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Abstract

Forecastingthe future behaviour of hydrological processesis useful in the design and
operation of hydraulic engineering works. While the attention given to probabilistic
forecasting is growing, there is still large practical and scientific interestin point
estimation. It is also a fact thaimachine learningmethods have established themselves as
apromising approach to hydrological forecasting angas a resultresearchwithin the field
of hydrology often focuses on comparingnachine learningmethodsto classical stochastic

methods. The comparisongerformed in the literature are usually based oncase studies.

Thisthesisconducts a theoretical comparisoron the forecasting peribrmancebetween
several classicabtochastic and machine learningoint estimation methodsby performing
large-scalecomputational experiments basedon simulations. The purpose of the thesisis
to provide generalzed results. Thetheoretical comparisonis accompanied by asmall-
scale empiricalcomparisonto highlight important points. Emphasis is placed on Support
Vector Machines(SVM), that consist the most popular new entrant machine learning
category n the field of hydrology, while the well-establishedNeural Networks (NN) are
also involvedin the comparison. The comparisorrefers to long-term forecasting on the

observation time scale although shortterm forecastingis also useful.

As regards themethodology, atotal of 28 methods are used among which 9 are
machine learning methods Six of the lattermethods are builtusing a SVMalgorithm and
the remaining three using aNN algorithm. 20 simulation experimentsare performed,
while each ofthem uses2 000 simulated time series. The time serieare simulated using
a stochasticmodel from the frequently used families of models Autoregressive Moving
Average (ARMA), Autoregressive Integrated Moving Average (ARIMA), Autoregressive
Fractionally Integrated Moving Average (ARFIMA) and Seasonal Autoregressiv
Integrated Moving Average (SARIMA)Additionally, 8 computational experiments are
carried out, each using onehistorical time series. Eachtime seriesis divided into two
parts. The first part is usedfor training the model and the second for testing it§orecast
The comparative assessmentof the methods is based on 22netrics, that quantify the
i A O E ipekf@mance according to severakriteria. These criteria are relatedto the bias

with respect to the mean and standard deviationthe accuracy andthe correlation.

The most important outcomeof this thesisis that in generalthere is not a uniformly

better or worse method. However, there are methods that areegularly better or worse

Vii



than others according to specificmetrics. It appears that, althougha general ranking of
the methods is not possibletheir classification based ontheir similar or contrasting
performance in the various metrics is possible to someextent. Another important
conclusion is that more sophisticated methods do natecessarilyprovide better forecasts
compared to simpler methods. Itis pointed out that machine learning methods do not
differ dramatically from classical stochastic methods, Wile it is interesting that the SVM
and NNalgorithms used in this thesisoffer potentially very good performancein terms of
accuracy, compared tothe overall picture. It should be noted that althoughthe present
thesis focuses orhydrological processesthe results are of general scientific interestand

they also concernall possibleobservation time scales

In addition to the use ofsimulated processesanother important point in the present
thesisis the use of several methods and nacs. Using fewermethods and fewer metics
would have led to a very different overall picture, particularly if those fewer metrics
corresponded to fewer criteria. For thisspecificreason, theproposed methodology of the

thesisis consideredto be moreappropriate for the evaluation offorecasting methods.
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RAp Iarft BY 4 J3 1 z4 zAv)ludl Azelmzsdsmaizigal R34 M
Pdrd toezOluv A&r RBRRONIOBHL [L11 Azse Aza0?
Amur 1l OGRrR1T YS8
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2.2.10y Of v Pimple Exponential Smoothing

diAaluoyAzRing | J1RIY RZR Y BIYC ]! P u b § ¥ ESRplq Exponential

Smoothing31 4 Zs#% R3I|IM{ULUrB ZsY S RMr | Ao sesgpzB ? M
A) [ Ofprecastz VRaA ] Zsd Azu(CcmzsAs 1 z2zZ8B A MULUJ[OICARZ LYZBH
d tOfvm@®ALt uA WRL RZOSZH| | USES[ LN A 8RI3 4 MTzizsuRIZANIL AR J )
zALYULUr 1L AZ1{C ARIMCEL1Z4 ZSY AL MUYALY RmMmr Aoy

2.2.11y Of v Theta

28 CAIR Az1Y Azr [ M EHRIRBPHRY JIRTER EDBpOY R9® ?R
J11XZRrRMS RAO®)ULAS KZQomnpetition, JArzod1 A1 4 9 A1 v Z U2
R3IIM{ dJAZs{R AR onmo 1 Azum JOY ?MubduvAR] mOY |
(Makridakis and Hibon 2000)h I11 Al MmMuzA1rcAzs R fagdv z v !
Nikolopoulos (2000)8 31 ] Zsd# <R3/ MiurB zsy ?thesafzaya Av) R
A { Ofpreastz vRad Ct RAL Az || RjulZzad RRAY 1 Jremde A wwEM7 s
J11 vl Amuvy AApeg KECRKsY &1 1 [ OY

2.2.12y Of v Newral Networks

Y zsd AL MUY RIZLMNGERRA 1YL t O vu L 1VAMBOZRY Z1 Y ULHUL

NN I,NN 2 JNN3.31 ] NNSB8ms A1t uvAULvlROZyl J[1mganRgzr s A

AL [ Ofprecastz VRt R Z1Y AMURALQZRMUIZOmNR YR iA2] M Jtu) U Z [ R ¢

ZUR[ A1) Ry WaOIZL 2 A z sfarecdstzauCem zas| Abs€rasbzzu R, | A |

Zsd ULUAULOAAMUZ[RPINZ[uczZH LY AMUY Ar [my As Amurl OCR)
i1 Ccl1RrRY WNNpyL D] nfinerzzw R(Cortez2010,2015).4 z v

AYLoAL U ZuzYy 1S5t OwEWMrRIR|INAMMINEEZDW UvALOIH
RIANLVYRADEE | A 22107 RV YB21Q} 1881 Vvzmrol zUz ?msAhA |
Kzu(CmLasdsSerids Azsue UVAULEIZ{BILAC IZRZVAR) g A KmEgmC
?PmsArtuvAaviREZL1 14 ZIH 1RIAMEZXERMBNERZ Fp & @) 5
PMBRBZB1 1 Z1I¥zZWAY JRNDARIMR YB AZRRZ MR & R19 RYRTGRY
Z1Y UVAUVORY ZAUl Z50 BARGEY {B2wCcasizoBRERY 1 jr oYy nowy
111482A1 CZ548 R A CArZrszd) 1A zREHZMZZSHARSPrRIGE D BR,S UL A L 9 |
PMSALT T ULVAVLTROZ L RAL MPrivw Z | v o ZOIPum SUAMZIEDPY VU | R ©
ARzacmaretisnd zuv neetZ WRRlomj [ RM1ZIP 1 Z Bultilayer perceptron
(MLPAUVZ JAUZRIRO® Zsu NNA)l gnflizr@s Al sm®pgumo | [
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tdauv [1zRrRY[2zeAs8  nqrety ) ©OF§wmt b v MERIWR3 dQW1Oz[umz | | (
K z m 2 phiqdenjlayer),v t m1 [ td Y [ dt (hiddenrpdegt hnvwmPa ze{ UM A
sy e lBsEORRI1LLY 1141V 1Ao LYy TRIZ1VAZUuAVOSASY

