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Abstract

Introduction

Measuring complexity and ways to reduce it in organizations and decision-making processes has become one of the topics of
the day. The chaos theory was proposed in the 1960s, and the most effective and most successful effort was made by Edward
Lorenz. Towards this, the flow rate of Sefidrood River as the most important river in Guilan Province and the second-longest
river in Iran was studied using Chaos theory.

Materials and Methods

The study area in this research is a sub-basin of the Sefidrood River Basin. After collecting the monthly and annual discharge
data of Sefidrood River, the following items were investigated:

1- chaotic dynamic systems, 2- phase space reconstruction, 3- determining the time delay, 4- determining the embedding
dimension, 5- determining the correlation dimension, and 6- determining the Lyapunov and Hurst exponents.

Results and Discussion
In determining the delay time using the autocorrelation function (ACF) curve, the appropriate lag is where the graph reaches

a value close to zero or about 0.1 to 0.2. An appropriate embedding dimension is an embedded dimension in which the
number of false neighbors has reached to about zero. For a lag of 1-month, the delay vectors are concentrated around the
diagonal axis of space. Therefore, X(t) and X(t +1) are very close and continuous. Therefore, they will cause the
characteristics of the adsorbent structure to be lost. Also in the state (phase) space for the delay time of 100 months, the
density of lag vectors is close to the horizontal and vertical axes of the graph and indicates the incoherence and complexity of
successive components in the lag vectors and its inadequacy to achieve system dynamics. However, due to the 5 months
delay state space obtained from the average actual information (AMI) method, the delay vectors have a better distribution and
the state space is well filled with points. The correlation dimension of the monthly time series is 3.37.

Conclusion

The presence of stochastic behavior in the river flow was determined using the correlation dimension test and Hurst
exponent. The correlation exponent was saturated after increasing the embedded dimension in an incorrect value equal to
3.37. In addition, the closest correct value to the correlation dimension indicates the minimum variables required to describe
the system, which is a value of 4. The obtained Hurst exponent is opposite to 0.5 and according to Hurst studies, it indicates
the non-randomness and the presence of chaos in the river. The Hurst exponent obtained in daily scales is between 0.5 and 1
and indicates the existence of long-term memory in this series.
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Table 1- Statistical characteristics of monthly flow of Sefidrood River

46° 31 0"E 51°04' O"E
dnlllac 3,90 dlaio CurBge Y S
Figure 2- Location of the study area

(456 )3 S pio) 39,0 (03 bl clasuis
756 Lges dlass
123.00 oSk
134,54 Jlone il el
109.38 Sy g
899.61 Sl
0.23 sl
2.49 Sz
800
700
600
= 5004
<
2
& 4004
3004
2004
ll]l]—i Lh h
1] 5 100 150 200 250 300 350 400 450 500 550 600 650 700 750
Time (month)
393k Ail83g, by (Floj (g - S
Figure 1- Sefidrood River flow time series
46° 31 0"E 51°04' O"E
Pt Bt
z. Sl z.
> N =
2 ’ =
- W - e i g =r
& &
S r P Cy s e |
o uf
z. \ z.
= 1 ,.k_,"' -
= ] < ’“‘\,‘\ D8y dudaw s DL =
-r W . ‘qég) alias! L, <r
Z)n »nJPA ’I ,,—)- ~\ g ) le
=r w \_/ s~ =
o Og Wl Seed e
— 33,8l ™



Y

gl (65985 31 03l s 39 s W59, Walo by 2 el

alge 9 (o 45l e (Seelid Al slad (gjlujl
ol bl 3 g 53l loj

o3l (gg, 3l oawd g3l il clls glad [Ualu -Y Jouo
i S
Table 2 - Structure of the reconstructed state space from time
series events

1 2 m-1 M
1 X1 Xitt X1+(m-2)‘f X1+(m-1)T
2 Xz Xott X2+(m-2)T X2+(m-1 )T
K X Xkt XeHM2)t  XH(m-1)e

K+t-1 Xitt-1  Xott-1 - Xiat+(m-1)t Xgrgt(m-1)t

n-t(m-1) X g+t-1 Xp-t(m-2) - Xn-T Xn

23U gloj s —F-Y
Sledbl 5Sle g 93 5 Yoame x5l oloj cayi ol
&b by > Dgde odlitwl (Sturendg: @l g Jlite
dasondgh @l e o] 3 85 (68l loj ((Siasendss
Cuwdty (/Y L /) wle) (Sors8 )l 5l 508 L yho ply
Kantz and ) s 0 bl calio 13 b oloj olgisdy o]
& oley Ll wleMbl Sl b9, ,> (Schreiber, 1997
(AMI) Llize cledbl :Sile ol ) Jolis oyl ool
3 adlae cul > 98 bl cuslie it oloj lsica
9 1 aB)S oy cnl b odlitul jolate s pod ()
» ledbl paras (Shannon, 1948) cosl gls cleMbl
@ ol Wiy S g8y 5l &Sl ol (ol (gla Siulo]]
S ol 42 Goledr 1l S Gtalol Sl el e
Sl sl odd wwlS (Sen Gbdud & Cand iy pis
porie I (Blal yite Sy pligebl pas Glie g pSeilul
& X ol it el o Jlto sy 295 o 03l 9]
&L PO ol o oS 29 anls N Ayl US4y 93]
sl Jlain] JE
HOXO= ) pGologp(x) (\)
ool S5l AT (oMl e g 55l @b ke

