AR 5l YO 0 )lod ot 080 ¢ srumb brumo Ol blio ik gy sole alxo
WWAY/ e [o A callio cdl 4o gu,b
WAA VN allio ol 6,55 &,
WAAANY callio o dy )b
IR [ E T
(293 oks) dlio

3 0Ll b AT gdaw 8 599y g (i dil339) O 2> JUuSis b3 4!
Oof (bl 3 9T 4dg> 3 38 (0318 YU > 0810

"ol o ol ¢ 4ig358 L oo (" Bl 50 (' 59 5 50 wes
9 e0layS atdpioy (559l 5 (Faio (oSS Enazs oKl anme psle g i dn (S3I585 g pole olRimghy (Com ) arzme 095 Lokl )
Olzgl 5 Ol o8I (b (sLS1a 09,5 Lok
ol o5 plas oSl Ll iz ag,F ookl 2V
ol iz sl g Gl R3S ¢ gl Glidliaz 095 Lol ¥
ol g5 el olEisls bl 05,8 o Lusils ¥

ouS

b alaly 53 glabiode B Jiluo 45 ol oo s lid i douig s 3blio 53 03gdy (wlinl orb O blo I o JluSis
ol ol e sl T @ilin o yr00 5 (530400 3 (515 b JLuSis (sloaiatiun (w1 3 Gl bl 0,10 O gl oyt
ol aibge gl o 3 pl adg> p5 40 ki dilin] g 3509 3l eolisul b (U O JUSis () 32 35 poko GRS
solugy .Cawl ouds 1,21 1VR)-AY G IYAY-0A ‘sﬂ 85990 lp slud dils0g; j0 Gl 639,- e ools j eolawl b 0,55,
plgs 3 bl GLET Jold ] sbansin g olubd 51 jlae 9,59, b diwly solagy plesl aluwg & Jitue JLuSis
o) b ol s Gainedy JluSiis ud as i 51 eoliiwl b Jiiae b JUaSis @i (o 1 ogdle Cowl o oy
SLuSis gbolasgy ol 009 Wal g Wuw FYoeb b JLuSis 5 )0 oy slud dilsog, sam.gT oy a5 O LA owyp
A1 ST G pys 50 09 o0 Slidiiuny i 35 oo ,3T 480 p1 5550 409, o w33 30 cpyd G b g e (Y gb S

B dulio (A1 jlre) (g3lurg) Gl loj g px> 32 (o B9y b (JLuSiis astunly ool g pléol 5o dilizes sl by,

U G JlunSaiid ol (as L iliv] g (23Ul Of JLaSis (o bz i gl o5l

Email: sedaghat.me@pnu.ac.ir (U 0oy 3) Clio sige _*



\Y"\‘\}ibﬁe*ba)wtﬁojjétwk@@\jbuudiﬁj};d&dgm Y

doddlo

2ol Cusszse pSetz hall by il glihie Coale o5l a5 alse g ol Bay (JlSis
s 3B (VeeolSen 5 2 Ve 0 SLs 5 D) 09800 i (o) 5l slalamNe LB )90
ool 4 e cwlidlge JLSas aslol ol (5L 0gaS 4y o,lil a5 conl cwliilse Jlusiis ( JLSes
22l Gl s O i 950aS 09 e 0l (5,5laS (JSis plyie a0l 5l 0gd o0 S5 cugh,
@ azg L (VY hles 5 b)) coul (Sisglyyne JLSis oS sgdpe (e 5 bzl o daailsss,
a3 o Ol (S55T (Saale e Slaol 955 o oz e JLSiS iy il o5 (155l il Lyl
OhlSes g SO V-V o wlulal) 5 (6ail) wBL (Red (B 0dy 3590 45 Cas S92 g0 (suy by e &
|, JaSis sasie iyl 5,by0 Com (Ve oo yhSan 5 cpudlnS A« (Gl o San 5 STy ¥+ -
SY g eSYE 5 (Yo o) 0,Luls 5 (U (VAAD) 35 5 oledsg (VML) e 5 55100 0 lsi o0
Jusias ol JlSis (Sojglgyne sladsir 59y odee b 4 pol> agh S e5 .28L (V- T)
Olr?) b 5 e slaol b (e 5 By oohl Joli) (i) 09eeS slroygs BT L (Sijsls )
» el GPLAol JlSis cald g Slglp el LLST s (Gesins @l s @ Gile 5 4zl o 5l ailss,
o Gl IS8 oles 5o (VAVD ¢ Sloz colidlyn lojls) spdise ciuymi susul o dlbog, ads> Lulis
Sl G3lre 5 baailsog, o Ol Cudszge bl 5 Ol mlie paelin s ol mae Sl @log) Olyr
O3 g Bailsg, ;o Ol mlie Covgzge Ghals Jytms Jsl 4250 50 ()b 0908 (V1) (] Sen 5 Sukass)
595V =535 Vo Ve ollen g Jlags Vo) ol Sem 5 enly) cond (Sissls e JSis e o] w5 4
ol malS (Ve v ulSs) g jonkass TV o Kon g Lugal (7)) o Sam 5 3,580l ¥+ V- () Som g
e 5 S oo )l5 Ko ly rizmen 5 $5usleS glacdld gly ol adse (1alS o ailisg; S
) e S 5 1pe) el 0039, (S35 3 01 U5 55,5le8 Sladgs Ghals o dmd 5 955 o0