drrRIZ1AZOADWMNRASHUZ(Q 92RE RIIM{ UrBZREYANEEDEMZ
rminert Zmj Auv [ ] ZCLU ZUMB L2 DW L] RjR MY Ineurds@cyhs 8R1L [ j T S
tR 1 CAs RECAHAOURAEOusSRY 1 Jir g Of pflomz@ulip A s vl v
1 V] R1 A2 ugrizgedrcw Vg R A1 M @rjL Z2zu .t ZASBA ZAS] MU Y A ] R M
RALAZY 1) R ZRMUYR ZYMJJARVOBYARY Z11 OY zuvzy JJRM] 9L
ZzM\ CHRPBUVY UMRIMRA ZZCI IBlszse AMULEL3IRM[ROAL |
VMR ZfJR 2z s o IoldoutbrderhBy £ 354 (R Zsd# UVAULSO®Y{ ZU ZR])
1R VI OddeBrRL LAB(DZzY pF¥o zZzuvz AzeUL) RBEUMI VI BERDHM
114 3UMRZL [28 tUuz[@Ivwl BXRZIR ) wrl1dt BZ SAURZBINA Z JU
O z1Az3wCtREBY AZ1Y 1 UJROARYAUZ LT RlsA BZE@WINLR
vAvel Azsd AzgARJM3 { Qaggram{ et f OHve [Jtro48

tzsd RMrM | Agr [RERN)I DWIS B ZHYWO 984 RZ |11 QzRR00t C A 5 2
MeanSquareError (RMSEJh R4 2 €o@exrOR S ¥ ABL 1ozl J 14 1o 1t4K
JIRY w1 JTUu[JROARY z1tO0OYy Afaw L&1eE8zs¥K1is1128(V A
Azrt1zBARY AR JcAavidu 1aumuddd Apd myUzlzzBu 8RA L &}
30MOY JARY UMOBRZJ1 1 AJ RensBu d? mB ALZ3sU MURMW D S K S R
tRIJIIOH I AZUAY RELRL ZU08 A MIACHI ZMJjAUL Or [ R Z|
RALlIurBh s UVAULOY T AUMRSD d] | 2zu(BottezROlO).mEZRKELH Z v
r14 zsuNNLIQJp Y fRgngxlh Ru2 NM2g of sReng3104 | t v g RO |4
Z1IYOY z1 AZRY 2Z2ARMA L M|t Ozzvsudz Y A ZRU3Q PMRIA 4 W Wwrt FA| 9eQ Uf 2]
1M 182 A1 Q438 zsy Afdpomzafr@grreRf |1 2z, RUJLCJIRH
12z8B8 RLACruvez| YA Zsre zAszdigfesaptaigss 2 v griniGer p e R
S LAUL9ZL M ommQ } OCR LIV 1MLV RZQECR1LY 12Z0Y RO HJ|

2.2.13y Of v $upportVector Machines

tzsngg muy AL Rmr | Ao OMpOuSudhw) vy g &R X REZL |
[lzmoady 7| CcARY AKzuo | mZmileRY MR ZVE LAY O2@Z20Y 3Z3OMU
ve vt |SVMASVM2SVM 3,SVM4,SVM5[ J§YM64t z1 Y AM2ZRY Z MR Y
2KAZRMBAR1TY AUVUZ2 R1ACruvuez]]l ZzAzswuhkggnz Brls] OFZA
VMO BUHZ |1 BRAZECANSZ SZRBR 288 ZMJROZAIKBE BBIZ S Z
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22128 t z1vY Z MR Y ZR1 RZZ | ORY S RA1lurs Zdwd z
Azucmznpefapz vz A | JoB@RMZUR t 27 [RIM{ Ol h Awz 2Lz
PmsArtuvAavri oz LI REBLYIMIAG IR BDoO¥ AL M| ADZMOH
AVUZ AMUAIMEPBRE{MIEZRMU A3Cclt4 AZ4 T1RIULIOuLH

314 RAUV?VLPCLIRYIMLPEDLY ROHL1L AL U AYd] RIBY [
tsy tdm3dhsyrgrvezhvpzdd L2141 AJRZCBRZL1 14 Zs8
tovez0Ol 4 OARZJL1 s 7 MHitizsv 2z vz 1 vZs R I ZOEVEZ szAusz

d AzeCcARSAFL VAR MWyl L1V ZMmjAL [ R L 2Zj8 AU
Azsd 6RLZEER|IN1QASL 3UMC dZ1 4 4mp? MSUAZ [{LUABURBROUZZ| | -
ZU UVUAULOU AMULUOM?RKEmIgbz Y] [z24 2av) RADUISRY] Z[14A Z uinzy o
J3uma L Rrem B zZARMAEZNDRI RZ28MEE SVM2,SVM4[ | VM5
'R} Z1 AZUBULVIRMOREMA L MEdMR ZBWYY A z ¢ CRedid Basrs kernel
"Gaussianh A U 2z ARVOUHRIAN|] 1SR | Ouleemel@w g WD s HrROAABAIBOE 2 s A 5
ZsY 10 Z1AZXEY Y1 20H- DA BhZzpe AZ1 1B AULZ W 2ZAR.
Jlepsilony 1 fzsmuyezil Az [ RMOY [HRYOERY OYRPZYY
JezZz9AKkzv 718

tZv¥R[ JISYMI[ ISVYM6s T[T R} Z1AzZzuAnvoasAs | Rgemelpguzsu XA
?PMms ALt uaA Rezy pMBereeKkRQ zz 1 Y HRZANY REBL U | ? M
AMUT 1 @PRY LM A ANMOVARBFkermel R A | vapovadot), Besselkernel
{ R A1 Jasseldo), Laplaciankernel } R A | laplacedof), Polynomial kernel§ RA1 1 v r B
polydotQh 2 AAEAI "AOEO EAOT AI 8plinA ReMAIE(A A ¢ 1 vjrrea | |
splinedot), Hyperbolic tangent kernel } rR A1 ltanhdst), Linear kernel } RA1 } v r B
vanilladot).

i ZARMA | MCT RZMU AUZ AMU[YAZUGtAe { R] AZ(Srdu HUzZA|
] 2ZBHUZZNEH IPHRZ,]1 RILIM{ULCMrB Zd"d tuvez0O)ldd Azuv A
11 18z2ApPfebwz R ?MBAgs lfgegastz Hh 2z 0 MfNOA 2R | A J
zZsd uwmmwwefAzuze UL AMUY AYr [MIAsr At REZPOYZNW
ts?1u1 By tCcl s
23 yozm]
tzsd JulULljrsAs zsY RAODTURIRVRIQVRBAVZIYRIABTUZA 94
?MBAS ZR?41 [ 248 zOmMzZ1 fmopbORB Y ARl HEDBLE D ?tRRY
ANl ML ZSMst OGe@RZyU1ZR YT QyRB? &1 [ OY { Avwu oz HQY 2p Z B L
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SAZjijAey F3OMBAuzZ 41848 L1 V) jrsAsh S VAUV B9 Y

