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ABSTRACT

The MAR({1)}) model combined with singular 'value decomposition, SVD,
[SVDIMARH)] is a’stochastic model for generating seasonal flows at a single and multiple
sites that can reproduce the historic basic flow statistics at several different time scales. The
main objectives of this research work are to investigate the apbropriate decomposition for
the stochastic MAR(1) model [SVD or Choles_ky decomposition, CD}, and to propose a
muitisite SVD/MAR(1) model having a8 new scheme in reducing the numbgr of parameters.

" To achieve the first objective, a stochastic CD/MAR(1) model is proposed. The
model applies the Cb to a matrix of normalized seasonal-flow data before modeling an
MAR(1) to the innovation CD matrix. The MAR(1)-residual covariances are estimated using
the method of maximum Ilk'elihood. MML, or the method of moment, MOM. The CD/MAR(1)
model is limited to application at a single site or multiple locations where only few sites are
considered. If the number of considered sites is large, it is necessary to use the SVD/MAR
(1). Results of examining all competitive models [CD/MAR(1)-MML, CD/MAR(1)}-MOM,
SVO/MAR{1)-MML and SVD/MAR(1)>-MOM] using a sequence of 43-year (1955 - 1997)
monthly filow records for station Y.1C (Yom River) can be concluded that the CD/MAR(1)-

- MML model is the best one for describlng the basic properties of historic monthly. and
annual flows. However, none of the modeté. can preserve the monthly and annual drought
statistics at several different threshold levels. |

Another principal abjective is to develop a multisite SVD/MARU) model having a
new approach for reducing the number of parameters. Hence, the developed model

 computes the matrix of standardized principal components (SPC) from the matrix of
normalized seasonal-flow data at once for all locations, or at each site. The MAR(1) |
parameters are reduced by separating the total SPC ‘matrix into the sub-matrix of
 statistically significant SPC and noises based on the 85% of cumulative fiow variance as a
chosen cut-off level. The statistically significant SPC matrix is modeled using an MAR(1)
- process. The proposed simultaneous, at-site and existing SVI/MAR(1) models were applied
to four series of 43-year (1955-1897) monthly flow data at station P.12 (Ping River), W.3A
{Wang River), Y.1C (Yom River)} and SK (Nanr River). Results have demonstrated that the
simultaneous SVD/MAR(1)-MML model has the least nurﬁber of parameters, and the
greatest degrees of freedom for computing the covariances of MAR(1) residuals. Further, it
preserves best for the basic statistics and drought properties against several truncation

jeveis of historic monthly and annual flows.

KEY WORDS: seasonal Flow geheration. Singutar -value decomposition (SVD), Multivariate
AR(1) IMAR(1)]
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unn 1
UNHI

1.1 A1

tf'wi"l‘nm]gmaLﬂuiagaﬁﬁm'mﬁ'\ﬁ'zy ﬁ’m%’uiﬂmsﬁ"m'lﬁﬁagadﬁoﬁﬂﬁ'ﬂlﬁ’ﬁﬂs:
fnsnm laodindadsadouldiuaotounivarnlann  msfEnsudouuuy (simulation study)
wqﬁnswman:uun%’wmnﬂiﬁ (water resource systems) MWI1TU ﬁ'wqﬂﬁagaﬁ'mﬁﬁu
QANIAIIUINIIN mIanwdsuwuuiiszinbiirudtlang@nssuesuauasrasstuy ez
ilugnsdafulaanulomenmsimnifivianzas agwlianalumelfiadayseda
'uan{'wi‘mquma m amiifimaule anfianusmlinninuazivigsgaidion dandniu
'[amaﬁ'qﬂ'ﬁayaaﬁﬂﬁ’a:tﬁm’;ﬂﬁnhamaﬂﬂmwm'ﬂu'lﬂ'lsm'arJ n'n'l'ﬁ"qwi'mdmf'lmaﬁﬂ
Wagadmzilinlddhlawa@nssuuasszuy ARIIMUTAANS URSIZHINA LA Lo
muadaarni ldaieliUszaniomw

i'mmgmaﬁnm'z'l'f-lhos'fu msﬁ'amﬂ:ﬁﬁ"whﬂqunmﬁ'm'mu'mmn'qmi’agaaﬁﬂ
suduRugwdindudmivuimsuszdaninia lunmiaen ﬁ"m’tﬂuqqmaﬁomﬂ:ﬁ
(generated seasonal flows) - WlTlun1sAnE A sUUULNGANTIVTITTLUNTWENNTH MM
ARl AN U BIN I IR U N B REURE WO AN I TNV DITZUL WIuasanugfunnues
JTUU (storage capacity) uu“:uImJ'lun’l'S‘i'ﬂMﬂE'l (operating policy) uﬂ:ﬂﬂulém‘uadn’ﬁ
TAuAEUIN (water-deficit risk) tLuem] ﬁgné’aa FaasHIA AN T0 2 aNUULURE UMY
szuuldatinamanzan f’\ﬁ'lﬂqumaé'amﬂ:ﬁa:ﬁ'aaﬁé’num:nwaﬁﬁ iw Aad
(mean) AU IMuS  (variance) AuuszAniaaal)  (skewness coefficient) uas
FulssAnTanduRusanuaan (temporal correlation coefficient)  Findloufunuvasy agmfﬁ
Yi‘laﬁm"'lmnanm (time scale) #iN3% (Hoshi et al.,, 1978; Bras and Rodriguez-iturbe, 1985;
Oliveira et al., 1988) #28613 111 FUPFIATVITIo@an (monthly flow) d"zu-ﬁ’agadﬁ
vhafinvasanniinils (single site) MvTo@eauFLeTIEWA lTsdBIsnIa NI NIERE
ﬁ’ugm-uao-ﬁ‘agaﬁ'ﬁwnmﬂmﬁauua:ﬂuﬂ (monthly and annual time intervals) faniniu
lumﬁiﬁnﬁuﬂw'l'aoﬁ'amﬂ:ﬁ'\fﬁﬁﬂqumamnﬁayaaﬁﬂumuamﬁwﬁmm?mﬁ'u
(multiple sites) ﬂtywm:ﬁo*ﬁ'u-ﬁ‘awfm WM TER v hunedu ANt anduRu e sinTn
ninanild19g (cross-comrelation coefficient) WRady  uaniwitelUsinfivzdasdines
ﬁ’num:maaﬁﬁﬁug'mmmueia:amﬁﬁmmumnanm 'TmaE‘iﬁ'uﬁ'lmuamﬁﬁtﬂw“msnn
ansausmasfifvanivinfindndudosinely  amzsnn@saunssrnfiuniniwaniude .
EEED! dsefinanlsddmauunn