laslayg, plulid Gl oS pitte Sloie @ 3oy, by 00ls ((Sjglg e JLusas Sl 5 4520 6
S5 oo 0dwel ailin] mlaw laiBl 4y a5 598 o colainl Lol s albn] mhw G 4 slol b Jlstes
Oy JLSas Sl sgzge slaales plas Loyl VAAY (s9imin DAY sl 5 Seuleds VAN (o)
Glog, by S b g polas slas,ss, 5l JlsSiis slaolay, 7l 5l 4 ali| zhw Lld L ailsoy,
OlRagn (o peies (Voo B (ohlSen g Jlaaa V-0V (o [)Sen 5 (55 ) (LlS 5 o) sl o0
oL 5 (5 yud) wilosls il o g il b)) Hskate a4 ailBog, by leesls 4 ], Jleisl slags jo8
ritland (VY (oSan 5 Bl, FIT (LlKad 5 5305 V)Y () San 5 gl iy Y)Y
O Bl 5 o5 olyz 0l lagig, o cusl sols w1y o5l Slidllae 5 melz (s S (V00 )
35l Slbsy 5 al o)l oulr Eolo (Vo) (Y 5 sV 0,5 o 0 1) o5 Oz slaarles
35505 GLSLSS glgil o5 wileols Wl 1) ey lac] Cudszae 5 ailsag, Gl elul p JlSis
Ol oolel 2 gy S (Voo 7)) J3iS 055 oo )0 1) (Sigdgyee sla JLSas 5 o slapl > glaales
gl G 3l e IS ssb el ool slpiiy | alBsg; SIS g ue 5 Gl slasoe 5l et Blie 4l



s ...c-ld.»‘.ﬁjiij)ﬂwﬁuéj)okﬁémi&gj)‘

ool wliog, 0,51 ¥l 5 ailale il (slogs s 51 oolitl b JLSits Ll (ly 0,18 oo 4 aili]
@ aleog; Gl &5 Sloj bl oo jUaml 550 ail0g) Gl Sl (ebot peands SG Al 4 g (nl el o
Blod e o ol 2 i 43 o] s ol JLSi Sl s 5 5 ey ] a5
Sl st 5 2lad i a5 gl 5l abl coli (Jlo b Jad ele) 0)90 Job 50 o5 Cusl ol 5 (58 5 0
Uil gl 4Vl ol wlin] b 1 ealital wiad olital [l 53b; 350 55 Slls, o &5 4 5 LBt
Sygo ar ole o (gl aslil] Cda.w Gl 00l 00l dlpiinn o s canlio A VETIPEREY ‘_sJL..Swo
(Ve A hlSen 5 603b) 358 gl el (b2 plys sl govie 5l iome

Sl & azgi b amse )13 il cou |y jea8 5l Gl lagisy Jlo o Loy e Jlsas (lnl 5
Bone clillas ol ol o plosl ) 5 41835 ans b 4o cilizeo Slalllas ( JLaSits (gla,las ) oyl
 JLsias b (T2 V) e 5 @)l ol 0392 oo o Jlusis b5l 5 aslllae slooged )0 65550 L
Lo el S bl ke 2 odle 4plas ol a5 ilools ol JluSiis 3LaxST asli 5l solial L ol o
) Sl lases laosls slacll 0,8 (V1)) (hlSes g (b 358 2 )3 5 1) (ol 35 5 55)
sleaasin g Gloj Wg) (V+IV) L)lKen 5 b Wlod S (owyp Olnl )3 JLSaS 6203y 5ss Jelow
O g ,53ils (5 gaie Wlodged (ow)p Olpl SaSaes g S gble o1, S)L s Jlsis ol
losges oy Sl o oot o kil bk Lasls jl eolitul b piS cotS o |, JLSas Jbs 51 (Y1)
S JeSis a3l el Jlad s Seslsyien JLSiS i 4 (FIY) fSen 5 5k
Gl ol bl ol o ghibte JLSas glacdls (Yo)T) 5es 5 ied, wlaisls, s,
Sl sl (V) GllSen 5 5555 Wlos S oy S 5 Sloj ol Sl ala>dle b g oud ol
Gl gy 05 5 Sz JBlasst ey bl olpl Sisans 5 Sis bl o JLsis w,
5y ool g 1, o peiieniz oad ol Uik Laslh (Y- VF) ol iSan 5 oLl wlaisls s el L
ol G 5 Saislayded sl JuSis (T-1F) 5es o b a8l wlools dxwss Uine dilfe Lloo
Sl Jlsas 35, (V10) ol Sen 5 QLIS wilosged (o) oliie S 592 (30,5 slagsI L LLs,l o 1,
lod S gy IRl 53 1) (6559LaS 5 (oulitlgn

> Sl ien JSis 4 Sl a3 i 195 el ol S gy sl il
Olpl 50 (SSislg e sl JluSas 5,L,0 Guagh dels cplply ol a5 wlidlees JLSis L anslis
S o)l 3gzy Cadgame maiz olpl o (SKidse gl JlSis Adlas o Koo gaw 5l el Sgame
ool ailale § ¥l whie » e sboasles 5 boasls 5 Goee asdllas ,o (@l 5 a5 le bl (o Spte
P s SU5S saaie glaales aiejls Sy JLSis (il o5 gl 4 azg b (0 cul 0a0 S
5 ook eJlie Glsie 4) (ol a5la 50 b S5l Base a5 il (Sa3li908 slaptns ploo ol 030
gy s e oSy 5 JKis gloamiie Lulel p (2 ool 008, oslitul (Lo, o
odls als S JlSis l e cpl a9 all Sily lilo 093 lawm b L3 sl b il oo JLSCas



\Y"\‘\}ibﬁe*ba)wtﬁojjétwk@@\jbuudiﬁj};d&dgm ¥

loosls 5l oozl b Susglsyas JLSis sladasiin cu,p (@) pol asllas 5l Bon ol ply scal

C_‘a.w Q)S-.'.j) )‘ oolaw! l) Lhu] A 9 lb‘gé ‘J.a...,....,o QSJLM&A} LSLQQL\AS) w—)—” (u) sl 43[.‘5&9) )\) UL’)}
Db oo JlSis Dol asls zlusul (g) 5 erie ailiw]

Ubuf:g) 9 odls

Log ailige Glpl 655 0 OO T Adsm 5 Vaz o 5 pl 49> A dsgaza I (FF7 05) Oyl 515 5l L0
Ol 5 semd &5 el lpl jopl 49> S 5 G 30TeS wmpe yeglS THPYOY Colis by 5y ]
oz 5l cbud Wby, wpSe 2 0 1 gl 5 OleS i Slagtiesd g Sl oad &y oleyS Ll s
5152 s a3 £l e e 0 gly 3] g el o 45 oy liael salls eaa] o, b cgladilag,
Seg )l L3 els Blog; 59 e D Br00r SreekS Ar 5o Bl Sl Sliws; o (OleyS bl
Olisd & (5008 (g 53 S (al Ay 95500 Digmme oy 5 (65l (aio btz gl ol e e
205 (o0 2 oS byl g Gledielie