IAIMmlozsgsbmoyg R gZawzRACAMUZE |8z [ROL REYL [
Azr [ R{mggZOmyttREMR O ] RULAZLI AR L s tUMBAS? ¢
RMM |} RWUZE AUVLAULVZ1 [ URUSREYE J [ZRUHSD R VAIsL T Y1 LT
AMU Z RO BAWH ZZIQZ U1 1 t Ozmih [V OwRl |QZRAR DMRLE Qo
111d @zl z1Y RALV[ 218520y r14 {21Y tRR[IZS VAR M
PAimypf{zsmoBRZL1 {Ad UML AL Ou)| BIRMWEBRBRERB[ ARE RV

Azrfmiz1Lc 21 Azas]| OAzGzmyg ¢ A s RUARTSRORGY RO Ri b |
{ 1Hyndmanand Koehler (2006).

tzsd e®RBramarguvez |1l z4 [ Ozmy Mz Paws Afyvphny b
tRIJ1o28 AmjrlIRrRGsy Acad Az s iR I1BAMOZALYT BB Y RRE
AZzuv?2 1 Az1[OY JuR}IOUR1LY [§1 EZRDI2Mm) Amuv2BELR20% ? MU H

[1335052322zAv0) vreoBovuz |1 (gofzdzy AA HdBeCOES LB
(Zambrano-Bigiarini 2014) [ Oz v sagm ¥"maxmin", R &2 Z | [ Ozmy| 2834 @6u UL

[ 1234t R zsu A @mecgracyzsvhzs A | for@csi z v R (Hyndman 2016,
Hyndman and Khandakar 2008). H? mB £ Y Z R}l Rz 2Z ] 9 {rYo 4RZH Q MZisRA s
AMURALIRIT OdRYIDLIBIMOZMNY BVNRD IS BAORRIWO[{O6 | | A J
z4 19zm4 zs8 RADTUVLAS ZI®RAD REIN YD A [ RWIY S IVRCOZZVIZLY
JJuvluvzfuyus8

tz?24 81211181 dz252110zomnuft OmB®R pU 1Ry RMT RE O | Y
RURZCBRZUWA { PERIY1 HRELSHKZRAGMBRES ApuwEfR |
Viruvy RounyNY 8dhgpn AzZzsut Oy Avz 1 IRHWSUZH vz V1 V!
rMlMUAd ) 2z shBUEKEs Y ZOohu ARMEJNAEMEZN | U1 V) 2 BKS
BAL AMJVfRzzr) l ma gl ¥ LT CeoEE R2MI11 C3UVUM] 2Z2AULIUL
ARY MCt 1z4 zpodRMTYVZar Azl [ B RLU L4 8L 258 |
{CIR t0Ozmu [11z2YPORICHZOIA Iz RVt T CcCH#RY J1ZC -

3114 zuva umy At d  Zotue |t CPzmUNGY AIWRRIBEERRO IZH] 8 nAzd R
dZ1 AMUAOW ] B REZZNYhAOM2 ZRY A | M3 ZeRMBURNNT 3 RO S
Zow zZE b Bwu zRI) Rz vz MEOMRZAWeN B8 n A&ZzA px1 v
AMUT )Y OCRTY AULZ ARG YAEZLVze ROl U

2.3.1Mean Error

t U OzMeanError  ME)u M9 BIRR, |3 S2B1)R U 8
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ME:=(1/n) in: 1(fi - X)) (2.31)

tv Azr [ RJ MREQuRVD [faGmew1 VI JrsAs toly (R[IJI1VLZ
AMUY Zsd 111d428%z4 28Y [tRMULISGCO Y8

2.3.2Mean Absolute Error
t 4 Oz MeanAbsoluteError (MAE L m9 B R B, 5 R42.32).

MAE:=(1/n) § in: 1|fi - Xi| (2.32)

tuv Azr[R{M [ OHUL [ OZMUVU {AUMRO® ©J ] ?MsA1TiULAULY
AMJTIRSESY Sy AmuY 2zZsu mMAZWIARAL OB AD12] AYM UMBZ MR |
RU L MZ ANZZISI8 [l 9t 4 [ 11 2B 2000 VISP MR[ER AR rd Oz
[ AUMRDA WAZ sz RAY Z ML Rvo 1 vASY (11 Y1L1BDbARRES O
AYdUylrR)) VU Oddu8

2.3.3Mean Percentage Error
{ U OzMeanPercentage Erro(MPEU m9 B{RR, |4 S2B3)R U 8 |
MPE:=(-1/n) § in_ 1(100(fi - %)/ Xi) (2.33)
tuv Azr [RIMQWRAL ZsOz M@ 1 1 MEB AN I HAQBEUZ LR RANE

1281242821 AfrfmiAsy Zsy RADNVLZSYMARNWIE LT R
1RI UL OQudmsiM i dligzaghssw ALvZ?AMI r{ciRQ Zud z2AULY UM

2.3.4Mean Absolute Percentage Error
{ 4 Oz Mean Absolute Percentage ErrofMAPE)U m © BIRR, $ REf2.34).

MAPE:=(1/n) § in: 1|100(fi - %)/ xi| (2.34)

tv Azr {RI{MRPO4Y {Pzm0 YploljirshAs tR[IJ1O8 OY
UAUMRO RAODASY Aay [2mURZI IMESER RN WIAISRE 8 Y AR

11 130MRZ [ Ovl M u@ewg( R MO Z 4 A1 LM ZsjtAvg3m Ul 28K 1t (O RW
ZygR1LUEBO[Zst 4 d2z21 rAARUMARRBE YIOY] RAUOY Zo8 A M.
Ldmioery [RZ1J AN {zmQYOYZ1 trQYL 2zA0ud YA L M| Z S MBARI &8

2.3.5Mean Square Error

{ U Oz MeanSquareError (MSE) v m 9 B{R R, §Rt12.35).
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MSE:=(1/n) § in_ 1(fi - Xi)2 (2.35)
tuv Azr R MOIZ@GMR O d ] ?Mms A1t v MAGAS| Moz AjL ACOBYL ©[Z)]
Az jAv tmrREYIZREMAsAo)] Az1y L ImloRY Z110Ov38
2.3.6 Root Mean Square Error

{ 4 Oz RootMeanSquareError (RMSBU m9o B{RR, |4 S2B6)R U 8

RMSE = \/(1/ N g n_ (fi-x)? (2.36)

tuv Azr [ RIML T Ovv { CRgzwwy ZNgSIA 1T 1UIA L SRED Z1{@Z M5 A S
AMULAZIOMRYT t14 tOfuvyuy MBEAIMCZSAN & BIRR AZ00 AASl R{UR

zv AICREMAQZ YL ©11 RY tUHCIRY tR Z] 1RIUL Ou]
2.3.7Normalized Root Mean Square Error

NA ZXnaxf {Xpins t Or1 AZzsrREEIBALa 1215t B 258 Al M| Z5MBA
t 4 mo B 7 F 1QzZ mownalized RootMeanSquareError (nRMSE{ R, s R+2.37).

