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ARTICLE INFO ABSTRACT

Avrticle history: Air temperature is considered as one of the most important criteria for detecting fluctuations or
Received: 08 May 2023; changes in the climate system, which appears as a fractal phenomenon by adopting a self-similar
Accepted: 19 September structure in multiple time scales; Therefore, the temperature signal has a complex and non-linear
2023 structure that shows a very complex behavior in different time. In this study, the dynamic nature of
Auvailable online 06 daily temperature time series (1401-1329) of Khorramabad synoptic station was identified using
December 2023 Hurst scale-range analysis (R/S) and detrended fluctuation analysis (DFAZ2). The results of (R/S)

show that there are sinusoidal fluctuations with annual and seasonal scales in the time series of air
temperature. Also, three points of cross in the signal of temperature fluctuations were identified, and
these fluctuations have different trends and structures around these points. On the other hand, the

Keywords: DFAZ2 results revealed that the scale profile and time series correlation have been changed due to
Air Temperature, Non- seasonal trends. In this regard, the seasonal detrending of the data revealed that the fluctuation
Static, Hurst exponent, function increases proportionally with the increase of the time scale, which indicates the fractal
Fluctuation. nature of the temperature signal. Also, the Hurst exponent was obtained as 0.77, which indicates the

existence of correlation and long-term memory in the daily air temperature signal of Khorramabad.

1. Introduction In this study, the daily temperature data of
The state of climate prevails through various Khorramabad synoptic station with time coverage
physical processes, each of these processes have of 1401-1329 were used. In order to identify the

very large fluctuations in different time-space
scales, in this case, climate shows a hierarchy of
structures (Lin & Fu, 2008). Air temperature,

nature of dynamic behavior and the presence of
long-term correlations in this time series, Hurst's

which is considered as a physical variable for range-scale approach (R/S) and detrended
measuring the warmth and coldness of the air fluctuation analysis (DFA) were used.

(Jiang et al., 2015), is also considered as the most

important indicator of fluctuations or changes in 3. Results

the climate system (da Silva et al., 2020; Folland et By considering the median base of 13140 days and
al., 2001; Hasselmann, 1993; Hegerl et al., 2006) incremental steps of 10 days, 1317 daily time series

which appears as a fractal phenomenon by

. o . ; . n) of air temperature were produced. Then b
adopting a self-similar structure in multiple time () P P y

scales (Lin & Fu, 2008). calculating th_e mean and stan_dard deviation (S) _of
these sub-series and subtracting each of the daily
2. Methodology data of these sub-series from the average of that
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sub-series, their cumulative signals were created.
Finally, the ratio of the range of changes (R) of
each of the 1317 cumulative signals to the standard
deviation (S) of the initial data of these 1317-time
series was calculated by fitting the natural
logarithm (R/S) against the natural logarithm of the
statistical period of these subseries. Hurst and the
dynamic nature of temperature time series was
identified. Two intersection points that indicate the
change in the behavior of the fluctuation function
with respect to the time scale were identified. The
slope and the dynamic pattern of the distribution
curve are changed before and after these
intersection points. In another step, under the
DFA2 approach, it was performed on the
temperature signal. The distribution of the
fluctuation function obtained from DFA2 against
different time scales shows that the amount of
fluctuation increases as the scale of the time series
increases. After all, the change rate of the
fluctuation function in different time scales is not
the same and shows the multi-scale mode. Also, the
result of DFA2 on this seasonally detrended signal
determined that the fluctuation function increases
with the increase of the time scale. In this regard,
the Hurst exponent was obtained as 0.77.

4. Discussion

Intersection points in the Hurst diagram occurs due
to changes in signal correlation characteristics in
different time scales (Movahed et al., 2006). As
these points of intersection indicate the scale
behavior of a very complex time series whose
different parts have different scale profiles? On the
other hand, these intersection points can be caused
by the effects of instabilities with parabolic,
sinusoidal and power law trends on the scaling
behavior of long-term signal correlations (Chen et
al., 2007; Chen et al., 2002; Hu et al., 2001).
Similar to the studies of (Eichner et al., 2008; Lin
& Fu, 2008; Rybski et al., 2008; Yuan et al., 2010),
seasonal trends were removed from the
temperature  signal. Discussion.  Fluctuation
function increases with the increase of the time
scale implies the fractal property of the temperature
time series, because the existence of an ascending
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power relationship between the fluctuations and the
time scale is the most important identifier for
determining the fractal nature. It is considered a
time series (Kantelhardt et al., 2001). The Hurst
exponent was obtained in result indicates the
existence of correlation and long-term memory in
the daily temperature time series of Khorramabad
synoptic station.

5. Conclusion
The time series of air temperature of Khorramabad

synoptic station was investigated and analyzed
using R/S and DFA methods. The results of the
application of the R/S method showed that this
signal has severe instability due to the presence of
annual and seasonal parabolic and sinusoidal
trends, which have caused the complexity of the
temperature signal; While identifying important
angles of the temperature signal, this approach is
unable to meaningfully calculate the long-term
correlation and memory of this signal due to the
complex instabilities of the temperature time
series, and perhaps the correlation obtained from
this method is false. On the other hand, the results
of DFA2 also showed two points of intersection in
the temperature signal that the correlation profile
has changed around these points and in other
words, the scale behavior of the temperature signal
has changed in different scales. In this regard, by
removing the seasonal trends, it was found that the
change in the correlation and the change in the
scaling behavior of the fluctuations was not due to
the inherent and natural fluctuations of the
temperature signal. It should be noted that the
results of this study contain the important point that
despite the difference in the accuracy of the results
of the mentioned methods, each of these methods
is able to clarify angles from the temperature
signal, which contain important information about
the structure are the dynamics of the time series of
temperature.