Lools

O USD) cnl ouls plaxil Dol oS Sy ddgx ) 0 slud iy, by sbbools jleslatwl b g, (yion axlllas
S8ty g Gl oolel slad 6By, 55, 63 Jb g e ol )5 alBog; (b ally, sleesls
@@l 6o 5 Ll ol pal w3, o5 el nl Sy slis o) 20 slaesls (Glesde gl s 9383 oo
T3 & Ol b glomil 5o g0 SLSU Bl 4 55 (ol Jlo slesil 5l by, (sl ol uaSS; )]
25 Sol o)l B o0 5l alog, cal (il @35 50 Ol 8550 2,38 o halS 4 g, ey O 5l g Sy
$Sisds et Jlo bl ail0g; ol msl gl 9250 )bl 8599 01 JBla 5 LSy masl w3 pb) plo
Eloslms 45 5 0535 Glyz 0318 (s VWAV “AY 5 V\WOA <08 T sl Jlo ool VTRV-AY b \YOV-DA 5|
leais bl



o ...dﬁ»}ﬁj)ﬂ@%ﬁﬁl&:})okﬁJm&lﬂj)‘

axlllao 5 y90 ddlaie Coprigo 1) S

b (b9
Ly (Saielyyien S JLSis plys g Dol oy5lp o 1) eiie bl gl 9555, 9,5 alllas oy
sk o 1 ol 3 ol 5 658 ohab i o s sy, A it e it o GFolen 5
L Jsie 6leog) (pl mas) ol 0979 b ol ailale g5 gyl ailsog, Gl (VTR0 g 6510 o5 Jlo
i o] o a5 el ot 3551 _Sujsleynen o JuSias il sy pite ailin] mha 3,55, 53 e



\Y"\‘\}ibﬁe*ba)wtﬁojjétwk@@\jbuudiﬁj};d&dgm 4

6l0g, Soiglasned mady b sl 50 60,505, iz A1 el Sgliie ol y2 jl039 500 890 2 (6 aili]
A8 s] JlSes slaaasiie jo ) b &l 5l c8ge slao,go BT 54 amlgs o8

Ol yomil ons sl

b S o T g0l Sledlbl oo ssalive a0y, (b, slvosls 5l el duslie ( JLuSis Slalas o
Slopsy mtd 5 Wlgie Soeatly (Sl & azg b bailin] 51 (Sigglsaee slajine Sl Gl
3 g 51 G0k Sl el (g3 lillse Jlusies slaasles 5l g)kms 035U Bl dube (Su3ls 00
25 Tr 4 5l polie 4 azgi b a¥le ailsog) by Glacdlomil (s (nl )0 iloads ool dmwg S

I PR Ml?u

Q M

Ll dilB0g, b2 Saejlye lawgie Qj ,aTi Jlo Gl ail3og,y b o e Q C o0 g Bl il D des] o

mLo.ch.h.w HS)
Ol ol 9 aS Sl oud G ye Gloyes laie 4 (Sujels ne sla JluSes daallis o g s is) 59
v Jodod dlwg g alsog, b > GBS 000 5,k S!w Slesis glaola g, Jlgi s JlSles
D ol 3l o Sae S as cul i daddlis Jdod g 4y g, 0 .AJGA Cwdds 5l > polas
oy ool 0 OAAY (ol g Sewlpd)) ogh axd S L o gy ailiw] Jlade flee 4 A0 BV Sas
U’“‘“" )‘ AJLH»T S s_ib J") )\b 4.3[.‘509) UL’)} Ui )O aS ol L.sld"'“’ﬁ"" 6‘.%0)9¢ or A Ogdowe k}...l.?u ns..ul.o.w
o Ll 8 als Gl () g gl Gl sasie sl ybg, Guyb 5l Wilg e I 35S o0 )l,B odd pas
F VoY ohlan g Ko Ve F () SKen 5 Jlowd) all Jodne Wlg5 0 (Q70'Q90) o=l alewl &lo

Sl 00 00ls Slpiing g w2y jao Qo ho sl > Cel b plgo o g 29l slaailsag, gl a5 Ll
Glgie 4 VO Sas (550 SO glae 4 (Yoo ¥ (o)) Ken g Slo) 09 Llod ailiwl oz 4 5l oL~
&ly JlSis oS S Sk wilgs co a8 Cel 00 ools slpainn wlale (b > ples i gl alin] mlaw
aliw] mhaw gwyp 2l 50 (Verr (LKea 5 GawalzS) sl coli AVl ailbin] mhw & cons 5 aslis
Eai5 500 Ojle 4 el odal Cawsas ole yo (glp b plgs cowe I (VO L ol cob Sawe S lsicas

el 00l e ailiw] mhaw g, 5l eoliiuw] o danlllas 950 dilaie )0 a3y, slagyl > dilabs



\ ...c.la..w.ﬁjiij)ﬂwﬁuéj)okﬁémi&gj)l

6l el 0als o0l dxwgi 039V e by esls jleslatul Lole o (sl bz psls sla pimie slaie )l (sl
il 25 2% & Jomg (som S Satdye Jgo 8l eslaial b olas ) Jlusl L slagl >

R.
Pn ,=—!-100
"N+
)
el i 1 T Rji ii . . . Pnji )
OBslest g pll slo jo by pld 350 pl T gl el jo Ly el 8551 slas ) L] Tl o

e el il el ole 4o bz eols ble Jlo JS slaws N culys 15 5 VY B) (s eaes s0e 5 ol
oo o JBlite g o) ple o pll ol 5 ol ol iyl oo, Jlaio! ey 4 oo o sl ol plys
A hlSan 5 ) 33,5 oo s ol

Wntly (Juslis ol g pléol iz

ool Cews 4 Slesiis slaslagg, 5l allis S e albew] zhw 5,559, 5 059,V ool 5l eolaul b