'lumszi’axm’m:ﬁﬁwh*nqumalﬁ%’nu’lﬁnumzmoaﬁﬁmaoﬁwmﬁnmuamanm
wuudrasannadanlafunisosuivlwledulun1sdjuiddsuunitsasuanuas
(disaggregation) Ltuuﬁ'\aaoﬂﬁgnmmua'lﬁlﬂuﬁfﬁ'narhouws'wmu'[ﬂu Valencia and
Schaake (1973) uumhamui\nuaoa:é’atﬂﬂ:ﬁﬁwﬁﬂﬂqu}ma (lower-leve! W38 shorter
time scale) i esnaas (upper-level W38 longer time scale) #inmuald wuy
a"maau.anumﬁa:'lﬁi’a:&mf'whé'amﬂ:v'f fiflauauianmesdafuguadoadaiuuasdoys
tf'wh'luaﬁﬂa""m*':'uamarm'lﬂmi'w‘J LU ﬁ’ﬂtﬂﬂi:qnﬁunuﬁﬂaaauanum WNaRATIzRTa
gmf‘:ri'lﬂmﬁam’lmf‘whﬂuﬂu‘i'l 1f‘1ﬁ1ﬁmﬁauﬁ"lﬁa:ﬂqmamﬁmwﬁﬁﬁrugﬁumaoiaga
drimo@euuazrielladia  wanIINRRETINBO YN TIL@ B RFURTIEVA Teastrinuairin
Hunvifarmualdein ar.i'n‘l'sﬁmuqmauﬁﬁuaﬁu (additive property) TaJIULUINRDY
wanuasfiasile ﬁﬁmﬂaiagmf'tﬁ'laﬁmﬁﬁ'\mi’maoﬁmwﬁm:mmﬂuuuuﬂmﬁ (normal)
trimin qmam.l“‘m‘fa:gtyL‘a'u1ﬂﬁ1ﬁn11uﬂaoﬂ1’|uﬁmaoi’a:&amnmsmzmuuumﬁ' (skewed)
Widwwovudsnd -‘:‘n'luﬂ'nmﬂm‘ioiagnﬁ'nm-nuqgmaa":u'lmgﬁa:ﬁgﬂhom'mﬁ'lﬂﬂmﬁ
WWude  weananituuudtaasiipalismwiumaniiiaad (parameter) Auniawll  iwziniu
gnaanuuu'lvi’mmma?smué’num:meaﬁﬁv‘{u‘q‘mﬁv’muaﬁﬂquma FINIRITIN UBL
TWINTINIAMINDI ﬁﬂlﬁti’]uqﬂmmciamsﬁ‘l'lﬂ'l'ﬁ'é'omﬂ:ﬁtf'm'mnmuamﬁ

n‘nun“lmﬁtywlﬁl.ﬁm{umnn'muJaoiagalﬁlﬁuﬂmﬁ uazviliquanidnaTin
FIMTVULLIIRBILINUIITEY Valencia and Schaake (1973) (&'l smunsonile 2 55 5%
umun“l'u'[ﬂu|.§anﬂi’utf‘mﬁ'\ﬂuqgmaﬁafﬁﬁww Wanauifuanuaied  uazpaulé
m‘mﬂuimum-uaoiagaﬁ'whﬁgnﬂi’uuﬁnmmn‘é’auunu (Grygier and Stedinger, 1988) an
FinilemiiulildiaaRenlfuurdtaasuanuas ﬁmmmﬁmaam’mﬁmaw"m‘gatfnh"lﬁ'[@m
Tidaaulasdaya o uuudteauanuasliBadu (non-linear) fivaulay Koutsoyiannis
(1992) n?aﬁl-fﬂ'nuﬁmaoﬁ"iar.hni’agahumo (Lisinsudasdays) 1w uuudIRaILINUR
Lildwniima$ (non-parametric) tRMiana132 9iilay Tarboton et al. (1998)

Ty fipnuiTwIunIime U0 IuUUI1R0IUINULAITAI Valencia and  Schaake
(1973) svvaaldlaunizapiminnafinmuelifiaziu (staged disaggregation) IUNTEN1e
drinlugsafiams [9 Loucks et al., 1981] 114 feasmnivino@audFuamsian
inhureliAnmuali manudsiineilsandwiviime 4-feu deudvzutiaiaria
1 4-danldiihaivinodauaudey wiatmanafenlFuuuiasnanuadiy g Awaw
%umﬁ'm%'ué'amﬂ:ﬁf:'whﬂqumamnumuamﬁws"auLw‘s'uaﬁ'u (Lane, 1982; Grygier
and Stedinger, 1988; Koutsoyiannis, 1992; Santos and Salas, 1992) RUUIRBANENT
amnma.w*amh.anﬁmauwunmv‘nmnmﬂm-] [mu.l-s"anﬁav\auwummﬂmmqmu
nuqmnua‘man'mmmnu (season-to-season correlation coefficient) ua-auﬂs-amﬁm&



é’uﬁuﬁs:niﬂaﬁ1ﬁ1ﬂqunﬂaa1n@i’mamﬁﬁ’u (seasonal cross-correlation coefficient)] Waz
%’nmqmauﬁwmmmmﬁﬂm

wannitalusnnuuudnassuanuasiing ludrtedu  3Bnrmaaidnaieis
ﬁ'm%'uf‘fqLﬂﬂ:ﬁ'ﬁmﬂuqgmamniagaﬁwhaﬁﬂﬁﬁunmﬁ‘:u'[ﬂumo 'l@'fgnﬁ'wm"ffum
TWswsainesnsung aﬁﬁﬁugwumaaimdm‘iv'lﬁ'laﬁﬂﬁﬂumnanmma §  Cavadias
(1986) 'leTtaua’:‘ié’omﬂzﬁﬁ"whﬂqu}ma Taswamusnamneiia Fynad Nadd Gaau
TwSu (singular value decomposition, SVD) SVD tihunadiafifidszansmn  imanzfianin
‘lﬂl‘fﬁ’m’lmmﬂ?nBdffﬂ?:naUHﬁTﬂu1ﬂT§‘m (standardized principa!l components, SPC) VY83
msﬁna‘:’agammﬂ'lmy' 33va9 Cavadias (1986) masninwiduaiy  arudsuuds uasz
gutlssimfandunutseninirinluiidoans (within-the-year correlation coefficient) 18379
gnaﬁﬂf‘:mnanawi'uq uci:i’u'l;immma‘ﬁuwé’uUi:ﬁn‘faué'uﬁ’uﬁ:whov':'\mqqum'uao
ﬂdﬁ’quqaﬁ’mwmﬂﬁuéﬁ (season-to-season correlation coefficient between flows of
successive years) UasRuUTzANTanduARTaAlUIAAGLT 1 wairinTIuTwl (lag-one
annual auto-correlation coefficient)

Wautlutasnevasitdamsiiirinday SVD (Cavadias, 1986) IWaansnatuae
é’num:mmﬁﬁﬁupwaaiaga'lf'whaﬁnﬁ-ﬁwna'muﬂ'"wfﬂﬁT Chaleeraktrakoon (1999)
'lsTﬁ'mmuuua"laaomeaﬁﬁa‘rm%’ué'amﬂ:ﬁfmﬂuqqma Fasznavlvduinaile  SVD
AUVUIRAITOANBLaR IUTRLULNEIUAILUIEGUT 1 [multivariate autoregressive of order
one, MAR(1)] uuuﬁ'maai‘fm:gnﬁunﬂuﬁu'lumuné’a'h SVD/MAR(1) LUUIIREY
SVD/MAR(1) ﬁt‘éuﬁué’mmmﬂaomm‘iniagm‘fwﬁ'lﬂqumaaﬁﬂuuuﬂ'snﬁlﬁtﬂumﬂ‘%n
spC laownafin SVD ﬁauﬁa:ﬂs:qmﬁmmunw MAR(1) NNuUua3n SPC  plsuanen
wadndudszAndanaunus (correlation matrix) maotum‘%n'fl’agaﬁﬂmﬁ'zu SVD yinlvkuu
91889 SVD/MAR(1) mm:ﬁa:ﬁ'l'lﬂ'l'ﬁﬁ'amﬂ:ﬁiagmf'whmnv\muamﬁws’amw‘%mﬁu
zIuwITEimafias MAR(1) musnaaadladite laputiswadn SPC atinarvingnu
saniiu 3 walndapvad SPC AFusddusailoanwly (successive) ud23991889 MAR(1)
WANUUAazIIaINtiatvay SPC i-Jr.i"lsl‘l'iﬁﬂ"luI.I.Wlﬂ’l-:lﬂ’h‘ﬁﬂ’i"lﬂ']“ﬂ’]ﬂﬁmafﬁﬁBglﬁniﬁﬁo
fuuldssiweiinnifiusududn  iwmzitiaas MAR(1) thiunnaaduiiaamed
vauuaIn SPC Migiineduiianmaiusnquasiuain SPC rimiu Asnudgamnmeadaln
mifmmdaunduiianuaimiiidnensy  wdredmiiaamaifindalifiaonaddy
(noise) &b (@ Joliffe, 1986) uanmm‘fuﬂuﬁjﬁua;li'[ﬂu'n’i"z'lﬂ":n MIUANDIVOUNAIN
fultrdntandunuivinldnaess (Graybill, 1968 and Koutsoyiannis, 1999) 35douns
Aouliiuagrounswaelaun Toeafl @naulwddu (Cho'esky decomposition, CD) 9
Graybill (1969) Banininudsrdtuandmezlwdaaufiuandrstueanty ltAadymwinu
UUUIREI SVD/MAR(1) Fimiuanaiens SVD ﬁ'l'ﬁ'ar‘_.imu'l:aun‘%a‘hj ‘



