Journal of Agricultural Meteorology
Vol. 7, No. 2, Autumn & Winter 2020, pp. 55-66

Ol

i E
Sing e~

$329LeS (owlidlgn 4yl
BO-FF. 0 AVAA lcwo) 9 3l oV oy)les Y ol

S olwl s lwl 3o Guo oudsl slaslaygy wigy (ow)

76599 T o0, (S a2l ol 7T Kb (Gamge dexo ! Susle plyll

WAV - el o g b
VAN Y8 5y b

US>

T Qi rasly cle 4y Lpsas (ol )5 auads zlgel § e do Jlo i) ga slaslayg, 4 ax g 3l sbo Jlo o
Sz Gl 4 e Gl slajls clale alidlcalon S oy 60k Ceal el s sl S0lis aljie 4y aSly 65,5LeS
oi9r solekiny o> by Brne wles VA (gl (nl )3 el 0ol (ol (s> (slaslag; £98y (6551 50 pds A 0
3 Sl Slisdos asln 5 w8l (6 s (i 9 6 R3S 0955 (oulidpeldl graneS (ouliBler (Sl Glojle (role S e
@lel )90 55 (g Gl pliol (cwlidlon oSl VY (5L g Lo ailjg; (Glo slas ol ol i (53l K0T 5 2y akes
128 )5 4 ga> slaled wigy 392y pac b g 0929 (o) 2 Sl SIS0 6 LL gejl i dad dnlns VAAY-Y -V F
Glad 4S5 5k 4y Conl dggiio LolSiws] ST 50 0w g0 Slaasles (ials 9 5,5 (gax ladsles iol3dl asg, aS Wols lis s
Glod g al38l &gy slls oK) S ;o (SU25) cl ogumdis a2 50 YO 51 5¥L lgo jiSTas slos a5 Sliwul slajs, olass
Ll o L oS Ol 5 0l (SaSTn s 4 Geizes Sl 2alS g, sl eliu] 25T 55 (TNLOP) 55 slaces
Sl bl a5 5 9k 4 0)lo 3925 )L el W) el adS )0 (Jg Canes &)1 BB casine gladhie (hb 555l ol

Slse s)blae L2als i) s Ll 3550 5 Jlad jo e e o 1 5L

cle a1, g sbplisb Sls Sl o131 (ARY)
2 ogdle ol ools 3 0S890 (pae) 0,5 o a5
Lol glados slagsloans olol »
ool sl (s glajls Lel il slagy Liw
Vel G g Jetoe Jlew 050 g S 08 )3
Alizadeh Pahlavan and ) ool ool 5,155 ooy
s aslllas 3l bl s (Zahrai, 2014
Sl 5 elaal (solaml slasely e 4y ol
Iy ool Sl (gsr oz glaslug, a4 bgye o
50 hatd o8l s a4 ax gl Oldlae iST o el 0o S
SaeVsbh w0 ey @le Sl saws
S g 6 eesd dandllan Lol il ol glaasles
Abaurrea, ) cosl sy soldl o> slaolyg, LS,
oSl bl saldl Ol i Lol aasia (2001
sloonsy gy Slglp IRl g edldl la el

® Fourth Assessment Report

@5z Ol B ol des ol o5 guadS” (saejly
doddo

S a8l o B ey g2 p0 4T b Dl oS
a5 wmen s el Sl slaansis
).45‘ Jud.’g.u‘sa 6955 £ uducdy.b 9 UMOL; ‘J»L»JLo
EroolisS carll liliogi 45 wiysl ol 2 lolipnlil
Jsilom cip it dolas ols> cowaily s
) e 5 .
s ez byl SIS e TAPCC) Bl s

oKl ¢ 55,5LaS 0aSLasls (g5 ysliS culiilon (1S5 (gymmails’
Olnl e et (o 2
g0 2 olKls «(5),5liS aSails «(g5,5laS swlitlen sbiul’
Oyl cdguiin e
(Mousavib@uUm.ac.ir : Jgiue 0wy gi%)

