WY WAY e 9 3ol /YA o)l [oas Jlo jusul 059 Co e doliiimngh

PR JSuls G Sy IS g lwliad 55 el e 3,118 9 3]

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-23 ]

[ DOR: 20.1001.1.22516174.1397.9.18.12.6 ]

[ DOI: 10.29252/jwmr.9.18.12 ]

Ol adg

Y‘_,eabis,,».’s KVL P Yc;.wga 295 odljl < oot o oo diSw

Ol 0l «83yslaS slea ) ligecssglisS gy g Uhjgel slisiog lojls ()9S @lpe g bn JSin o dusge ¢ble i ise obsliwl -
(s.lotfinasab@rifr-ac.ir : Jygue odisusg3)
ORI 5,9l Ble ©)lig «5)sliS s g (higel cliiod lojlo ¢)9iS i g la SR Cliion dumge e blo Cliiod (Ao ¢Siimgl —Y
Ol Q5 «ipaliSoler @)l «singliS gy 9 Ubjgel «lisios Glojl 198 @lje g Lo i SliioS dumwge bl Sliiod (isy ludih -
AVIVIYD i by g A5G el o

oS>

9 =l @0 (895 3=t o I3l A4S iy Sl glodmy (amb UM (1 ek I (S ol @ JSis
A U o (K h g ol ¢ oloinl ¢ gUaiBl a3 511, (Slndl gl 31 (5l (S5 9 SIS b (Sl tangunsS]
9 Pl (Wi ( (gl S slaada I JUSULS b Sig SOl pr (e cwlio (B e i S Sl 1003 00
SBaa Ly 3iod (ol 5 Gl il olinl g 5908 (5501 of 51 (oWl Glagi 5 Ol jled (B 5kt 41 o (il 9 05
ool L JLwSUis Sigh adllls a5 g Sis glooyed Calid g yljg05ls adgs g JUSLis 51 o Sy
YE 5y clodld yoliio (p1s g b 413y o3ldlyi LMD whamew 9 CZ1 g SPI onslishlgn JluSuid slb s L
Ll ol 1 JUaiis 3,0 g 5l IFAY= AY B VYUY T eIl oy dlar o 0,95 0y 43 ciand] )y olRkuan]
S )95 St 5 gy anlllan 390 (S S g (Saiey Al () ywlio dd 9 (2ligd sekiie 4 LCEpdy Oje0
159319 895 72 031 Caa awlio Juo B! (gl i85 4153 2,1 g dmalie 3,50 9 CLII (IDW) abold (pweSne o
e (i) (pg) LS g 9 b a3l (Nugget) 1, Usbw o s (Sill) )13 JUsLus (il ly Comnd lamo 51 (02,25
(o5 3, ilil Bl sl g (RMSE) Uid o yo (5655ke yda (MAE) s (3llas ;a3 (ke (MBE) bid (ke (b lune
Sl T 39 CupST andllae 45 oS 315 Wid dhols gl .uixd,S 1,8 ooliw] 3y90 g8 (Lad UdLw g yieS ydlie U (GSD)
9 Pty SLisa b 1) JUSuld Cundg SPI ad Ll g 4l Cumma )| 1503 (19 99 4 Sl S 565 (9 Jlusuiid
Ol 03930 9 (B (A )3 o9ty Bl yg0jle jiul g (Bib 1S (0 () CZI pad L & Comd 5 500
9 P9I ¢ lgl3 (liae p1 &5 (GlaisS 4839 1595 2 (JUnSUIS B3 & o (VL B Sl 1 (w5l 9 ¢y Liamnw
Slialy Il Cod S 1) Bblo (nl (S lw g 290 o0 039381 (B D9 9 (B (Al Cow 42 LSS Sl
oy Ly aliliio Cy i Loz b g OIS (Sl jaliyy 55 33,5 (0 Sloiudiy 1) 300 413 (JLuSES 51 ooU
sl Ay Cannnd g 481353 AVl g ailale cilliseo silo; gl 43 JluSuid anllls 4 ol yeo5ls adsn ol JluSuis
33,5 P18l Comy 9 (w05 bl g &l o Gble 1y 130 9 cuwlio JS21,