S o b g 039 Jlein 5l ol T oo Comday  Bilas
ooy o8 wil ils 335 Y 9 X _8olas puie 93 oSy 3,1

H(XY)=- Z pxylogp(x.y) ()

9l (Swolind (S whummpen - T-¥

Sopius Al gly wedgw 5l b glad pgrde
Wl o Seolnd i S pario opl Gillas ol Siolind
) i balpd 350 (sloyuiie (olos b (slad Jbgel bawgs
JolSG o s (lad jlages o sl [asuiie loj )0 i
g oo 00 Linled olajlie b g cls (gl pous bawgi i
5 ile b el sl e (ST (Elshorbagy et al., 2002)
Gl ] ay a4l ol San Wby oSy 4 adsl byl ys
S slad Sy 3 g o O3l S5 298 o 4 gloygd
Sdojl)> ity Bl 2 & e (Sloptass ASL wdly )3
1994) 5 o a8 b Ol Ky i Sl
adol buls 4 (Seolisd it S 38y Ll (Embrechts
o & ol JES13 L oo am (slls OOl il el
Sopiuww dagiums pl 4 g o gbodls dacdl
9 Sgded D b (e b I Jy gd o [Ken (glabati
{(ABarbanel et al., 1993) x40 ,9lb I,

b slad g5lwib-Y-Y
e s o (Sarlyd 5 st polys Ll (sl
i splom ) bl wges edlitwl clls slad oy | e o
Sy oyt plod plgie ©puiay Glos sl
Slialte ) JSul sy &S 5 3905 EpSol |y phepes
ol 5l sl s cpl (WSl Seolod ol o yind ) i
IS nlpls Cuns pasuie pudins jobody brodly gy
S b dels Slej sy o 5 el il
o3l |y Sgam dlal b el sl (gjljly (lad pué ],
lmosls Wge n]yd clls (olib b oS g gbds canln gy oyl 5
& Joluie ybg, J(Pari Zanganeh etal., 2010) usl Jsleo
Gl ST bawgs 3550 odlatul clb (glad gilujly jolatods
G ST a5 o o 53SU (6,95 (Takens, 1981) cuwl o
olST s odel oy pure (Swelud w5l Sbej
Sloj S Opod SoS 4 el b glad gilujl
b Gl clapsb sbul Loy X ={X;,X,,.. X, |
lad Hls b el s )Kel M angy bl s 3 7 55l
sbieds oplpls ol odd ooy isled ¥ et 0 <l

! periodic Attractor



FY B YY Oloio VFo ) Jlo o) 0ylod ¥ 595 /S g 0l Cag it 5 (55 dbo 4y puii [, 00 9 5L, v

m-1
Rffz [y (t-ie) - (t,-in) 2

i={
Yilt) sy sly oodly saluen 5 YN by S
9 el i (Seolind Cuplo I (B0 (Soluwon opl il
@ VL b glad S ) pgal Jl o (Solasa ol S
F oy b Cogo cnl ) il 485 Cogo ol ant b lad
Yi(t) jlap (Solues jl O slodluen cpl ML 4m ax

")

oadsddlsl sladdlse ML 4M s il b .XNed o )6
5 Y(t—mn) csga YN 5 Yilt) s glayby «
ool 3 53 ool ey 6y atalss y Y(E, —miT)
oy ©)ygoh alie jobdy (a0 MHL ((las 1 wrlil oy
Dy daled A
Rz =Ri., +[y{t-mr)v({t,-mo)]? (®)
by o |y o3 ML (6Lsh 3 00506l Aols ]l
D dmlgd Ve dlaly &ygods gdm M glad )3 Jlay 9> dlols

| R—Er_—l 'R'.l_?l'_ _ |y {t-m) - (t,-mo)| ()
J Rz R

3945) 390 yilyh aibiasl Jlade S5 51 S 558 oS oS o
.)9-«-)(;0 u)f).]a;).) u.)lg ey p Lo AJL..«).Q (\6) Gy
(Sivakumar and Berndtsson, 2010)

o S25 —F-Y

Sbogdl s pgwye slogbyy I (Ko (Ster ax
bl (olai il S sl (pdl 2 uizen g i
sl pgsl w13 ol (Colgn) dwgn Sl
&S Cwl (bE | acgeme S sl G )b (g0
@9 3 Ol ol Dpbie e ol 4 Sle e
Bilae Dy o ol eaiSilul ol 4 g S slel b
olar w3 Gl S g YU gy aialdy 516 59, ol
gy ol Wl K g pl e
bug & Swwed Au ybgy (Moshiri, 2002) >4
DS 3 Canl @jlee il 0l o i Embrechts (1994)
bo)S glad &8 (950 4 el (slad o gl Jgo 08
Ster JIS3 gan M cdls glad S ol coly
l.» ol ).gl).g