o - LA -~ =2 J’a ol -« -~ P
yinfldaiuiolidwen  nms@nwiSdidaglizasdnaniiansiagauanmninzay
a " " . - - L™
w33 SVD ua:z CD hazvunlanuuuuiiaad MAR({1} TUuaUAN®] (Chaleeraktrakoon, 1989)
° o - P = f °
URSIEUAUULFIAEY SVD/MAR(1) & wiuvatpannit  niwwimalwilumsaasiuiunam
- « o - A4 o v . .
ftma’  uwmnEuelumsdnRltinausinudsuudsazan (cumulative variance) U3
:‘ 4 a = = . .J - Qs o . N L3 r [ A
Fayaurit luniswiswedn SPC aaniudiuidadyny noise (Joliffe, 1986) Toyavinm
gnifanlfidulaymitvinmu@auvassonil P12 (Widnlly) W.3A (Wii1dd) Y.AC (uaidipw)
L] :’ " - g A‘ &
uas SK (uirim) 9man 43 T @ w.a. 2498 - 2540) waawivaImsAnsBawTnanlld
41 ABuaneaa2s CD tmunz@mmIuleiy MAR(1) nidlanniiidor ue SvD @ndrdnitlunsdi
- - “ P . L a.
wpInaganiit  uwuuIRed SVD/MAR(1) d@miuwatvaonfinuusihlunsdnsifi ddwou
- A 1] - - W - Br - 3’ o .w
vwindfitaeindasnituuuiteendn  uazfimunnabsdnsusnafidnuguvasdayanin

' o . *
vimpgenasfananamFN gla
[ «
1.2 'mqlhzala AVBINTIIANEN

mwﬁnmﬂﬁi’aqﬂi:mﬁtﬁa

(1) \@KaUVLIIADY MAR(1) Tilausnal97e CD [CD/MAR(1)]

(2) ATIRVFDVUAMVAVITOVDILVVINREY SVD/MAR(1) ua: CD/MAR(1) lumisinen
é’num:maaﬁﬁﬂaoiagafui'mquma uasAFmnaLIsI NI

(3) LEuBULLEIaDY SVD/MAR(1) nifinmoaonsi  Adunimelnidnivaadmam
wimieaT

@) uWSpunsuuuudiaes SVD/MAR(1) ﬁtauaﬁuﬁﬁagtﬁu mlulszidiuvasiam
winiliwwa¥ u.a:m'lummmlumsaimué’nam:maaﬁﬁ-uae-ﬁ'aadmfnha?mﬁ'

BRI IR DUURTIINT DL
« -
1.3 avAUITNaUYaITIHIINNISIVY

unfl 2 ePunsdeuvuinaes SVD/MAR(1) ﬁﬁagu‘ﬁu wisuraiauaunrinans
CD/MAR(1) URZUWUUINIaaY SVD/MAR(1) dmiunaruamiliiuuztin unfl 3 aSunufeditnas
ANIVTAUATWEWNTOVBILLLIIREY SVD/MAR(1) uaz CD/MAR(1) AiRasan  uardansal
HAAWST WRINITANET  MaaNEMTWSn AU T=winIuuudae SVD/MAR(1) Alananufiil
agiidinszgninsalluunil 4 undl 5 srapluersdney  uusnhowidolududely wiaun
nantnaindmmsasGulunwidon



unNy 2

WUUIIARDI MAR(1) BTHALANA

g = = 2 a - = v o Pl - o
il unsatTuNsnILLLUINRDY MAR(1) TUALANAINUDLULAN LATVLFUSUUSIINILAY

u
A - ‘:’ -d - 3 el J
FI'II.I'JFIQLJT:H\"F{'UE]\N'IRTQUN FIURZLaUAULLDTIRDINTNI *]ﬁmu

2.1 LUUIIAaI SVD/MAR(1) NilagiAu

Chaleeraktrakoon (1999) léWauuuudiaas SVD/MAR(1) ziw%’u&‘omﬁ:ﬁiagam

rugamansdigmildomIanmoaaiiniouwioaniu

2.1.1 nItkADIRLADD

- -~ ~ L :' . - - »

n’muﬂ'lmumnmayammﬂquma Q=[Q] lavhi=1,....m; j=1,.. 0, (m=
- o, r [] b A c‘ = =
IMUMULTBITBYR URT © = IUIUGYNIA) 17 Q, fiauduwanuadlaiiduwuuudsnd (normal)

Q ﬂ:gnuﬂﬂalﬁtﬂuﬁ'nﬁ'lﬂqumaﬂinﬁ X, Tas (Loucks etal., 1981):
X, =In(Q,—a) (2.1)

- - . =t ot

wa a, = w1ﬂuma'fuﬂma‘amqﬂ (iower bound parameter) VaIMOBIHNIVUDULINUIILLL
Ranuaiuaa (lognormal distribution) #MTVKNYINNANIE j Stedinger (1993) uuzir kA mIm
winiiees a, MindadudayaiivindiniBuszinamuuumenlng (quantile) dyauns

—_ 2

— X Xim T Xe 2.2)
i = :

Xy tx . —2x,

a
)

o 3 ] - ] ot
laufl xq) = FFIFAVBI X, X;,) = AWTATDI X, UaS X, fIUBH3M (median) 109 X, 3N

L - -
UUAMUITIUATANIATTIN X 109 X lao

X =(x ¥)s’ (2.3)

a - - . - - .
W X = lWWaiNYaInanutadI X uas 8§ = l”ﬂfﬂﬂI.l.f.lwll‘!l!'l.lﬂ\'lﬂ’llﬂUJLUMH"IFIT_%_"'I'WDBG X



lusudeluiaininasgu X azpnudasliiiu m x r @3n ¥ w83 SPC [r =fau

(rank k) 203 X 1uilil r < @)d2n SVD daaunis
vy=xA" (2.4)

" = - N d = P
Tao?l A = r x r @SnnuoANValaINUMART (eigenvalues) Aiuuan uazGosvrnannly
. a a .
"ot (Ay > A > > Ay> > AL LD A, = 8ENAWUKIMUBINNTANLGIN A) uax T =
— N - e o of . [
o x r wasnwadlainuiataad (eigenvectors) 189 R (R = u@indudssindandunuseas

o - -~ P o~ T
X)) nHunnamaiuasnafuiamaiiiluaasinuaiuas (orthonormal) (Mufa ' = £r),