NRMSE= (100/ (Xmax- Xmin)) \/(1/ man_ (- (2.37)

tv Azr {RI{M  {O8UL [ PEMOZL1Z3VER] BPIO@BRRRIE v?B ZU
2.3.8 Percent Bias
{ U OzRewentBias(PBiagu m9o Bi{RR, | 4 s2B8)R U 8 {
PBias:=100 § in: 1(fi -x) in: 1(Xi) (2.38)
tv Az [RI{MRPEGHL UOZBMZAZLLAUNROZL1 14 [ Oz
t14Y tRJJdTULZ OSY AmMmuy zZsd JiRmMmU)}lSsGCoy 8
239Y jr v YRMBEAZWU Y Z sBH AZZANHKS zo54 Al ML ZSMBARIH

NAzXst OAs zwsbBZELAL LB 1AdJLI1AS z208 Al mLZsMBAR.
Z1Y 23G8[2340CQ j{vz9AZzV01 7?8

x:=(1/n) :ﬂ: L (2.39)

= \/(1/(n-1))é_ n_ (6% (2.40)
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t 4ZR UMO BREINUL YZRMSEZ®D ML Zsu8 ZzA1 B JAdJJlI1ASs zZ
(rSRt R ZzZs241)RU 8 }

SR:= (1/ s) \/(1/ man (fi-x) (2.41)

tuv Azr R ML 1t OdUL [ OZML JAULZRIRO® t O] J1114A4AZ12
2310 jruvy zdu zzA1 [28 J AL )T O9ARLH

nNAzfs 1t 0OAs gatdzAULB 1AJL11ASs Zd54 Amurl OCRHwuH
Ru242q [248] j4 s#zahkzu0 ?
f=(1/n) g in_ 1fi (2.42)

g = \/(1/(n-1))é_ n_ (-1 (2.43)

t JzmO WREZGIQZMPr vy z o4 Z 2z A\ [rB Rl ANZUSPHAPRARSD dif
rSD:= s/ s (2.44)

tv Azr R MRo@GHWM Az MRIBY 4 ?MmsALtuvAavy s R
zsd RA®TUVLAS t11Y ARRJAINOAZ AMMR] rzZIsReC SN 1 dzsz4 28

zsd ZzA1 B LIAjJ I As8
2.3.11 NashSutcliffe Efficiency
t U Oz MashSutcliffe Efficiency(NSBu m9o Bi{RR, | 4 s2#85)R U 8
NSE=1-(§ :ﬂ_ 1(fi -x)2l in_ 1(Xi - X)2) (2.45)
tuv Azr[R{ M1t OHU [ Ozmuv ROH] RzMObY ?2msA1tvu

(Krauseetal. 2005).e o 41 J414zc}¥slu r1 4 JuvruvljrsAs 111

zsd L motr@n[ Mg zzRuver Yiior) Rl Z {1 RL J V28 JZ1 § AM,
Kzr JRIM1tOds {Ofuyu RO u /| Y1 rd ZrR MY Z 9 Az 1 BIYH
Al M| ZsmMBAROI Y8

2.3.12 Modified NashSutcliffe Efficiency
t{ 4 Oz modified NashSutcliffe Efficiency(INNSBu m 9 Bi{RR, | 4 s246)R U 8 }

mMNSE=1-(Q in: 1|fi -xl/ :ﬂ: 1|xi -x|) (2.46)
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t v Kzr {RI M1 Ouuv t Oz mvu 1 AULVZRANBR®| WujzM ) IcIBL R |
t1vdmizrms R211 §/8 &0 123 0vMEL [iMe1ZojRY Z1 [ OY 8
2.3.13 Relative NashSutcliffe Efficiency
t 4 O zrelative Nash-Sutcliffe Efficiency (INSEH v m 9 B{RR, § Rt§2.47).

NSE:=1-(Q in: 1((fi -x)/ %)% in: 1((Xi -X)/ X)2) (2.47)

tuv Azr[RM1 1 OdU [ OZMU JAUNSH R® wAWMY P I AZB? R
RUUVLILVLOOIAS ZsY RAO)RBSR9E cflzuidayanmppryl Al m| zZsnA
ZsY z1tBY ZzZULuzYS8
2.3.14 Index of Agreement

t U ORnlmdexof Agreement(d)u mo BIRR, | 4 s248)R U 8

d:=1-(8 ;ﬂ: 1(fi -x)2 in: 1(|fi - X|+| % - X[)2) (2.48)

tuv Azr [ RIMIIMEHAY tvEAMrIBEZ W} dnghks tRI]ITVLZ Amj
JAve yzzsuemcy JMPT RZ G Lt RMUISCOL JDY /BAHABY HDIR] Z
RzJ1AJsAhoa] Sy pnrogyl g YKragse ¢t @ YER).y

2.3.15 Modified Index of Agreemet

t U Oz modified Index of Agreementimd) U M © BIRE, $ RHE2.49).
md:=1-(§ ;ﬂ_ 1(Xi -f)1 & in_ 1(|fi - X|+|xi - X])) (2.49)

t v Kzr [RI M1t O"uU { Oz mvu JAUVZRI @&@a | mq4gA/Clsmwpizy

t1dmdzrRms RzJ1A[shkoy 1 Ad (REZLABHOW L RUMENZR
Az1Yy 1 {mgorRY t1{MmOY 2z11t0OY8

2.3.16 Relative Index of Agreement
i M9 B R Pgmlative Index of Agreemat (rd) | ® s R+(2.50)
d:=1-(q in_ 1((>q -fi)l )2 in_ 1((|fi - X|+|%i - X|)/ X)2) (2.50)
tuv Azr [RI{M1 T O8L Ozmuv JAvZdR) BO umpumyl 14zruB? RZ

RUULITULOOSAS ZsY RAOITM]JASY CcAzu?25d Amurl OCROSE
ZsY z1tBY ZUuzYS8
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2.3.17 Persistence Index
i M9 B R Z |\ Persistencelddex(op)t R Z s2bl)RuU 8
cp:=1-(q n_(fi-x)% a {1-_11(>Q+1- X)2) (251)

{ v AKzr [ R M KDOajomota®Rggmuz | Y AMUT Y OCRY Msrf MICY t
AMUT 1 OCRIE zZzsY vAULVOLY [JCcJR AmjrlIRrRGCs 1TE0D®PX L
t1dMiZRMRY ZUz [ s1REJY []Z])R1ZsH UZ@MRIMRY H1S A B 2
tRI VL2
23180 AA00T 16 O #1 OOAI AGET 1T #1 AEEEAEAT O
i Mo BRY PEMAAOOT 18 O #1 Ol Aelsdups52r T AEAEEAEAT O

Pr:= (3 n_ 06 (fi- ) a N (6-%2 a n L (fi-H2)08 (2.52)

tuv Azr[RM 1t O8BUL [ OzMUL ?MSA1T T ULAUVULRO®ZJ r1 1
Kz K20z 11U Mg} QCurzdeuA Zupwidzds mB A R I ¢ 8
2.3.19 Coefficient of Determination
i m9 B R Z |\ CoeficientdbRetemumination (R2)t R z s2b3)R U 8
R2 :=(Pr)2 (2.53)
2.3.20 Coefficient of Determination A v 1 1 L A} | A{IREEPE BOLESRZ[ RO | Y
AI1THITMIRBEDN L M) 25 MBZRMIIMU [ 1 OC RO ¢

nAzbgs [lodsy R[Z11s1OusY Rz} rRoLMjEHLRKED yB Y
AN MLZsMEN PORFVZUWZ0AZ01 ARV [ IZ0ZR\UMBEB REZPIZRZ MU
Coefficientof DeterminationA 1 1 J Al | A1 1 A1 Oy t R zsd [loAks 2z

tfRZJUY zZzdd Al M| ZsMBARIBR)[ gisrg2b4). nmur 1l OCRO ©
bR2 :=|b|(R2), |b| S1;bR2 := R2)/| b|,b>1 (2.54)