DOI: 10.22125/agmj.2020.161913.1051
iy oKl «(5),5laS eaSily (ol pwdige 05,5 Lils’
ol
ogdp olKils o53,sliS euSiails « SLEl pole 05,5 Lol

Ol dguio
® United Nations Intergovernmental Panel on Climate Change


mailto:mousavib@um.ac.ir09153167311

Y4 .o ‘SLDQ‘AJ.’) u\S’) )y

Spooslecs g oy, s glay, o5 J>
Soloe woye A0 maw (o laasy, cdel Laslasly rals
5 ol et 3blis o 4Vl (Swi)ly &) 5 wog
Sohrabi et al., .ceul oog il g 5l cablie o
5 oell o laaled sy 4 laddllae o (2012)
ASopel o galayl dihie Jlcsas L byl bl
ax |y Lod (oAl Bl gy 9 ) (c2alS &g, 9wl
oy 9 slojl> laced a5 adl o iz e w8 S
el @y el plan glags, 5 Rl bt
JIasS= e 3051 L1y 3 ,L 259, Mondal et al., (2012)
0,99 b Gliwgain j9aS 3p0 )0 Laygl adhaie o
o] mls s wols) 3 adlas 5,50 1AVY V4.
Toros et .og ddlain cpl ;o 5L iali8l wig, 5 olis
V0 o 1, ga> slales (gladlaie ol i al., (2019)
455 oS (2l @bl 3 @ly (oulitlea oSl
o a5 80,8 sy VPNV VP bl 050 b
1o anlllas 500 woliilgn claolSinyl ads o ols olis
3l e Jsb 3 55t Gl s, sl bl
Gl izmen 5 Foml QWi oy lp eS8
@l oye ly o ol Sae sk yo S
90 4 bolil cnl JL3; cnl dds & o)ls v92g YL
ol adhie 0 a5 (gyeb 4 Wigd oo peed Alwo
ol 4y alyg, sles asls 5,5 sl ol b P
25 S S pslaS g wald sl S
P Jdole adhie ool Jad b s
Vel glass b Jli Jole ddlie b aslis
w5 51 Najafi et al., (2018) .ol azdly Lial3l 55,
losls 5l oslizal b o Climdex ales cuin s ol
5 oobl ogldl pgr S 0l (Al (Slaalie
Lo &l yuis ;s RCPB5 (g4 ,liws 5 CANESM2-LE oo
B VAAY Jlo 5 LS e o ade oz odb o
Sads a5 wisls lid gl adsla )l ) 0500 Yo AR
Uil B L ©ye 0 san] jo so slaolasg, Slgly8
2 seel8l Dlpns o liebl pas azdl ol e
Guo et al., (2019) o4 uldl Jlo o Jol> slaazil
ol Vo o s sleasled e SYeb Ol s 5
slolo abols o 1) oz (38 Jlod jo (oulidlye
olad gl wisla)l 3 cwypm 9596 YeIF L VAP

5 W10 (L2l 4 gy Wy, 5 slacad g by, aSwsl

5 9y Lasie (WMO, 1998) coul oulil o>
(oSt sl lie gus gleodsay wpais
sl Sojle s 5 bolasy was b JlSis
Sl (Slyesd Gz Az R0 laslag, 5 el
oaile) ey 4 Sl s b agzlye 0 ) LooaS
a5 ds  gleonsyy a8l sus slaolayg, ol
Lol o b Gladl melsz (Su5d sl bsle 5 lapgicanys
o2l o5 o 2 ol 5 o welis Jlos (oal
a8 Wgdgo Jloy Cundy (Siad] o sl )l
P3a> &y b sbhime ol BT e
it 6,55l o5 Ce g D88 Gl &5 LS
30 S yuiee 039, (Esmaili et al, 2011) aib o
Ol S plole el oo lex