) ()

2
C{I:|=:1;an mz Hir-|v; -¥;

dy50 ;0 GleMbl jlude ax oS 3)l o lo Jilite CleMb]
b gl oy Y dolar e 1 g5 o X B0l puiie
Cowl dwle b6 Plie cleMbl Jlude ¥ 4 Y da,
(Thomas et al., 1991)
(X ¥)=H(Y)-H(Y %) ()

. . PXY) .
I{X.‘L]—Z PXY)los 55555 (¥)

Sl chalie Ay > cuys ol ISl Gl
Olper X(1) sl uSojlul degome (ipme (Sujd degorne
Y claalie ylecds X (t +7) slospuSojlul o X lanlin
2 lalie e bl GleMbl (.80ke g 0 48,5 Jla5 50
ol 0 daly Sygods THT gt oloj
P(X(®) X({+) (o)

P(t)P(t+1)

&b i woils usie 90 lde wleMbl (6,505l
Gly Joiia sy, 31 ol pite g ol ply Jlois! J
5 B n e slagty 4 plge e cpl s
R L Matlab (sl 5blpy baxs 3 @l Jolds pl,Sgin
sba  Jols TISEAN il (RRCHAOS)
, 1992) 5,8 o sl Tisean o tseriesChaos fNonlinear
(Scott

1=Z P(X() X(t+0) ) log

blo sx) cpmnd —O-Y

oaxols blote Aa) cuimm (0 T oly (g5lojl A s
Soisye ) dse ble ash sl () (i dshte 250000
G slogluar 0505 Goled oy gl Sl
o) &L Ubgy opl (Kennel and Brown, 1992) <ol
b Glye o5 sl gl oy ool (Shy
bl uslio aa )3 &Sl by 4y i8S o glab 1) 030
gl gBge 4> o5 Db o0 (wyp P9y cnl > AL o
Lad S§ 0 WOl 3505 pgwal jl S b (gl poumo jd O
JUES I S P KV Y0 PSP - S OGO IR W R | LV PR PYa
A6 sy e 3E op o slp allse m 88
2 S blxe slad > £ dlaly lleo 1) Yi(t)

I=Z P{X{t:] :X{t—'r:]}.lug PX(0.X(+0) ;

Aswalr)) ()
PR
=y(t)yto, ... yt-lm-1).)°
ool ¥ Al IS5 & Yi() 236 by p» aluen el R
Y =yt )y 0.y Gy lme ()

gty ool p polal g wlues oy 93 (o Ao
Do oo Al A



Yo

gl (65985 31 03l s 39 s W59, Walo by 2 el

(M) 2] 0 sy (Solio s N oo 4y Jloj (sloeg o (sl ¥
Loodly 5as Jloy jlade dpwlxe Y
Y, =(X; —m). (V)
i 2038 Sloj 5y dple ¥
(ztzi\q,u,z,...,n) (V)
i=1
R 808 i &y (0903 asudio O
(R,, = max Z, — min Z,) (V%)
o315 polsio yuusd iols o(S) Wodls ylume Lol ool dpuslea b 5
Al o Cundty Rp/Sp dlasly b o
plosl 5 S 2 Sloj slasym plos gl 0ad S5 olye
Hlel o caial oucld I odliuwl b cuwyla coles j> Dgd 0
5,5 gy 1)\ dla),
a4 _R() ()
S(n)

sae C wons wlidie 055 aley R(N)/S(N) of o o8
Jos 0 ol couyla loi H 5 clanliis sy N el
N 0 el & R(N)/S(N) i) e sy b i oo
Jado b ply a8 5ysl cusdds |y s s ccmnlio b (53ly 5
&9 42 Ol H olde 4 do g5 b Coles )3 092 ks H
Sy Bl g (Bl il pel sl b

(gl b bt g B b Shy S
s (S pilisini by Sl s 2900 (S pdy sty
4 Combes (Shy QUL g phess Sb ol ) AU
bls| s (610 sl 98] (slogtu ;0 adgl Lyl
SPb slod plgie b pho (Soolod poiito b (S35 o
@Xen 5 25y bawgie jlude Solis Bpbld sl )l
O Gl s glad p pe 4 Sop b sl s
b Gmoin BB (Seeled g S 0jll 2 B 300 ol
b Jsase ssbi (Saolsd peite ol ool ity M
Seeld plase S Glp 9 Ol Gloj gSae g
5 WA 8] 5,8 555001 glite gl (sloles ol oo
Se ) g st lp Sobld Gles (0555 I Jes
@ e e JlB) g (gaLed gd e o3l e
il pj ©jpod Sl Glos (S sl
aals 1=0 owl alad SO O)gods i j3, A <0
s Jlisy A =00 g gabad 09510 < A <00 Il 345
.(Kantz and Schreiber, 1997) cuwl 54 L
PR S IN() ()

t _tO k =1

m L(tk—l)