2.3.21 Kling-Gupta Efficiency

i m9 BRUE || KinpgwGupta Efficiency KGB{ R R 82B5)}

KGE:=1- \/(Pr-1)2+((s/s) - 1)2 + ((f/x) - 1)2 (2.55)
tuv Azr[R{M1 1 O8UL tOZMU tAULMRO H©J] ?MsAL1tuvAavy s
Y AMULY Z1Y RAV[J2tsz20Y 111dzsamor E0VREBAD PR
LtRMUVI sCo Y O3 2amppe LpH L1886 8z2zaA1 B LAj]1
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2.3.22 Volumetric Efficiency
i Mo BRUE || Oz mu Efiicler@yf(MEQ (RE Az sAB6)R U 8 |
VE:=1-(§ in_ 1|fi -xl/ in_ 1Xi) (2.56)

tuv Azr [ R MG RQUL AfMDZZWU RO 1] ?mMBAs Azsd 2z A
NSEUyOAS zvz zaAavluvr1Atuvyy zvz [ AUMRO® w4 JuluLvlour
zse L moerry.8

24 +t ysuls tRJfUJULIUroe Y

tzs4 6R4rzpERZ 11 AN ITRAS Zduw JALH ARM] rR2AC3ULHZ.
221238 i mcgAjpmozA1cBLUEZ,L1l RA1LTOMUZY (T RJUYJULY VLT
O?R1 189 BR1O? M1 Mdziumffndlvroeo)] AzasuvGoBRZJ1 (R
L30MmuyeziZYAORIVUIVIVLIL JOY AzeARAORYOuZbhY { RE
AMJrlgisvytPOgwm 11 Zuve zZzMJAUL AULVLZ 1 220Y Azu)2z(C
g rROMsZANLEE ML AS ARMIY LARCARRIMETL L Z4 AMUVALT U
Lmy LRy ZAAVIIA Az fC ARYMCELZL tRrCISY [1oaty
Kzwzo| RBETL 1 ? MUEDKRIIMYs Ou h [cfR 3umc 714
Azuv? 1 Az1 BV L 4DEBURG L Mt UrABR 7 o4t7 Oty RZBEoM & 6 §
AV1dZ8Zz4Y z20d AMUIYDPfRODEBLADEBIYRBYZKAZHE] RZ1 [ O
tBJULUY pqgTm A lim]ozesMBLIARRIOY?E&: R Z1Y AMUDLAUT UL UYL RE
RMr | Koy Azv?1KAz1{0OY JuRrR)IoOouvRLTYHRh U VAVORY K:

ARM]I AZ2ARIH
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Lod ] RI.ymuAuvf vl ut ReRY Aziv? 1 AZzg | WzB A RNRY 9 bRy A
IR Z1Y AMURA1TIRI{OHRY Al MJ[ OzmuzYS38

171 yuouwzOlvu LIMCEtRZM wms A1t LAUL L
Az CcmzsAs
1 AR(1) 31=0.7 arima.sim {stats}
2 AR(1) 31=-0.7 arima.sim {stats}
3 AR(2) 31=0.7,32=0.2 arima.sim {stats}
4 AR(2) 31=-0.7,32=0.2 arima.sim {stats}
5 MA(1) J1=0.7 arima.sim {stats}
6 MA(1) [1=-0.7 arima.sim {stats}
7 MA(2) [1=0.7[2=0.2 arima.sim {stats}
8 MA(2) [1=-0.7,/2=0.2 arima.sim {stats}
9 ARMA(1,1) 31=0.7J1=0.7 arima.sim {stats}
10 ARMA(1,1) 31=-0.7,J1=-0.7 arima.sim {stats}
11 ARMA(2,1) 31=0.7,32=0.2, arima.sim {stats}
[1=0.7
12 ARMA(2,2) 31=0.7,32=0.2, arima.sim {stats}
[1=0.72=0.2
13 ARIMA(0,1,0) arima.sim {stats}
14 ARIMA(1,1,0) 31=0.7 arima.sim {stats}
15 ARIMA(0,1,1) [1=0.7 arima.sim {stats}
16 ARFIMA(0,0.45,0) fracdiff.sim {fracdiff}
17 ARFIMA(2,0.45,2) 31=0.7,32=0.2, fracdiff.sim {fracdiff}
[1=0.7[2=0.2
18 SARIMA(0,0,0)(1,0,0)0 B1=0.7 sarima.Sim{CombMSC}
19 SARIMA(0,0,0)(0,0,1)0 g1=0.7 sarima.Sim {CombMSC}
20 SARIMA(0,0,0)(2,0,2)0 51=0.7,52=0.2, sarima.Sim {CombMSC}
g1=0.7,g2=0.2

d RtARAMLmYRIASL ) Lt TCHRYT W 2zAvluryi Az {Cc ARY
Azr fRI{Mm1 Ol ?mshArtuvAavirRe toag LAd zyeLlfzruom
22. 11 RAZEZ1LYXYANKzr [ RRBWMUOHR YZ]1 MmUY ur [ OY 11 RMT
J RMt 0l my AroyBz B\ Y ? ARECAREZMAQMWBM I LYBULAUVL UYL R
1LAZUM OARPYMOY ULvAZUALVARTI DRMEBEYMDZAVEBRZL1T [ O
l8Z1L AMUAISARZZBAG Al 17ZMuwBa UV AR MOY R RzBAL UL
RALAMUAS Oadmc tHIBIMO Y MB AZRS1Y AzucmellK A p2 A [ OZ VUL 2
HKprocessz v R(Tyralis2016).d R J Zof{ sAs 1t OAS zsy Azr [RIMm1 O
tR Zsda tOfuvyuv zsy { Ofyalklszand KoutspyJannis 2@LL).8R1 | Y
ALmCtRAMYyU®MeRY z1tOY Azu 1yvchkzstd4 fmhpQ [
tRELIMNZRMs J 11 s tl1dmuvami[ rRAL sHumt-Kolmegoroz s v A 2
S LALO)] ?MsAyLtuAvyiROZJL1 Az?248(C r1 4 Zsd tuvezRrR]
t vuz GQRRINGX0,d,0).
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Leal JR2.cAZumy [OY . ImuwmRAgZmr MAY U1 RM@YZ R 13 R REAZ
Az vy A hitp:/Katagmarket.com/data/list/?g=provider:tsdl
1T 1T RMI ] A& LRMOAZ. L I M| ZsSMB LsrB
M1 [ wmvu ¢
[ B
1 A ULUMMWZABY T L I1BdULY 150 8 z B A Hipel and McLeod
i1 ©As B1lrRrRzo (1994)
1807 - 1956
2 ecfuvy AvLzZ hrRo1l vy 848 8 z B A  Koutsoyiannis
ftOry Az 622-1469 (2013)
3 ecfuvy AvLZ hrol vy 849 8 z B A  Koutsoyiannis
f RY c?1 Az 622-1470 (2013)
4 gRM[ L[ mY Y RHZ M| 248 8 Z B A Hipel and McLeod
it ©As Q arrl oy (1994)
1723-1970
5 Y1%zJ] [ mB{ 1 Eastportdt. p 768 y s &1 . Hipel and McLeod
1887 - 1950 (1994)
6 yi1zl{mBttB1311)01 131 8 Z B A Hipel and McLeod
1820 - 1950 (1994)
7 Yyi1zl{mBttB13Y1)0O1l 1572 ys a) . Hipeland McLeod
1820- 1950 (1994)
8 tzcfts Vi yoaAkyr | 96 8 Zz B A Roberts (1992)

