Sy ol pe
YAV G Yo Oloio @ g5 ode dlao/NFeY Sl / polex oled / ¢ia 5 Comy Il

S 5S b 0 miy 3 eslaial b Sy, Olgme p 08 uid 1 2L

b il 45 el a2 g 55
\‘W Jjwj\uﬂ).’vﬁ L.bJ “é\.;_,f ;;;LH"""'.‘.M‘*\LSJ""G” U':'J"

OF YNV 1y )b ¢ NPT/ 125l )

s AS>

Syl A (1 m O ) 2 45 0392 sl Gloo) s (o SUlsy Oljms 3 ok ool ol g 5 (S (21 (6018 S ks
23 oasl g sl ad g oS Sl s pl el (5550 sl Slaes > 53 e o pde Jlesl 5 (Jb 5 S12) o 5 Jeols
FP Sagn mless Jew S35l s eSle 4 Ol 6 Jb g Gl Olead dald J5 ladle 53 g edd wdly 51l 30N Jled
Jde 5l eslinal b aS 635 58 AFFPY Colons b 51 5d 108 olaol g 5l ad s ULy, Ol b (08 i daily () 2 5 sy
Yo¥e L5 Y00 Jlow 31 5 (owimals Y0¥ B Yoo Jlu slansts 1 oslial b Jubs .ol 0 plol Yo o¥=Yo¥o L5 o3k > SWAT
SBUEIIS 4t Pl 5 ey 25l cal i sslisal Yo¥o g Yool (Gladl by by o o) (glojlpale 2 5lis 51 5 kS L]
o sl GBSl s B 5l ealital b g odd ghuadd ol (5,8 P ol O, guadd B 5l eslatal b (6552
bt oy Ol 595 Yoo 5 Yool Sl (6,15 i 5 okt ominly Joe b s A4S g8 sl (58 425 Yo¥o
R-Facor g P-Facor « p—ud s =2 | = sobl b el,l slie ol r.E.ol 6 ol b Pl g > 0 e REL BN
S 48 o el sty VP 5 /50 /58 oty o5lT sla el ol oy liel Al a sl 5 Y/FY Co/VY o /WY o S
St 2l 5 QLS VFY) (ol (555LES oa) 4 @l e ok 4 gy cailiie 53 39 30 (5 S ki (o iy 45 M e OLES
Sl 5,0l $laais ;5,50 b dds laaed 5l Jols il pozmen 530 @10 a5 oz ge &S 03 (1S YAOY)
Jdo 3 58 weS Laoadad phe 4on Slas sl ol @L:; Ll o Sl ko s Y JS b Clily, Ol g das oo LS Yofo g Yool
Ol s (g1t 45 8 sl Bl 52018 b B 53 JsB B (5555008 () hwtnd gl NI oo s 4 okd il y SWAT

A3l Ao 5l (g S O pde 5 Ol letalen 5 oSl 9 Ol 5 amb b

‘ﬁé«eb tﬁo\d)‘.fs&‘ SWAT de udﬁ)lﬁ o}gr.;j “_;q.;lg O‘M‘ sﬁb‘ 6,3)[5 s;.JuJJ .‘5-\?5 6\&63“9

Ol Gl e el Slial (gl el 5 and e JS oslsly
Arshia.mah@gmail.com : S35 S oy 103K J stne *

Yoy



OKen 5 shen 5]

VEeY Obuns / ool a,u.:/r;a,%du/su,qr,ug,z

5 0T ediysl s prsan Jlse 5 Bl LS Sl i
SLedbl (S5l by p Of el Jol sla i
S ppden 5 e ) eslinl oal p sl 1y o2
Sl Gamasls (YY) LS o sl b b ol Sl
PALS Gds s 2Ll sl Dless (07) 0L s
Jae Sleslawl L 1) Ol 8 28 O aas> 53 )
Jice cnl LS 5055 Gsluand 1 5555 sls Jsle
Bl S bl calin candlians o aiate byl i sl 1,
b Sl 6 o8 i () 0L 5 S (s5e
LV FoF SIUT i gl sl Ol 5 o jen S
Silbwds s s S = e CA-Markov Jis
S Cmls 3 i o i 5 0 el
L b e oilesl sl e AF 1 (6h5,e s 5158
5 s s VL T L S i Sl
2k dpems Jsb a JKor wdab ols 0L (V) s
5 el ey pals 1y T L s (K sl s il
5 SOl e Bl B s S Rl e
Sl G 5 AL s e n slr () S
slaesls s CA-Markov (g »,lS Jus 51 s g aileis
o3lizal Yoo 5 YooY 1444 slaoles ;5 Dbl o)l sale
ot 03 e sl CelB LS 0T s 4 Wles S
STOA) 0 5 015 ccwl alS sy Ol s L,
53 PUl, Sl Slm b oS e s o) s
axdlans ) ge 0y93 sls Sl 3 w2 )50 e 0 S 4D
e O3l L (1840=-Yo oA 5 YAOA-VAAA) o 53 05 55 4
SalS 1o PV-Fo ols 0L s E s JIus
Sl slac Il oS s ccnl U151 S SUl,
5 LUT ol s Oy, ok doys £o -8 i g
et a3 sl 6l 1 SWAT e (F) 0, Kes
JLS 1Bl 55 O sle s 4S5 (58
S e 5 SUils eols 0L adlae ol s s

(SIS s Sy Gl s 6355 )