lo.;)m}‘-; f’ﬁj JM 4‘5.311.;9).3 ‘5&&.:9) «CZI ua&l.w SPI ‘_,ail.w ‘GM)U.M"}Q G)LM :‘5.\(‘.15 ‘s‘éb)‘g

o=l 5 (Sl a0, sl sdaliine OB Jluslas tosie

St g petS ol 48 el ol 5l SLe
Copde 3 ol g g ydelp Cumbion 9 29y Ll
sl Shy Jbs 258 i oolel ol p ol @l
lilaie gun LIS oy oS md e bt oyl JluSiis
Cumbge Cod & g 0395 ool 13 oy (nl 1 938 )
wps ot sy ol bagl ogs b
Sl do g w by, ddlles Ll o
S dele g0 ool ealy L ( Sa)b polie b b Jlusis
Cond & & Lo (pdy )by 0 (ooSae (Siuen
do o Glgld s plon dy (Sasyl polhe )5 ialS
el calyy 4 (A) 250 g3 StS Jpab g laole
Lobgd Al Ve 0y93 ym 53 (lyml HoiS CS e
Jbw > o)} bl 1 2980 lge JlusSis
Odee ¥ g ol cely; JLSa oidie Y/F 39 VWA
2545 el s eke VN 5 o> csl LS
J b ols Wlas S ) JSis 85 coss
Oghee OV 1 Jy Jlw ol o ©lel p Jlusiis

bl aS oz bl sl b glosy JlSis

5 Oyl a2 Sl elyen 4 e Cugby 5 (S
ale 9y 2 oten Sl g bl olyen 4 ) 0l ey
5 el Sl 5 galys b (slotumwss] o]
S ki (00) SIS e (sjpsliS cslacal
b ol syl g £589 JHe a8 cnl (lsa 9 Ol a5)le
@le Glaptums el 3wl Jsl 42
5 o9 Jelse S Udes o5 o5 Sipsine
et 5l oy cnl D908 e )l )18 (glojlul b
395 586 o 1y a9 31 (6l 8 Canl b SO
» Olf‘ )9;#5 .(\\) Cawl 0L Gi..m)s 9 Lf“’l“‘) s&@l
I peS (S Lrg o)l )15 e (Suid S )
Ol 4 g Cunl St (6598 (Sl wgle pow S
g0 ol sl g O (ool (o Shy 5l (Sts bl
ol Swid e g osbpe Glan g Ol gelE


http://dx.doi.org/10.29252/jwmr.9.18.12
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.18.12.6
http://jwmr.sanru.ac.ir/article-1-836-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-23 ]

[ DOR: 20.1001.1.22516174.1397.9.18.12.6 ]

[ DOI: 10.29252/jwmr.9.18.12 ]