Acknowledgments

The present research is the result of the scientific
activity of the author.



XE AR 50k 10 aly) s o)l el Sl

P
A

TVAV-YPY0 1 s S sble
Shead S bl Sl ae Slallae aalilas

htto://www.aosma.lu.ac.ir

;,\;_.J.hlf;ul:

e I’ e

SLTp 33 Sy ghaww oLt 439y S0 Slo ) (5w (SSwolisd Culo g LSl
" ola g e
Ol T o el 3 o8liils ¢ GLudl pshe 5 Slosl outSKails Wbl i 05,5 owlitlsn 5 OT skl ™
Ao X! (KW Y3
Wlie Sl s Cgum 50 a8l 00 3 13 Oilpti b Blw o pasuds 7 5 Lo o oo 1 (SO lgie 4 1g2 glod
VELY/C YA S 8 by G O gm0 @ dilflis Sloj sl il 40 Al diieodgd g, Ualow M1 L oS 39— 0
(6 sl JUB, a5 0399 410,95 5 S € g By LA L SO 51 Led JUK—w (1!l f3g—ui 0 3L Led
VLY $/XA Slod Gl g —w (Saold Codlo canllan (15 a3 0 Ll Clideo Sloj W38 31, (oloawswy

S oy 56

ALER VAL VAT

1glS 083l
wles s lU o gn (gles

Ol g (o

5 (RIS) Cow y ywlille — diold Julos 1 83l b 3Ll s Sty gianw 8ung! (V€4 1-1FYR) ails,
& a3 o L5 (RIS) jl Joo b gl ad glw s (DFA2) aids abjudgy sbale o Julos
Al dus (onod 4315 3929 Igd (o3 (Floj Sy 53 had g AVl Gl polido b cwgiw gl
g gy 5 B ol y9olpmt 55 B ylowg (1] 8 wiamd (gl Lo byl JUkamuw 4> ablis
S (Swmsod g (oo lod &5 3,5 (asuiio DFAZ gl (g j1 513,98 12 (JFglike (sl Ls Lw
Lodld had aldjaigy sogas cpl 4 . lbaws gl (gddiw 3 lad saig, 3539 cumw & Sboj
2 YD S158 (pl o5 WS o0 i GRIFN (Sloj (el 1A L o Wi (lw 6§ @G &5 3,5 pasuidin
3939 9 CIYS aF Mol Gy + /WYY o dy Gy dlod o 5,10 bod JUKmw JUS 58 Colo

5,15 310 3 (glad slod &iljg, JUSKuw 53 enilsy alidls g ( Simod

53 (Orun & Kogak,

PRV

i B 6 S5 slapslh gl Gl Sy sla e
sl S Ls e T 51 S« (Eichner et al., 2003)
Charney &) cwl Jlan glabls b o en 55
5SS head b slale Slej sl wlie 55 (DeVore, 1979
Wl 8- a5 &S Col gy Olug oy o St 5
NE o A6 e s g 2B sk 4 S 28 . S0

5 o) s Sl Lasise &Sl (Bunde et al., 2001)

s e G SUE Sgs eyl p b Sl ol s
2 Sz s ol 5l anlp ol 5l plaS
Sy ol 3348 Wyl Calibes Sl Slej sla eLis
Lin & FU, ) das e 0185 15 bbb 51 ol abeds o)
Sed= 53 Ien Caady i Gl Jseme by wlie (2008
3 o i S5 5l 0 8 s 60 ST o el i

cbslle glais ¢ PN o &y Cands pl s e )

1 s ok 657
(embla e o) MIrNasheMLN@IUAC.IT oy g &S5 2 oy

D) Yoslod coslgr Jlo . Slan 587 3blio Ul Soldlllas anldlad LT 5 oS s ) 1355 slos Sloj 6 (Seolys onle 5 5Ll (VP4 Y) das o als oo 1llia 4y 3Lzl o oo

d Do0i:10.52547/gsma.4.3.21

N-YF e



ol
(oobie S Shs o3 5 ekl (gla Sten i
Lsls @11 i 53 ol 5 Ly 3925 Sy g0 45 o
3550 g (owlie wles el (63 i (oS il 505 o
o AL sy ol AS e @l (Seer Do pas
3 ol Doy Sla Sen 5 IS5 lie Slos gt
hasanvand et al., ) i)l Opmen 5lilsn (la i

2022; Jiang et al., 2017; Kantelhardt et al., 2006;
45y, 0L (Mirhashemi & Yarahmadi, 2021

Hekmatzadeh et al., 2020; Livina et al., 2011;)
(Chen et al., 2007) i o «Matsoukas et al., 2000

Bunde et al., 2001; Jiang et al., 2015:; ) 48 k>

Kalamaras et al., 2019; Koscielny-Bunde et al.,
b, L, (1996; Rybski et al., 2008; Yuan et al., 2010

ROW
5ol Ly S8 531 s & 35 4 a5 L
o oy 5 b pais by s 7 65T s
ST o ISz b g5 San Gl 55 < e
S35 313 g LB Sl 5L ¢ (STU ) ety s oo
2 paie gl S GbOleg pmes 5 OT LB, L
O a gl e Ol Osline Sl gla elis
Sl anlllan pl bl 5 sl s Sl bl
o] gy bos Gloj g SOy Sales 5 oale
2 Sdasttly Gl Kion 525 51 AT sLTe 5 oS s

e JCIYR
ool 61355 slos slaesls 51 SEass opl & dla s 5 skite &
S oslizal VPNV Sl ndy b osbTe 5 oS s
Sl (Soen 3575 5 (Sorlys JB Coale lols S
oo pliie = aals 38505 ) Sl onl 5> Skekih
A& oslizul (DFA) sdss 513545, sboles s 5 (R/S)