Ao s
e 45 035 0S8 A0S 51 (G Sl e
s, el eslaglr 55 5o 1) L8 Osdes 53 350
ol s Sl 52,08 e el cpl lauy 5l S
el ey s sl 65y s 5l asilis s,
ST ot 3 Sroaeln (andes il by 5 s
SV S s ol e ol Sis by, ol
55 el g Sl Jleal Sl s Il glac ol
s @ ems glac s ple s G5l s (K
Gl 0303 s 15 Ol b 5 AVl 55 551 o
Sl Ol ayn 5 6 ed sesle o s a5 (14)
s S S8 padls als el s 4 0515 Sl
Olmlb gl as i (S3doodes OS5
03,5 acnS 1 =) Glealw Soasl sl
SalS S 0 SaS ST lS i llasl sla S
(el S bk Olpoe FALS o ((ALS iy
b 0L > fals Cel culg 5o 5 Sl Olpee Aol 53
Sladl b 5 G LS mad St e SIS Jpad b
5o 5 St b S s, Lels LU,
bl Gl Slds H oS e e S G
Sl &;ﬂﬁ)-\:—“ Sla oy 53 e g0 (Ll
sl Sl Ol (2oL Jde goluand L el
Sl ay ;5L SWAT Jus Sl ool Ly 343 e
Sldes (S e Glas s gl
S Slowbs mbs 5 5L 5 0l Gy O (1 ke
Sl le 45 ol ale e 23 LeLs SWAT Jute .o
iy Y s 5 e Y Sl (5lueslal-)
3 el 0 el sl LY (S u
SoolS Dlmeis (V) Coabd e Jloi—F s lze]
sedd s SOhdode IS o s Sl S
s ol e 2l el ks el

el SO Nt e U, el 5 s sl

Yo¥



uu:...lb.;_;u‘,, al}_.o,“_;,utfnja;l JE}J‘ Z‘;:.A"'}_v‘—‘;w\& Jle

O 5 ssdee 5T

bl g el as s 63505 o Ol (e o]
Y S8 A slead

2 8 428 4

Sloslsalas polas gdoaidb g o3l Jlass opl 5o
53 did (U 4 Yo E) A 5 (Yo)F B YooT) V oot
ohaim 23S SO, psbas 5heslinal Llagl oJs) > e
s BNV 110 5 lame s (Y 5 YY8) S 5
Sl et Sl bl 5 ik ekl ol 3 s
Gl IS e 53 o3Il 5 S0 (Bl (o5 oSS, ks
JPS NI CUN- 2 WUV U WU SV IO S 1 O
31y ecidase gl S0 Sl eslinul L s p sl
oslital by Allur ol e 5o L oIS 51 S o s
oSSl eslinl L st ol gduaid by
Ny e o S 1 5l Szl ST
9 ) Cmendly OLledbl L el 4 laaidl G
S ISP ol sl ol e Sl s
5 o ol o5 s oo nl ol )
(F IS ) At Sk andlians ;o ailaie 5] (L 5Sms

I8 slad g Jus

GlanS Soalus sladae (Jole Bl ) S50 slad sl
5 b Gladl 5l a0 S (giland 3 4 s
SosS asl = oLSa sladshe alie i jls 5 )8 SL
Sl oalw il o i OF 55 5 ol sl oalg Lo Soes
Glad s Jdo 55 S o (6 1San o Loty (sla STl sln]
Ol a4 a8 5 e S A S D oy L IS0
slacdl- L 05l sl G sk 5o 555 00 auiS Sk S 0
3o sy a Cidise Sl k> 1 WIS e 5 sl 3o
5 Ol jen 5 sbas atenS gladle) L3 ¢ Ik sblogil glad sl
bl sk M L5 0 g e 056 G G
Sy gt s gk OF 355 5 e sladshor ol

o

dlesls e is Oldeiils a STl asl il
Gl sSU (s b ALS g 5 08 s ks
S s Gl Dl 5 ST G e o SIS
Ul 5 S i o el Lol s OF e w3 8
et e il 5 Gl (YY) ol o atlis S
o oy Sl oslial U ST sl 68 i 30 b5
L obel 6 ol s Sy, Olie 3550 5 S8k

sl SWAT Juts 3l elizl

b S, 930

andlans ) o adkais
aohael g ol a5l et Jld a3 s anlllanspe a5
gLyl Sl PPV el Bl LSt APF9Y oL
b s Dlaie 5 g YAV Lo plisf e YYP
wldha Js b s YYASYWY L3l e 5, o L, (UTM)
ailaie Coadge | JSS Sl 315 YA S s SYYFVY

.M)L;G QL:._V uﬂ)b Qb‘jd\ﬂ\)b \) A:JLEAJJ‘}A

adllas plowil iy,
ko5l DLl (655 Ee A S Il R g5l o
Csbsy ol e s (AL el g5 el laesls
3 = slaesls (Dbl e (St 55 BhalS 5 ol
baaal T ubaSb (ol )| o3,y s e glaaiss
05 Cmwddd Gloslgale i glad oman s CN (Sl (5,08
e S Sleedls ) Jada Al el V_E&\J@JJ?J 4D g
ok ol e by s L;Lw;;wm%c;”swm Jde
Joe mwsliel 5 el gl candllan pl 53 as
0553 4 Yoof Jlw lassls olasl g sl 4> 53 SWAT
05 ,Sp S 0555 .23 polanl Jas (Warm Up) 03 Se S
Ans e Ly S5 ste a JolS sl el e o oo
Gl YoNO-YoYo 5 i uls gl Yo F=Yoof JSlojo,gn
Sl s s as S b 5 SWAT Jue e )L _cel



OKen 5 shen 5]

VEeY Obuns / ool ,,L«J/V;‘a,wdu/su,yi poke 4

3300000 3320000

3280000

W
_g““b W

S

Laial Lataty o= ’*f = i
rirpmiri a7 B a e
gl
A im0, 38 12 18 24, ] o)