. ) . Y R _
Srdysmoin 9 s« (COL) (culidlilog S
"WCRP) bz wliiss aslyy 5 (CILVAR) L3
ol el 5 0eldl 5ot (g5l )lS8T 5 il ateej o
Glie glaasles drsle gl ools Ly, wds pll
Climdex asile ,l38le 5 iz adgs )] 4zt a5 o 4l
ol wladss 1) (Zhang, 2007) sl RClimdex 4
W8S Sype Bl el 0 bl cnl alws @
as” axials Lo Christidis et al., (2005) aos 5 .ol
VA0- Jlo 5l Jleds oS0 o STas 5 J8las sleo
Sad 0 el Ceely a5 anils gmg BB ol
Imetal, .culons JuSis aile ga> sloolyg,
5 Jb slassg; Sl 5 (lad Jlbe (o) 4 (2011)
6.]9 P o; )5..‘5 5o GA.JB‘ G LgL;bd.iLo.S o..\.:_lyl
sl dlje, slrosls leolatwl LYY+ B YAVY 6,90
ool mls wxsle,y o,b sleesls 5 zSlas o JSlo>
Slold s J8las los bl o baagles a5 ols ol
4 by sloasle iz e a5l ol 58 5 Gl @
Silouine Gl S sl Sad s Gyl
slales Wy, ) 4 Sensoy et al., (2013) .culs
DSy Yoy BAPe sla Sl jo a5 5 o e il
o5 slacs g g, (yliwsl slajg, a5 a0 o]
1 el il s 0 4S5 S 0 gloyls slacd

! World Meteorological Organization

2 Commission for Climatology

8 Climate Variability and Predictability
* World Climate Research Programme



WAA olimo 3 5l ¥ 0ylous oY ol o g5ygLisS owliciled 4y pii  BY

BYY ¥ odgame ;0 5 350 aupesiesks 1O11AY
Jsb o+ 58V LY 50V 5 Jd Lose OF' 5 ¥F
slatal ggiz el olelay | ol s F 18 3.5
L ol 3 b bl alaii op jasd 5 S)ls g - Lot
L 555 cedo o ddlaie o flen 5 5% 710 ¢lis)
Sl ool oad &dly Lo mhw 5l e $0- gl
P Sl g St el Lt gl o oLl
SlrsS (g o Sadaad glspgol 5 Sy (Sl
g Glmegs Gblia o gl Sglis sl lo )95 5
gl Lulyh 53,51 v92g 4 cely Gliul Cun
Sidag glspgol 5 o (g 50 Siln 5 K25

(Abedini etal., 2011) cewl ouls SlwnsS >l o

e
WWoosb g Lo alig, leosls 3l asdlas cpl o
0y ;o @y slelF o adly culidlee oKl
Lyls olls aS ol eslanwl YN8 B V34AY L]
OA*:I)A..EL‘:‘).’J ETCCDM’ L;MJL».»;)LS 05; .b.w}a aS L
aS R wsgidalyy b lae o RClimdex l38le 5
J.,J.z.: 9 G)L"] Slawle 6‘)‘.‘ 6)551?}3 L>e L5|)L>
ooty dadsles dcwlxe 51 L8 ¢ i soletwl cconl ools
oledbl 3 S S RClimdex 58l lawgs
O3 Sobae b S, L g (ke (Sl anle Cew ol
ales 00 ol Mol g gy SSlas 5l Bl sles
slogeldo ;o JlBle 5 cnl bawgi Led 4led VY 5 (Sl
o sladles (pl a5 558 o dwlne wlale 5 4Vl
bSas » Jdw oo glaala Jold aiws & o
slaales ‘(_gldit;w] 3> slaaslas ‘éﬂa.o 9> sloasles
Al oo Dl s asels asle Laasles L g (slo 90 (g0
by oadBpme B)b g Lo gax glawle ¥ Jgur
oy S oo olis | CCL/ICLIVAR o5 8
5 rbiie slasds; (alolid (ol 58 a5, 3575
—Oe Py gy E9xb LB 5 (e LS (BoelsS
oo):;.mf 9 Jj‘\.\-uﬁ )sla 4 u,os) u,t‘ )l A eolazul J‘A—&S
obblse 5 (Sislsee Glag e Wy, el o
a U‘?"LSA U’“"ﬁ) U”‘ u}S bl )l »)9...»‘540 oslaiul
bl &g 5145 Slej slag o lp o o9 228