Wl 5 s S ol bl e

VET 0 (10 ole) pom sled sl Jlo e s Gblio Uil ke Clalllae dsbdund

Y¥

4 ooy e G Olgie 4 iz GBI OT 3 &8 gladnl b
oo b lodony Slew loely Sl bl 3 ol gy Jled
Sl S5l L E ol S a0 S
ol s (G Sl Sl plde I ke 5> gL
sl (Kalamarasetal., 2019) Cul edomy sla 28 Wl
5t B e Sl (5 e & Ol gie 4 88 (sl sl
Olse a (Jiang et al., 2015) 55, 00 Jled 4 158 (65
g b ol oles 53 Dl L O aulis o g
da Silva et al., 2020; Folland et al., 2001; ) s & .
351 L «S(Hasselmann, 1993; Hegerl et al., 2006
Sygo 4 B diz Sl sl ulis ) alizes o (gl
Sobe & (LIN & FU, 2008) s 45 oo 0Ll JIS 5ol y &
G e 3151 AL s glos Gloj (6 m (Saalus lisla
ol el Calises Sl gla alie 55 oS Sl S slize
S 035 4lay 5 g st b 5 ko Sl &l Les S
s o QLS Caliee Sloy sla3dl s 1)y glodomy Hlaw 3,
BT Gy e ads gla Sasen Slalis L5 laans 5o
el 45 S 515 Slgl a3 90 oo 6K LS,
S L (HUISE, 1951) o L s sl 5 o s ol 53
b Cwn b 5 ud 1) Jo abag, 0L ¢ wlide - ausls
T S R e P
Gl 5> (JUS 5 b, Lged ol Olsie & S pp S
Wasdlas 51 (g b acdl (Feder, 2013) Colodds a5 dy Sl
3Ky s Sy o 53 Lo 23 S5 5y 3 5,187 45 Wlosls LS
L el (5wl e e (Gl s
« (Bhattacharya et al., 1983; Mesa & Poveda, 1993)
b 3 Doty Soar &K Sl (S s ol (Sl
Gladis, SU Cov & Slaasl Sl sl w sy
Bhattacharya et al., 1983; ) was olas cyls 5l 3 sl 25

Peng et al., ) cdisl syl e, (Hu et al.,, 2001

Ls‘j b (DFA) GM&‘J)b‘J)J 6L&QL~}J &}:.l?ﬁ J:’)) (1994



VFY 52k 08 (gl p esled cpler Jl Slian S Gbl (Ut lollas aullcd
gSﬂOJﬁ(\j)dj‘ OLES (s /0 5l j2aS 5 Cuie S o Slas
Syl Gl
o (919 39y s ylwgd Sl Y-Y
Sl s 3 pe Sdadkil (sla Soaner Coanl o) 4
Sy Ul alie gladul b ol Ll o atlisle
5 e G e b s e eyl
Lsdie lodd e Sler LS by & Gy,
slesls o1 5l «(Kurnaz, 2004; Orun & Kogak, 2009)
S o ol i g G G135 ol g laodyoy Sloj (5
ot SUEL k5 ladigy ad ol S G b 1 Sl
Cond 5L altee ) > sk 4 (Fan et al., 2013) wiles
o s I g o Gl (6 S5 5o kIl Ol 31 S
S gy ESlatm Hsb 4 Sl 3B DFA 25, Sl
Kantelhardt et al., ) s Codo 1 oIl b ol o Slej
4314 «2001; Peng et al., 1995; Telesca et al., 2005
s s Glo (5 (Sat wlad aralons g (sikay o6
A oslinl ) b 4 edd gl35 g, GOl s o g,
Sy s ool &3y los Glj G S K s L
s dsbiN) k=12, N & X(K) 1,50 4 5LTp =
W23 8 ool 5 o 4 o w53 DFA (sl 1 (s Sl
s\b_l‘)j\a;@Wh:@bjdﬂﬁdgtﬁ\M:J)\r\f
el Xy Sle5 g wf“‘“<x> S Y() Fros ospon?

Y(i)=zi:(xk—<x>),i=1,...,N )
k=1

Ny =int(N/S) slase Y(I) g wds ip3s oS
S ol 4 ke Il ol a S Ol paal S 5
Al Vol 5 )8 L &S Sle) (6w wlis IS dzea
Oslize (sla e b IS5 FY @ Los WS 3 icnly
A s

i i;+0.229 i,+0.229 i,4+0.229
S, =|Sl,847%, 8510, S0 ],

i=(3.322),S,, =2 V)

Yo

asla e

(R/S) w g wliiio mm 4i0fd yvg 9 o\ —Y

Il X =Xp, Xy ooy X Ll ail g, o Sloj (6w 3531 L
A5 dle i) el 5l eslanal b Laesls wlie

Z, =(X, =X, ) k =1,2,...,n )

S b be X ilay les Hltie Xy calasly ol 55 oS
Sy ol o 53l 0l Jbo 5 Gles Hldde Z) 5 Les e
i

Y, =>7Z,

k=1
Yo m Y Sldie o 2T ol i Z o 800e Sol 4 b

S dalgs ol podd o aels Cpl oLy 63 g Al 4o o)l sen

)