T - - - Y
IT =Kw)wa K.) = mmmananunf] wasn A uss I a:gnﬂ1:mmn1w1n

Rl = A (2.5)

X% (2.6)

1
Uwas R=—
m

FINUUINRDILUATN Y 103 SPC @28 MAR(1):
Y= Yy D+ Uy = Y + WK (2.7)

ol ' - N o
Wa Yy, =1 x runin@aimel Y, Uy = 1 x r unaniamediaiunvie (residuals) v89 U 1l
AUUTIULUTEINAURUT G, @ uaz K = r x r WTEI@asiuadnuas W, = 1 x r ud1ILAT

fulIguilIin@unaIsu (standard normal) 189 W wamiitaadinain @ dmarmnilas
-1
=M M, =M, (2.8)

J s e [ 3 e [ %) A [ Y] - » -1
Lo MURT M, = r x r LIATNVDIANTUWUIAIAUN O URs 1 Y89 Y K\Hﬂﬂlu (2.8) a1 M

= Kr) szuraniTraawindiime’ K Uszanainmislales
AT 172 -
k=AN"Y"16,] (2.9)

A - . r-3 ol e -
Wa A = kx kwainvadlainuanaid, ¥ = k x k wadnvavlainuiawaiues & (8= wa3n
a - A - e - . | - .
FulizinTanauwuizas U) uss [G) = wwinnuesyuvasdniiodiuuinasgiuues U wein



G T uNT0UTE NI NI 16NI3T method of maximum likelihood, MML W&z method of moment,
o A va & .
MOM dsuaasaruaauladail (Stedinger, 1985) :

G=(1Imu'u (2.10)
G=M—DO"MD = (1(r) - D D) (2.11)

uUUIeed SVD/MAR(1) afunuuain R éo A uaz T [@ (2.5)] uaztwsuiauay
7 (2.4) Imaiin

r1=TA”m AT (2.12)

-3 *r [ ] :H 4 » L] -
wRklduurHieeiisney R, /iUy M, wuuIIaed SVD/MAR(T) Himiwwiniieas

- 2 ' o . g L ol
VBIULLNREDY = 2r ua:maemaat:mnmmmmwﬁﬂumaf K=m-r

2.1.2 nInatpani

luﬁf{mﬂ'%mf'lﬁ"mqumauuuﬂsnﬁuﬂ:mmgﬁu X snaneilu X = {X ] §&miu
j=1 2 ., n® -'I‘NmaLﬂu'ls'fvfouuuwg}waﬁ(non-singular. r < n®) WRLLANWIN (singular,
r <m i‘lruagliﬁum'mr.rn'uaa'ﬁ'azuiaﬁLﬁUTJUTJum'lé’ua:ﬁ'mauamﬁﬁﬁmsm“l lunsdia
wﬂ’m)?l.'ﬂuwgwaﬁ wvzudaa X 1WiTw mxrwa3n Y 289 SPC @2n SVD @3auns (2.4)
Tunsasethuduadn X dwenwal lufifilnesdswnwednlanunedi A nwe3nues

aUP[P= (1/m)XX | ] InTETUIavaIuaInEnnda R lay
pII=TIA (2.13)
- . [ . - [ 3 o
Wa I1=m x rainlainunaiaaives P damainlamnuiaaas A v89 R duamlaw
1 - . .
A= (;)TIZXTH(AUZ) 1 (2-14)
Yusnanda liilunam SPC wadin Y

y =m"I1 (2.15)



& ° ' - I~ ' ' -~ 1 3 4d =
INBUITFINSULRNATN SPC Y saniilu 3 dmringiu Y= Y vy il ¥ il
- d ) d gl o 1 ) L
m x n3 wa3nuas SPC Ndaiilaiii uazdrassudaziuadn ¥ dw MAR(Y) [@ (2.7)-(2.11)]
- 3 g ol A e A”-.. -
RYUdIRad SVD/MAR(1) d@mdumaiwanmii sunlaatuisiiinwinedn R wmilanuauuy
- - o ol [} e - . -
Fweansdlanflidsn udliiuain R, lavdszanmsnuyIsunInauuuInsusIyusay M,

A . v - 2 = 2 s a
WU9 (773) x (1/3) DaFgIna i uauwTiiwasaaatnn 27 (i (2/3)° uaziwinasmdass

WANTUIIN m - riu m - (73)
2.2 WUVIIRDI CD/MAR(1)

3§uan€hmﬂ"snmao'ﬁagﬂﬁﬁ'zuﬁ'uv\a’m%'ﬁuazl.wia:’fﬁﬁ'lﬁ'ﬁmauﬁuﬂnmaﬁu LT
SVD (Joreskog et al., 1976 ua: Green, 1978) Talilnuvvitaandueniildatuinliud
CD w3afiGundnatanita it minrinaaNass —square root method-- (9 Graybill,1969) uRz?
ﬁaﬁ'ﬂ:uﬁ‘r’uu'lmqﬂ'lﬁuﬁmm’tmﬂauﬁmm:ﬂuﬁqﬂ (optimal) A ILUUIMIINITHIAUNLAE
suuuvliiBadu —non-linear optimization scheme-— (Koutsoyiannis, 1999) ttdafﬁdﬂuﬁqﬂ
uazlanuattunwivaeldun co ﬁ'aﬂv'ui'ﬂqﬂ's:afﬁné’n'ﬁ'aﬂﬁwaanuﬁﬁ'm{%’nﬁaon'ﬁﬁ'a:
AIIUIRTINFALTT CD ¥Ia SVD ITUMMTIFUNLULLUIIREY MAR(1) Thauand? lauiaus
UKTULUIIREY CD/MAR(1) Sevznanfioludreudaly tauBoufivuiuuuuitaadan

Tauviald cD 'i::'l‘ﬁ'ﬁuum‘%n'ﬁ'agaﬁma’snﬁ'vﬂrz%n%&nﬁuﬁuﬁaoﬁ'utﬂuU'Jnatho
TALIU  [positive definite] (Ula, 1992) -‘ﬂaf{'au'lnrgﬁ'mﬂumeﬁnvaoﬁ'agaﬁ'ﬁﬁﬁﬂquma
Fwiunitaot  wienarusoiuflaroniiiResonillinnn  tlanuazaanlunmmniaue
UUUIIREY CD/MAR(1) 'a:gna‘ﬁmf_l'lﬁ'n'hné’uniﬁimﬂ?nﬁaa‘{a'lf’\ﬁ'\ma'muﬂaam'ﬁ davulu
ﬁﬁma‘%niagaﬁ'ﬂmﬂqumammgm X floue m x © uyusIeed CD/MAR(1) 13ueu

grunsuwladuasn X tan

-~ -1
Y=XA (2.16)
A - Lo A o LT W —{
lasAi Y=m x® mmnuaawfnﬂaauﬁnﬂmas‘ﬁqmauumﬂuaaﬂn‘[nuaa —orthogonal-—-
1 T - -l 0
[T Y =Ko)] uaz A = @ x @ LWAINTWINRUUFEIULUU (upper triangular matrix) 289
m

- o - - -l » e - -
WITWLABT NUTNNTN A+ 01D 7 < fURE Ay=08MWM30i>J wiTlimaiwasn A ﬂj:mm
N3N '

R=AA (2.17)