GHU)=1 sl U 2 0L laly mluogn ol o H o] o oS
» bla sy Nu=r-|Yi-Yy| o o3 HU)=0 l,u<0
sl Y LY 3850 4y osdaitlo o8 glad I oygipe glad
ra (W) daly b C(r) Siwwed @b I cuto pilis ¢y

9 g0 Lo ye

C(r), , ~ar® ('Y)

r—0
N —o

2l oo Cawday (V) Al 5l 4" ol
m log C(r) (W)
r—0 Iog(r)

N —w

2

B35 os dgr Anly5s dtwge lodly dsgeme a5 ol
2 10gC (r) s b iy jho 4 S5 polis
yud 9 .)94»‘_540 Ml}u U] S>> )IJ.O.& 9 1AW o] IOg (r)
opl dons d eb e bl ol ol e (ad Caed
m L})LOA JLl Dz )l odlatwl lJ .39;4‘_540 J‘Db D2 )‘..\.O.o s)lg
oA |y g (Bolai g (ahd sl ey e
4 sy 9 D2 (Dol laai] b )3 &5 g0y 8
Slp S 0 e o s M iliel b gluil jlade
)l..\.an .)9»:& aL.wl O M J:; D, )‘J.'O:o Ua\a.‘? dL&aJ.u])B
.)9»:& b..\.ml) Lf’L") Sy M J:j L LJLSI)B J.:j th)‘
.Elshorbagy et al., 2002)

Byl g Cowy b saslei-V-Y

5 lding Caol pSojlul sl bl wanla sl
slr Slme e sl Sloj Gloigyw )3 331 )95 (Sl
Lange, ) &S o wald 1) ©ae Vol (Jad p Sl (o)
Coriyin g o 5 Gl e ol {1999
Wl Lasis glp oS SWlke b Hurst (1951) Lk,
(g BaB o 2 Bl Vgeme s 1> Ol (63909 ol
oy derg 4 alsIS slaoygd (slaodly adlas L Cuwyle
o 51483l (5 (59 02 2 T 93909 Ol > (srglizel
MolS” g it 23113 5 o cIVD 0 +/0 byl Cawylo (slos
oy s S eIV Wil 0.5<H <181 5l dolas
Sl 0 oh oYsb  law dadl L bplgd
Jones et) 3,5 uolys 3¢ plod o p <d¥> W3LO<H <05
b gy il Cunyla wunsyla slod amwbxe <1y al., 1996
Cawl y3j s gy ol olye (sl 03,8 okt 1iome
2oL Gloj s ool 4 H N Jsb 4 X Gloj (gm0 )
Sedge kN =N,N /2N /4,... Jsb L



FY B YY Oloio VFo ) Jlo o) 0ylod ¥ 595 /S g 0l Cag it 5 (55 dbo 4y puii [, 00 9 5L, Y5

oSle gy & p3b oloj Aige e ¥ JSS 4 oy
b oopined Gl odd cpand olo gy b ply lite cleMb
omds @b (Dgy b p3b loj ke ¥ S5 4 g
93 5l o Jobs 3t loj jluie duglie I canl o pss
2B olej o Sln gy 99 g & S8l g sioxie
ACF oo jl odlitl b b ooy oo > it olio
Sodp e G a Ybges oS canl ol cwlio pib ob;
sblbxe da) ccunlio blore day sy o +/V B /Y 3505 b Lho
odawy o dgd> & O sladluen Sl ol 3 a8 ol
ol 00 ol gy 294 0l puoy HIged 4y da g b &S Wl
PS5 Ligy 3l ealitwl b cauwlio blxe s jlide i o0
(O JSE) a8 awbre i3 L oply O claaluen

oA oli s Slej s gard Glojto abaly cnl
a0 Sy sy 3 dlali o SO0 dg) cnl > el o 03l
L(to) b 56 slib )5 of Alols 5 o asde gl baplys

M e L) & &g alolity ploj 3 5 3580 ol
odpol (SupdS gLy B L) Comd S
L)

B 29 plodl Cunl pj¥ oS Cunl olaplE slaxi 30 M g 000 0
S eS8y Bl Gl ol casday 3 Jloj sy ples
.(Rosenstein et al., 1993; Wolf et al., 1985)

cou g @b -Y

blow asi g 3 U yloj e —V-F

slad iloil sy as S5 8 o yisu 3 o 465 len
bl blxe 323 5 35 (loj dilge 90 s @ Sl cllo

Average mutnal information

NN N VNN

0 5 10 15 20 25 30 35 40 45

55 60 65 70 75 80 85 90 95 100

Tlme(munth}

Gyl ,d U gl o5l & Jaliio leWb! (il oG - S5
Figure 3- Average function of mutual information for different lag

1 i

= L

E - hF a

2 0.5

= i

= .