L

R, =max(Y,,..,Y,)-min(Y .Y ) ®
b 56855 ol sen 0T it il i Y 5Kk &7 slonsT )
85 al s Jio Golun b 5SS 0T waS 5 o (5 5ls
oolatul b S pp sl s 8 dder ol S aals ol Lo

35 o ) F daly HLT s Cavss 0l )

(Ej =an" (f)
S Js

acb.;l»)' Lsfw)E&AJ‘ﬁ\S‘Q\ﬁ:ﬁ u‘:RMJaJ.l) Qf.‘)"“s
‘)@‘Ju{\@‘wﬁ&bH}uaMw.\‘MncgubJﬁ

5,5 L0 aaly & s Ol 5 00

Iog(gj =loga+H log(n) ©®)

sl dog(n) e 530 sl s oy bl 1 53
Glod Sldie ST n laasl s 35T, S
05 SV ey Jatas dnl 3 ¢y ol DLl S jp
b olselss Sles s S5 2 38 LIE N 5 0 o S
s wsa ol S a0 SIYs St Sl Keenes

BNy 55wl 55 Sl g m o b bl odiasOlis



Sl

5 FSV) 5 ols o S5 056 daly 08 ol 55
GOl s JIS 35 How Gk 5SSl gl e
3 asd o ekl H G ja aled 457 Us (o a5 0ds 15509,
Sl S Sdadily Gladig) 5 glwll b oo g
S Aab sl sy Lo dl..i:.» 03 b loygs gladiyg,
K3 A 31 ek p8 Cod _uad sladig) ol 5,405 Soyg 00
$l3ay sl slos Gloj (g pm 3 uad sladin, & ddaly s 870
DFA 255 2555 Olge & dols Glej (g 5 Lld ol
Ao eslaad alyey by Sdedds ;LM dnls Cog
Kantelhardt et al., 2006; Koscielny-Bunde et al., )

(1996

@A)

(M) T
d)i Tu_Tu
Ia slos ail3a,y S0ke T; ailsa,y slos iie Ti:8 dayly 5

.bbu.:.nﬂ\bj‘,ﬁé)lﬁTc)jﬁJ;Gﬁ‘}a'j})ﬁ‘_s‘ﬂ

Al 8 90 09 guno (9 g0 o) LY
) 4 50 (gr o gumen Ol I Ol S 50 Olgie 4 5LT o
539 5 Ol 3 sk YADOR Camars b Dl
YV 54 oY 5 5,5 Jsb aids ¥ g ax 500 U aidsd)

el a3 8 515 b o e aiSs VY gax )3 YF L aids

250000 330000

g
g_

CQ wrrsomans
DEM
o High : 3627

3680000

55995
B ow: 584

210000 250000 330000

T
3760000

T
3720000

T
3680000

VEY 50l (V0 wle) pow ojlads pyle Jlo 5‘:;“95 éblfw ‘5‘_@,)’». Ol dolbiad

S Azed Lo el Sloj (6 m o3Il S (gla e oY bl o
LYL il g by wlie o led odadilis (sde) ol ol
5 b Gl G e el Dl 5 e O jme e 895
9 Sl Y osde byl oyl sen casly ldis 45T Llodd denloee
I P g 4 e e 13 s BT ) 50 4 48T Ol 5 1k
Il ok Il edalli Sole 4 oS AS b Iy
SB35 ) bie sl o3Il pl fol o) (sla s
o (IT) omess Ol Slae 5 §) —> 2% =10 L
() b ()
cwt  it=i, P=i1+0.229, i°=i°+0.229

Oy LY [’

o b eay ol e a8 Sl sl elis amzys Llede
Yl 028 s 4 LT cileds 5 15 kol
Mirhashemi & ) cul JES 5 5, canlio &7 Llos S Iy

(Yarahmadi, 202
SN G 5 51 S ome 55 dalone o g o8
(Gl V 2o 53 B3l b)Y, Ola e oo 351 5 b
(s latisy ol 5l bsosls S L o&KT 5 Slej slacs @
F2(S,V) o Ol aalsl o 5 b 155050, Y (0) &m0

e Aty Sl ostieal L V=100 NG s

2

S

\FeY coa\j)& Z@cd&a:)ra))md@|ﬁ?¢:ﬁy.\ Jgaf:

A4



VEY b €00 4le) oo elad cpler Tl gt sS Gblia L8l o lalas aalioad

ol il 4y e JEK VY 1S a (R) ol i
L dlome Sl (6w WY ol adgl (glaosls (S) Slae
b ﬁ)@ Flas 53 (RIS) (ke v—’w@ sk
Coale 5 S s wla s ol oL 093 Jsb
Gl KSords glals b b g ,m Solus
los Gl g (S RIS & plaws gz 05057 ()
s Syl Y S s lTp 5 oSCa g oSyl 4l
Sl S sl Sy S5 ol ) Sl o
S sl VRS Il 4 RIS sae Gy, VWP
WA sue r:;_,li&;?/ﬂ Loyl sde wﬁbﬁ,@
odal s abas gl sde 53 ol .l Q/FAL 4l 55,
Llodds jaseia 55 Y K 534S Lo seT opl sl > )
ssbieay s Glj 6 WP Gl s
Y USE 5 0T 4 a5 i ol 5 Ll e sliws
£ S5 i o da il o Wbl b 53 .o 0. 1)