620000 640000 £60000

0 Dbl = Ol pl 3 (lasl g5 sul ad g Lo ge N S

SWAT d-\ﬁ 9 (639,9 Lg‘.he.:‘.: Slasein J‘,Js>

3 Ju e o3ls Cf o3ls
\om YoYo sS gl i Dbl S i) DEM «i&
\em YoYo 4 YooY Condd (Gloylsals 5 slas S i) el 8 ll
\ekms) ekm YoYo (FAO) sl 5L 5 5l Obosla S S i
<y, YoYo—Yoof oo slaake Ol Slakais el 03l
<l YoYo—YooY ool ladan gj laas Lelas o303
M")‘}‘) YoYo—YooY w‘)b 6‘&]9«4 uI 6‘% L}’LMNUT 03l
alis, YoYe—YeooY bl Ol sl slaas Sy o 03l
40,000
ELRe ]
30,000
.-‘Es 25,000
3
“{ 20,000
.
3 15000
10.000
5,000
0000

I 4 7 1w

13 16 19 22 25 28 31 34 3T 40 43 46 45 52 55 58 61 64 67 O T2 V6 FO 82 85 88 91 94 97 100 103 106 109 112 115 118 121 124 137 130

(Gasdabs

—Sppu  ———ohserved ——Bett_Sim

(Yoof-Yo\¥) C)_,,.sl”)ls 085 ) Je 6‘)"’7‘ 3 J..al#- @L’»’J :Y JSJ&



...l b ;.JUL’J CJ‘}:A 2 6ﬁJlS gy j"'| db_}j Z‘;w".a';j.: —‘;o.lﬁ Jlae

O 5 ssdee 5T

(el e ) g
-
o

1 3 5

7 09 11 13 15 17 19 21 33 25 27 I9 31 33 35 37 30 41 43 45 47 49 51 53 S5 57 59 61 63 55 &7 &9 71

Caadles

—5ppy  ———observed ————Best_Sim

(YoN0-YeXo) minslzel o)55 3 Jos sl 2l 51 ol s ¥ IS

_ 3288000 3306000 3324000

_ 3270000

0 35 7 14

617000 635000 653000

3288000 3306000 3324000

3270000

617000 635000 653000

gc“f ‘RNGE gg;_vi ~<l, :ORCD gdli;;,- db\.\ﬂ :FRSTnJ.ilf ‘_;";‘)‘ ‘BARR (2 sy :AGRC
u"}g’“‘” sbls :URBN
(b’-‘:)*O"o K) (;..w‘))Y"*’r dl.w BL V.E.F‘ J'e'.’ J.'.‘,’.‘J 4-;’03’ DL ‘;.bb‘ 6ﬁ)‘s .st—:

b Gy o s Dl 5SS 01 e ar 2) (53 e
e b,y UG el VA Ghasis ol s as e DL
0l 03,51 O ol _pmidly pslis ol o 40 ¥ g 3 ol
e Se 2 el (s adllls ol s ol
s 0l 0 gk < (ALPHA BF) o5 5 ol 0~
(ALFA-BF) c—i335L ol o s o ST o083 &l i
Bl s 53 b al 0Lz T 586 .0Y) 3550 Ol
L bl opl e (10) OIS 5 (W) 308 o Gl oL
£S 10 S 0k 55 (1) e 5 ke 5 Ll bl o il

aar Sl bl ol s S gla bl Oba 5

Yov

= L
ph—s w5 Comlos o (sl (2l
2 A kool LYY Sldde el haea s addllae ) 5o
o (L el b sl 5l (Y ) A eslizad Ul
Slale Jaogzo 0L 2 o5 glmoals 3l eslizad L Jie il
Sadlw o pbael ;g amial o) 53 0l (g S o3l
s L ) S5 9 s SUFR2 V.;wiu 255 g0 Yo F-Yoof
Colo St i |l 1SS 8 5 (giluand ands B0

Jin_:{p)LX;J)(M%_MLWO‘HLJ{)}{GTJ‘J.&A4\7;J£ﬁ)



OKen 5 shen 5]

VEeY Obuns / ool a,u.:/r;a,wdu/su,qr,ug,z

ohisl 6 ol ad s 53 w5 LB At p3lie 5 Oz e sl AL Sl i 5 Y Jsix

4og olMde  t-Stat P-Value S~ 3l s bl %‘j
ofos) —VA/SA o \ o RS U5 S [ PR VN (R PRV V__ALPHA BF.gw )
—o/YY AYO e oY —o/fe Gk 03 jadee) S o ms BT s b R SOL AWC(.)sol Y
Gees Ol @ 358 ¢l GespS Ol 53 Skl O Gase
44y —$/\4 . Yoo 0 V__REVAPMN.gw Y
(o she) o

—o/AY —0/\D . o/De  —o/Do b Ll d gl e osled R CN2.mgt ¥
Y4 Y/AS o Vo o pSle Jrsy 03 o 0L gl o3 Oley il <o 5 V. MSK_COlbsn 0
VoV/AD  —Y/OF  o/e\  ¥de Yo Gao) s ol adis b ol V__GW DELAY.gw
ofof  ZY/EO /o) | o Gres Ol el 4dss Ao s V_RCHRG DP.gw Vv
o/\§  ZY/XY  e/eY \ o/o) S5l o ol 0 V__ESCO.hru A
YA YN e/ef Y 0 (Cole o ) ol aal o 55 Sy 0 olis V_ CH K2.rte 4
ASI84 VAY o/ed VDo Yo (o) cwd Jsb Lo sie V__SLSUBBSN.hru Ve
VEIM VDY e\ YY \ (cell) oo SUls, by V_ SURLAG.bsn )
A2 VA IR VAT Yo o PESCale 2gy 03 0S O (6203 Ol ol e 2 V. MSK_CO2.bsn Y
o/oA \/Y$ o/Y o /Y ° ke aal ol s 0l ol Kl oo V__ CH N2.rte WY
ofoY  —\/eY /¥ o —o /O b e St s R_SOL ALB(..)sol ‘¥
SA/eQ  —o/AY  o/FS Yoo o Gre) 331 Oyl 5 Ol sl Ges V__SHALLST.gw 10
o/ed  —o/FF oD\ oY o RS VS S RN S V__GW_REVAPgw \*
o/ OV eV o/f  —o/¥ (e ol 5 p 5) Sk (5 8l S5 R_SOL BD(.).sol V
o/\  —e/YA  e/VV \ o 8L 0L 2 sl Ol 53 0L > lude Bl V__GWQMN.gw A
Y VAV \ o/o) ALS ol Ol 5586 V_EPCOhru 4
ofoV  —e/\Y  /4) o/A =o/A (Cele o) S (Ssods olis R_SOL K(.)sol Y°
oA o/e¥ oAV o/A o hol aal T 53 0l > gl Kl o, V__ OV _Nhru AN