E l]- | . s Fun e S 5 S 0 b e |
[x]

E
'8 0.5

¥

=

4 1] |

Cgliie ‘_;l.a,ﬁ&i.? oboj il & dwmodgd aU-F S
Figure 4- Autocorrelated function for different lag times



v gl (505 31 a3kl U 39 s Wi, Balo b o Juloss

The False Nearest Neighbor
¥/ ¥ n [¥]
2 @ S & = 2
1 1 1 1 T H

a
=]
1

'
-
1

1 2 3 4 3 6 7 8 9 10
Embedding dimension
Blisee bl dlayl gl O Solwod oy 7 Sud55 palio -0 JS
Figure 5- Values of the nearest false neighborhood for different enclosed dimensions

0B o 3l el ol pl At dogy 9 O35 o 4 sl i Sy S (SLAS w5 -V
@l lad ) puinen A5 dls Ol s le Glasuie ol b bs b by bl ws 8 aSls
@ S35 b oy o515 el Voo il ol ) el 5 ol olgds bl g o3g 30 sl Sloj slas
g dod U ,Slisy 0dg el (g2508 9 (28] (sloygme clbs glad dulis jolaeds Cuns cawlie odly Siolid
caliol 5 3l clajby o Jlote sailie (g s Syl g (slil 4 gyt Bl3g, wilale (o3 Sloj sy
@ do g b Lol ol piams ool 4y ol e o 09 olo Vb loj il & o 93 b slad jlages ciliie
AMI oy 5l sdslcumsdy wbo & 3l ol b el (glas SleMb! 3 Sike 1 adel Conday) olo & (Sas8 3L b))
v o glad 5 )b gcwle mig b slayly oxd 03)5l £ US> (S5 p3b lof) ola Voo g ((ilie

ol 005 bl L 236 b by wle Vsl loj (oljl @ cdls glas s el

X(t+1) 9 X(1) 1 wloas 35 yoite Liad gyl jommo Jlg> 53

(- 10 : »
LA 0 ! ! -
4D %
T 0
0
[
5504 — —1 S WSS SRS GUNS SNNN. I SU— — 4
I~
i
s
300:
%
I
190
[
p s =
o

S 100 1% 200 2% 350 400 450 500 550 600 650 0 750 850

X(t)

X(t+100)
-0 S EEREEE 5L LE23282

W W W W W W W W W @ e W W
X(®

Clisee b oyloj sljl 4 Gamgs CIlbs gLad lages —F JSUWS
Figure 6 - Two-dimensional (2D) state space diagram for different lag times



FY G YY Oloiio VP ) Jlo o) 0,land o 0,95 (S 5 Ol Caprto g (55wt 4 paid /o]y o 9 5L,

YA

ol J odel Caawddy puduo pl jldo 5 ( Siuwod (glod 0
5 S B39y b 3 5 s b e (Seeld L8,
Oy A2y b (Slej (g 9 ;Sl)ua.uj

S 325 (a3~ V¥
sl 005 4] Stisads (gled 5 bls 1] oy dlady V S
b 4 (odgm0 L9y K 5l s (Samsod slod S5 4 255 L
A ol (Samed 20 bl e ol ol sl 3 glol
gl .ol oal Cowdas VIYY dilale Sloj gy (glp (Samodd

6

Boboata
phebo

Hurst Correlation View

[ R

oy ok o oo

Pt

[opz—3 3 i

50 6. 7
Embedding dimension

) 9 10

lisee blows dlayl g5 o (Kmnod a2 413905 -V S

Figure 7- Correlation dimension diagram for different embedding dimensions

ol 0045 o3laiiwl dioly wlide WAz ey 3l jgkaie iy Dy
o ool Slis A IS jo cunyla sles gy 5l Jeols il
clos b ag)hie Wiyl Sbogdl przes ol
ol Cundts 4 =0.0083 Gpbl) oy 48 b gy p Seibl

S o anl ) By 5 by (SUosdsl 3 gasse ol S

1.8
1.6
1.4 R?=0.9968
1.2 -
1 -
0.8
0.6
0.4
0.2

log R/S

0
1.5 2

alB3gy 1 by Sbogsl I Sk wls wul oad adlyy
Oosle g Sl eslitel b haghy cpl ) el dg)de
Ot A Ao olo gy diljey pi b ey Jilize cleMb
Sbalues (pSep Ghiled gyl cuslie blxe s
L (Oolay )ldy 959yt cCanl ol duwbre 90 ply O
5 Stured 2t opgejl 1 odlitl b wlgy b 3 9]