asla e

b Gos Jld 1 cOlhes Olal U Go Jled 51 Oleal 2l
o Sheelisle ST Okul b o b Sl S e Ol
w3 Jovlgr Okl b 5,5 oy 51 Ol o Okl b
() JK8) Sl e Olgio! Slinl b 55 51 5 (g les
o) S 00 @S PN Colae LolT 5 el
Olsie 4 b3 5 Ok S Slien 3 3413 L1 3 Ol
295 o ol 4 T o (SIS 5 5 anlis (o rage
(O )

o g g R sadl Y

Slo wly 6,8 5 55 b cardllan ol a0 J5 55k o
Sbd G YWY Gad e el 8 le“',) VAP
3 ks dloe b s ok A 5 8 sles (N) 4135,
NS a8 5 g 25 0l (S) slas Sl
(S 5 OT 5Kbe 51 s o ol 4155, slaesls

wals o (g 3 sl T rens b LK

3000 | IR—6624.7
4000

R/5=749.6

3000

2000

1000

-1000 JVVU

-2000

-3000

0 1500 3000 4500 6000

7500 9000 10500 12000 13500

I —X(k)

— YK

O Min (Y) |

MY (K) o8e 5t ol ot X (K) 01888 655 0l (Glo (80 S ol (61850 o2 i 6l 51 (b Y JS
VY o500 Y (K) O s atels 5 s wieS” o 5 4 RANGE , Max (Y) Min (Y) X (K) neaw

\wafgs;““";ja’fjjﬁdj‘d‘%@‘°uﬁ‘

e ST (S~ BY) 55, YFOFF 5 (JLu~ FV) 5,

Sz S 5 b g ¢SS I S Sl

g bl DUl 3 ey 5 5 55 2T e



odla e

Ol et D plite $Salys 51 0L pps S g lieS 5
Sl e G151 4 S S ol slos a0lay
53 b bls i S o cpl 5 (0 JK) syl
ol 3 U8 oS 55ls s S ol s ogline ¢Sl
5 b3 Olug b o (Il Sl daly (bl i
e Gl S o5k 4 sl sy Sl pelds
P S e b (B Ly, boles R Gl
Ao oo Ol 35 Ol s opl o 55 JK8) S
5)\53}?}&&:‘,13)@\):4»&9@};,»45-)%45
ey o S LB G el ¢ Gloj e 51531 L oS
Lg) ol by &S oo My PalS 4 ol (oee 487
MJ\M.@\@wabﬁjou,scugf
Sl S5 056 ey o gles Ol 5,8 ) bl
O s sy Gl plie 5 bed Oleg mb o
Sl G 3l e ol JES ol S sl
Oy Cpimman (Y JKE) G 415, gles slaesls
WVl o 3148 Wyls 34y Wl ol 53 o g
o Gl S ples Sl it Sl Al 5
e 4 S A s glaet a Glls Olug
o e Slaas o I 1s Dy g 0 S aled denloes
e Sl (st 5 B o 7855y Sl 5 ol
Gy T S rtf Ll U1 ol Hlsy e 5 4Vl
Olog @b dmlous b g b 25 Waosls g g &5 1
s b )& i 5 0T (b 02,80 (251
35 RS g ol gy A JSE) 5 Sl
gur_'g;!ow‘afw@lgu;cbm;ﬁ);\,

& Sl (S 1S i 3513 (Sed w5 5 ol

VY 5l 00 (b)) pow o3lod pylez Jlo ¢ Sl Bblio (2 bdlia Olallae dolidbad

YA

e o a3 Azas TRV 5 VWY gladle
\vwmv&;”;\@,‘idﬂgwwy‘puﬁtﬁ
S5 e S S s Sl 6 sy ol
(b oy (I LaS Cop ol a Sl Gl
ol 05 (F USE) w8 e iy il 55 s Ol g It
s odalie (o> 055 Gl 02 (e e (o s
5 Ols a0 Sl5 daly b Sus S g
oo 2l 93 Sl ol K s o) like
Sl 35 BB o> w35 ol S5 03 55 ablis b
A ol 5l o les GOle g (Salys s guast oS
Gl g @i d& cpl 51wl OT 51 8 51 & slise s
Llsy 5 it g 4 G Sl oled 255 !
s 35 g0 pasia O 2S5 5 Glulir b oS
oot ol ply Sl SV (g (S ) Sl
S rlie 4 o Los GOl g polis o153l L
o ST 53 Jolt VLo a5 2 b g (sla SU1 Lol
L5133 5 b Dl 5 S 3 o 42087 5 a2
95 ol Ol il G Sl wlas il LS
Lo e (5wl aiiy 135 o 42lS o n 25|
Foolass 53 bas it (solowial atiey 5 3130 3 )3
b (e g Cte (e ()lmial il das e
S5 b g Sl Amie Gl) Cogasyl 5 OLT o
05 ke dbd 95 Sy gwsiw laat oz pl o ey
Cl plalis LB e o ol Sl 5 oo gladl
s SNl 2 53 21, o aB L
cabae LU ol ool 0dd ok Jamte dbal opl O gal o
G S e 2505k ) bes Gl e ik Dl
s Jab 4 b I s Oleg i Sl ke

ol Q)L&LA



VY Sl 08 ghy) p e sl coler JLo o tn o8 Glokia Ll i oalllas aalilad

7.1

7
6.9
6.8
6.7

Ln (R/S)
Ln (R/S)

6.6

6.5

9.4 9.6 9.7 9.8

Ln (n)

asla e

7.1

7
6.9
6.8
6.7
6.6

6.5

9.6 9.8 10 10.2

Ln (n)