j1le2z)]2zs 1860 - 1955
t OARY t{ st

i1 AMWHYRBRW? J AZ1 [ OY JuRIOURTY J41 L1l 1AZuA

1RI VLI O] AUz ?mMsAlLtuAavyiuYHZ ri 1 .,z s Aog gwm
ARMELBEMuEZ3d 68R28zstg)y veuvtit JAoaRY Zbd AzogRrRIMY T O
23h U uvAvOUY ZJ12zZJj?mMuey AzuUCoBR) z]l r41Af1d4c
L4l 3RM[ RN v t ©f vy LV 12z20Y tALUMUYHE H©] ?25m)
{1140y Azuv? | Az1q Oy} pza MsCH pfawvfipe Yyt cfsAsy | o
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http://datamarket.com/data/list/?q=provider:tsdl

Lod] RPBYOJuyiuvl Amdr UrRgmWzBARLY ?MsA1tuAauvl LYd
ARML r MC3RZJ1 2RZzsd 8H]jZ57]
171 tdut | Ao Y{12zZsrur wms AL tuvAavy ot
1tz MZBAR Y
1 hAEOA yl 14 Ov naive {forecast
2 3hAEOA snaive {forecast}
3 ARIMA _f arima {stats}, forecast {forecast}
4 ARIMA s arima {stats}, simulate {stats}
5 auto_ARIMA_f auto.arima {stats}, forecast {forecast}
6 auto_ARIMA_s auto.arima {stats}, simulate {stats}
7 auto ARFIMA arfima {forecast}, forecast {forecast}
8 SARIMA_f arima {stats}, forecast {forecast}
9 SARIMA_s arima {stats}, simulate {stats}
10 auto_ SARIMA _f auto.arima {stats}, forecast {forecast}
11 auto_ SARIMA s auto.arima {stats}, simulate {stats}
12 BATS bats {forecast}, forecast {forecast}
13 SBATS bats {forecast}, forecast {forecast}
14 ETS f ets {forecast}, forecast {forecast}
15 ETS_ s ets {forecast}, simulate {stats}
16 Holt holt {forecast}
17 RW rwf {forecast}
18 SES ses {forecast}
19 Theta thetaf {forecast}
20 NN 1 ys? 4 41 J acf{stats},CasesSeries {rminer}
tcf sAs fit {rminer}, Iforecast {rminer}
21 NN_ 2 acf {stats}, CasesSeries {rminer},
fit {rminer}, Iforecast {rminer}
22 NN_3 nnetar {forecast}, forecast {forecast}
23 SVM_1 acf {stats}, CasesSeries {rminer},
fit {rminer}, Iforecast {rminer}
24 SVM_2 acf {stats}, CasesSeries {rminer},
fit {rminer}, Iforecast {rminer}
25 SVM_3 acf {stats}, CasesSeries {rminer},
fit {rminer}, Iforecast {rminer}
26 SVM_4 nnetar {forecast},

CasesSeries {rminer},
fit {rminer}, Iforecast {rminer}
27 SVM_5 nnetar {forecast},
CasesSeries {rminer},
fit {rminer}, Iforecast {rminer}
28 SVM6 nnetar {forecast},
CasesSeries {rminer},
fit {rminer}, Iforecast {rminer}

aulldrzoet EMUPA JzrzBY t Of UL 1 2Z20Y ?msAhAt
AcobdhRAL?L L L Cc BT L1 ts RAUL?LVLLC TRIVEO8L (11
ART MCt 1214 z8 YW sramrA?ARaz1 Y[ B Al s MU MBYLY AL ML 2Z A Ct
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Lod | P4gwmBAs tRIJjI1ISEZAMIRYRE O¥ |
“ LMUOALT LI A RERY GAzuvmy [
J4RI O9UR Y ?mu e U ARy
0w —
4—':5—\-'
D =

> o
R 4

——

D

RZI

—
O =
0 o
Naive
3hAEOA
ARIMA_f
ARIMA_s
auto_ARIMA_f
auto_ARIMA s
auto_ ARFIMA
SARIMA _f
SARIMA_s
auto_SARIMA _f
auto_SARIMA s
BATS
SBATS
ETS f
ETS_s
Holt
RW
SES
Theta
NN_1
NN_ 2
NN_3
SVM_1
SVM_2
SVM_3
SVM_4
SVM_5
SVM6

d R3IIMILI A28 AZuv?2 1Az [2+
KzAzBWRZL1 81 ARMLILtrCceRl 130 3CARLYPh zswe 3
AR Oy AXdvlu TR UWpNgSe) [RIANEBHRBELES jasY 11U
JJuvluvz[ RO Zsd AMULJHLIRM[RO9ALI8 d JTul11B rouRrR
1R UL OQuduh zu Axweuld(estsenu Qg S o VORI tVBEYR B ¥ Z | |
RI{CAZUZR B8 [ ®fzwyVAZzr [RI M1t O" U A Dol v h 1 RVt O
AMU[YAzZVLZYE T OAS zuz 25mML At uY t11Y ?MUBULARY MC

t R
81 1

Py <<<<<<<<<<<<<<<><<><><><><<><><><><><<’;)MUHlc

— 0=

KKK LK LK LKL LK LKL LK LK KK LKL x KKK <K x x x x x < x| SARIMA

<K<K <K<K <LK<LK<LKL<LK<LKL<LKKLK<LKL<LK<LEx<x x X xx<<K<<L<L x <| ARIMA
<K< <K<K <K<K <LK <LK <K<K <K< x<x x x x<x x x x x <| ARFIMA
<K<K <K <K<K <K<K <K<K<K<K<K<K<K<EIx <K<K X X x x x<x

KKK <LKLK LKL <LKLKLKLKLKLK <L x<x x x x x < <<< x <| ARMA

[d158 R Afun

(Hyndman and Athanasopoulos 2013 R a4} 1 1 [ Zz1 [ C JUuluvAvLl 28Z]Y
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tol B ARMyVAAJZRMRY ?MUBUARYT MOY ZsSY 2Z2AJ 111RM
AKztr19484RrR1 Az sPaiankliWong(20@7). 2z 5 ¢

tzsae AL MUYAL RmMr 4 A9 2Z21UVJRZRO®ZJ1 UL AMAZUY
tzr [RIM Ol h AZ4 R AMBMRK RRIWOY ?25MoBRZL1 AR
{11 om AgmizsmBARIY 19 RZzVBY 3dARL Y525 VE L 4
1{180AV012HZ]Y Zst Jd]lvur oy odph S VAUV 9 | R
rirlrvrmypzoeyr 8 nlls AzAzs HHyndmansandAthgndsopowog R 9 o
2013).d R 1 jrd 11 19mMRXBRADRPPHRAL L\ AEBDPRZT [B ?Mm
AMU[YAZR]T J4AJd AMUAULVLIVLVOOIARARDBER AzmEI=OZmyByYy | ¢