2 Expert Team on Climate Change Detection Monitoring

Sl ey gladasde B ol sy woal gla b o
Sl s 9 s3> laslay, oo bLS,I Taghavi (2010)
oailed plaS e a5 oS Sogiw oSl Vol
Gl a5l ool b 1 ogy (28 LI adlate o3l
2 stz FIE Gl G @l 95 (om0 ECIS'
aels jo als g 3 (LS slacd g Lagy, slaw
sleolagy Slold mls ol g a¥le o ol
o gl b sb 5 JuSis sile ol o
S gk 4w oo 0l Glnl (o8l (Sl ST e )
olrl 2 > slales Wy 3 et @S elul 5
3518 392y weldl i 5l Sty laailas g el L
&g, sw,» 4« Mohamadi and Taghavi (2005)
bl oy30 0 ol sles 5 ok sa> lealss
slos dilig, gloy sl m;l oolewl L Y- ¥ I 1440
as sl byl asle, ab g J8le iSlas
el asly ot i, hwgie 5 B sles
&y, Kouzegaran and Mousavi Baygi (2015)
Syze ol By Jlad o 1) caslll o slaslys,
£S5 o> slaales a5 0iid S ames g Wsls 8 o
il olaales gl gy cpl a5 asjle Laolidl g,
5 oy, sl slaced slass (Gl slay,
050 )0 Oy gd> slaaled g Jbolias p,5 slac
oS odimslas as asils csalS Wy, asllas 590
L ol o slocc 5 bajs, 5 Waolays, (sl 5 oo
sl 5 b Fojle S da Sojlom il & azg
opdle iaghy (nl 5o iz Ol gl s Lol e
Sbosls 3 Sy swlislen slaolfiy] slaosls
Mgy Coxdy (owyp S S elidpaldl laclin]
@y oylalinl b glae 5L 5 Lo gum slaasles
8 L b ocusl ool solawl CCL/CLIVAR ouis
S axzlsy pliwl jo Jlas bl b))l 4 (6 ie
3 b3 @ble cnl hpse slagi,aly g
ROVCOS SO
Lo o9 9 Sl
axdllaod g0 adlaio

obelyz ol (agh (ul jo addllas 850 adlate

! Extreme Climate Index Software



OA .o ‘SLDQ‘AJ.’) u\-"’) )y

Sged 0,lil (S e (59 ool> LS)LQT &g 5las

o g blas 5l oged o)Ll WS ged g9 oo

Sy s @ly ol Gog @) @ Glges G,
Table 1- The geographical characteristics of the weather stations located in the study area
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Station type Station L(gzg'::ge I(‘ df;rl:i? Elevation (m)
Synoptic Birjand 59.3 329 1494
Synoptic Ghaen 59.3 33.7 1432
Synoptic Nehbandan 60.1 31.9 1188
Synoptic Ferdows 58.3 34.1 1293
Synoptic Tabas 56.9 33.6 711
Synoptic Boshrooye 57.4 33.9 879
Synoptic Khoor 58.8 335 1080

Climatology Ariyan Shahr 59.4 33.6 1600

Climatology Fathabad 58.6 34.2 1840

Climatology Eresk 57.6 34.2 1240

Climatology Asadie 60.0 335 1500

Climatology Mohammad Shahr 59.0 32.9 1410

Table 2- Temperature and Precipitation indices recommended by expert group CCL / CLIVAR

CCL /CLIVAR culiis )l 09,8 lawgi ouiiamogi il g Lo oo sbbaslai-Y Jaus

No. Index Definition Units
1 FD Annual count of days when TN (daily minimum) temperature) < 0°C days
2 SuU25 Annual count of days when TX (daily maximum) temperature) > 25°C days
3 ID Annual count of days when TX (daily maximum temperature) < 0 °C days
4 TR20 Annual count of days when TN (daily minimum temperature) > 20 °C days
5 TXx Monthly maximum value of daily maximum temperature °C
6 TNx Monthly maximum value of daily minimum temperature °C
7 TXn Monthly minimum value of daily maximum temperature °C
8 TNn Monthly minimum value of daily minimum temperature °C
9 GSL The length of the growing season days
10 TX90 P Percentage of days when TX > 90th percentile days
11 TN9O P Percentage of days when TN > 90th percentile days
12 TX10P Percentage of days when TX < 10th percentile days
13 TN10 P Percentage of days when TN < 10th percentile days
14 DTR Daily temperature range °C
15 csDI Cold spell duration index: annual count of days Wi'Fh at least 6 consecutive days when TN < days