WY

Dodige iy o o (el o glie Sl
S 0yed bty adlae @ (V) b 5 sl
01 3kl S5, Ladli ) oolizul § lisjes bl
o o ol Ll cldllbs ks sy GIS lase p
Wk gy SRS gy gy e lasdy)
g Sl sl glujer ol JlSas iy
bl ey sbagbsy € bl 4 (YY) ol
oS (e gy g ot Siem S (Jgeme Shom S
2030 gy JlSis laadl a5 ganaig > alold
lal adls g5 eloly WA Jlo oyl bl
s a3l (DPI) il Sas asls 5 (RAI) LS,k
ool JSis cdaigy o oh ol Ll seiow
g R 9 e Kim)S by DPLadls
Comd (it S > alols (pSe (o) RAI (a3 ls
b8 plo guiomes bl e (29> slaby) ple
DPI 9 RAI ua>lw 90 uol.w‘)) 045 s dlmm 4 d>g)
oy gliwl colue jlasy 0V0 552 Loy @«
Sedlatal b (YF) Slad . Conl 039 JluSis 15,0 WWAR
Slsid @ g il (PNI) Jboyg )b 5l asys jasls
ol ca cilisee (lasbgy b g oot oyl il )3 1,
g Qlwl ool lp 1y JLsis ol gunaigg baiss
s lp Oy e S )S bgy & by g 3909
oy i Wl oy bl JlSlis cud ads
olesS ol 53 ool &y Jlukis ©us adlae ) e (V)
5 S asls ) eslil L VYSF-\YAD cla o b
Sgby) dhowy @ b JLSEs Cud all ey
5l )y alold osSinn 5 Siz 555 Ko S gy
st b & St 5 S gy
3 o ghgy sl a8 (RMSE) s lagyo 55k
Gl ol pliwjes ] JlSid ool g dgg
ol Szt Cniy il o (1) ghan 5 Jloo
oy o 3 45 Wal ol SPI 5l eslizl b oLl 5
(IDW) dol ugSae 5 Shom S (hg) «alosy?
Sis dl.tbb)ﬁ.) AW UJ.L»..}”.) dl).g u.wuL.n dL&aui’9)
Sid glboygd Sluogad (YY) o) Ked g (ord il oo
1 SPEI 5 SPI (sla jasls ) oozl b |, isboyo
olnl Cxf  Sigiw oS! can > dnlodw wlio
@l b 18 ganadl 5 dloe 3)50 (ld)S i)
Slajasls & d905 jastie i) Gdos )l oel Cuny
ua.b)o 9 Sis u.)Y}E L;Ltbb)}) O D SPEI 5SP|
Oy dlasd o YL SPEN jlade W)l (6> bixe cogles
b oS a8 0l |y sbye o Sits (claoygd gof
P Slabre 35 9 355 9 Oyl ey Jad Ol
P ySde asld g Wb LS isren b e bl
@ g b () Lid gbye 9SS ol (e
LS ity bsly G50 g dnojd (Ster oo
izt Jloj S Sl (1) ol5an 5 |y
Lol oy 8wy dy90 SPI a3l 5l edlatwl L 1,
0 s g il JlSis Yoo Jlo jo aisl

)_)l 4)9_1315 P 4.».9; ral?u‘ Olaass u.ul.w‘ 2 Oy )Y)
SHL el pa SEalS Sl (Sb Oyl pudt e
Ol 05l 4SSl (2,8 b bl o Jb) 2)bes AN il
3ble VW JLSis b aunlio ) Jloy o Jlassul o
bl b (V) 35 Jby ke WYE
5 i b allio (slag b 25 > ol (Slarie
@ drg b (V) cul 55 ol Cuenl o) o pie
$520 4 Cuslio (D pde piuww S 2bul Bilis oyl
b L JLusias lsis jpiS olozal (ool Sosglss]
Olas g ohlusd 93,8 wied ol L ogo Copio
il oty 695 gl il Jilas an )
CAudig 5 i b JLsis cansg jl 26T ool
oy ool J 36 slaglj slas wilgs oo JluSiis cus
o olye a4yl ol o5 amd el geg JB e b
I8 e wl oW lagimyasly 3 pte Jol
SlygiSte & 53k (St it slaoyg3 gk 355
9 ul)l% ;.)l{ “.A{}lb) Lod )“E)U cou oS .))l.) L&'?«l}m 9 LTJ‘
gl (b i g (JWSES b g bl )b )3
saie 4 ol Gy g e @iy g aslE g g6y oo
2 elaial g glasl Sl b g, 3 (Sl
Sy oliie o Casl bl 5 pge clelidl §) S o
g St 0ye il lp ol esls U ocwl awih
Odel (YYEDN) wins &l ‘_’j Guaigy slp 1y ol b,
S 1l e wlidlen JluSis (JuSis 5o, ol
oad sl ol Gl 5 (2l sl 38 e slapasls
Slubwl Laslic (PN) Jboy doyy adls asl cuwl
(PDSI) ,oll, JlSis @i sl (¥+) (SPI) sk
oyt A 00 3kl Lasls 5 (DI) bcSes Lasls
oy Sl sauaigy ‘_;lf’)alo 4 (V) (MSDI)
Conl ore sl Sy | (S ol ladbate @iy g SuiS
B8 oy g ol il 4 G gy S sl S
SleMbl claginmn bl 1 o)yl 13 345 0 o U]
SSe 23 el el sl & sy > (GIS) ol
s & g odlatul (Siglg)n g (cwlilon (sl e
@ &S Niwd (wlg  (Sed (S Gad g palay SIS
Oyl Slaaly Sloj olide & oo b g iy yob
Cuol Jlygs y (old Coonl jl il 48,3 )8 ,lh5 so Sl
ke p ol S8 g oyl uyn 5 b Sl s
Oldlles bl gl Jlo (0 (V) )b 2939 Slolyd (glad S
5 Jusuis byl poate 4l pulipw gl
Ol 3l sl a8 S Gyeo ol 5l b ol e 39S
5 oS (1T) Ghlea 5 55 clllas ) ws)le dbox
(V) OhlSen 5 Sy 5 (V) J 5 o2 (V1) ohlen
oweed JlsSis a8 b gl (YY) olKen 5 wlogs