Beilbl 5 Cow b sLaylod cpmni — F-Y
[R(n)/S()I0g jloges oy b lgien 25 53 I 2l
Job) M o) lil 4 (ol olide 09 alals Lawgie)
aS 59l Camdts 1y b b wclio b3 35l g (s pwp;
G g b ol gl H cuw)ls gl Hlage b yly
st i 5 3oL el gl 5 & lgisn H Slace

y=0.6625x-0.1274 -

2.5 3

logmn

(H) Cowyd (glod dwlxe Hlages —A JSd
Figure 8 - Harst index calculation diagram (H)

& 5 donii - ¥
Ok S G g plsS &yl LS g3 il &l
I deb Gloj gy oy b cul 31 )8 cllas]
bl oS 4 Adgy by grer (Seelnd (Slapluse
ol by e ) oo 4 olge wgsl
ka5l b dgydades Bbdg) (b (23 (oyp 4 &S lagly



¥4

gl (65985 31 03l s 39 s W59, Walo by 2 el

slad Wil o) 9 Sk 9290 Cledbl dx &5 g5k
SleMbl Wl oo 5 0392 )l2)95 2 (s Fpte €83 jlord (gjlujl
Tohaw > Gl amd J18 S G Sl 3 1) sada
e addg> 5 53 SBlol s ladle ) (o bl
2 ool o G551 e WSS dbg e glajlisle
e oS s slacnlpl 4 o Jasl g anll zlaus 5V
St GBS 30y SVl 5 wlidome) Sle
Jibs dady b (Stadol (@M slaglyy Jibs
o 5l 0333w Jlod g SGiglorie e Jlusiis
390 Milgi oo &S ol ol (655 (60,8 slaais aler ]

RUNCIR SR

9 ) ¥ 5@)‘«:\”@ o cu;))ﬁ “O e cu.ol;‘ “$ ‘°°‘)'O“‘>
aljgy Sblwg (Sbogsl canle awyp (WWAY) ) 03l pue
FENY cCugjloxo g Glias pwdigo gyl dab o sl
Y1

Syl s (WAF) 2 (Bl g owp (Sl)S Cuaxigd
390 agusl &y las 5l oolatul b aslis zge g obus Seelis

sl b )3 g il b (IT8) . b ol g g (2l
YOV (WY SE 5 o il g3 gy by

d,las 5,8 .(WWAP) 2 cgten] g ) cd.)l.g](;}b TR
S5 a3 g (o ) (Sghan suas 4S5 gl

.(\Yi;) .g.é.u» ‘(59“)9.0 9 ¢« C zL;c)_{ c.é ‘M [ cd))ﬁ
Gl oS S Sijggyen slasid Sloj sy Jubos
oo (4og)) 2> wlalo 3l re3)50 adllas) gl
NYE=YYO (Y)Y ¢y lras

ol @bl (V) J (e 5 o g8l U3 ep (b5 e ol
WY (V)8 ol o o gl 4y ks 5l edlizl b asbg,
AN

(VYY) 5 dljdleyd g s 0o (pd ep o SbyB @b wljsdlse
s slad (gilwjl oll p aldgy by wess Jde
NN (WY (SE g O il 9]

2ol leop)ls g wsdl ks (6500 (\TAY) o gpmto

J.c.bo (\Y“\V) Y ‘u’))5 9 g ‘Lf"){ “p ‘&‘.I.wy ‘dw (Sgwge
wgal Lk 5 e claaslis ) eoliial b alsog, YYY
arlio i (39,0005 839y b (23 16390 Alae)
NOSYOY ()N (ol

@ ORI e St glod 285 Ojp0 Cusla sl
Sl & YRV Ul ool e Sy 5 blowe 14] I}
W9y ol ooe Sbogdl 5l Gl al s ey gl
Ssod dap 4 o e (FSF Gezer )0
Gl s Chriogi (sl L3 3y50 slojite Jiho S LS
odolcund Cunyln slod ol Cunda Sl Jlade pl o
5ol ) s gl Sl @ Ly g 0055 +/0 cillske
Sloi orzpn 2> aldgy sl 0 wedl s 5 0o
039 o b /0 (o 4ljgy (slaolido ;5 odel Cavddy Cowyla
s b 3 s ) S il 3y Sl
Dged pladl CseolisS (sla dw i s ol o clbs glas

&b

J.J?o (\\ﬂa\\/) Y ‘Q”))B 9 sdu«: (Egwge «r ‘uao)f «d o
L lab 5 cailale cailiyy (plie aw )3 (1)l BBy, o>
sbohis sloingly ogsl djlas clagasls ) odlial
FOV-FFY (¥)0+ ¢ jauls
2 &gy 5l sled (Slej (s b by o5 > b5
MY (WY sl o plio cliidion. oS oK)
bl s g 53U oo 5l oolizul b alssg, by JUS )3
VN (VY)Y cCuws oo 5 e wdigo

ok ot 9 s (WAY) p (3ade ST 5 p (s s
el Sypden gl &k 5l eslizl b a8 Wy,
SV-¥0 (VA
Wy, ol Gaohn 2 B lab e Shogd]