u.aT;M.u;«.J Dlie b 5 s g0 uolds Q:/,Sw;,i.ll;.-}(\+) uJ.ATCM.»JA.g Dldde 53 2alyl 3 g 50 palie O3 SO L0 ‘_;t.ua.g;.,::]?«.ggV}R(..‘:‘)/w



uu:...lb.;_;u‘,, al}_.o,“_;,utfnja;l JE}J‘ Z‘;:.A"'}_v‘—‘;w\& Jle

O 5 ssdee 5T

ST i Sl el st wg a5 353 0 Sl pm
ST 5 e o b i SEalS Ul G b
(VF) 555 e Ll &l

STl - U ULS (s G s L
S nlab phs 033w 5 Shalle glaesls 5l uw s VY
035w () i Sligy om0 52,5 2 U3 4053 90
I3l simsOis 4 ool Y/ (Laosls slne Gl il 4 )
(.:wj_iﬂ Z—ul| R-Factor 3 P-Factor | sls 35 s o &
38 o s 1y S ssde Jde sl sl (sl 1l SUFI2
3 deo 5340 el e WL 055 0l odis olie plaS
Ams o eSS o bl b e 3 g s S
594558 8 il pte Gl el es palie i S
oS e by 5 YU Slally e alol Law st e
L Sl p VL S5 Lol ooy palis anilir S1.05L
Cnlad o (Gl o 0> palie Sl Ao 3 Ae S
A2l sy st el s el (6, S eIl slas andilis
pls S 055 el sl pslie 5l A 300 b 513
Ol o S das o OGS il (V) =S o oS Calad
OL o L Jp ol 5 5l d B asllan sl 3 ok (g3l
5 Glodaliine 5 slssad aSbulslals Sl s seen (glodal i
la S| 5 o alad phe Lo 3 A0 L s ol (65l
ol e sl sy Job B sl L Jde > 2 s
VY Ll 54 e slael o 55 55 R-Factor 3 P-Factor
I B sUas L Jis oy 5 gl oS el s Y/FY
Gl 0555 0 odys alis 5l Ao s VY (3 S 515 5 ol
e M Kby G b S e oS kil ps
o S p palie 5 sl el (luand 5 Gledalin olis
0535 55 SIS o i aalllas ol 3ol ag Of SO
o 2LS Jde cdas 0 UL a8 350 o/VO il s O gasl IS
e e a4l a0lale DL (il > ot
L 1y el (6,83l 5ol o i polie oo SST,
S 2S5l S Glre )l G Konp olie 5 s 0

Yoq

ol e b wles bl ess 30 (ALPHA BF) la ol
iasita i b 4S 034 (SOL_AWC) SLs s K5
23 e G S ol S s s T Sl b
A) el UL, 0 o Uy s 0550 68 305 55 Ol
e S et B Ol e b lade (1
mys 5 b UL, 5ol 0l sysl e als
el ol lie il L (YY) s dals IS e
LS dr S sy 1 O st ltie Ll e olS
Sl ol 5 G55l G a5 esed Slde OF emiys o
sl 358 O Hlade (pl by sl o el St o3 o
Clols OF amsips a8 aily 2als sl sbaaY «
ol Ol Lkl SU st e oS 55 e
e Gl 8l L aS s S s Ol o IS (nl @ )
ey o Ol e (G s s SRl B s el
a—r 53 SOL_AWC bl il o fals (g 23
el Al a3l s 005 e ST OO Gl S
(Yeo) ol Camal S5l 50

S ol (roghen) il ST Gas ol )l (o 5
(RevapMN) i ae Ql)_>'u_T 4o 348 gl d*’r5 Qlf'uﬁ 33
Gl e 5ol 53 OF Ges 5, e RevapMN .ol
Gl o3 e 5 e g 5y adyy adlate 4 0L 2 C2S5L
Gl e o 4l b SV pamee LL VL i)l
Gl (V) syls sl o dletee slie el ool (YY)
b ST s il O Gas G131l 0L 2 Sl
0) &b 5 &y 50 (RevapMN)

Ll 3 gl (e ol b Ly e sle
o A 15 e ON2 (VL Gl ol (CN2) 2 b,
e s S Sl (52l sl el opl & Sl s
(YF) 3,038 o 3 —slyl ol 5l ol U,
o sk olil e as i 5 bele ol YL ol
b S s DUl e s S 5 6,0 e

&.\JJ\ &;»_QL’ L?Ow e)La..i )\J.;.A LJ':'T!‘J'Q‘ LAS))LM &;.w‘



OKen 5 shen 5]

\fo¥ J\Z—a}/r,\.ﬁ e,u.i/rzé.a,%du/du,yir,bg,m

4 b e sl lL el G\,&au.ql sboslis (YoYo
A anslie ea b sSde Jles slaeysn 5 L1 sl iy
S L LS e Ll (s3de 2alS 5 158
AV Jsdr) 1S aslie
o\%uﬁc)ﬁf_:ﬁﬁdyw,):yu@uwuﬂ
= 3 LS FAOY U SsSes Lol 6,8 4 bg e L)58
Oyr ey ol Bl e 5 S8 TV Ll Sl (5,08
Al i o5 2l Sl s Ol 3 el 635 SRV FY
A3 OYV) LS 0oV L a8 0 2l 4y by e ol
(s °/Y\))l_’2§hvd\\~l_.ov_:3 =P e 5 (a2 IS
Sl g 531 oS 555 e bl e sl b
5L TVe Ol 4 b Lol 5 SIS YAOY Ol a0 S 5See
5 5 o e J1alS 51 S VY Ol 4 ol 5L

(O J)J&-) Sl 03 g3 V'ib d”‘)‘

Lo Yo¥o dlow ys byl b g aiil o e
CA-Markov )l eslaiu!