S rge o ol (pldlyin g 0558 b b s


http://dx.doi.org/10.29252/jwmr.9.18.12
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.18.12.6
http://jwmr.sanru.ac.ir/article-1-836-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-23 ]

[ DOR: 20.1001.1.22516174.1397.9.18.12.6 ]

[ DOI: 10.29252/jwmr.9.18.12 ]

A Obygeil 4o JLSis s Shg Jboo 5 alolis )3 bl ogme; 3,0 5 (b))

5 Ol il 93 ) 528 (5,5 Gy > Jled YA°
S el L )b IE gl g pliaesh
g asls 3 50 M joul ades > Sjgly)in
sy il (Slale slaase pj Jold 558 4 0y
lowl e —ggely @smd Sl lids (o Gl
9 &5 Al (dybogy ((Bpb Cb)b oy @buiinl
—aSwl (JBopw —plogy (S ole —pI cde oS
P18 5 GBSl Ggrer —ppetill ablioly (g
w4 gz g o) Jlad g Jled G I Bl
) g By Sl g 38U g plajy (slaogS 4y Lawys
bl 5 AY gl ol slaogS atd) bawg a5 4
o) g0 had g sl 55 g S8 B30y AN Ll onds
3315)9) o9 u,.&m) )| Slodos a8 15 ub)> dog>
293l Jos ]y sorer g (055)5) 29 Jlo alld
dibaie cpl glon 5 ol Winee plseile VB 4
Sl 5 0392 bz (o)s 9 by gdaw I gl 5 Sl
wog cpl dall oy il ol S5 25 Sl wl]
39 ol @ly ol o  SlnsS slaoyled o a8
2 ol 6Byl eS g o)l gl by e I e YO
13 g ol o gly gli5,) o Y5+ dgis by el Als
e 9 03938 o el elis)) g Car
b ¥ lygejls g Jlod slagsaidy 3 a¥lo (AL
Iyt Rlpl Bpb 3 (Bpb GiS D cple e O1
2 Fagke Vool ST () Cgr )3 g el VO
JoLslao YYD+ B AT+ iy &Vl s sSiles sl Lo
S8 djgee 0pE Sl g o) Cuans Sl LE L 5 039
ol youS )3 1y ol Cusdge 9 plygesls adg 4l )

...\.m.)ua

N gl Sl JlSis cus s g ool 5ls] aalais
g Slodg (Suis laJlo Yoo 5 VAV HAVA NAVY
(Y0) LulhKen g wgile YWV Jlo jd ailodgs cuwsS]
bl Jlusis Sloj= ke @l il 9 (owpp 4
Slojlanle slaosly S8 4 oSl il A9, CundYl
b by asgs Ul SPI Jasls 5 Sl
Sy S mig olojen edlil sy ol Ll Sldlas
Jpl B slaybees ¢ (gladgds BT 5 SPI jasls
5 o0 JlSis Jai jl Ken blie ool j> b
adlaio (Sl 5l twyd peal SU)L slojlsale slaosls
s JSis g Sy Gaa b s ol 0
9 Olrsl g Gliww oliwl 93 )3 &ly (ljgesls asg>
sl (b 5y S glaoypy csls 5 plo)S
rba‘.\) 0)93 ¢ ws PR W) “_;Alal)ﬁ axJllos LY WWEY-IYA)
5 SPI wlidlon JlSiis sl yasls 5l solizal b L]
d.olb); u.sLB‘)» OleMb| PSTWR R (CZ') > Z 0303
caslio sla g, Bl 3 lS 45 ym oS el )l s
CE @ pege g Jusis bpatls S gy
ol B Gop cage Sl 2bogy slagby
lagbyy cppamlio Bl (gl 035 gy 5 Sk
sbgby) (b CleMbl g S84 2oy
S 5 )
by, 9 dlge
oWl adlais