9.4

6 ol 6 KILN(N) Jlan 35 LN(R/S) L2875 s us ¥ IS8 s 50 LN(N) filie 53 LN(R/S) L2871, JS7 s g5 ¥ S8

& . (& oo oo e
VFY e, 56 o ul.!T(J» a&:».:‘ &l39y slbes stb)

7.03

7.01
— o~
78 78]
@ 6.99 @
= 607 -
6.95
9.7 0.8 9.9 10 101 102
Ln (n)

VEY o155 e 3T oKl 405 slod

7.08
7.04
7
6.96
6.92
9.7 9.8 9.9 10 101 102
Ln (n)

S S st pisw LN(N) Jlis 43 LN(R/S) [2sT, hs pos £ JS2 £33 5 LNn(n) ptie 55 LN(R/S) L2871,5 s pes & JK2

. é. - é. of o o .
\VFoY ba_\;l«&it_.;s c:lfT(j» a‘S‘.’.ud &l b &b) S 2

(& . é. of o | .
\Fo¥ ;o_\.vjlfv Cw: ‘bL_Tff A\S‘.'.mﬂcb‘,) 6‘.#.\ dlﬁ) S

7.1 7.06
7 7.04
6.9 7.02
g 6.8 § 7
< 67 = 698

— —

6.6 6.96
6.5 6.94

9.3 9.5 9.7 2.9 10.1 103 10.1 10.12 10.14 10.16 10.18

Ln (n) Ln (n)

sl Glaj g Ln(n) Jilde 5o LN(R/S) LaS1,5 1340 A JSe
VY ol e (G, Y8 B L abTe s RCOMPHITY

bl by g m olsjls, 5l & DFA2 13
23T Sl sl Anl 5 cll Sls, 2 p

el

AR

0, o c.)lfT(ﬁ alf:...aj wljey sbes Gl (s £2? Ls‘,iﬂ

\E Y

AVl wlie 5l e y e o clakis) sy

3L s o 5 by il besls Sl (s w



odla e

3,58 53 &S Gosb 4 Sl joses pl 5 Jsene
JIU@G?JL:;Af..U)\::}q-jdbLES.bLEL:JL&DFA
Sl (51 grbibe a5 e o Cl ) (Bl LU
Ivanov et al., ) cul &sline (Calizes sla ulias )l

1999; lyengar et al., 1996; Kantelhardt et al.,
a Y gone Cw; adats 51 .(2001; Peng et al., 1995:

Sla e 53 S Seen Sl st 53 i o
(Movahed et al., 2006) w7 o ddy Sslize Sl
Sl G olitn 585y IV bl bl ol 4SSl
Slaales 51 0T Calsbes (gla zdw 457 3505 Slodtomy Hlaw
BB bl ol g Sl SSUE el
Sbadis; b ool gkl 85651 a6 Al5 e
sebie B » S5 056 Glakis) 5 (s s (o
Chen et al., ) wil LIS a Sl gls Siran

(2007; Chen et al., 2002; Hu et al., 2001

VY 50l (00 gla) pow o)led pylez Jlo o ludsS’ Bblo (Ld] pi Olalae dslilasd

&lajxjjqfﬁhchFA(wa,lfjlé
Agbazo et al., 2019; Bunde et al., ) ot L&
(DFAL) ks cloas o L DFA (ol 4 (2012:
Sl S 50 (DFA3) 86 5 (DFA2) (v e
5 o I DFA2 5 S5, S o bl e
Lk pl5 g, o g e D)o 4 S S 4 4
Sla e Jlie 55 DFAZ i ol Olu s b 25T,
il g e 4 Ol g 5lie 457 das oo LS Calidee S
ool 3 aS ey Sl (Sl slag e wlie
Sls Slabis 53 Oluy A KeaT wail
A3 o O ) pobdadior Sl 5 03 55 0L Calises
(K
s 25 dw kiS5 AbUE dlal 53 S (5)5b @
Olw g Gl: 03 Oglie wlie Glaales b dizus O glize

Sl Al 5 (SO calde 4la 0355 Sub L Lyls s

Log, (Fq)

h(2)=0.07

7

9 11 13 15

Log,(scal)

VEY o0 oo oK 61395 slos o3 ol Jlin )3 JS Ol g Slages & JSB

sl (Rybski et al., 2008; Yuan et al., 2010
3850 ool 3 les Gloj (s has slakiy, Ol
I ) 63,2 DFAZ 51 folo a5 5 o3liz

Sl ol Ll Ve K s b odd 135,

CJ‘.’.‘ L;)'Lul.\q-) okile ‘53\4 LgLéJd)) J._[Lw ol )}]&i.a e
32 los (L) (6 (reb- (515 SlaOlesi I agsles U
oo Los JU&K e 1 s (slakis, A adaly 5,87 L L

Eichner et al., 200; Lin & Fu, 2008; ) .Lus



VEY b €00 4le) oo elad cpler Tl gt sS Gblia L8l o lalas aalioad

wlad (o s ol (Kantelhardt et al., 2001)
sy 5l Ol &S T Sy WYl 4 S s
aligy slos Sloj (6w 53 Odedddy abasl> 4 ‘SMA

ol :\.Jrf'- ig::i‘,.:,w al.i:mi\

10

asla e

SRl B Gl plie RIBIL Olug ml Sl et
S S p ol e Gulp iy AS (o My
e S3sme Sl daly sy STl by S
Om Sl anlid o fage Ol e 4 Gloj el 5 Lallu s

s i a Gl s SIS e

S =1 Co D

Log, (Fq)

7

9 11 13 15

Log,(scal)