WAIN T IQNIIRIAI MAR(1) @ (2.7) Wo v ua: L fa MAR(1)}WITHmas
w03 Y V, fia unamaiuad MAR(1) a'r‘mmﬁaﬁﬁd'\m‘é‘uLﬂuquﬁuazmmﬂnuuﬂsm’s
suWRE H wsz v, fa umameiiasmudsduuuulindanasg wanliweiuain y
mmmgnﬂs:mmms‘lﬁv’fw N us:s N, laoft N uas N, = LIaINEndURUSAGLT 0 was 1
w81 (2.8) uawinimasiuadn L dmandldrnuednrasdulssdnTandunus H, a9 v
(2.17) WAINVAIANUUTIUUUTEINANAUS H 183 V aradszununmsaipdd MML wiait
MOM €28 (2.10) uR: (2.11) uULUINRaY CD/MAR(1) abu1tiuasn R @ap A @ (2.7)
YUBIADINTUUULIIREY SVD/MAR(1) URISNBUUATIN R, HIMMAUNGIN N, [9 (2.8)]
Swmwieestaiiu = 20° @uinvasdrdaszimBadniud i awniimey
WwasnL=m-o©

uuLIIead CD/MAR(1) ﬁa"ﬁmuﬁa'ﬁmu‘h”-ﬁ'mﬂ’ummmﬁwmh'fé’amﬂ:ﬁi’ayatfﬁ
rinnnnapaninfaunwipanuled anuiweinvasendunus R vavtayadaduuiniaiu
amumniudﬂztﬁﬂ%ﬂﬁ'ﬁdmﬁa'ﬁagﬂﬁ:\mmmﬁuawaua:m"'sa wusoiiaRasanila
n agwlsienlunidlvemaurorilivuniniime iz iiutwainena (I UIULYIN
183 20°) sntumiasimauiweFadusiiududemiunsdinanoaonit ud co lulalw
wainueaws Y finesuiinamaTusaiumunsognuisnenanuidynasiiddadi X 16
pivtalsuiniion sSvD Feeslduradtudrdudaly vlliaunsodinmemIauuanmafiui
woufEMSuanIumTiwaile danimwdawaindulintandunus R Wuuanil
finLtaLIu (positive semidefinite) flaualdrdaauTadillddwaniuain A 16 usinssin
firwdunaura A" lisusodmaales VnnguanInaTanIziniadn lunsdaes
wapsafinasld svD faiideldiBounit D wn askkuuLIResEMSLIMAsRIiiRa:

iua ludrauds lUasAsiTatani: SVD
2.3 RUUIIRDY SVD/MAR(1) M Sunansaanititana

Awmualv X m x nw wa3nvasteysivinmoggmadin@nanaaanil ludeueal
SVD v:gnm'hﬂiuﬂné‘uuﬂ?n X1 2 anwme: fAa Lmns'hﬂ%'uﬁmw%'amw"’s'mﬁ'mgnamﬁ
. - - . " . & . -~ -4 - e
(simultaneous) W38 fAazanil (at-site) TuagnuanumayvaITulTAntandunuivate
T P - . » - o
yadvinRITn ﬂua:mnﬂﬁaouaa:uum'maommmamwhua;ﬂ'lﬂmu

B
2.3.1 LANAIATIALINTD INTHINU
b4 - A r . s Ll L - .f L) B ) F 3 - gt
mmmn'nagawm‘lxﬂanum:auﬂs:anfanauwufsmv'namugammnxa:gn
- - [ [ P - . - -
utlaaliiilwauain spc () wisuriunnanil nidiluriantsuandatianuain SPC Y 3t

- - Yy -l v - < -l o - -
wlsunuuuudtsasniiagiiin  Mensdndaysidnuainnunal [@ (2.4)] uszienwal [a
- A b}
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- ol - o) o o ol =) ] b dd
(2.13)(2.15)) tRanzafIMIUWITHIRaTIauLLI a9 MAR (1) &miunsdivaruaanil 1A

- 10 ot 3 o o~ [ o
AT (2.4) uazidion (2.4) mddmivduimannin X, 193 X aaiha:

_ AllZ 17 12
=ATT, v, + AT, v, +..+AT vy, (2.18)
¥In (2.18) axvnldinimimoggma X, AFTHITINAWIMUNIAI YV, (=1, 2, ..., 1) URS

hd & A J L 1) S
dmwmiinfifle nagmvasTiniigasvedlainunaiuazdlainuwaaiae’ ussFrarnuinlliies
T Ay > Ay > > AL dnlulunsdiunam X, anuddgnasfidrasudasimavas

Soemudreuanunlyiias
A - N B - b - b o [ ] et - o« r.y
nNaturr I Tean duTiinualy kK = sruaunasuiia@asusnuaLNa3In SPC

-l » -— o & ol s A =l T
(v ) Aflaufmagrmaaiia aauu v;, Y, ..., Y, anilu SPC nflaruimdy lwunsnnaaui

-t - & e -~ » . . -
VINABTNINRD (Yer, YVieze oo Y)) a:ﬁamﬁaumnﬂumuﬂsqu (noises) Joliffe (1986) lduns

ildldinasiiduulafidudvesnnulmuuiazantastaya [criterion (%) of cumulative

variance p,] nTusiuId k lag

100 X
p, = %ZA (2.19)

laodné p, ﬂtﬁan'liﬂ'nﬁfhagizwha 70-90% vaddanuUTInulTINDeI X (n®) 60
\Ranei p, ag (p, ~ 70%) S wannaduiamaiuas SPC Aflanudmdynada v, j = 1,
oo K ﬁa:ﬁ'auu‘%mgﬂﬁnazhmﬁo:iwmmaameﬁ'n SPC fiRvsanesdnasllann Saanads
ualRENBUTN AT ARUTIURTALTY fuyrinfandunusrsninbrimeggmeludiiuia
udmas X guiiell lunassiuthudiian p, 3n (p, = 90%) fudiTazamuisaine
AnENBMIIaY X uddmauaulsinsaaaslavay

ns@nmilBanlien p, ~ 85 % Rafezlduainden SPC Aiflauimdyoadian
Tilngiauwduly  wasddliguifusneusdulsfnTdunuithedu  (Chaleeraktrakoon and
Artlert, 2000) 3INRUNTEIUIU SPC ma’mﬁﬂm‘méﬂﬁmmmﬁﬁmu (2.19) ¢ k ﬁ‘lﬂ'ﬂ:gn
wanlfutinuain Y aandlu m x k waindepual k aeduilaa@aiusneas SPC Ailanu
YN Elia Y1 usz m x (k) Wweindapvas SPC dwmda Y2 duaaudaluiilunis
Uszgnsiuuudnaay MAR (1) Wniuwedngss Y1 fg (2.7) wasnvesniniiaed @ was K
Usrantinifag (2.8)-(2.11)

WUUIIREY SVDMAR(1) Tllauandniodoaniannwiostn suisosnsweasn R
IWlBULLIUIIREY SVD/MAR(1) nidanniiifin) (auusinaadn) [0 (2.5)] usilvuadn R, lay

U HETUN IR TNYaRLAIN M, TUR k x &k aInud i1y s1uuwasiimasuosuuy
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° 2 2 . = o @ g o - & =
VIRDIAARININ 2r lﬂu 2Kk llﬂ:ﬂ"la-@ﬁ']Bﬂ‘i:ﬂ']ﬂfnﬂqu‘]qu?qulﬂﬂglwu'ﬂuilﬁln m-r iy

m—k \

2.3.2 uanAIMazanIn

'lumt'f'tﬁé’uﬂszﬁnfanﬁ'uvi'unfmaa%ﬁw:wﬁoﬂﬁua:ﬂﬁué”:ﬁm*’s’uu@ia:amﬁﬁmgo
uAduYIzAntansuRnivamirnAaoniianeiudidrldunnin mﬂ%‘nwaaﬂ’a:‘gaﬁﬁﬁwwqg
magnsunatpao i X azgnunsdesaanmiidu  mxow wainiivinvasudazsonii x’
G = 1,.... n) tuaandalhilumsulasuaiminvi X' Momefie svp Wldesn ¥ 109
SPC U@ m x r, (r, \ilu rank ¥89X') @ (2.4) INuasn SPC Y vaInaniazgn