Process

[ | I I I I [
0 20 40 60 80 100 120

Time
t?BR200womy At dyYy Azu[ RZ1U[BY ?MUHBUART MCY PpPQCT AJ

AMuAuvtuvedAhs zsy AzBR pMAzt{re Y[ rRZAO0 B AR | ) U
ZtBt412z4 wm [J1 oM AIM]ZSMBAROIHE r1] R3ILI{M{ULCrB

@Ave L 30MC Z1Y 1AZunMadR MY OuKRRr WO YhS W 20t v
ARzuaJldd TR rodwRrRZJL1 At 3584 tR [CcAvyiL 181 uUur
4/ ROHJ1 Ul ZR}IR2ZZJORY OT AL M]JZSMBAR1Y r14 2
AL ML ZSMBARLY Zdd ZR1IRzzARVHJQOr RE2H1 Y OPMUY W4 R
Pmoul {J rBt48 nlidAzrh 10 11OY 141 tRrL)YZRI
UMOBUHZRY AumzglRSEEMmM] OAmy fz1Jd RH11130mMuus8

b1 tOfuvyuvl ts?4e1dBY tCclfshAsy RIIMEJBOHZLL 1
R{MI1TRYUEZ |1 ACHI Azse 9111 Alsmu3zumeyl J11C3V
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Azvdg 97110 4lrimifJtuh 171130Mu2z8 1R dY AMULY Z
Jlromeftuvz8 t+1 RIAL1IR2Z21 O, toLewzOl )] Yuf1lCBUV
Clluvz Azpytt@edyqmR Zuv vAveu [J11RozZ | (vaidpibnl v | R
set)oon] Zzsua AYr{m1As 1 2z2ZB AMUJYAZR] Od] (uLvdZz O}
tR rchks JcAvrv tRMBBULEH AzegRImigOus 11111044
OSY AMUZYARZWAY, M] 1 OzmuzyY ZOo4 tuvwzOldg ts?21u1{BY
ARML UMl At d ZsY 2ZARMAMU APrestelvlO®B)yd z2) m) R wz0)z00) S R
RuU9Avz ts RAlL[J2Z1szB (R zZzsua J[J1[B AmMuA]lMmturBa3
ZARMA LI M| Ozmuezry ({ RU-BQEEOZB 22SY TRYZRMSY 3JCcAsy
AL MLt Ozmuvzy zZzuvz Azuv AYwuvluv zsyYy Alsmuv3zumejy

3CARTL I 1B AZuv AYduvlu zZd54 TRIULIOud Y R[IAJLO]R
RALVIAMIASY (1888 0 [ 0BZHERZ AL 2A Z/8MU [ZIRMIZRE Z 1)
Al sSMU3ZUMO ], AUZ AMUUMOBRZJNB r1 1 zZzuvde Azr [RI Mt
22ZJ4Y [ROWEIZMJAUVY T R ZU" UAULOU ARVBIIIMIRSESHYH Z |
AL MO A Ao RYWE Jt zU Azr [RI{M1 [ OaU A} oAU ZU AM?2
1224 VORARAZRO® 11 Z1Y 1 ULUNEAYOYA UAzz P 3 Kmahf{®yY z
PoOmeBRZI1 ARroMRL zzst Lzl vrely cdph 24zRrR s

zsd Am2zs 3cAsqQ w4 Rov ¥ YTMBbUOCARVBCIBAVEXMY
1RAIZRMs 30 ASAB[ MEL1IRZAS Zou {LEZ0Oldu ts? sl
ZO"4 UALOOSHY ROHJ1 AYOUY Ul 1 0Olz1AzZRY ri4 z1
PMUHBUARIT MC AUZ ?2MSALtTUAULLIROZPHEZPI VHIMEZAXE s b

Azu?2 1 Az 24821 Ui 1 VN ZRAYL RERMr U E8Z 1 AZs5 Kzul
zdd tRId1O8 ?msArtuo-Agy@Rpew DY LR NMOASKEM BMRYOY| 8

zmo 4l ztBt 1z r1d4 t14 AmMUAARDYL Rt @Y anGE REMP A Z
3198RZY Y BEHEL
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Process

[ | I I I [
0 20 40 60 80 100 120

Time

t?BR24l.womy At dyYy Azduf RzpLEY AImyZismB1Am@e [ ) AZRY
AmuvAvtuvedAs zsy Azuv? 1 Az1 BY |80} 3wy Mo pQ
ztegd oemh om [L1 ram ARIMNEESBVBEAREOE 61 [ BY.  Cf s A

>dANJ] ZSH RJZILIM{ULUrMrB ZJd" tR[JIJ1TI" AMUJYAZULZH U
AYr[m1 As zdu Azr [RM1 1 Oudy ?2M0BPXREZ WR v g1R{1Z
PMUBUARYT MOIY N INZ@RURAO[Z1As zZzsu AKAzywguruvl jrshk
ZU BSZUYtIRHU ZsY RMrf{Aoagvyh ?2msAiftuvAvyiuysazy)
AY 9Kk v t1 1Y 11 RMR2zu8s52Z1 [BY fAvlzy1rcAz1z28 Y
VAZL {UAU L UMBZRNOANL1 21 zo8 TUu 1128 tR AzJi?2uv z,
R1JJulY 11 ZsH4 RAOTUVLAS zdu tR[J1S4h s vavey
zs 11CMmIRLL zsY [zmoo¥Y | fARCcémt ROIPBLY ZRYRZZ (Y
litrcevze CCcupnOmay kI U BZ Y 8 B8HYERZIHZLEOE ] | A
12z2C A]IMO?R1T AvAvzyifuvAvesAs ZsY AUV dZSzZLY Z

AKzr [RI M1 Ouijt ofum1IHDBEYRTY { 8 & Z M2 & RA S (uima EAxt YQreP IR @ 2
J3umouode zZzJ] R" ljird tOzmy 8
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L &g J25YYy Oz miy | t Oz m ) VMO BULHZ ] {11 RBuiN1 cBLY
ARzl MZBAR1LY ?2mMmsA1ftUuUALILUYHEZLlL R ZUHE ZMJAUL AU
171 teut LA BAl1 [ 213 zBv R¥E wms A1t vAavy
f Azue qQluywd or KRzacmzsh
1 ME af RMmL) sGC oy gof {hydroGOF}
2 MAE > mor R | gof {hydroGOF}
3 MPE >t RMUL) s G o9y accuracy {forecast}
4 MAPE > moar R | accuracy {forecast}
5 MSE af mor R | gof {hydroGOF}
6 RMSE > moar R | gof{hydroGOF}
7 NRMSE > moar R | gof {hydroGOF}
8 PBias af RMmLI} sGC o9y gof {hydroGOF}
9 rSR > moar R | gof {hydroGOF}
10 rSD >t RMUL}I sGCoy OvY gof {hydroGOF}
zzar {B L Adf}
11 NSE > moar R | gof {hydroGOF}
12 MNSE > mor R | gof {hydroGOF}
13 rNSE > moar R | gof {hydroGOF}
14 d > Mo R IRMU] sC oy gof {hydroGOF}
zsd zzA1L B L/
15 md > MogRRRMUL]) sC oy gof {hydroGOF}
zsd zzA1L B L/
16 rd > MogRRRMUL]) sC oy gof {hydroGOF}
zsd zzA1 B |/
17 cp > mor R | gof{hydroGOF}
18 Pr t2A20z1 A5 gof {hydroGOF}
19 R2 t2A20z1 A5 gof {hydroGOF}
20 bR2 t2A20z1 A5 gof {hydroGOF}
21 KGE >t RMUL) sAByYY DL ¢ gof {hydroGOF}
z1t Bz@zanL {B LA
KzA?20z1 As
22 VE afoaw R | gof {hydroGOF}
b1 2110y Avz 1ytrcevze 7z, tOzmy L2ZC- r1d
KRzj?2pmrylvroesouwz)l 14 JdC/R 1Tuf1tB8 tzsdg ARMS?D
t ©Of vy vl Azr{moawvuwz)]l JLARZJROJLY tR [1CAks zsd
12Z0YKZBU2 ARMOAZIAS zd54 Azu[RZ1 [24 ?2muuuAR]
J1Zz4801 0y 2z z1t28% Avz ljytrcevze z4 1 0O0zmy
Vitrcevaze 21 Az4z14z17{Cc ARMIrmI31{Cc tOzm| AV
Axr [ my As Zod t Rfuimadig ASU z A 11s59MHVU3ZZ o Z ] t Oz m
ANl muzAycBRZL1 tOAL 1Ad f1zclisty A?Bt1z4h R

