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£ RE Pse el Aeatomn 7o) AAuE BRsl Aol /P5Ehe AN,
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ABSTRACT: River discharge is a crucial factor in extreme weather events such as floods and droughts, thus constructing stochastic models
for river discharge is important for analysis and prediction. Stochastic models such as ARMA and ARIMA are commonly used for this analysis,
but even after removing seasonality, the seasonal component itself does not disappear. The stochastic model is applied under the assumption
that the remaining variability does not have seasonality by removing the seasonal variability, but since the remaining variability also has
strong seasonality, the application of the stochastic model shows limitations. In this study, a stochastic model that complements these limitations
is applied to river discharge data to obtain a(t), which represents the stability of the river, and N(t), which represents the variability. When
stability a(t) has a positive value, instability accumulates and the phenomenon in which the system reaches maximum variance the instability
is resolved through this accumulation is called the memory effect. By removing long-term forcing from the original data, we obtain systems
where river flow changes only due to the seasonal stability and the short-term noise. We also analyzed the correlation between the long-term
forcing of river discharge and that of surface air temperature to determine the influence of sea surface temperature in specific regions on
river discharge. This study suggests that by applying this method to all available rivers, it is possible to classify the variability of river discharge
by distinct time-scales.
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7 53K (river discharge)2 ¢} 7HE2 9I&35h=d 3
o] 2931 W42 ARSI (Hirabayashi ef al., 2008; Hasanah
et al., 2013). Hirabayashi et al. (2008)2 7| S H3l=Z <l
7tk 271oh ZuREE AR Q8 AAAROR 7 3
ol 27K A4S AATLET, o] 7} o] 7% ws}
2 el 2 HeS ey Aek 3 58 o
ahe sjobsly] PE SRS T ko] AR W] TR
of &7 EAOZ o]d]E]o]of SFtHZounemat-kermani,
2016). FARE HolEl} TR HEH A4S AU
ol B84 RUS § S BHslE ol
A &) o] gtModarres, 2007; Bonakdari et al., 2020).

384 BYe] TR EHO S ARMA (Autore-
gressive and Moving Average) =23} ARIMA (Autore-
gressive Integrated Moving Average) 2@ o] It ARMA
292 2173 Zd(Auto-Regressive)T} 0|5 H o 2d
(Moving-Average)& 23t AZDAYS AAS 3, A4
“J(Staionary) & W= Aefoll A ARE 7HsHTh ARMA &
9e P8 7 77 A7 BRI L] W)
(Otache et al., 2011; Liu et al., 2015).

Otache et al. (2011)= ARMAXRE 3} PAR (Periodic
Autoregressive) A 2 7} {-3F of| & AHA5-S v| w5t on,
FCM (Fuzzy Clutering Method) ®}'H 2 2 d|o|E| & A&
of wat £&ste] 7 AR ZEE PAR Bl 7453t}
H|3 A, AE wAper A" A 729 S A% 7t
53t PAREE o] ARMARY T £ J5& HAEL
ARMARHL 514 55 ks o]dfish= 7|25 A%t <
H] 2E 2 ARRSE &= Qe ARlo] 2R3t o], Liu et
al. (2015)& ARMAR S sPsto] o5 2 Qls 3 1
HE = Q= YAHSE ZT ARMAX 2ES 1535
ek

Wb, H]74/4/d(Non-stationary)& W= 8= b2
(Differencing) &3l FAIE AAT & A4S H=s
HE5lo] AR5 o]E ARIMA (Autoregressive Integrated
Moving average) 2@ o2} 3t} ARIMAE= AE A 1S
REgsing, vt o R HEkE= o A"
HAE S Uehd 4= gltH(Nigam e al., 2014).