YoXo b Yool o esl jo BsSsbe lopons o () 2

5 =2l S Jal Comls 5l 5 Jil Jlas] s 5o
Sl iy ddos jlosliad Ly aalllass 50 ad 53 ey sy
23 e Ve YT o LS Yool Jlajoss (¢l SS 5L
JLis) Jlazml a8 55 6 Y e sd2 OV 5 7 Sl

g:,‘.v:‘.)o-b QJJ—V‘)C,..A‘I:.L;J Ajb‘\ U° A)'L.VJA Lﬁéj)ls

2Ll 5 S Gt 9 S dhe e 1 ]

Yofo Jlw
)‘ aJL;U_.A‘l_J.Y°?° dl_w L;sﬂ‘)‘ Lgf)lfqﬁ;LLg)Lﬂcx?...;
OJ_?U))|MB-@LDJL~4‘JJ))LSJJ>J}L¢JJJ¢
j.k.lcl:u‘ 6:3&:&Y°Y° G YooV OJLAJ A)'L. BL) QJSJL‘:
Qb.:.;;.? Jgy Oeimad Cewlodl oJ\bj,.“vLaJ o JS.& BE
4—@}?}3Y°Y° U YeYo L}"L") 41..;1.5).5 L;sﬂ‘)‘ u:o..\::ﬁ

S P WS A_W.“.u.ar_hl_.v J)v\_z-)b ('—)a"JJ-@"J-Z’”T

aallloe (il 53 oW o b el (SSland 53
Wl Sl Ol e (3l 3 Jie Jp3 16 SLIS KL
Lo WY L s ls 0,53 53 5 PBIAS Jliis (yiomas
S osbas Jie s L3 gla e s etiSaub S 5y
S el 0p55 b Ao 3 WY i Ol 0 1) OL
e dOA) OLen 5 by se lalline L sllas S L 3,50
Jie Lo 5 0z 3550 oS 51 e ls o 51 S5 PBIAS
0355 53 PBIAS ks 5 hlS o b e ot s
Sy Ao 3 Y/ g o/FA o/FA il asdlas ol 53 ol
o a5 LS il 5 et b SR 5o sl
s lal 2 i 5 U 68 s U St
Al mlasl 5 ey ey 3 o (JLSEx L Jl )
Jsd B s Kb bl slapasls aes jolie JS ) sba
Skl 550l Il ol g abrag; Ok (bt 3 dde
Sy Aol ailate l 53 Blale O (Siletnd (s Ja

33 Ol iS Ay, g ) i e iE g
Yoo 5¥eot cladls

b Voot dlw 3 (Ul A ey il
S FINF Cmla L e s by s aslllaes 5o
L s s sl i o35 (4= S 5 ds s PVAV)
b 5l g S (4 S 5l ds s V/P)) SIS VOTY
e S S Sl deas g ol s 4 Jl s
L oo o2l b e 50 YoXo dla s (BU) b s
bl e (b S 5l sy $Y/0) JKa 080 Cmle
331 Cay o S (Ao s VAY) LS OV L s Ko
@3e Ol aSOT Lo ls Jiw 55 anlllass ) g0 45 5
0553 33 53 (ALl iy 5 Sl Olie R L )8
(5 AL e e Dk g dnslie (g SVe Ll o Sl
Sl s 2aLS 5 il s s (sla el 3 el
Oty Dt Ay ey psBea Ll Aal g 5o e
L5 Yool ladlo alob s o bel ;g 5 sul as e Sl

Yo



. uu:...lb.;_;u‘,, al}_.o,“_;,utfnja;l JE}J‘ Z‘;:.A"'}_v‘—‘;w\& Jle

O \Ken 5 59ge 5

ok s Sla 42E Como oL, sl Gl aasie ¥ Jgd

LS oo Somo Ol gl 2105 glar sliSU g Coms lS G RS sl 5 Jlu
o/\$ o/\Y o/A¥ o/AA w3 5l
o/\Y o/\V o/AA o/AY b sl
o/\Y o/\O o/AY °/AO K 5l Vet
°/V4 IAY
°/\0 o/\Y o /AO o/AA RO YooY
o/\A o/\Y o/AY o/AY & 2
o/\) °/o4 °/AQ °/4) S g2l
e Mmoo o T
o/\Y °/\0 N o/AD b sl
o/ o/\Y °/AQ o/AA KK 4l Acats)
°/AQ °/40
o/\¥ o/\Y o /A o/AV ol el YeYe
A o/\Y 2/AO o/AV & sl
o/\e o/oV °/qe o/qY S 2l
ol g sl ad g 53 Yo¥e 5 Yoo Gldlu 4 bgje Lol) g Slab of g
YoYo YooY
S atb
Loy Colows SSa 4 cls Lo Coles BY - OIS
\TARY FYYO ¥/AQ F£A > 2b
V/oV 22l £/0V $Yop 2L sl
V/#) VoYY V/#) VoYY K sl
VV/SA VYo YA VYOV Vo AAF ol sl
£Y/00 040 ¥) SVIAV FEIVF S ol
\\%2% Vyave v/or ARYs s 5l
Voo ¥y Voo q¥eSY e