Azajguvyrvluoruoyuezi)

L od ] £6 81

1 Z59

rv4 zlvy
¢ Azlz1Az1(8B
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RUAIL 1 291 OurRY Kz MZBAR1Y 2Zuz 2h [41J2Yy J11 2
i TEAEEAT c¢mnmwq [41 %l O30A00 j-EIT1AOA ¢npoQ z
Lod ] RpywmBAs tOzmdy AzZzsdw Azwjgul vl jrshAs zdu
vmobvuLez 1 J41 APuviRFBvuEz | Azs4 8Hvizsz|

UoOzmieymuy .e0lz1 Az tzuafBfs ApRAAIMW &

ME (-Hbh C HC 0 t1{MmjzrRMU S

MAE f mhCH 0 t 1 { MiMAEMU

MPE (-Hbh C HC 0 t1{MjzZzrRMU s -

MAPE f mhCH 0 t 1 { mjMARENL

MSE f mhCH 0 t1{mjzrRmou -

RMSE f mh CH 0 t1{MmjzrRmu 2-

nRMSE f mhCH 0 t1d{mjzrmu T2

PBias (-Hbh C HC 0 t 1 { mj|BBtas|u

SR f mhCH 0 t1{mjzrmu O

rSD f mhCH 1 trRr |} ) miRr8D, 1/rSD}

NSE (-bbh p ¥ 1 t Rr 11 NSR MU

mNSE (-tbh p Y 1 t Rr 41 ynN8BEwv

INSE (-bbh p ¥ 1 t Rr L1 YNSEmuU

d [0,1] 1 t Rr L 1IxYpzRrMmuU

md [0,1] 1 t R 11 YymRrRmv

rd (-bbh p ¥ 1 t RrF L1 YZRMU

cp (-tbh p ¥ 1 t R 41 XEZRMI

Pr [-1,1] 1 t Rr 1 1>gRrRmI

R2 [0,1] 1 t RFr 1 1>XR2RmI

bR2 [0,1] 1 t R J1IYzZRrRMI

KGE (-bh p ¥ 1 t Rr 11 KBR mu

VE (-tB tbq 1 L1 mj|¥ER MU
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3. gRIMmszZz 1 B AYr{m1 As tRIJTOSY Amjr1IRGCsY

31 3] M{ur B Zod tRIJ) wmu Aumijy ) REBRYKEZR [ OY
] 4 R1 ARMXDP,QY

tzsewJ z8EN Ll MuzAL cBLEBZ L1 Z1 ARAWZRAAOMEYZY O ZAHY
AZzuv?2 1 Az [ 24ARMERG) WWR SAM|{ rt L ZUALL UYHEZL1 R AJu
AYr{myrAs zdd t(RIJY198% AmjrlIrRGsY8 d AgrmuvzAhoyg s
Zsu R34/ M{UTrB Zou tRIJdYTOu Kz1 Y ARzu[ rRZ1 [ OY

AMUAUI VO SOAS zZsYy Azuv?21 Azl [BY3:1Eu@B)U g BN Zis@q
2AZR A mclY¥Isl]y 4] JAULVAL3sd1 AZude RALTT Omuzy KA
z1 uvAavey fL3umue z1Y Az41z1Az1 {{@vauvpe LY AR
JAUVZRIRA{ CZOn RJCAZWUZA U P8P MEPY zWzrr [RI M1 | O" U
ZANUVLAZsMOBR Zsd RuUJLrdrB 1 A31124 Azt ARM]I A CZ
JARYT JJdJH1AS ZsY Al smu3umoly AUZ AL MO?LZHY UL ¢
Alsmoszommep [ 3B zRN {Ad JCIR ARomJIt ] A2z80COBRZ/Y
S AYuwzJ JuUus Zdag vAvLOLdSHE P ML [ZsMOBRZL1 1Ad AzuC
J¥yrdmyJtuv Avz 2z 1UVU[RzZBfS{IR r11 ZzZuve R"Y Y jird K,
1o8RZ 11 AvLILzZZULCH InRrRGPaI nwukwz Z4 [ OAkRzc 1)

z0Ozu e ARMSR{CZWVEIE RNAZNWVEAL CBULEZL1 Z1 [ AUZR
AR MJ [ACMZLIABL | VDD sera L3ZLRQ HIul.12

31163 I Mt ZOBR[ jJ1 o8 AMIKZIWWRY Az | A ROAMR(LYT trRR{} A (UTRR ZYM U
31=0.7

b1l 1t Ofmipwlr@gwmt J sueOgOMMmUuMR tOl1 Ay ReERZL { OY | &RI
125 pd t R BUEM(CIBRXZBMUA j Zsd4 R3IIM[{UFB J2ZB AMU/J
AMUT )l OCROSHh U VDAVORY [J1ZIM?CY ULUAZ1 LZLEUYl LYH
PMUOHUAREWEBY ZavA ] Zsu Azr [ RJ MIATUVOMRSY U[A ZH R[OUYA g s Mg
tiraviuvzy{e RUJSdE]L r14 2Zsd RNPIBYUML ZBML It RAUZ
R R?UL Odd)y [t @durRBr [tR DMz QBws, ZBMSAS zd"d AMULT
AL MUZANRMIRAA jZRMU RH]11130mMuuh jziu w1AWhmmgl O
PMUBUART ABBYNRHE 11 RZAVNNBRARIMNK ?BTHEIYY BZ Y
3205y 1 2885
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— Observed
—— Naive
—=— ARIMA_f
—— ARIMA_s
auto_ARIMA_f
—v— auto_ARIMA_s
BATS
—=— ETSf
—— ETS_s
—— Holt
RW
—e— SES
=— Theta
—— NN_1
—— NN_2
—v— NN_3
SVM_1
—=— SVM_2
SVM_3
—— SVM_4
—v— SVM_5
—— SVM_6
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