- L . D, .
a0 5 o ain | al»)QLo)gS(G:;wl{)ggﬂSW‘ Uoplgs lawg JLuSis slagg, o .ol
.w‘oMoo‘oQLﬁAY o)wﬁ)a&,u@h&ol,;c

aly eSS g0l 3l (o0 o oo ¥ S

t . d . .
it b 5gmeS e ageeS plea T Y o)Lt UK o

Oy dalgs T 1ol.\i5) ol bl ley o5 o _\.&Lti slasg, 5l oyley asibis
Al gl 51 ((S8g0) o olisS 0,90 gl b, e SYsb Sis 0,50 S Job 40 54 o samlie LAl
Db oo e JSis Sy laolayg, 5l olaw 4 Iy JLSis 0,90 SO ol ds oy AS oo ,A5
Sl o (oo, Yo B (309,88 Ve diged laie a) GYeb i 0j90 SO Job jo ¥ JSS 0 Jls sl
5,90 o A 0 g S L3S asliwl g 5l @loym Ve B) dged ol ay) obsS 0,90 SO sl b

Qb o ailbiw] plaw Q w3lhs; Gl b



\Y"\‘\}ibﬁe*ba)wtﬁojjétwk@@\jbuudiﬁj};d&dgm A

oy Yo Loloz Ve g i) Yo b (09,8 Vo) JLSis slaslayg, o3 olaw 4 55 JlSles

Sgab oolaiwl aiwly slasly g, sléol by, S

e el ooz onl 5 VARV (GLlSes 5 aSYB) Conl S92 g0 iy Slaslag plésl slp by, atws 4w
Omwole aliwg 4 joS e L el oald oolaiwl (VAAY (gl o Swlpd)) (solaug, ol pzx g Loy (bl 5
g3k 4 by o 51 g 00 (g3luaingy V3AY) () Kes 5 (S VB Lansgi Sl 50 5 515 0025 (1390) Sy
lrdasine b JlSis olag, 90 b ©olsgy Gl yloy () ST el cpl 5 058 co oolaiwl 00 s
{d+1s+7 , {d s}

C

0t Gy 5l Gl plej e Sl S

sl P ons s il i o 3178 T (LB 0gea g 1 sl el 1L 0l ol
g oo plesl 3 IS0 4 Was gleaasin b asly JLSis S o JLSlis olagg, g0 o ol
{dpod =d +d +1+¢,

=§+§+1-y

slile pa> (y ed () 9

Spool (\a )

Soslatwl b g A3l Lo by, aly o ooads plésl JlSis slaslayg, sl polae Hob 4y wilgs oo plesl anl )3
t . . T . ) .

olep seb 4 € ol sl polae Jee j0 008 00,900 (0) 9 () Loyl asilis el 1SS (V) dolee

) ) < t . . .

o 5 39y 00 Sloj pl8 aw bl (°9) golgy Hloo Sz plod oy (nl 5o D5 g0 D90 P s

Slg e w25y 5 2l lulid a4 di s e sl ool B YV b plp oo (poad iy Sl Slhe e
MLGA Sglate polie (plcalies bl (o

Slslis Gal o o
(Whosiz 5 Jlad o JLSis)plgs [k 5l b LSz o0 ol glp cazls A0 Jlo o cayen
]y IS 4y aS ooy sl
l1-a
m=—
< )

Wi ) ek e iz S s Yy ol ] e oyt & Sl s @ Ll s
(ML) 51 S5 sl o Ji 53 )l dllosir sla Jlsas ade  el¥s Ml a8 olas;)

Y5t 5 SV 810 (had) Il 9,0 gla JLuSits Yo
5 pleol o oo 0 JLuSis atuly glaslyg, 85 J13 Cou 9y5e0 5 i o5 plesl g Sl eslitul b
s b ) e i claSias glaokys, Gad 5 plsd enl oms S ol JLSits Jitus sloolys,
ok, GILMSM} 6Lmo|a%5) ARV CSS NV WERI e R JU ‘()‘..‘)-.‘ ol)’Lo el 00 0)9],3 (VADY) Canyen



q ...c.‘a..w.ﬁjif.j)ﬂ@Iyﬁuéj)okﬁémi&g_j)l

ua>L~u U"‘ ] 00 00l LTy NN U‘)M 9 LgduL: Ja.w}’ (Dse)éw > Al LPLM gj) ‘4.3[>.s>9)

el 00l (G p2i 5 Cond 90 3l (b Gleie
. V. T . V .
(SSis olayg, Job o () ailn] mhaw 51 blise o 4 (T9) (6,08 by o> Cons )
d . - d
( m)43L>.>9)Ql%)?gmwal%s)jk}i&aﬁlso%q( 8) S bz plgs s Y

el gz g3l Gl (2oL, e

m ®
il ) oyled Joum my8 a4 asls pl Golal y JlSas cus Sl e

Ssis wud w3l wlel g dil3og; b o e b JLuslis Gul goss 09,5 N Jaus

JUains s (as L e39ae JlaSits @ jud
DS, <0.01 Gian
0.01< DS, < 0.0¢ i
0.05< DS, < 0.2 b
0.2<DY,<0.5 st
DS, >0.5 o

| odg.\b)f ML?;A L}M LSLQQ‘..\Js) LS]L...A&M} IR W) nu.ul.w‘ u.)‘ »

ey 3 aaidl

Sl il Judo 31 ol svassdly (i

L st alsog, ol Sl anlio 005 ol Fiin &5 pshailen wilesg) ol Sl Jolos o o
0397V Ol e¥le Blal all s ailBog; (S5eds e ) md 0 Wlise Daeile (ke 4y a4z g
Adbe y g Sid sl ls ;o ol ole S L Jlade jo alasde BB Gzl S 0szg Sl slus aslsog,
Sl VL Gl atbise o Jobo 5 s iy, ol plitali s 58 b giph Sl @l ol
o Lo 5l el e 4 il Siln 51 ol e (slo,g plyd 5 (S Sk (FJSE) alsss,
Login 3l paS olgen ¥l Glls, (0,50 & 2 ) 9)lse solad o asllas 9,90 0,90 skl B VTVA-YA
dood ;0 9 —0° U yiSTas axlllas 0,50 Jol dond jo i Bl il ol .ol 00 Aol Glgie 4 Sawslys olily,
ol b sls ailBog, ,0 ol ladle 5l cos 5l i a5 Canl T ks ol cpl sl sapwy -V e 4 pgo
oo 009;8] dalllas 5,90 5,90 gl ,o oyl ol g Slgls p aS ail o axlge AVl Lwgio b, 5l e