[] [ L) J b o A - Aﬂ
wraiu 2 dmenuntaetuis i luiads 2.3.1 (¥ = Y1:v2) wa3niiu Y1 209 SPC nllay

gNIRaINIu MAR(1) [@ (2.7) «(2.11)]
- o & ol dA’ - - -
wyuIIRadY SVD/MAR(1) siauananazanifiiauislanyssuubidaneme

g - o a_r "~ & :’ ] + -l A LY ' - ] i
RUUIEENTANRUNUT R 123 e WaainualIs A uss I’ vaduaasiuaIntgas1ay Y1 uas

[ n
Wuesn R, lapdszanosiumaaundndapvauuadn M, U0 >k, x 2k, Y ldimau
=1 =t

- 2 = i ' - ° “ o
Wit fraIuuuiteadanadnn 27 (u 2(Xk,)? uardraimBaszamSus v
=1

- = & o Y v v o -
ftwafRuIuIn m - ridur — Tk, aeerlduaasiigludrdude’ly (unfi 4)
=1
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uNn 3
Han1515:yne CD/MAR(1) fitaua

3.1 Yayaumin

.« ¥ . d. ¥ v, - ¥
Toyaivimhnlslumsdnmitulayaiwintme@ousasamit Y1 (waiiow)
ﬂ'ru.m’nﬁaa&mrhﬁ'u 43 U (W.A. 2498-2540) @iuniIral Y.1C uamé’ogﬂ 3.1 @119 3.1
= a“ . na a -~ [ = '
LFAINANITNAFALRNNATIHAINE1IGIUITFUL It EnTandunusvaIndaananumiazidu
A e T o e = i ] .
(probability plot comrelation coefficient, p) AiszAUNUAAY = 0.05 IMNATRITARIATT @1
Tussintavsuang p > ( = 0.973) lunniden snmIasyldimgei]
RUUITEINTEINRY P Porttical  (Peritical . 1 3 )
- - = A L4 L4
mwﬂuanuwunuaanuafuaammmm‘lﬂli’ammmwnuanuawaaqﬂ-uagaﬁ‘lﬂ

" o - e [ ] ) [ '
A1 3.1 A1dNUssandandunustaandsnAlIurvItilrwuvudanuasiea 3-w1T

> al
Arad AmnFuimimeidan (anit Y.1C)

Weu LY. WA, .8 n.e. q.6. n.y. #.98. .0, 5.91. .9, Nn.Aw. 1.0

Y.1C 0978 0992 0994 0996 0995 0983 0989 0992 0985 0.994 0.993 0.980

“IJ'\LIL'HG‘!: po_os = 0973

3.2 35msdszune

'.':'wi'nﬂmﬁaué‘omﬂ:ﬁﬁﬁm‘mmdwi'lﬁu-qﬂ'ﬁ'ay.aaﬁmhu’m 100 7@ lagnduim
FIUULLIINDININNATIRS 1IN [CD/MAR(1)-MML, CD/MAR(1}MOM, SVD/MAR(1)-MML,
SVD/MAR(1)}-MOM] sufiidatuinBluunfiuds 'luueia:qﬂiayaﬁ"whﬂmaauﬁ'amﬁ:v‘\'
SnpMINIRBANUIIL  (Auade anudosunanasgin  audszdniaaun uaz
é’uﬂizﬁn‘{mﬁuﬂ'uﬁ"sm’iw\fﬂmLﬁaut{ﬁmﬁauﬁuﬁq) 'lﬁgnﬁﬂmmm IMEULITIREA IR
W AIgIER (max, g Fi‘lﬁ"li!ﬂ (min, Qo0)) duade (mean, §) u.a:fimﬁuamummg’m
(std., o) maauda:qmé’num:mmﬁﬂ“ﬁupu q mn'qm]'ayaﬁa 100 1@ tRaldesrerauny
Lt Uab IR b o P LT TET BYT L ORE -uaa'n”agﬂusia:uuuﬁ'\aaaﬁﬁmsmﬁ

wananil  dntnivinnoideusie st llfnsudsuuuusnmumnaunauinves
s‘iu'lf'lﬂnnﬁaqmauﬁtf’mé’«ﬁs:é’uﬁ'ﬂ (base level, B) f119fifludnronaiiavaniin
adafsududasinuly (Yevjevich, 1972) 3 3.2 111muaﬁmuuamqmﬂm]’ﬁmaufmé’aﬁ

~ oA o - ¥ . o o d - 2 . -
audanie nFUnAklgiihnauasu (deficit, £) fisdvinnfiszauainitszausu B
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e T
N
A YR
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/ LY
/A\/ ca'lwqgmh

o

d s L .~
31 3.1 nasamiddayagaduiidInize

Y o, od - o . Yo 4o X - o
ITUTOIRMYTAIRARITUARNLIZAUIM  (downcrossing)  IRDIUIYINTILABIRINAAN L IZAL
gﬁuﬁ'ﬂ‘lﬂ (upcrossing) fia WIS MNAUARKKN (deficit duration, D) URINATINVIUITIA
UASUMUIUT IRV IAUNAU D wirzgniGeninSunaninaunsu (deficit volume, C)
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nsanminaanldszeusanmue 3 sreudaGuaind 1.0 1.25 uas1.5 1viwadd
m‘é‘waoiagaﬁ'lmaﬁﬂﬁtmunqmﬁauﬁ*m%’mwia:an'lﬁﬁau'la miulzanansaany
uazfgIgaTaIlIa MNP IAUARKUAZTINIRITIAUA ARENTE LG a:'gm}’agaﬁs:ﬁuﬁ’mnﬂo g
winumniufinada (3. s, Qe WAT Qoo JaIdnEUIIUAITIB@ o g T@uﬁ'lmmirmﬂahja

FUATIEANINNG
"é" Deficit duration
O
= 3 S Base level
g K
o
[T
Deficit
Downcrossing
.
Deficit volume 7 Upcrossing

Season T

31 3.2 AvuuansamandfvamiiudeilsitIoumisulwnisdnen

ludraudalld Tad i nivisumstduansy  ndivinnua@audiamziiiu
!‘-: B A-J‘ gl :‘ A el [ r »
NIBNBUNUANAAUTTRUBTAUANBUSIUSINTTAVFIUG G (1.0 1.25 uaz 1.5 (vitvade
-l 2 v o . oty e el o - o adW v o [V -
wamiyinTwl) vastayarivinmelduemsinld wmlaunuilasduisliuaalunsdhiarin
Muaau
(WaATIRFILAMIUAUITNVIULVLIIRDITILAUD 'lum'a‘snw’mnum:mqanmaa'ﬁ'aga
." ] r. ] ] = o - L | . - - ¢ o » o
vrheda q Tuduiseuivlaniali Mmldlasdmrnunaeinilstrafioaununasgiu (one

standard deviation interval, OSDI) U8IUAazUULIIADI:
OSDI = g+s (3.1)

w o - R < . al '

tansuIaiavey q ag'lumm‘ﬁuua'mommmummgﬁu (T—s<q<g+s) LA
- 8 - b Ly A :’ » h

UULRIREIURUTIUITOOTUIHAINHIUSYIIRNA q ﬂﬂdﬂﬂgﬁ%":ﬂ'\ﬂﬁﬂ‘lﬂ
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J - =l ] e o P o ol
'I»l'r]ﬂ‘i]"lﬂu‘luﬂ'l'SWﬂ'l'Sm'“TUﬂﬂ’lﬂUﬂ'J"ﬂJmu'ﬁﬂ'ﬂ AULLTIRAY MAR(1) TUaLanN®In

o £ & L :’ [] L A
Ao lunsidgumnianeaiiade quasdayainrineda N TInngaIvaY

- . = -
AUAFALARDUNIFITDY (root mean square error, RMSE) @38UN13
— 2 2. .12
RMSE =((@—q)" +s5°) (3.2)