3t (W) G enjb g b cSgmpe g (255 p oSl
ok I, o sl &yl laasls o bl
5 bl ntige a00lsS Soj sl plido > (sl
RAVLVERLY )
Siaben hgy Ko ) el b apdl Slej slacsye
A=Y ‘(Y)\ “."J)Jj} L.g_u‘}/ug/

Sloj Sy (o) g csgpmd g ep o dsx wp (SHp O
Ol 153)90 Adlllas) (Sojglgrhen — (wlitlyy Jlusias
NN (V)Y SE g o g o g (ol o (S

MLM .(\Y‘R\C) < ‘.)l‘};.‘\.o.m 9 «Z ‘L;[Lb) [N ‘éij).g d)L?
I3 BBy ol Sbogdl 5 oid lojl b (sl
5 o bl slo gy ilise Gloj ol » sl
AV-IYD (BIYY (B



FY BTV Obio AFe) Jlo o) o)lond ¥ 0,95 /S 5 O Co e g (53lwdite o ol /o], 00 9 3L, y

Refernces

ABarbanel, H.D., Brown, R., Sidorowich, JJ., &
Tsimring, L.S. (1993). The analysis of
observed chaotic data in physical systems.
Reviews of Modern Physics, 65(4), 1331.

Adab, F., Karami, H., Mousavi, S., & Farzin, S.
(2018). Application of Chaos theory in
modeling and analysis of river discharge under
different time scales (Case Study: Karun
River).  Physical  Geography  Research
Quarterly, 50(3), 443-457 (in Persian).

Alami, M., & Malekani, L. (2013). Phase space
reconstruction and fractal dimension using of
lag time and embedding dimension. Journal of
Civil  and Environmental Engineering,
43.1(70), 15-21 (in Persian).

Anishosseini, M., & Zakermoshfegh, M. (2015).
Comparison between phase space-based local
chaotic models for river flow forecasting.
IQBQ; 15(3), 13-24 (in Persian).

Anishosseini, M., & Zakermoshfegh, M. (2013).
Analysis and prediction of the Kashkan river
flow using chaos theory. Journal of
Hydraulics, 8(3), 45-61 (in Persian).

Boustani, M., Karami, H., Mousavi, S., & Farzin, S.
(2019). Relationship between chaos theory
indicators in monitoring of river flow at short-
term time scales. Irrigation and Water
Engineering, 9(4), 98-116 (in Persian).

Damle, C., & Yalcin, A. (2007). Flood prediction
using time series data mining. Journal of
Hydrology, 333, 305-316.

Elshorbagy, A., Simonovic, S.P.,, & Panu, U.S.
(2002). Estimation of missing streamflow data
using principles of chaos theory. Journal of
Hydrology, 255(1-4), 123-133.

Embrechts, M. (1994). Basic concepts of nonlinear
dynamics and chaos theory. Trading on the
Edge: Neural, Genetic, and Fuzzy Systems for
Chaotic Financial Markets, Wiley, New York,
265-279.

Eslami, A., Ghahraman, B., Ziaee, A., & Eslami, P.
(2016). Effect of Noise reduction in nonlinear
dynamic analysis of maximum daily
temperature series in Kerman station. Iran-
Water Resources Research, 12(1), 171-185 (in
Persian).

Farzin, S., Hajiabadi, R., & Ahmadi, M. (2017).
Application of chaos theory and artificial
neural networks to evaluate evaporation from
lake's water surface. Water and Soil, 31(1), 61-
74 (in Persian).

Farzin, S., Hosseini, Kh., Karami, H., & Mousavi S.
(2017). Analysis of time series in hydrological
processes using chaos theory (Case study:
Monthly rainfall of Urmia lake). Civil
Engineering Journal, 17(2), 213-223 (in
Persian).

Ghaheri, A., Ghorbani, M.A., Delafrouz, H., &
Malekani, L. (2012). Evaluation of river flow

using turbulence theory, Iranian Journal of
Water Research, 6(10), 177-186 (in Persian).

Ghorbani, M.A., Kisi, O., & Aalinezhad, M., (2010).
A probe into the chaotic nature of daily
streamflow time series by correlation
dimension and largest Lyapunov methods.
Applied Mathematical Modelling, 34(12),
4050-4057.

Hassanzadeh, Y., Aalami, M., Farzin, S.,
Sheikholeslami, S., & Hassanzadeh, E. (2012).
Study of Chaotic Nature of daily water level
fluctuations in Urmia lake. Journal of Civil and
Environmental Engineering, 42.1(66), 9-20 (in
Persian).

Hurst, H.E. (1951). Long-term storage capacity of
reservoirs. Transactions of the American
Society of Civil Engineers, 116, 770-808.