ARR



OKen 5 shen 5]

VEeY Obuns / ool a,u/fa,wdu/su,qr;;gﬁ

rz:.u,@sk,-v_i ad g ;3 Yo¥o B Yool b aduoli 3 odlyl id gy Sl mid Xy, o) p 0 Jpd

Sl S ¢ 55 s Aoy OLSa) ol puss Ol e Sl b
als (AMO) (¥aY) > 2b
a5l v/$ fVe 2L 2L

ot °/o o/o K 5l
et VY VFY sl sl
als (V/9) (0°VY) Er sl
At FAIY YAOY 55 Bl

M YooX—Yo¥o Ly asl yo w20, 5,8 Jsl il s 5l # Jgd
5 e & ol el S 2k 2l w2 2l
o/oVV o o/oY0 o o /AN > 2
o/ooY ° ° ° 0/44YV ° 2L el

o o ° \ ° o J-<~>

o/o48 ofo0q oS o o o RGPS

°/°OA °/314 o/o\¥ o SN ofooY &

°/450 ofooV o/oYA o o o 5 St
(GbSa 1) oM YooX=YeoYeo Sloj o3l 3 ool,l 6,8 JUSl Comlus o 5l V Jgue

5SS e sl s S 2k 2L > 2L

o \YA/¥ o o o £ o¥/Vq > 2l
o FAA/N Y . o FYAV/VQ o PP
. . o \OYY/AY . . S 5l

Yo\/Y VY V¥4 Vf . . V$o/4Y PIRCS

OVAA OAARN/Y 40/ o o o S ol

FASY/NY \eZ\VARY Vo¥) /Y o VA/O YO¥/A) 5 S 5l

YVY



...l \e ‘:JuJJ CJ‘}:A 2 ‘5ﬁJlS }:’.:G ;‘ db_j)‘ Z‘;w".&}j.: —‘;o.l& Jle

O 5 ssdee 5T

14 21

=
=1

S

==

o~

o«

o

o

§ i

=

o«

=

S

S

©

©

3

o«

o

=4

S

=

>

0 35 7
617000 635000

653000

(K> sble FRST( 5L 51, BARR (> el)3 AGRC
555w (3blis URBN (5 » RNGE ¢ ol sl 5 ORCD

J\S}}”' d"LAJJ‘,S)L‘ OJ:P'O.J' j‘ e.*-l.é;.«llg""\“’ JLAJ} ol ﬁu&g ‘.;JZ‘)| 6,})\5 OJQ

S S domt 5 Lo
e LS ey b 5 60 5o Sl ks 4 S
8 e s Gl Dl 5 ST S IS
3G S Slew s e alaly (s ol O ml
i w ey L OV) el el s sl s nas Oy,
Gt (Jdo 15 5 jasiie oo 5 iols
3le 5 el 03 gas €yl as s pl 53 0L s 3l ks
53 SWAT Juts Js3 L6 w35 Sl ¢ obsl sla el aan
kB 5, ol 5l All e (el g altas; 0L (sl
5355 or b adles pl 53 wlabe 0L (S3leand sl Joe
SOl D A5 o 5 e 0dd il Jis
) e S sl (6 )8 L BLIST 3 J53 LB (555,000
S (Gl el el g (6 byl 63 gdme 55 Je
wi g Sl 8 s edal 3y s 4 s 5l S6 bl
5 il S g S ezl Yoo f=Yo¥o oy L lacl g
Sl B et s o slen (e
AS Yo¥e 5YooF Jiw Jloj shie e

08,8 b s ol L woml sl o e O 0

T\Y

23 Sl Ol 2l 508 ks S ($3laand

ool g ol o s ST os0
e P s s g (renEs 5 (s S
Slos i 5 rz;t,@ﬁquy sy » bl 68
b Ll ol i O (62,5 &S YoXo 5 Yoof Jlu
Glaais DEM (SLs ik adddl glaosls 3 8 L s
e 3 A3 Ll Je 5 3 me e a0 ) (g IS Cilises
AVl Lo g 5lde eols DLl At alie oo b il
Vo¥e Jlow ) Gl qobasl g adsm 55 el bl
alS bge jsba sl YoYe Jlw (6,8 5l S
Ol i (V58 JS3) das e QLIS |y (gdo )3 YY
5 (o YA 50 ) Ol b L a5 e ULy, S
Sl 0350 (o3 V 3 5d>) Oliesls slaole 53 2alS o 2eS
ol 5035w Lags ) e adus gl >l 3 355 0 aST
Ao Olgs o0 Do il am Ales s Sl ad3l ledIb|
il s ol goslas ol g lsSe WA il il s S
ol LS FOYY 2alS 5 5 Sis sll o e FRAY

el 0l g:)ll‘)) LSM)JWJL‘S[SML ‘Lfdf



OKen 5 shen 5]

\fo¥ J\Z—a}/r,\.ﬁ eJW/rli&JMJLn/LSGJ%JTerQJ\ﬁ

2.50

2.00

3 150 \\ /
. i j_|

“i 1.00
3
e 0.50 -

0.00 T T T T " T T " T T "

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
sla
| T*T*Jl-u.s..ébi‘s‘g)tf T‘f‘dhﬂ@i&‘).@ﬁ)“ |

rﬁ&l;@}:ﬁqi wd g 3 lisee slagg S Cou dlale Llly, (o Kile £ SS

25

20

15

10

(4l 3o o) o0

1 13 25 37 49 61 73 85 97 109 121 133 145 157 169 181 193
ala
[ —land2020 —Iland2040 |

sl g ul a5 il Glags )l T el s S F s e Y S

(Y8) 3503 Slsnan 300505 5 5 e Glaiass by S
Pl LS o e SIS e 5 S 0 S
e ol e oSS 5 LS ol sl
S el 5 ool 2 5 (S S (Sa, 5
Sbr it Oyl 5 il 5 (6 pdid o (Bl 28l e
bl 5 ) 0ad (Sb g e (o o ld R1580)
4 bk fes 358 5 b 5 558 Sl o b
S i SOl s e i Ol 5 S
53 15 el OF 35 5 03 b Ol el ol e
54l 0L Sl sal & cousslys 5o pl ply oyl o
3 (b SUl, 5 sl O o g sae) JS UL,
C Sl () 5 el T SOl (slaesltl
S oI Uil g Rl 4 e LS5