. - TR ] . . & a ' =
61 RMSE wasuuvitaaslafidiulasfigausasinuuitsasiuiiaueaunsndl q ldafga

- g [] [ o o t‘: A -
lusrdudellandumaiauananisdszyndvasnuuingsing 4 AR
.~ « - "4
3.3 HRANSUAZNITINTOE
' -l [ v -l -l - [ [ [ «
A1TN 3.2 urasdaisradaymivinoidauedauSouifisunuvastayasuaTiew

- o ' -~ - st . - [ '

fmivaoifl Y.1C wud STdszinams 4 SEvhmsduaue sansodnsguansned
A A hel J [ A J L)

wavvastaya lildnnnmoimiladindoauuinaizm lash CO/MAR(1)-MLE et RMSE

A L A J J A :‘ 13 -l
@Ry (RMSE) Wepfiga a7 3.3 usasridisauuanasgiurasdpsysdvitnodianada
- [ - -~ I3 - - -~ " . el &
Wisyihoutiveasdayadaazd (@onil ¥.1C) wansdnwiuaasliidinid 5uszananms
oo - - y e -~ - " ol
4 ATmunToinsguansuzdudsivunaIgwveastena lildaainaurimilstiadonuu
P >y —_—  w o . e - o
1933 lauf CD/MAR(1)-MLE 1@ RMSE Waufign a7 3.4 usaddudszintaia
Lﬂ'waq{l'agaﬁwhﬂmﬁauaﬁmuﬁumﬁuuﬁwaoﬁagaé’amﬂ:ﬁﬁm%'uamﬁ Y.1C w®anis
P ol -~ ' - o o ' =l
Anweuinausinisiniviiuunasgnldnadwi@snunuaadouasauiisauuniag

-— Q‘S - el R b A‘ b * |
jwfa FBUszinaimI 4 FmunToinsnguansausiuasdayalild audr RMSE uuy
. LT . -
aasmlidmiaofign fia CD/MAR(1)-MLE
[) ar -y J [ - [ 3 " :’ [ - :-4 - A [ *

1T 3.5 usavdRuUzAntanduRunI i ideuiinui@aunuda  vasdaya
ol ot . . w o [ P . ] .:l
aﬂmﬂ‘%uumuunumawagaaomﬂ:nmmuamu Y.1C Wy Antisunwn1sNi@uasinisn
ot L= : LY [ ") LY. | ) - o~ A "
Tnquansusivesdoyslildauinae? uaz3% CO/MAR(1)-MLE §if1RMSE Waonige §u
e P (Y. 4 » Y . - P e - -~ P - v el
mﬁuﬂizﬂnﬁav\auwum:mnmmmaumn'uaoﬂunumauqmmumaaﬂmtm WuiIN3n

& o - -~ & - -« J” o
Umnmumsmsaunsoinsguansusivasdoyalildauinmsiniatiafivavuniasgu
- _— P . e
U8z CD/MAR(1)-MLE 1%#n RMSE Wasfigaigniiu
' o . el [ a - . a o

91T 3.6 useIFNaRs Audoauninasziu dudaintenuy) uazduiss@ndan
R a g ] 2‘ ] .l‘., -y o :‘ ] = L [ "
auwum:m’mmm‘ﬂunuﬂnué"mau‘:’agamﬂ'ﬁwﬂaﬁmlﬁumﬁuunu'uao'ua:dammﬂ:ﬁ'
s Qur P 1 v & el “__J - - - - ! -
(FmIuanli ¥.1C) uaaaldiiinda A5uszannin safitauans 4 sitamunininma uinsmeea
na l31d Emiums zdfiuenuinet RMSE wudn 5% CD/MAR(1)}-MML 1871 RMSE an
-
fign
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a1y 3.7-3.9 uam*ﬁ’nnmua:wmmfmé’waaiagmf'wi‘mmﬁauaﬁauﬁumﬁmJ
Auvasdeyadagmziamivanil v.1c fszAUAR 1.0 1.25 ua: 1.5 iwasdafuvate
gaﬁﬂﬁﬂﬁULﬁau wud SFUsTanmm I Euans 4 'uﬁﬂmmm?nmqmé'num:mfﬁuﬁwao
iaga'lﬂé’mww:ﬁ‘s:ﬁ'uﬁﬂ 1.0 WivadFalE FIuIsAURATIAED (1.25 uas 1.5 LYinpaden
) fuuuua“maaﬁ;maﬁ"auuﬂ'lzimmm%'nuﬁqmé’num:t{‘lué'waoiaga'lﬂﬁ Taufuuy
$1889 CD/MAR(1)}-MML 1f1w38Uszanun1siiidn RMSE ﬁauﬁqﬂ AT 3.10-3.12 UAMITN
nmua:mmm{‘mﬁwau‘n’agmf‘ni‘lﬂu'i'laﬁﬂuﬁumﬁuuﬁ'n'uaoiayae‘femﬂ:vf (8078 Y.1C)
na 3 1:6'\'ua"m-ﬁmﬁmﬁumrﬁmm-ﬁagmf'whﬂmﬁau wuin Inatw@nInuusInImny
Woude Smlmnmmniy 4 1sﬁﬂﬁﬁ'mmammm%’nqumé’num:xfwu.s'fwao'ﬁagai’ﬂﬂ"
lanizfiszeuda 1.0 Lﬁwaofi’ua'é'uiagmfwmﬂuﬁ Taof CDMAR(1)X-MML 1TIuSTUs=un0
nThilen RMSE iam"'lqa

InnsAnsTduuasliiui msinsansasRugrunsiauasinsasiud
11ao'ﬁ'ngaé’amﬂ:ﬂu’ﬁfh‘lnmﬁmﬁ'm?agaaﬁmf’u NNUULNRBIFINTOS AN B I AU M
maaiialile é’m%’uqmé’num:tfﬂuﬁauuuiﬂaaar'?mmmmm%’nmqmamﬁé’namxﬁmé’a
Ihanziiszeude 1.0 tiwesdnadorinim  laofiuuuitaes CDMAR(1)-MML a3

MuInen e
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i A :’ " - = | ) e L. L] o
@17 3.2 Anadsiiriigdan (@ ) ﬂao-ﬁ’agaaamﬂmumuunuuaa:‘l’agaaamﬂzvfmuiu

#07ii Y.1C

Lﬁau L3 E). .A. ﬁ.[l n.e. .9, n.g. f.9. .8, B.9. 3.9, N.W. ﬁ.ﬂ.
q 13 55 63 130 422 540 213 71 27 14 9 8
SVD/MAR(1)-MML RMSE = 16.750