E3H ARMASL ARIMA 242 Hlog oA AEAGS
3] A|ASHATHAL 7Hg 3 Zdo| A, glo|Eofl A A
4 AASE k. AGAY AL AR RS ohd,
AFol| webA Yeht= A5(Fluctuation)d] F=7} gat
A A& & 5 or & g Hae AdAdS 7
Utk Bt A= A o] ek x|qt AR A = A E ]

o] s ZAEE R FAAFL 7T B 4 gtk A%
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(Fluctuation)®] A&AA-2 AAFA(Stationary)o]2tal H X
oF31 Z7] AAA] (Cyclostationary)2 7FAcha 2o}, 18
12 AJH| 2o} 2|49 Yenisey 79| A Hlo|Eef AEAES
AAg glol8E Uetd 18o =, P AFGZE AAT
Hlo|E o o 3] Ao £ o] Holsla= S
ek A 715 glofE= XA AE ol 2} AEAd
2 7= 459 o2 A =T (Moon and Wettlaufer,
2017). weA] Aol 48 AT 7ge ARMA
b ARIMARDS A8 7 93 FA} oo HesHA
e,

Moon and Wettlaufer (2017)o A AZAA L L &
2 o] 2oz FAE0] 7] wieol ‘aliste] et
s17] ojPohe EAIRES X883t i A8 v
o2 2L FEH 2dS #5198, 715 Holg
A PR/ELHS Y, s, A7) BAIEE Theol oot
g 4 Q= E 319t o] Moon and Hannachi(2021)+=
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= B NG 7 71 37134 9] A4S d¥st
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Fig. 1. Comparison of seasonal removed data and original data
from the period 1940-2010 of the Yenisey River located in the
Siberian region. Non-seasonal data also show that climate cy-
cles exist.
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2.1. HIOIH

7 % HlolE= =< Koblenzo] = S AY+E4
4:(BFG, German Federal Institute of Hydrology)2] %]
TF8=ZFd o] EJAlE](GRDC, Global Runoff Data Centre)
oA &Fsh= HlolE o] 2ol 7L A S 2, Yenisey
7¥0] A%, A 86.48°, 9= 69.43°2] 5] 19403 E] 2010
W7ol HolelS AHelih Umpqua 2] 29, A=
-123.56°, Y%= 43.59°X] 9 2] 1940EEE 2020W71A]2]
tlofEE AMESISIE 25 Hleleh= -7 571 ol AIB(ECMWE)
of| ] Al 5= ERASAEA RF2S 0]-85}9) 2 1(Hersbach
et al., 2020), 0.25° x 0.25°2] A= Az} Go|E= AL
SIRAL, 1940978 2020742 9] Blo|8iE 3Rt ERAS
A AL e 197965 202071 AH8T 5 9]
AU TlolE7} 1940 ¥ 1979714 9] 7|7k back ex-
tensiondto] 2F Ao, o] XA B Hlo|E ¢}
E2 TS Hol7)ol B HolElE tAIst ARE- 7
552 XA Yilmaz, 2023).
2.2. 471 HiEH

2.2.1. 012X HHE

715 dlofEl= Al AE Jeat 1 29 HEge
o R FAHETL 7Sk, ¢ HlolgojlA Bt AlE R
O|ZE AATCEHN 7|5 HFAS BT &+ Utk A
B& A7 AL 1% doles ditdos Tt 2
25208 gAYk

‘é—j: )+ N(OEWD)+ D(x) 2)

714 x= 7|FHFE F(x,t)= A AdALD =
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sk, T= 1981 7] g<olH, N(t) 1)< D(1)= A5
eyl BT IFES ou|dith A& v|wato] B2
A7 THE o)1= U] T T 2A|A 0] JRe SA 7
QS N Eh ez BEEHAL vE, GRXE =
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O] AIZF AA Y2 AlE | vlsiA AFe] At &, F &
A A7 2AY Abolofl= EEE BElE AT 4= Utk €
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2 ol o] 74k P =S UERdth dn): AYH W
ol w8 of$ 2] A Lofupr] we] A elolElolA A
A 37148 AAT & 18 AR B d=a(o) 4t
= 78 4 glok

d=p(t+4t)—5(t)—a(t)y(t) 4t (6)

B AT 7 G5 ol e Bete] H(5)E 74
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sh= 37 34 a9 N(©2) A g AMH Aol &
29| Zo|ck.