Sl oib) w5 s 2w JRalS (Sl

SolS il glaali DEM (S ald ¢ o3l (glacsls
6J.:)LS)‘J_1¢SY°\C° Jl—w L;J..)lSLgb.’ cr.]a.&‘)@w)})b
Oy G, YT S bgte jgbay 5 ol YoYeo Jlu
laeke 53 2alS o nS 5 (Ao s ¥4 550 ) Oliss b
sl s gg;_.,:b_(ba.:p'\) sl 03 40 (Ao ;5 V 3 30) Ol
M‘wa\ﬂbjw‘néﬁﬁudf)lsﬁﬁudm
)58 (2 S a e Ol S o Dy o sl a A len g b
Al sl e ol (e FETE 2alS 5 T (g5 slis
(YY’)‘_gj_ss:bbr.;;-)@bbé@\nﬁubb)éM})W

)—:’“’-.’Tufjb(w')db&w)do)..aMcJ:.iJ‘ﬁﬂTw?);

YVY



uu:...lb.;_;u” al}:.»,“_;,u&njd;l JE}J‘ Z‘;:.A"'}_v‘—‘;«b Jle

O 5 ssdee 5T

) b CUls s s ol 3 e ke
AST e ol 3,138 e 3 (S, g8 51 dn 5 ok
S ol G5 5 pdOlanl e 15l S SWAT (S e
Slaoss 53 fe pde gl S oLssl gl Ll o
B 5l kil g ol sy OF b 5 s 1 ST

5L oS KaS Il a3

s edbs Lg,uls s JO0F 5V0) 558 e ailbssg,
Y e IR USRIV PR s 3
e G bl 6l et b s el 30 Uy, O e
Lal 3 dsb o Jes sl el 5o eeds dlesl 5 b 08
5 S deas e 0L Olly, ol s b gileans

S 5 AL sy i S 0Ly 5 (OF) (S s

oalaiwl 2,40 C:L.c

1. Abbas, N., S. A. Wasimia and N. Al-Ansari. 2016. Assessment of Climate Change Impacts on Water Resources
of Al-Adhaim, Iraq Using SWAT Model. Engineering. 8: 716-732.

2. Abbaspour, K. C. 2011. SWAT-CUP4: SWAT Calibration and Uncertainty Programs —A User Manual. Department
of Systems Analysis. Swiss Federal Institute of Aquatic Science and Technology, Eawag.

3. Alimohammadi Sarab, A., A. A. Metkan and b. Mir Bagheri. 2010. Evaluating the effectiveness of the automatic
cells model in simulating the expansion of urban land in the southwest suburbs of Tehran. Space planning and
preparation (Teacher of Humanities). 14 (2): 81-102 (in Farsi).

4. Anaba L. A., N. Banadda, N. Kiggundu, J. Wanyama, B. Engel and D. Moriasi. 2017. Application of SWAT to
Assess the Effects of Land Use Change in the Murchison Bay Catchment in Uganda. Computational Water, Energy,
and Environmental Engineering. 6: 24-40.

5. Amnold, J. G., D. N. Moriasi, W. Gassman, C. K. Abbaspour, and M. J. White. 2012. Model use, calibration, and
validation. Biological Systems Engineering. 406: 1491-1508.

6. Azizi Qalati, S., K. Rangzen, J. Sadidi, P. Heydarian and A. Taghizadeh. 2015. Predicting the trend of spatial
changes in land use using the CA-Markov model (Case study: Kohmera Sorkhi region of Fars province). Remote
Sensing and Geographic Information System in Natural Resources. 7.1: 59-71

7. Bosch, J. M. and J. D. Hewlett. 1982. A review of catchment experiments to determine the effect of vegetation
changes on water yield and evapotranspiration. Journal of Hydrology. 55: 3-23.

8. Burba, G. G. and S. B. Verma. 2005. Seasonal and interannual variability in evapotranspiration of native tallgrass
prairie and cultivated wheat ecosystems. Agriculture and Forest Meteorological. 135: 190-201.

9. Chang. C. L. and J. C. Chang. 2006. Markov model and cellular automata for vegetation. Journal of Geographical
Research. 45(1): 45-57.

10.Dow. C. L. 2007. Assessing regional landuse/cover influences on New Jersey Pinelands streamflow through
hydrograph analysis. Hydrological Processes: An International Journal. 21: 185-197.

11. Gitau M. W. and I. Chaubey. 2010. Regionalization of SWAT Model Parameters for Use in Ungauged Watersheds.
Water. 2: 849-871.

12. Heuvelmans, G., B. Muys and J. Feyen. 2004. Analysis of the spatial variation in the parameters of the SWAT
model with application in Flanders, Northern Belgium. Hydrology and Earth System Sciences. 8 (5): 931-939.

13.Khoi, D.N. and T. Suetsugi. 2014. Impact of climate and land-use changes on hydrological processes and sediment
yield-a case study of the Be River catchment, Vietnam. Hydrological Sciences Journal. 59 (5):1095-1108.