\r\ﬂﬁgcYOA)utﬁ.}a)jbtﬁJﬂ:m@‘;b[ﬁﬁﬁjji&w \e

Sg iy ailBog, cpl gl Adg 0

254
250 T T T T T T T T T T T T T T T T T

200

150

100

50

-50

=100

57-58 61-62 66-67 71-72 7677 81-82 86-87 91-92

sl ail539, 55 AYlw Glilgy B ol ¥ S

albiw| zdaw glaassl 1o

aloyl ) Time slaole jo Ggliie oL > slas, YLl wlal 5 slas wlbog, ol p ailale b2 sles sla s
JB slapl > 955l 50 o s opl (FUSE) sl 00l s 5 5 2l ySeinl dilin] o Ll b g (F o,les
b e alie] mhw glas;)l a5 4sS cpl 4 sl 48,5 18 solatul 350 ole o 0 Siglate slexel
5 0905 g oo b, slao,ge adid g bl cpl el sdel Caws w4 oo o lp oy VO L]
Wloads ool wiloass olulis plesl g, 5l oolatwl b oS Jiwwe JluSiz sboolag, sl uizcen



AR ...dﬁ»}ﬁj)ﬂ@%ﬁﬁl&:})okﬁJm&lﬂj)‘

(1) (H) (o0 599,8 (Gl (F) ccpote (E) 58 (D) 13T (C) (5T (B) 30 (A) b ails gy ailalo (4l > plgd oo :F S
98yt (L) 010 5o (K) (5 (J) 00 )5



\Y"\‘\}ibﬁe*ba)wtﬁojjétwk@@\jbuudiﬁj};d&dgm VY

G‘ il i ‘Sl@”-\lﬁ) EWL W pl.énﬂ ‘sl-ﬁ asl il

Sl plgs JBlas ool ply ol 48,5 18 solitul 5y50 sy cnl 40 A0y, b= 0j5,- )+ ools a5 Ll |
Olis aslllas 5,50 0,90 jo 1y prite bt mlaw 5l eje,m Ve b, Bl O IS ablb so ja ) (oS
o ol leass olulis e aliw] maw Glass,l 4 4z b g 5 olile by slro,ge am
9 ‘nl.c.ﬂ Ay o)Lo...u aJoles Lﬁ")‘lo )l 9 QS’LM"L"“ ‘51.‘>|\b )L.M L}’ds) )| oolazwl L| 4.».....)‘5 ‘sll....&.m? LSLQQ‘..\JB)

..\J‘o..\.w QL?U‘ ‘_,,JL.,.S..O J.D.MA L.SLQ‘)“‘\‘S)
ST sl a8 yo g sl Vyey-sy ‘Sﬂ Jles ole (68 (Cuwdi 039,V ) Jgl pU8 5l JluSias slagg, S aiged sl
ST (b= olile) olaugy Gl 0,90 S wgaaS b= 0550 (nl slel 51l co (LU VYAY-FF LT Jlu ole
Jg‘ r:lf & 9 IR GQ'“‘A ub).> d‘;?u‘ o L)—‘ )‘ ‘..bl;‘s,o aolol VYPY —£F ‘5:—‘ JL..».: olo SO Py lelf [y 9 Q}w‘s‘o
Jlos ole (g0 i ) Jiuwe JLuSis 5,50 5L, (65 puoad 51y b o 4l VYEO-7F T L ole 3]
5 Ol (Hae oS olag, Gl Slile b,z g3 L (VYEO-FF ole)d] cass &5 B VYEY-PY ]
@ oplailasd 3 oauol 1) oligS Lo sleo,ge iz slaggl (Voo o) o) Ken g awalS o (YAQY) By 03
elesl Gl sl Bae SYsb sl JlSas e BT a4 ool LL j0 S8 Gabye slasyge alilae s

. L » t
wln\._e)f)l)s\ ﬁ‘ﬁ cs")’” r"s“;ﬁ 6‘;4.éﬁo#w@do‘@.”g}gﬁabuwwo\p

Flow m3/s

Flow m3/s

Flow m3/s

80-81 82-83 83-84 84-85 85-86 86-87 87-88 88-89 89-90 90-91 91-92

sl ails 0y 50 ywicin Ailinwl g j 095 Ve 3l o B il 1) S

0201) LSen 5 Cenysp ails walss S 5l b JLSis goi colis gl s slaslus, pleol 51 iy

w).«a 9 (Ya JM) L)L’)"’ )| u.....m..: 0‘9’“" QO UDL.» u)‘ sl 00 ‘).>‘ sl 45[5»)9) L)l"’)"’ L;Lbod‘d S99y
ade Sily a5 oo onds apaloes —1/30 slud by, b,z sl asli ol Ui, (Falolae) cal by T & pais
sl o1 masT w55 (@YL) JLSis cas Ysb laslys,



Yy ...c.la..w.ﬁjiij)ﬂwﬁuéj)okﬁémi&gj)l

sl Jawe Jlses sleolayg, 5 plxl atly JLSis glaslagg, pleol ( J3ls jLas g, (wlal 5
oS o DA g pled (bl Glel ley Jols Jiiwe slo JluSis sladasiin s ol 51 (Y g0) diloass
ol aled jleolainl b Jaue Jlsles glaslys, 51 SO o gl JlSes Gal uizmen ol ouls
Adion Cawl atin Jgax opl jo a5 T len el ool Al (Yoo A ) Ke 5 sl JLSis
Joss JLSis sl jlez andllas 85,0 Job ;o .l suads 09, j0 slus ailboy, 5l ol sl Jlsis
YYAA NN« (F) SYAY/- QY- BAYAY/ V) (V) 55l o )le ol s 5 @ oS Gl ools ) 8 al b
Cuwlag a5 aie8 lea AYAA- ANV BAYATAN N (F) g YAV 2T BAYYALL V) (F) AYAY/-0/Y- b