Jabbari  Gharabgh, S., Rezaie, H., &
Mohammadnezhad, B. (2016). Comparison of
reconstructed phase space and chaotic behavior
of Nazloochay river flow at different temporal
scales. Journal of Water and Soil
Conservation, 22(5), 135-151 (in Persian).

Janbozorgi, M., Hanifepour, M., & Khosravi, H.
(2021). Temporal changes in meteorological-
hydrological drought (Case study: Guilan
Province). Water and Soil Management and
Modelling, 1(2), 1-14 (in Persian).

Jones, C.L., Lonergan, G.T., & Mainwaring, D.E.
(1996). Wavelet packet computation of the
Hurst exponent. Journal of Physics A:
Mathematical and General, 29(10), 2509.

Kantz, H., & Schreiber, T. (1997). Nonlinear Time
Series Analysis. Cambridge University Press,
369 pages.

Kennel, N., & Brown, R. (1992). Determining
embedding dimension for phase space
reconstruction using a geometrical
construction. Physica Review A, 45(6), 3403-
3411.

Khan, S., Ganguly, A.R., & Saigal, S. (2005).
Detection and predictive modeling of chaos in
finite hydrological time series. Nonlinear
Processes in Geophysics, 12(1), 41-53.

Kocak, K., Bali, A.,, & Bektasoglu, B. (2007).
Prediction of monthly flows by using chaotic
approach. International Congress on river Basin
Management. Antalya, Turkey. Pp. 553-559.

Lange, H. (1999). Time series analysis of ecosystem
variables  with ~ complexity = measures.
Interantional Journal of Complex Systems, 250,
1-9.

Moradizadeh Kermani, F., Ghorbani, M. A,
Dinpashoh, Y., & Farsadizadeh, D. (2013).
Predicting model of river Stream flow based on
chaotic phase space reconstruction. Water and
Soil Science, 22(4), 1-16 (in Persian).

Moshiri, S. (2002). A review on chaos and its
applications in economic. Iranian Journal of
Economic Research, 4(12), 29-68 (in Persian).



¥y

gl (65985 31 03l s 39 s W59, Walo by 2 el

Mousavi, S., Boustani, M., Karami, H., & Farzin, S.
(2018). Analysis of river parameters using

chaos-theory based indices (Case study:
Zayandehrud  river  flow). Iran-Water
Resources Research, 14(4), 253-256 (in

Persian).

Ng, W.W., Panu, U.S., & Lennox, W.C. (2007).
Chaos based analytical techniques for daily
extreme hydrological observations. Journal of
Hydrology, 342(1-2), 17-41.

Pari Zanganeh, M., Ataee, M., & Moalam, P. (2009).
Reconstruct the chaotic time series space using
an intelligent method. Electronic Journal and
Power, 1(2), 3-10 (in Persian).

Regonda, S.K., Sivakumar, B., & Jain A. (2004).
Temporal scaling in river flow: can it be
chaotic? Hydrological Sciences Journal- des
Sciences Hydrologiques, 49(3), 373-385.

Rezaei, H., & Jabbari Gharabagh, S. (2017). Noise
reduction effect on chaotic analysis of
Nazluchay river flow. Water and Soil Science,
27(3), 239-250 (in Persian).

Rosenstein, M.T., Collins, J.J., & De Luca, C.J.
(1993). A practical method for calculating
largest Lyapunov exponents from small data
sets. Physica D: Nonlinear Phenomena, 65(1-2),
117-134.

Scott, D.W. (1992). Multivariable density
estimation: Theory, practice, and visualization.
Wiley, New York, 336 pages.

Shannon, C.E. (1948). A Mathematical theory of
communication. Bell ~ System  Technical
Journal, 27(3), 379-423.

Sivakumar, B., & Berndtsson, R. (2010). Advances in
data-based approaches for hydrologic modeling
and forecasting. World Scientific, Singapore, 441
pages.

Sivakumar, B. (2001). Rainfall dynamics at different
temporal scales: A chaotic perspective.
Hydrology and Earth System Sciences, 5(4),
645-652.

Takens F. (1981) Detecting strange attractors in
turbulence. Pp. 366-381, In: Rand D., Young
LS. (eds), Dynamical Systems and
Turbulence, Warwick 1980, Lecture Notes in
Mathematics, vol 898. Springer, Berlin,
Heidelberg.

Thomas, M. Cover., J.,, & Thomas, A. (1991).
Elements of Information Theory. John Wiley &
Sons, Inc, New York, 776 pages.

Wolf, A., Swift, J.B., Swinney, H.L., & Vastano,
J.A. (1985). Determining Lyapunov exponents
from a time series. Physica D: nonlinear
phenomena, 16(3), 285-317.

Zounemat Kermani, M., & Amirkhani, K. (2015).
Determining of dynamic parameters of strong
breeze and significant wave using chaos theory
(Case study: Asaluyeh port). Iranian Journal of
Marine Science and Technology, 19(73), 37-45
(in Persian).