On e FaghS PN Cawg b lygeile ad>
YL YOV oy 9 (B FVOYY L 050N Jgbo


http://dx.doi.org/10.29252/jwmr.9.18.12
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.18.12.6
http://jwmr.sanru.ac.ir/article-1-836-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-23 ]

[ DOR: 20.1001.1.22516174.1397.9.18.12.6 ]

[ DOI: 10.29252/jwmr.9.18.12 ]

A1

WA (ltane} g 3ol 1VA o)lesd /ots Jlo 5] 0jgn o ppite doliiimngy

z
z :,
2z
z :.
: P
~
z
7 2
: o
t >
1996.July :g= 5
WER I km
o Yo ¥- A-’ Y. \$e ~
_ olo)S g sl 5 Ol il 93 9 )9S 13 ol Casdgo 9 bygejle Sul ades -V S8
Figure 1. Jazmorian watershed and its location in Iran and Sistan-Baluchestan and Kerman provinces
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Table 1. The location of the rain gauge stations of the ministry of energy
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Table 2. Classification of the drought condition according to the indices CZI, SPI
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Table 4. Calculated correlation coefficients of the drought indices
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Table 6. The characteristics of selected semivariogram models
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Figure 2. Zoning maps of normal condition (a&b), wet condition (c&d), sever wet condition (e&f) and drought
frequencies (g&h) according to SPI and CZI indices
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Abstract

As one of the most important natural disasters “drought” is a phenomenon, which has an
important impact on water resources, natural ecosystems and human societies economic, social,
political and cultural from the point of view. Therefore, it is essential and inevitable to create a
proper management system based on the recognition of the drought characteristics including
frequency, severity, continuity and Sﬁatla| extend, and its monitoring to reduce the damages and
its consequences. In this study, with the aim of better understanding of droughts in Jazmorian
watershed and recogpnlzm d? and wet periods, eight special characteristics of drought were
studied using the SPI and CZI Meteorological drought indices and Geographic Information
S?/stem (GIS?. For this the rainfall data of 24 rain gauge stations were used over a 30year period
of 1983-2013 and the drought condition were assessed. In order to interpolate and prepare the
most suitable zoning map for the studied features, Kriging, Co-kriging and Inverse Distance
Weighted (IDW) methods were selected and compared. To select the zﬂopropriate model for
fitting on the experimental variogram, the ratio of Sill to Nugget was used. To choose the right
interpolation method, the mean absolute error (MAE), mean bias error (MBE), root mean square
error (RMSE), and general standard deviation (GSD) were calculated then selected with lower
values indicating stronger spatial structures. The results showed that in studying the majority of
drought features, the co-kriging method was better than the other two methods, and the SPI
index evaluated the drought condition in more detail than the CZI index. On the other hand, the
Jazmourian watershed, especially in the eastern part of the province of Sistan- Baluchestan, has
a relatively high sensitivity to the drought phenomenon, in which increases the frequency,
continuity and severity o drou%hts to the eastern and southeast regions, and affect the
inhabitants of these areas heavily by the consequences of the drought. Therefore, it is suggested
that in macro planning and drought management plans for Jazmorian watershed, studying
drought in different monthly and annual time scales and providing a suitable strategy for the
management of drought in the highlands and plains areas separately.

Keywords: Meteorological Drought, SPI Index, CZI Index, Interpolation Methods,
Semivariogram models
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