el Ja ¥ LY )
el 4309 3l 2 50 o Gl aasiuo 5 (510 jliro pleol gy 31 (Fino (JluSis Jiuumo (slaolsg 1Y Jouior
Gabos,  wabalbs Ul ol s (Gasely okl ST )
b YA YOI _AAS Voo VYAV Y \YWAV/- VY - \
Sad —-I¥ \YAB -0/ Y- A4/ Y WA/ /o) Y
Losgie —-\A VY- 10) VY/FA Voo WS/ YY AN - ¥
gt — Y f/ar 154 Y VY5 VIY - VWSS ¥
wad —-ya AND YT Y- SN VWEe Y- 5
Lad - fY YVIVY Ry 5 WV VY VWV o/ ) 5
S — /) SYOIOF YVED) Ve \YEO/- A/ - VEY) o/ ) ¥
Lad /%5 515 YAIFY 5 \EONYIY - VWEON <Y - A
S ¥y YY) vy Y- VWES/Y Y - VY5 SIY - %
Sad XY YYa/f- CAYAY Ya. VYT - VWSV - Ve
S I¥Y YSENA S\YABY BA- VWERN - IY VWEAL Y)Y - X
S ¥ VEE/TY ~BO/YA \a- VWYAFY VWYL VY
Losgie —NY Y/¥D 7 ¥ VYA A - VYA ALY W
S 1YY FYOIF) \vanvs Vo AR VWYY/- AN - Ve
Sad —IYA Y1¥AY #Y/A ¥a. VYYE/- VY - VYYA/- S - \0
gt —\A Ve VIS e VYV BT VYT - \$
Lad 1% YV \FIbF WY VWYY - VEVY/e Ve W
e . I5¥ YYARF £8- VY VY- VYAV FIY VEYA V- \A
o —eI¥) YYEIYY RS fo- \WAY/- QY VWAY/- Y/ V4
G . I¥D \YSIFY FYNY Yo VWAS/- VY - VAT VY - Y-
Sad ¥ \81+0 ~o/f- 5. WA/ /Y- VYAY/CAY - Y
e ) AYYIYY F-£IYD YA VYAA/- Q) - VARV Yy

R N AVYIAY AR VY- \YAY/- /Y- AR VARTAR Yy




\Y"\‘\}ibﬁe*ba)wtﬁojjétwk@@\jbuudiﬁj};d&dgm \F

=

alin] mhaw i, 5l eolitl b &g g8 pl slaasss 5,5 5l So aoles of sla Jluses asllbas ol o
-;‘J—‘ °L§;"“"'.’.‘ ) 43[.505) QL:).> o)'s)—\ . ‘_ngod‘d R PR e \VAV-AY B YYAY-0A ‘5:—‘ 0,99 6‘).3 ).a.:.a.o
6lg; ol @5y 5l Adsl Sl s (gusy adlllan 050 adg> o sl wl0g) 59, p 55 b T
A0 2l o glol 5l albog, anl .cul sy ol canl 66l 5 oog LL ailsog, b, a5 0,5 ISl
3 s sesin ol sl & gl Jad Sl 55 500 (SRl & 5, (Sesl oads Ll ol Lo sl
sl > (( JlSes Sbj,l 50 e ailiw] mhaw 0,505, 5l (S0 e sliwly 10 0,138 o 2alS a gy o o]
Slp i )5l by plgs Gl e G,k 5l g Gl slas ) SVlas! bl ol Jle ole yo olaxel LB
ab] zhw 3loje, Ve slanl e Bzl walsl jo 0o 8 sk wo s YO Sow asbiw! rhw jelaie oyl
50 SlaSies Jatne laolayg, 5 oolatwl sl jopuie (S50 JLre 4 a5 g0l Hlee ey g p> Lxe 9,
3yglp wax jadls S 5l eolanwl b SlSis Jan gloolayg, o ol o ol plulis slus alsoy,
5l sae GYsb sla JlSias a5 ol olis slas aldog, jo oBls O] JlSis glhaasine s oo
& w5 5 Seidaes sl JLsSis dtn o] nedle sl Alhag; cnl (So3sls e 0 laaasiiv
olasg, [l dllas 5,90 0y50 o )l 1B Wl 0o, yo JLSis SGe aslhs wlal p dilsog,
Blass a4 as ol ools T s alBog; (Suieg o maf; 50 (8 S b Do gYsb g Jaes JlSis
ol ol Copae sloasl p o saslis &8l sl 5L 90,5 oo Slpiinn «g) cpl lconl 35 paie axllac 590 0,90

09 plosl Blidee wlio 4 o Canassi 5 mjs Ghou 50 o Al

)5"“‘"" i g P&
Cob aue cdgo ol sl Ojlg 4 aisls (5909 000 Lo anwse I Rajendra P. Pandgys! 3 alewg cpas

2305 o0 (18,08 b ools Al 5 o)l g by g leaal,

&bw

}.’.f.’T doe> 4o 6..>L.....4\ GlSis o G o6l g bl slp iy, bbb Ly, xiuly (OYAD) e 9 (s k8

.V\ﬂ—q‘ua,o AR o)La..fJ A 0,99 “TJT é’Lﬂﬁ (e ‘(u|).:l)u5j ).3'95
Barradas, Victor L., (1991), Air temperature and humidity and human comfort index of some city parks of Mexico City,
International Journal of Biometeorology, Vol. 35, No.1.
Bazrafshan, J., Hejabi, S., & Rahimi, J. (2014). Drought monitoring using the multivariate standardized precipitation index
(MSPI). Water resources management, 28(4), 1045-1060.
Ben-Zvi, A. 1987. Indices of hydrological drought in Israel.Journal of hydrology. 92(1-2), 179-191.
Chang, T. J., and Kleopa, X. 1991. A proposed method for drought monitoring. Water Resources. Bull., 27(2), 275-281.
Chen, S. T., Kuo, C. C., and Yu, P. S. (2009). Historical trends and variability of meteorological droughts in Taiwan.
Hydrological Sciences Journal., 54(3), 430-441.
Chen, Y. D., Zhang, Q., Xiao, M., & Singh, V. P. (2013). Evaluation of the risk of hydrological droughts by the trivariate
Plackett copula in the East River basin (China). Natural hazards, 68(2), 529-547.