2.2.2. F)1 &0 24

7 %% dlolel ¥ dloje 2 ZAalol, At =112
2 gelg Zolk. o)A AZF 12 1S elnleod, 32t
9] A 7Hrandom effect)S d|o|g|o]] Z-&3}7] Yl AtE<t

_ Aw
At

2 Aojsit. wekA F7] T a2 N1 gk Adst
7] 913 A<4:4d(continuous) Xd A](5)E 2)(7)T} 2ol
o] Ak3K(discretize)AlZ 4= Uk

2ol = Hake- YAHAw, brownian particle)S &(¢)

An=a(t)y(t) At + N(t) dw~+d(7) At @)

712 4] An =1t + At —nOA £ite] FeS o
o1 7] 130 ANl n(v)E FalhFol A 4= ek

26 (p(t+ A8 —7(t)=a(t)n*(t) At +
NE)n(t) dw+d(7)5(t) At

Cpn(t+ at) > — <448 ) =alt) <) ) At )

®)

2(9)¢] BHF-L F3hH, N(t)7} =a+= -} d(r)7} =8t
H g2 WA 7EAIRE S A o= Fu|¢ot 0o H
oh E3E (N(HAW) A7} ¥iAY -5 White noise) T2
UeRf 7] & 2A "k (d(tmt)At) F$, d()E= 4
(6)0ll4] g3t vle} Zro] W= g 7}y thE ZHS 7R =
2 9 HT Wl Aol vlal - nla|g Weks et
W7] &) AFpd

2)(9)°ll &2l a(t)i= thak Zo] A-E 4= qlth:

)= L )yt + At) > = (A1) )
At Co() )

(10)

A(7)NA n(t+ At)—n(t) —atnO) AtE y(t) 2 2|33}
W o 22 A S =& 4= Qlth

y(t)=N(t) A W, +d(z) At (11)

y(t+ A= N+ A AW, ., +d(7) At (12)

3714 A(12)= Z7] ZAG] FE AAs Y8 =
U AL=, d(1)= dE= ¥k N@oot 2 iz A
As] e o] o] AW L gl Ro2 B 43

ok webA ()9 B Agdtel thaat e Aoz 2
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ret
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AR 4= Uk
Cot) ) = N*(t) At+d% (o) At (13)
CyBylt+Aat) ) =d* (o) A (14)
M= / P00~ <Z<;>y<¢+ At)) 1)

2.3. £} Do B

xus 70] 47 vlolEjeta gete, i= 1 < < N
FIUES k1 < k < 129] go] 9 Jujaich. AW
2 WER e BAel] 919 2 delgeln 71% B2k
RS AANCE Btk 715 BRADD)E et 2
o] Vrehuick:

1 &
(xoyp= Nfo,k (16)
i=1

715 MEE = xix— (X)W 2 UERRH, 0|5 0|89
of vlo|Ele] Baahe A7stel BT 1T 4 AUk
at)2t N(H)= thadt 22 E4K(Variance)}t 7] g
(Auto-covariance)< o|-&s}to] & 4= Qltk:

a, = a7

(19)

dy= B2 7] 2o, &2 89 He g2 FY
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3 32 71Tk s A Aniet a,9] o] ThE o] X|e]
= vz ol et go] getict.

2.3.1. 27| ZHQ| HAH

29 B3 AL Aol 7] BAE dv)7 Egslo]
Slol ARAEE B2k 1Y) oAk A(5)E B3 S
% 4 ek

n(t)Zexp(lta(s)ds)ltMt’)
exp(— -/qua(s)ds)dw'—k (20)

exp(fota(s)ds)fotd(r)exp(— -/Oq/a(s)ds)dt’

2](20)901A d(t)y= AEA &2 tof vls] J4Fs] =2A
dofup7oll, oA ATt vie} o] AJulA|Ql A7k
oA A E Ag3h ik e 22 e §
3 B7) A S AASA AdAde e ek

77(15)—d(z’)exp(j:a(s)ds)j:exp(— j:ya(s)ds)dt’
:exp(fota(s)ds)fot]\f(t’)exp —fot'a(s)ds)dw’

9l AellA exp(fota(s)ds fotexp —fot’a(S)dS)df% 2

of webg el wet 7] ZAIEo] AR =S et
Y= otk a(te= A-E F7148& 7HAH, 0 < t< 19]
7] tol (= T + (5 AFBS}O] o A1 AR 4 9
th(Moon and Wettlaufer, 2013). T+= 1d-& 2Ju|s}7] | &
ofl, &l A= vE thar Zol A ofgith

