5 sale slays, Jsie slaselin o¥laal walllbs ool 5u
slasls @y, slos wuaS HLel Bl shiacpas . d S 518 Julad u) e lla 5o ol 40 SSHke 6 5ua0) 5 suliil
5 olas sl alla s Giolad s sile Guleal s Lasols o soliiead Y08 B Y-+ sl Gusle B LS
ladss ol 5 subes Jlaial a3a S daslane iy pladcinso Ghos © a5 b dbgs e Jlaial 5 sad S50 sule
Gale 595 99 V1A 5 AT slaal QS 30 e 5 (laes slasliinl 4S uly Glas il wd dulas (ole 5 olandy
Olands slay gy pulaal Graa s wilenls (alaidl s gads |y Glatads o g aas gale 59, YEU 5 YY0 ulaad 5 Ml gie
—slKiiwsl 5 855, 99 Glste slaglands slaad uiaad .o e YEU 5 VY0 a5 Laslicw!l cpl 5o gule 59, 5 aas
— oo 5 laes slaslSiinl st i s, 50 g8y Jladal wim s a0 VoV 5 VEr s i i 5 S0 sla
osbas sl Gl Ho Glaids glays, psly Jlaal doju ol sass VUVY 5 AV Gl Sk sk
OlEe aS uly lad 835 0 B Y plands oysm sl Jlaa) sis s ines ol sa g £1/23 51N Sl
i 50ke ol 5 s YY/VA 5 YV/AV SYIVY 04/8 b il csiits Glaas o€l Hu Jlaal ol bac sie
$3osliS Slad g 5 osae OB Gl slales € ST ) il sug Y4/4% 5 Yo/Yo ¥+ /VY FV/AY L ol

S soliid ol e Jlaial olilud 3 @uSsla 5 oy cga mli ol 5wl

Ol e (S Hle 8 5uan ]y laiua 85 90 (gule 650 sals (slasl g



WAA Jlo /Y ojlous Yauls / S5 g O yasls 4yt B9y (S yad YA¥

Analysis of Frost-Free and Freeze days based on First-Order Markov Chain

Probability Model (Case Study: of Hamedan and Malayer Synoptic Stations)
N Shahraki!, S Marofi*?

Received: December 08, 2015 Accepted: June 06, 2017

1Ph.D. Student, Water Res. Engr., Dept. of Science and Water Engr., Faculty of Agric., Bu-Ali Sina
University, Hamedan, Iran

2prof., Water Res. Engr., Dept. of Science and Water Engr., Faculty of Agric., Bu-Ali Sina University,
Hamedan, Iran

*Corresponding Author, Email: smarofi@yahoo.com

Abstract

This study tries to analyze the consecutive frost-free and freeze day’s occurance probabilities, in Hamedan
and Malayer Synoptic stations using first-order two-state Markov Chain method. The analysis was
performed for the minimum daily temperature data during the October to March in the period of 2000-2014.
The data were arranged according to frequency matrix of the freeze and frost-free days mode change and the
elements of probability matrix were calculated by the maximum likelihood method. In addition, the initial
and consecutive probabilities of the frost-free and freeze periods were also calculated. Based on the results,
the number of observed periods with 2 consecutive frost-free days at Hamedan and Malayer synoptic stations
were 860 and 1199, respectively. In the same order the occurrences numbers of frost-free days after freezing
days at the same stations were also 235 and 246, respectively. Accordingly, 235 and 246 freezing days were
occurred after frost-free event and also, 1400 and 1039 periods of 2 consecutive freeze days were detected at
Hamedan and Malayer stations, respectively. The average probability percentages of the consecutive freeze
periods were 81.06 and 76.73 for the Hamedan and Malayer stations, respectively. The average probability
percent of freeze days were 60.11 and 46.99 in the studied stations, respectively. Also, probability
percentages for freezing duration of 2-5 days showed that the average probability percentages of the
consecutive days were equal to 50.9, 43.73, 37.67 and 32.78 in Hamadan station and 37.82, 30.72, 25.25 and
20.99 in Malayer station, respectively. So the results can be used to predict and prevent potential damage,
since the low temperatures have a detrimental effect on agricultural production.

Keywords: Hamedan, Malayer, Markov Chain, Period freeze, Period frost-free
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