VO ...c.la..w.ﬁjiij)ﬂwﬁuéj)okﬁémi&gj)l

Daneshvar, M. R. M., Bagherzadeh, A., & Khosravi, M. (2013). Assessment of drought hazard impact on wheat cultivation
using the standardized precipitation index in Iran. Arabian Journal of Geosciences, 6(11), 4463-4473.

Dracup, J. A., Lee, K. S., and Paulson, E. G., Jr. (1980a). On the statistical characteristics of drought events. Water Resources
Research,16(2), 289-296.

Dracup, J. A, Lee, K. S., and Paulson, E. G., Jr. (1980b). On the definition of droughts. Water Resources Research, 16(2),
297-302.

Edossa, D. C., Babel, M. S., and Gupta, A. D. (2010). Drought analysis in the Awash River Basin, Ethiopia. Water Resources
Management. 24(7), 1441-1460.

Fleig, A. K., Tallaksen, L. M., Hisdal, H. Y., and Demuth, S. 2006. A global evaluation of streamflow drought
characteristics. Hydrology and Earth System Sciences, 10(4), 532-552.

Golian, S., Mazdiyasni, O., & AghaKouchak, A. (2015). Trends in meteorological and agricultural droughts in Iran.
Theoretical and Applied Climatology, 119(3-4), 679-688.

Hannaford, J., Lloyd-Hughes, B., Keef, C., Parry, S., and Prudhomme, C. (2011). Examining the large-scale spatial
coherence of European drought using regional indicators of precipitation and streamflow deficit. Hydrological Processes.
25(7), 1146-1162.

Hisdal, H., Tallaksen, L. M., Clausen, B., Peters, E., and Gustard, A. (2004). Hydrological drought characteristics.
Hydrological drought processes and estimation methods for streamflow and groundwater, L. M. Tallaksen and H. A. J. Van
Lanen, eds., Elsevier, Amsterdam, Netherlands, 139-182.

Hosseinzadeh Talaee, P., Tabari, H., & Sobhan Ardakani, S. (2014). Hydrological drought in the west of Iran and possible
association with large scale atmospheric circulation patterns. Hydrological Processes, 28(3), 764-773.

Hurst, H. E. (1951). Long-term storage capacity of reservoirs. Trans.American Society of Civil Engineers., 116, 770-808.
Jain, V. K., Jain, M. K., & Pandey, R. P. (2014). Effect of the length of the streamflow record on truncation level for
assessment of streamflow drought characteristics. Journal of Hydrologic Engineering, 19(7), 1361-1373.

Khedun, C. P., Chowdhary, H., Mishra, A. K., Giardino, J. R., and Singh, V. P. (2013). Water deficit duration and severity
analysis based on runoff derived from the Noahland surface model.Journal of Hydrologic Engineering. 18(7), 817-833.
Kienzle SW. (2006). The use of the recession index as an indicator for streamflow recovery after a multi-year drought. Water
Resources Management. 20(6):991-1006.

Kjeldsen, T. R., Lundorf, A., and Rosbjerg, D. (2000). Use of a two-component exponential distribution in partial duration
modelling of hydrological droughts in Zimbabwean rivers. Hydrological Science Journal., 45(2), 285-298.

Kjeldsen, T.R. and Lundorf, A. (1997) Drought Management and Modelling — Zimbabwe Case, MSc Thesis, DTU,
Technical University of Denmark

Kousari, M. R., Dastorani, M. T., Niazi, Y., Soheili, E., Hayatzadeh, M., & Chezgi, J. (2014). Trend detection of drought in
arid and semi-arid regions of Iran based on implementation of reconnaissance drought index (RDI) and application of non-
parametrical statistical method. Water resources management, 28(7), 1857-1872.

Lorenzo-Lacruz, J., et al. (2010). The impact of droughts and water management on various hydrological systems in the
headwaters of the Tagus River (central Spain). Journal of Hydrology., 386(1-4), 13-26.

Madsen, H., and Rosbjerg, D. (1995). On the modelling of extreme droughts. Modeling and Management of sustainable
basin-scale water resources systems: Proc., Boulder Symp. July 1995, International Association of Hydrological Sciences
(IAHS), U.K., 377-385.

Meigh J, Tate E, McCartney M. (2002). Methods for identifying and monitoring river floe drought in southern Africa. In; van
Lanen and Demuth (eds.) FRIEND 2002—Regional hydrology: bridging the gap between research and practice. IAHS
Publication No. 274, 181-188.

Mishra, A. K., and Singh, V. P. (2010). A review of drought concepts. Journal of Hydrology, 391(1-2), 202—-216.

Nalbantis, I., and Tsakiris, G. (2009). Assessment of hydrological drought revisited. Water Resources Management. 23(5),

881-897

Nazaripour, H. (2016). Calibration of rainfall-stream flow relationship for assessing and forecasting hydrological drought in
kavir-e lut basin, Iran. water resources engineering, 9(31), 73-90.

Pandey, R. P., and Ramasastri, K. S. (2002). Incidence of droughts in different climatic regions. Hydrological Sciences
Jaurnal., 47(Suppl. 1), S31-S40.

Pandey, R. P., Mishra, S. K., Singh, R., and Ramasastri, K. S. (2008). Streamflow drought severity analysis of Betwa River
System (India). Water Resources Management. 22(8), 1127-1141.

Rajsekhar, D., Mishra, A. K., and Singh, V. P. (2013). Regionalization of drought characteristics using an entropy approach.”
Journal of Hydrologic Engineering. 18(7), 870-887.

Raziei, T., Bordi, |., & Pereira, L. S. (2011). An application of GPCC and NCEP/NCAR datasets for drought variability
analysis in Iran. Water resources management, 25(4), 1075-1086.

Raziei, T., Bordi, I., & Pereira, L. S. (2013). Regional drought modes in Iran using the SPI: the effect of time scale and
spatial resolution. Water resources management, 27(6), 1661-1674.

Sen, Z. (1980). Statistical analysis of hydrologic critical droughts. Journal of hydraulics Division ., 106(1), 99-115.

Smakhtin, V. U .2001. Low flow hydrology: a review. Journal of Hydrology240:147-186.