1)

7= —fTa(s)ds (22)
wEhA,

exp(fta(s)ds)—exp(nfTa(s)ds-i-fza(s)ds)
0 / 0 0 (23)
:e’”exp(f0 a(s)ds)

¢ ! , 7 z' ,
fexp —f a(s)ds)dtZe”’f exp(—f a(s)ds)dt
0 0 / 0 0
_m T t ,
+ 1=e f exp(—f a(s)ds)dt
67—1 0 0

24

A1(23)3 21(24)5 F3to] 2% 4](25)% Vrehick

exp(fta(s)ds)ftexp(— fzya(s)ds)dt/
0 0 0
_exp(fga(s)ds [fgexpf_(_i(—f{a(s)ds)dt/ (25)
0 0 0
i Y ) —ft,a(s)ds)dt/]

exp
e 7t Al et 002 £3H] TR, 9] Ao
2 47] ZAIZe] Mg ok AES AAKE 5 gk

e'—1 Y%

2.3.2. DHO| MR HAS

mdo AFA Friet I aaukE 27 74
< 2RIE7] H8l A7) AA—S AAT 22D 7R
2 21262 AT

dn

= D)+ N(Ew) (26)

2.2.2 A3} v 2, 2](26) o]AsKdiscretize)A] 7
T AE o] Fotol TRt e mee] 712 A4S
F3hck

Ap=alt)pAt+NEH AW 27
Tu+1 = <1+anAt)77n +NVLA W;Z (28)

I o] F2LoJA)(Randomness)S o] vt 3}7] 3|
Fto] 00]a Bilo] At = 1/128 W2t JFEZE B
2% &K Brownian particle) AW,of Z-§5t3ict. A d
o[Ele] AMA g HiF ez 2(28)4 =&H = °l
&sto] 2dlo] RFHALE A4S ol e TS
ashH 19 2a9) 2c2 BRI EH, (a)= Yenisey 79
7] ZAE & AASHA 23k wje] Zdg o], (b)= A
AstRS o] magolt). o3t F 2o Al e
9] FEHAe} AA HlolE 9] EEHAE H| B FO=ZH
Rlg = itk £#EHAME Hlo|H 9 £ 5 UehliH, F
grol vlzstd ®dlo] {oju|jhs ou|gitt. 29| A=
T 29 23R ¢ Hlo|H o REHALE H| WLty
ke 4 Sk

2% 269} 245 B8 RUo] EEBAT BHT 5 o
™, (b= 49 A7) ZAGE AASH] @2 2de| #&
A2} ¢ Hlo|E o] RFHAE Bl Ao], (d)= BT
A EE AAS Rd o] EARet o dlojE] o] EEHA}
£ Blugt Aotk A7) ZAgE AAst AEA 719
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S eXY RS Uthlls F2=, U= 74
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Fig. 2. We used river flow data from the Yenisei River in Siberia with climatological mean seasonal cycle removed from 1940
to0 2020. The top two figures (a) and (b) show the results when the long-term forcing D(T) is not removed from the original data,
and the bottom two figures (c¢) and (d) show the results when the long-term forcing D(T) is removed from the original data. (a)
Time series of the river discharge data (blue), and a model simulation without long-term forcing removed (red). (b) Monthly standard
deviations for observed data (blue) and model without long-term forcing removed (red). (c) Time series of the river discharge
data (blue), and a model simulation with long-term forcing removed (red). (d) Monthly standard deviations for observed data

(blue) and model with long-term forcing removed (red).
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o2 LHe ZO R, 79| Bt §3F 70 BAS B
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o|F vl o R Fhof tigh FE 28-S o 4= glom,
Sl SR B00A 7] gEw 28-S dokE A
ojt}. o] 2 45 2 A 7t BASHA fgol T
7¥tAA fFaZ0] 2A F7IstaL, 7o vu|7t S45H
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Fig. 3. Stochastic model construction based on the river discharge of the Yenisey for the period 1940-2010. Equations (9), (10)
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