10th percentile
16 WSDI Warm spell duration index: annual count of days with at least 6 consecutive days when TX > days

90th percentile
17 Rx1day Monthly maximum 1-day precipitation mm
18 Rx5day Monthly maximum consecutive 5-day precipitation mm
19 SDIl Simple daily intensity index RRij >= 1mm mn;l/da
20 R10mm Number of heavy precipitation days RRij >= 10mm days
21 R20mm Number of very heavy precipitation days RRij >= 20mm days
22 Rnn mm Annual count of days when PRCP > nn mm, where nn is a user-defined threshold days
23 CDD Maximum length of dry spell: maximum number of consecutive days with RR < 1mm days
24 CWD Maximum length of wet spell: maximum number of consecutive days with RR > 1mm days
25 R95p Annual total PRCP when RR > 95th percentile Extremely wet days mm
26 R99p Annual total PRCP when RR > 99th percentile mm
27 PRCPTOT Annual total precipitation on wet days mm
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Figure 1- U, U' SU25 diagrams for the Fathabad station
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Figure 2- U, U' TR20 diagrams for the Birjand station
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Figure 2- U, U' TR20 diagrams for the Ghaen station
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Table 3-Average of Warm Extreme indices in the period of 1992-2016

1R4Y-Y 415 0,90 40 p,5 (g ol bawgio - ¥ Jgoo

Station SU25 TR20 TX90P TN9OP WSDI TNX TXX
Birjand 193.2 33.0 104 10.3 5.4 14.3 45.1
Ghaen 171.0 11.0 10.8 10.2 3.7 15.3 395
Nehbandan 2174 106.3 10.6 10.0 6.3 11.7 43.1
Ferdows 188.6 65.4 10.0 10.3 49 13.2 41.6
Tabas 227.0 152.6 115 10.7 6.3 10.9 47.1
Boshrooye 212.0 87.7 105 104 4.0 125 45.6
Mohammad Shahr 199.4 49.0 10.2 9.9 6.9 27.3 41.9
Ariyan Shahr 178.0 61.0 104 10.4 7.5 27.3 395
Fathabad 146.6 51.0 10.2 9.3 8.2 13.8 374
Eresk 188.3 88.5 11.0 115 10.6 12.6 42.3
Khoor 2124 106.2 10.1 9.1 5.1 12.0 43.8
Asadie 157.7 25.7 10.2 10.1 6.0 14.6 38.9
Table 4 -Average of cold extreme indices in the period of 1992-2016
YAAY-Y 15 0,90 40 0w suo Ll wgo -F Jouo
Station FD IDO  TX10P TN10P GSDL TXn TNn
Birjand 70.4 1.0 11.3 11.2 3354 1.2 -13.7
Ghaen 83.6 2.6 11.3 11.3 316.1 -1.2 -15.0
Nehbandan 32.0 0.3 11.2 10.8 357.2 4.2 -6.9
Ferdows 46.8 1.4 11.2 11.7 337.8 0.8 -94
Tabas 8.9 0.0 11.4 11.4 360.2 6.0 -35
Boshrooye 48.8 12 111 10.6 346.7 3.0 9.5
Mohammad Shahr 55.1 0.4 10.6 11.8 346.3 3.1 -10.5
Ariyan Shahr 58.3 2.2 10.6 11.0 328.6 -1.1 -12.3
Fathabad 475 2.9 10.0 11.0 313.1 -1.8 -9.7
Eresk 39.2 2.3 11.2 11.3 347.8 15 =15
Khoor 345 0.3 111 10.7 354.7 39 -8.2
Asadie 72.1 1.8 11.1 10.5 325.9 -1.1 -12.6
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Figure 4- TNx, TXx, TX90P, SU25, TN90P, TR20, and WSDI indices
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Figure 6-U, U' FDO diagrams for the Mohammadshahr station
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Figure 5-U, U’ FDO diagrams for the Eresk station
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Figure 7- TN10P, FDO, TX10P, TXn, TNn and IDO indices
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Table 5- Average of diurnal temperature and growth
period indices in the period of 1992-2016