VEY o, :C;.ﬁ‘,t,Tps.atfm.uu|5,,6u>@ujuﬂt=a.&u,,,usou,;M.m@;;.u,,ﬂ;,.s.h IS

6 bl Loy JUK 31 age sbls) 05,5 Lot yeud
Ls Gl w257 50 odomn oIl 525 o
ol bl g Sdeddy  San lsline dculoes 4 436
ol 3 el Gy Saen Ly a5 o IS
55 DFA2 ji Jol> el e 3l O3S (i)
sl & sls ol 1y Ly JWw s bl b
G5 el Jamte BE ol Osel i 53 (Sisas
Caliee (sla s 55 s S ulde 18, J)le
Sladisy Ol b (ot opl 5o Ll 035 i
) i 5 (Soran 33 o A jaiie b
IS b 5 513 Ol 5 o & Ol 5 ulide
6}54&5%&‘@&4{@‘;54{(’)‘Y.C‘_~aﬂ‘d}}.§lﬁ)
B S8 03 Sslite 0 su S s g S5

Lhd'l',j) O'l‘ Bl C‘J{ﬁ ‘5‘5 coddsl A_Sl-“uj’jj Bl J...al;—

AR

L R
ol Cani s K Ks 53 lodiS s (15 | ga (sles
ot AU LB e ol men s OKG a
g5 5 @ir oo ol Gl 5 b pate ple
(Joily i dn (ST (Jow (JLSas (2L
3BT ol gl s glal Hlu s (ST
Sl s 53 e ol & la0leg (Soalys sl
cadllas ool 5.l ﬁ.a)\:m{ das oo Ol Sglize Sl
bosbTp s oS oSl lpn sbes Gbj s
ANB o 5 pusp 2,5 DFA SRIS (s 55, 58
) 4 s 0L RIS iy 5,08 5 Jols bl 28 8
5 AV g 5 o S5 3 5 o & S
] b ol & Sl Slay gy (A bl I b

S5 o ol e o go | Les IS S



odla e

precipitation system by PCA and SDLE.
Applied Mathematical Modelling, 37(6),
4059-4066.

Feder, J. (2013). Fractals. Springer Science &
Business Media.

Folland, C., Karl, T., Christy, J., Clarke, R.,
Gruza, G., Jouzel, J.,, Mann, M.,
Oerlemans, J., Salinger, M., & Wang, S.
(2001). Observed climate variability and
change. Climate change, 99.

Hasanvand, z., Yarahmadi, D., lashkari, h., &
Mirhashemi, H. (2022). Fractal analysis of
daily rainfall in Karkheh and Dez
catchment. Physical Geography Quarterly,
15(55), 115-129.

Hasselmann, K. (1993). Optimal fingerprints
for the detection of time-dependent climate
change. Journal of Climate, 6(10), 1957-
1971.

Hegerl, G. C., Karl, T. R., Allen, M., Bindoff,
N. L., Gillett, N., Karoly, D., Zhang, X., &
Zwiers, F. (2006). Climate change
detection and attribution: beyond mean
temperature signals. Journal of Climate,
19(20), 5058-5077.

Hekmatzadeh, A. A., Torabi Haghighi, A.,
Hosseini Guyomi, K., Amiri, S. M., &
Klgve, B. (2020). The effects of extremes
and temporal scale on multifractal
properties of river flow time series. River
Research and Applications, 36(1), 171-
182.

Hu, K., lvanov, P. C., Chen, Z., Carpena, P.,
& Stanley, H. E. (2001). Effect of trends on
detrended fluctuation analysis. Physical
Review E, 64(1), 011114.

Hurst, H. E. (1951). Long-term storage
capacity of reservoirs. Trans. Amer. Soc.
Civil Eng., 116, 770-799.

Ivanov, P. C., Amaral, L. A. N., Goldberger,
A. L., Havlin, S., Rosenblum, M. G.,
Struzik, Z. R., & Stanley, H. E. (1999).
Multifractality in  human heartbeat
dynamics. Nature, 399(6735), 461-465.

lyengar, N., Peng, C., Morin, R., Goldberger,
A. L., & Lipsitz, L. A. (1996). Age-related
alterations in the fractal scaling of cardiac
interbeat interval dynamics. American
Journal of Physiology-Regulatory,
Integrative and Comparative Physiology,
271(4), R1078-R1084.

Jiang, L., Li, N., Fu, Z., & Zhang, J. (2015).
Long-range correlation behaviors for the O-
cm average ground surface temperature
and average air temperature over China.

VY 5l 00 (b)) pow o3lod pylez Jlo ¢ Sl Bblio (2 bdlia Olallae dolidbad

Y

Ulss opl 4SS gy 1y oy S 51 (sblss L3

G (Seolts Sl 5550 55 age SV (55l

s Ly Sl

&0 Sy

Agbazo, M. N., Koto N’Gobi, G., Alamou, E.,
Kounouhewa, B., & Afouda, A. (2019).
Fractal analysis of the long-term memory
in precipitation over bénin (West Africa).
Advances in Meteorology,

Bhattacharya, R. N., Gupta, V. K, &
Waymire, E. (1983). The Hurst effect
under trends. Journal of applied
probability, 20(3), 649-662.

Bunde, A., Bogachev, M. I., & Lennartz, S.
(2012). Precipitation and river flow: Long-
term memory and predictability of extreme
events. Extreme Events and Natural
Hazards: The Complexity Perspective,
196, 139-152.