\Y"\‘\}ibﬁe*ba)wtﬁojjétwk@@\jbuudiﬁj};d&dgm \id

Tabari, H., Abghari, H., & Hosseinzadeh Talaee, P. (2012). Temporal trends and spatial characteristics of drought and
rainfall in arid and semiarid regions of Iran. Hydrological Processes, 26(22), 3351-3361.

Tabari, H., Nikbakht, J., & Talaee, P. H. (2013). Hydrological drought assessment in Northwestern Iran based on streamflow
drought index (SDI). Water resources management, 27(1), 137-151.

Tabari, H., Nikbakht, J., and Talaee, P. H. (2013). Hydrological drought assessment in Northwestern Iran based on
Streamflow Drought Index (SDI). Water resources management 27(1), 137-151.

Tallaksen L. M, van Lanen H. A. J (eds.) (2004). Hydrological drought-processes and estimation methods for streamflow and
groundwater. Development in Water Science, Elsevier, Amsterdam.

Tallaksen, L. M., and Van Lanen, H. A. J. (2004). Hydrological drought—Processes and estimation methods for streamflow
and groundwater. Developments in water sciences 48, Elsevier, Netherlands.

Tallaksen, L. M., Madsen, H., and Clausen, B. (1997). On the definition and modelling of streamflow drought duration and
deficit volume.Hydrological Sciences Journal, 42(1), 15-33.

Tate, E. L., and Gustard, A. (2000). Drought definition: A hydrological perspective. Drought and drought mitigation in
Europe, Kluwer, Dordrecht, Netherlands, 23-48.

Vasiliades, L., and Loukas, A. (2009). Hydrological response to meteorological drought using the palmer drought indices in
Thessaly, Greece. Desalination, 237(1-3), 3-21.

Vasiliades, L., Loukas, A., and Liberis, N. (2011). A water balance derived drought index for Pinios River Basin, Greece.
Water Resources Management. 25(4), 1087-1101.

Vicente-Serrano, S., Lépez-Moreno, J., Begueria, S., Lorenzo-Lacruz, J., Azorin-Molina, C., and Moran-Tejeda, E. (2012).
Accurate Computation of a Streamflow Drought Index." Journal of Hydrologic Engineering, 17(2), 318-332.

Vidal, J. P., et al. (2010). Multilevel and multi-scale drought reanalysis over France with the Safran-Isba-Modcou
hydrometeorological suite. Hydrol. Earth System. Science., 14(3), 459-478.

Wilhite, D. A., and Glantz, M. H. (1985). Understanding the drought phenomenon: The role of definitions.» Water
International. 10(3):111-120.

World Meteorological Organization (WMO). (1975). Drought and agriculture. Note 138, Publ. WMO-392, Geneva,
Switzerland.

Wu, H., Soh, L. K., Samal, A., and Chen, X. H. (2007). Trend analysis of streamflow drought events in Nebraska.» Water
resources management. 22(2), 145-164.

Zaidman, M. D., Rees, H. G., and Young, A. R. (2001). Spatio-temporal development of streamflow droughts in north-west
Europe. Hydrology and Earth System Sciences., 6(4), 733-751.

Zarch, M. A. A., Malekinezhad, H., Mobin, M. H., Dastorani, M. T., & Kousari, M. R. (2011). Drought monitoring by
reconnaissance drought index (RDI) in Iran. Water resources management, 25(13), 3485-3504.

Zelenhasic, E., and Salvai, A. (1987). A method of streamflow drought analysis. Water Resources Research., 23(1), 156-168



Journal of Natural Environmental Hazards, Vol.09, Issue 25, Autumn 2020

Research Article

Assessment of Streamflow Drought Based on Truncation Level
(TL) Using Permanent Streamflow Data in one of the Sub-Basin
of Lut Desert, Iran

Hamid Nazaripour®, Mehdi Sedaghat ?, Mohammad Poodineh®, Amir Hossein Halabian®
1. Assistant Professor, Department of Environment, Institute of Science and High Technology and Environmental Sciences,
Graduate University of Advanced Technology, Kerman, Iran. & Assistant Professor, Faculty of Geography and
Environmental Planning, University of Sistan and Baluchestan. Iran.
2*. Assistant Professor, Department of Geography, Payam Noor University, Tehran, Iran.
3. Assistant Professor, Faculty of Geography and Environmental Planning, University of Sistan and Baluchestan, Zahedan,
Iran.
4. Associate Professor, Department of Geography, Payam Noor University, Iran.

Received28-12-201¢ Final Revised:1C-1C-201¢ Accepted03-11-201¢

Abstract

Drought is known as one of the main natural hazards especially in arid and semi-arid regions where there are
considerable issues in regard to water resources management. The focus of the present study is mainly on
hydrological aspects of drought. For hydrological drought analysis, streamflow data is used as the key variable to
identify drought events with reference to a demand specific threshold level, termed as truncation level. Thus, the
objective of the present study is to (a) investigate the hydrological drought characteristics in Nesa River using
streamflow data; (b) determine independent drought events, their duration, and severity using the variable
truncation level approach; and (c) derive streamflow drought severity index. Based on expedience probabilities,
the monthly flow duration curves for Nesa River were derived. These were utilized to estimate different
dependable flows, and the values of variable truncation levels were obtained for a 75% probability level for each
month. These values were used to distinguish the deficit and surplus flow periods independent drought events
identified using the pooling procedure. Since 10 daily flow data were utilized, the minimum deficit flow duration
was 10 days. In the following, have been identified some short duration (one or two 10-daily time step) surplus
and deficit events. To decide on independent drought despite the short duration inter-event surplus has been used
for a pooling procedure known as inter-event time and volume criterion (IC). Eventually, identified independent
drought events and also describe their duration, severity, intensity, and DSI. Analysis of independent drought
Characteristics in Nesa River indicated that are prolonged dry period in the hydrological regime of this river. In
addition, based on DSI, Nesa droughts mostly are in sever category. Hence, it is suggested more realistic reload
occurs in management programs of this river including storage, distribution and assign to various resources.

Keywords: Hydrological drought, Truncation level, Low flow, Deficit flow, Drought severity index.
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