0390 Job 9 2lod awls gas bvasles bwgio -0 Jguo
124Y-Y 418 0590 jo g,

Station GSL DRT
Birjand 3354 16.1
Ghaen 316.1 15.7
Nehbandan 357.2 14.2
Ferdows 337.8 13.6
Tabas 360.2 12.7
Boshrooye 346.7 15.6
Mohammad Shahr 346.3 15.7
Ariyan Shahr 328.6 13.2
Fathabad 313.1 9.9
Eresk 347.8 12.6
Khoor 354.7 14.2
Asadie 325.8 14.8
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Figure 9- R10mm, R20mm, RX1DAY, RX5DAY, TRPCTOT, CDD, CWD, R95P, R99P and SDII indices
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Table 6- Average of precipitation Extreme indices in the period of 1992-2016
VARY-Y 418 0,90 y0 oyl oo sa ke bwgin —F Jou

Station PRCPTOT RX1Day RX5Day R95P R99P CWD CDD R10mm SDII
Birjand 139.4 21.2 335 28.2 8.7 3.6 167.3 4.2 5.6
Ghaen 153.8 22.6 324 32.8 8.2 3.2 172.7 4.8 5.6
Nehbandan 113.2 25.3 395 28.2 7.0 3.3 169.7 3.1 6.2
Ferdows 116.3 18.6 27.8 23.5 7.2 3.1 179.4 2.8 49
Tabas 70.5 13.3 17.8 12.0 2.4 25 194.0 15 4.4
Boshrooye 94.0 16.1 25.1 29.5 12.1 3.6 185.3 25 49
Mohammad Shahr 146.3 23.7 37.6 32.7 8.4 4.0 172.4 45 6.1
Ariyan Shahr 165.1 23.1 36.8 25.4 5.8 3.7 171.0 5.0 6.2
Fathabad 219.4 32.6 51.6 45.0 17.1 3.8 160.4 6.9 6.9
Eresk 88.3 15.0 21.6 175 5.4 2.6 169.4 2.1 4.6
Khoor 84.4 17.2 25.6 16.3 3.3 2.7 186.3 2.2 4.7
Asadie 141.9 20.1 34.4 31.3 9.8 4.0 154.4 4.0 45
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Investigating the trend of extreme climatic events in South Khorasan
province
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Abstract

In recent years, extreme events (droughts, floods, and extreme heat waves), as indicators of climate change,
have received heightened attention. Increased concentration of greenhouse gases has led to global warming and
significant changes in climatic extreme events pattern. In this study, 28 extreme indices proposed by a joint
project between the World Meteorological Organization, the Climatic Group, the Climate Variability and
Predictability Group, and the Global Research Program for Climate Change Monitoring and Detection, have
been calculated from daily temperature and precipitation series of 12 meteorological stations in South Khorasan
province during the period of 1992-2016. The non-parametric Mann-Kendall (MK) statistical test has been used
to assess the significance of trend in extreme indices time series. The results showed a significant increasing
trend in warm extreme indices and the decreasing trend for cold extreme events in most stations. Such that, the
number of summer days with mean temperature above 25 degrees Celsius (SU 25) has an increasing trend in all
stations. A decreasing trend was observed in cool nights (TN10P) series in most stations. There exists a high
spatial variation for rainfall in the study region and no significant pattern could be observed, but in general, the
trend in most stations is decreasing, for instance, the rainfall events greater than 1mm in north and central
regions of the province has significantly decreased.
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