14. Leoplod, L. B. 1968. Hydrology for urban land planning- a guidebook on the hydrologic effects of urban land use,
US Geological Survey Circular. 554.

15.Li, Z., Z. Xu, Q. Shao and J. Yang. 2009. Parameter Estimation and Uncertainty Analysis of SWAT Model in
Upper Reaches of the Heihe River Basin. Hydrological Processes. (2) 23: 2744-2753.

16. Masoumi, H., A. Malekian, A. Selajgeh and A. A. Nazari Samani. 2019. Evaluation of the effect of land use change
on the size of runoff with Markov chain and automatic cells in Bidgol watershed, Fars province. Watershed
Research. 33(2): 31-51.

17.Me, W., J. M. Abell and D.P. Hamilton. 2015. Effects of hydrologic conditions on SWAT model performance and
parameter sensitivity for a small, mixed land use catchment in New Zealand. Hydrology and Earth System Sciences.
19: 4127-4147.

18. Moriasi, D. N., J. G. Arnold, M. W. V. Liew, R. L. Bingner, R. D. Harmel and T. L. Veith. 2007. Model Evaluation
Guidelines for Systematic Quantification of Accuracy in Watershed Simulations. Transactions of the ASABE. 50:
885-900.

VO



O \Ken 5 adge il wovavmg/r,%a,u.:/rm,@.,_dwsu,qu%z

19. Mustafa, Y. M., M. S. M. Amin, T. S. Lee and A. R. M. Shariff. 2005. Evaluation of land development impact on a
tropical watershed Hydrology Using Remote Sensing and GIS. Journal of Spatial Hydrology. 5(2): 16-30.

20. Naser Abadi, F., A. Esmaali Auri, H. Akbari and R. Rostamian. 2013. Sensitivity analysis of SWAT model in Qara
Su watershed of Ardabil. Engineering and Management of Watershed. 5(4): 255-265.

21.Neitsch, S. L., J. G. Arnold, J. R. Kiniry and J. R. Williams. 2011. Soil and Water Assessment Tool Theoretical
Documentation Version 2009. Texas Water Resources Institute Technical Report No. 406, Texas A and M
University System. College Station. Texas.

22.Palamuleni, L. G., P. M. Ndomba and H.J. Annegarn. 2011. Evaluating land cover change and its impact on
hydrological regime in Upper Shire river catchment, Malawi. Journal of Regional Environmental Change. 11,
(4): 845-855.

23. Rahimzadeh Kiwi M. 2015. Evaluation of the effects of land use change on the amount of runoff in watersheds
using combined SWAT hydrological model and remote sensing technique (Al-Shatr Basin of Lorestan). Master
thesis, Malayer University, Malayer, I.R. Iran.

24.Sadat Jafarzade, M. 2014. The effect of climate change on the water balance in the east of the Gorganrood
watershed. Master thesis, Gonbad Kavos University, Golestan, I.R. Iran.

25.Simmons D. L., and R. J. Reynolds. 1982. Effects of Urbanization on Base Flow of Selected South-Shore Streams,
Long Island, New York. Journal of the American Water Resources Association. 18(5): 797-805.

26.Tolessa Letaa, O., A. L. El-Kadia, H. Dulai and K. A. GhazAL. 2016. Assessment of climate change impacts on
water balance components of Heeia watershed in Hawaii. Journal of Hydrology: Regional Studies. 8: 182-197.

27.Wang, G., J. Liu, J. Kubota and L. Chen. 2007. Effects of land-use changes on hydrological processes in the middle
basin of the Heihe River, northwest China. Hydrological Processes: An International Journal. 21: 1370-1382.

28.Zhan, C. S., S. S. Jiang, F. B. Sun, Y. W. Jia, C. W. Niu and W. F. Yue. 2014. Quantitative contribution of climate
change and human activities to runoff changes in the Wei River basin, China. Hydrology and Earth System Sciences,
18:3069-3077.

YV&



Journal of Water and Soil Science
Vol. 27, No. 4, Winter 2024, Isfahan University of Technology, Isfahan, Iran.

Evaluation of the Effect of Land Use Change on Runoff Using the
Markov Chain in Shiraz Nahre Azam Basin

A. Mahdavi', S. Soltani Kupaei', R. Modares! and M. Samiei?

(Received: May 22-2023 ; Accepted: October 7-2023)

Abstract

Land use changes are one of the main factors in the amount of surface runoff changes in watersheds. Therefore, it is
necessary to investigate it to reduce the damages (human and financial) caused by floods and to modify watershed
management. The watershed of Nahre Azam is located in the north of Shiraz city and a lot of loss of life and money to
the residents of Shiraz due to floods has occurred in previous years. The present research was conducted to investigate
the relationship between land use change and runoff in the Nahre Azam watershed in Shiraz using the SWAT model in
the period of 2004-2020. The model was calibrated using data from 2004 to 2014 and validated for 2015 to 2020. These
images were classified into 6 main land uses using the supervised classification method after performing necessary pre-
processing, and a land use map was prepared for 2040 using the Markov chain method. Then, the effect of the land use
change in 2003 and 2040 on the amount of simulated runoff was evaluated with the recalibrated model. The calibration
results of Nahre Azam watershed for the values of statistical parameters in the calibration step for the coefficient of
determination, P-Facor and R-Facor are 0.77, 0.72, and 2.43, respectively, and for the validation step we obtained 0.69,
0.65, and 2.3 respectively. The analysis of the land use map showed that the main land use change in the region related
to the conversion of pastures to agricultural land and urban land, which caused a decrease in pastures. Also, the results
of the model simulation using the land use maps of 2003 and 2040 indicated that the amount of runoff decreased. The
results revealed that if all the uncertainties are minimized, the calibrated SWAT model can produce acceptable
hydrological simulation results for the user, which is useful for water resource and environmental managers and
politicians as well as city managers of Shiraz.
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