Bunde, A., Havlin, S., Koscielny-Bunde, E.,
& Schellnhuber, H.-J. (2001). Long term
persistence in the atmosphere: global laws
and tests of climate models. Physica A:
Statistical Mechanics and its Applications,
302(1-4), 255-267.

Charney, J. G., & DeVore, J. G. (1979).
Multiple flow equilibria in the atmosphere
and blocking. Journal of Atmospheric
Sciences, 36(7), 1205-1216.

Chen, X., Lin, G., & Fu, Z. (2007). Long-
range correlations in daily relative
humidity fluctuations: A new index to
characterize the climate regions over
China. Geophysical research letters, 34(7).

Chen, Z., lvanov, P. C., Hu, K., & Stanley, H.
E. (2002). Effect of nonstationarities on
detrended fluctuation analysis. Physical
Review E, 65(4), 041107.

Da Silva, H. S., Silva, J. R. S., & Stosic, T.
(2020). Multifractal analysis of air
temperature in Brazil. Physica A:
Statistical Mechanics and its Applications,
549, 124333.

Eichner, J. F., Koscielny-Bunde, E., Bunde,
A., Havlin, S., & Schellnhuber, H.-J.
(2003). Power-law persistence and trends
in the atmosphere: A detailed study of long
temperature records. Physical Review E,
68(4), 046133.

Fan, Q., Wang, Y., & Zhu, L. (2013).
Complexity analysis of spatial-temporal



VY Sl 08 ghy) p e sl coler JLo o tn o8 Glokia Ll i oalllas aalilad

Multifractal analysis of daily precipitation
of selected stations in the west - southwest
of Iran. Journal of the Earth and Space

Physics, 47(3), 485-499.(In Persian)

Movahed, M. S., Jafari, G., Ghasemi, F.,
Rahvar, S., & Tabar, M. R. R. (2006).
Multifractal detrended fluctuation analysis
of sunspot time series. Journal of Statistical
Mechanics: Theory and Experiment,
2006(02), P02003.

Orun, M., & Kogak, K. (2009). Application of
detrended  fluctuation  analysis to
temperature data  from Turkey.
International Journal of Climatology: A
Journal of the Royal Meteorological
Society, 29(14), 2130-2136.

Peng, C.-K., Buldyrev, S. V., Havlin, S,
Simons, M., Stanley, H. E., & Goldberger,
A. L. (1994). Mosaic organization of DNA
nucleotides. Physical Review E, 49(2),
1685.

Peng, C. K., Havlin, S., Stanley, H. E., &
Goldberger, A. L. (1995). Quantification
of scaling exponents and crossover
phenomena in nonstationary heartbeat time
series. Chaos: an interdisciplinary journal
of nonlinear science, 5(1), 82-87.

Rybski, D., Bunde, A., & Von Storch, H.
(2008). Long-term memory in 1000-year
simulated temperature records. Journal of
Geophysical  Research:  Atmospheres,
113(D2).

Telesca, L., Lapenna, V., & Macchiato, M.
(2005). Multifractal fluctuations in seismic
interspike series. Physica A: Statistical
Mechanics and its Applications, 354, 629-
640.

Yuan, N., Fu, Z., & Mao, J. (2010). Different
scaling behaviors in daily temperature
records over China. Physica A: Statistical
Mechanics and its Applications, 389(19),
4087-409

Yy

asla e

Theoretical and applied climatology, 119,
25-31.

Jiang, L., Li, N., & Zhao, X. (2017). Scaling
behaviors of precipitation over China.
Theoretical and applied climatology, 128,
63-70.

Kalamaras, N., Tzanis, C. G., Deligiorgi, D.,
Philippopoulos, K., & Koutsogiannis, I.
(2019). Distribution of air temperature
multifractal characteristics over Greece.
Atmosphere, 10(2), 45.

Kantelhardt, J. W., Koscielny-Bunde, E.,
Rego, H. H., Havlin, S., & Bunde, A.
(2001). Detecting long-range correlations
with  detrended fluctuation analysis.
Physica A: Statistical Mechanics and its
Applications, 295(3-4), 441-454.

Kantelhardt, J. W., Koscielny-Bunde, E.,
Rybski, D., Braun, P., Bunde, A., &
Havlin, S. (2006). Long-term persistence
and multifractality of precipitation and

river  runoff records. Journal of
Geophysical Research:  Atmospheres,
111(D1).

Koscielny-Bunde, E., Bunde, A., Havlin, S,
& Goldreich, Y. (1996). Analysis of daily
temperature  fluctuations. Physica A:
Statistical Mechanics and its Applications,
231(4), 393-396.

Kurnaz, M. (2004). Application of detrended
fluctuation analysis to monthly average of
the maximum daily temperatures to resolve
different climates. Fractals, 12(04), 365-
373.

Lin, G., & Fu, Z. (2008). A universal model to
characterize different multi-fractal
behaviors of daily temperature records
over China. Physica A: Statistical
Mechanics and its Applications, 387(2-3),
573-579.

Livina, V. N., Ashkenazy, Y., Bunde, A., &
Havlin, S. (2011). Seasonality effects on
nonlinear properties of
hydrometeorological records. In In
Extremis (pp. 266-284). Springer.

Matsoukas, C., Islam, S., & Rodriguez-Iturbe,
I. (2000). Detrended fluctuation analysis of
rainfall and streamflow time series. Journal
of Geophysical Research: Atmospheres,
105(D23), 29165-29172.

Mesa, O. J., & Poveda, G. (1993). The Hurst
effect: The scale of fluctuation approach.
Water Resources Research, 29(12), 3995-
4002.

Mirhashemi, H., & Yarahmadi, D. (2021).