7 12 55 64 137 434 543 213 71 27 14 8
s 2 7 8 30 68 47 21 9 2 2

) 18 71 83 250 683 702 276 99 31 23 13 13
P 8 41 49 66 309 459 153 46 20 8

RMSE 19 69 76 310 689 468 211 91 22 24 14 17
g+s 14 62 71 167 502 589 234 80 29 17 10

g-s M 48 56 107 366 496 192 62 25 12 7
SVD/MAR(1)-MOM RMSE = 18.203

5 12 54 63 133 423 536 213 70 27 14 8 7
s 2 8 8 41 72 47 23 9 2 2 2
) 18 76 94 301 677 653 274 93 33 20 12 13
T 7 39 48 72 320 428 167 46 20 9

RMSE 21 78 81 409 724 467 228 94 25 24 15 19
§+s 14 62 71 173 495 583 236 80 29 16 10

§-s 10 46 55 92 35 490 190 61 24 11 7
CD/MAR(1)- MML RMSE = 15.185

7 12 63 131 427 535 210 69 27 14 8
s 2 9 8 29 59 40 19 9 2 2

%) 199 97 82 228 648 620 250 92 31 18 11 13
qu 8 39 45 75 294 444 154 51 21 10 6

RMSE 22 87 78 291 690 399 190 91 22 21 13 18
g+s 15 63 70 160 486 575 229 77 29 16 10

g-s 10 46 55 102 368 496 191 60 24 12 7
CD/MAR(1)-MOM RMSE = 17.359

7 13 55 63 141 421 541 211 69 27 14 8

s 3 8 8 32 69 47 22 10 2 2

90y 21 94 244 662 693 262 98 33 20 12 14
o 6 35 49 80 297 437 172 47 21 9 5 4
RMSE 26 77 83 337 690 467 223 99 23 23 15 . 20
g+s 16 74 173 490 588 233 79 29 16 10 10
§-s 10 48 55 110 352 494 189 60 25 12 7 6
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J - - o e - W
179 3.3 el unanasz I (374 &°) nastayasaauIuumfisuiuraItaYaRINATITHA NI

a0 Y.1C

Wouw weH wa Do nNnA @n Ny AR WH  FA uUA NN e
q 11 44 47 160 313 317 114 52 12 6
SVD/MAR(1)- MML RMSE = 29.253

g 10 46 46 183 344 322 113 48 12 10 6
s 2 12 12 100 117 61 18 12 2 3 1
) 19 80 86 808 868 480 182 81 17 20 13 12
Y 6 27 25 70 183 197 71 19 9 5 3
RMSE 26 121 124 1029 1210 611 183 130 15 29 14 18
G+s 13 58 59 283 461 383 131 60 14 13

g-s 8 34 34 82 227 262 95 36 11 7
SVD/MAR(1)}-MOM RMSE = 38.792

7 10 46 50 186 371 325 113 48 12 6
s 2 11 19 140 173 69 20 12 1
) 18 89 148 1079 1296 539 189 83 16 17 10 13
9w 6 28 29 49 169 195 66 23 9 5 3
RMSE 24 113 188 1419 1822 690 202 126 14 25 14 18
g+s 13 57 69 325 544 393 133 60 14 12 7

g-s & 35 32 46 198 256 92 36 11 7 a
CD/MAR(1)- MML RMSE = 24.425

3 10 47 47 165 335 311 109 47 12 6 6
s 3 15 15 78 93 49 16 13 2 1
%) 19 151 113 654 685 428 149 109 17 21 8 11
G 6 27 23 65 163 210 69 28 9 6 4 3
RMSE 26 149 154 781 953 490 170 142 16 24 10 15
g+s 13 62 62 243 427 360 125 60 14 12 7

g-s 8 32 31 87 242 263 93 33 11 7
CD/MAR(1)-MOM RMSE = 32.881

§ 11 46 48 201 349 327 112 47 12 6 7
s 3 10 16 100 128 86 18 13 2 2 1
9oy 19 75 136 572 785 829 168 91 16 16 .8 12
W 5 24 26 69 187 181 78 25 8 5 4
RMSE 30 104 156 1075 1331 862 183 137 16 24 11 . 18
g+s 14 56 64 300 477 413 130 60 14 12

g-s 8 36 33 101 221 242 94 34 11 7
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q 258 093 176 296 117 086 074 232 025 118 115 1.19
SVD/MAR(1)- MML RMSE = 0.815

7 137 154 180 280 170 111 083 175 047 161 116 1.24
s 068 077 081 116 080 060 043 074 035 070 062 065
9 346 420 419 587 472 351 219 441 100 338 337 337
% 014 027 034 086 044 003 -046 021 -070 022 -023 -0.04

RMSE 1.39 0.98 0.81 1.17 0.96 065 044 0.94 0.36 0.82 0.62 0.65
g +s 205 2.30 2.61 3.96 2.50 1.71 1.26 2.49 0.52 2.31 1.78 1.89
qg-s 069 0.77 0.99 165 0.89 0.50 0.40 101 -0.18 0.91 0.54 0.59

SVD/MAR(1)-MOM RMSE = 0.899

3 154 167 204 277 205 124 084 168 -018 139 097 1.12
s 072 076 096 117 101 066 055 079 039 071 060 064
Uy 447 378 525 590 532 378 277 434 084 460 313 316
P 020 038 040 091 073 025 -047 044 -1.72 027 -012 -0.11

RMSE 1.26 1.06 1.00 1.18 1.34 076 0.55 1.02 0.58 0.75 0.63 0.65
g+s 226 243 3.00 3.94 3.07 1.90 1.39 247 0.21 2.10 1.57 1.77
qg -s 082 091 1.08 1.60 1.04 0.58 0.29 0.88 -057 068 0.37 0.48

CD/MAR(1)- MML RMSE = 0.792

7 149 165 186 252 167 110 078 172 014 141 098 1.19
s 062 072 082 100 076 054 047 074 035 069 052 058
%) 318 377 431 518 506 255 198 463 075 423 250 281
% 050 031 034 120 036 021 -036 0.5 -089 007 -0.15 009

RMSE 1.26 1.01 0.83 1.03 091 059 047 0.95 0.53 0.73 0.55 0.58
g+s 210 2.36 2.69 3.52 243 1.64 126 2.46 0.21 2.10 1.50 1.77
qg-s 087 093 1.04 1.52 0.91 0.56 0.31 098 049 0.72 0.46 0.60

CO/MAR(1)-MOM RMSE = 0.833

q 1.58 1.50 1.90 2.81 1.98 1.22 0.81 169 -016 137 0.92 1.21
s C.74 0.68 087 1.1 100 0.68 0.47 0.83 0.41 0.61 0.50 0.53
L 4.21 3.85 528 582 492 458 295 477 0.89 3.52 2.91 2.61
- 7 0.32 0.28 0.18 1.06 0.31 001 047 030 -122 039 -010 0.1

RMSE 1.24 088 088 1.12 129 077 048 1.04 0.58 0.64 0.55 0.53
g +s 232 218 277 3.92 299 1.80 1.29 2.52 0.25 1.98 142 174
qg -5 085 0.82 1.04 170 098 0.54 0.34 0.86 -0.57 0.76 0.42 0.69

=q>g +sWiag<g -s

§ 1R INUATHT UMY (AND)
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pevia b e 1oa00
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Wou Wy, wWea. e N &N Ny, SR, WH. Ba. uAa. NW. A
q 0.456 0.163 0484 0.113 0439 0490 0.562 0474 0.594 0747 0.808 0.719
SVD/MAR(1)- MML RMSE = 0375
7 0.306 0.350 0.386 0222 0437 0.398 0595 0541 -0.63 -0.73 0.847 0.741
s 0.165 0.165 0.175 0181 0.169 0.151 0.112 0.121 0.093 0.058 0.058 0.094
9y 0.733 0.748 0728 0.779 0.875 0734 0877 0771 -0.38 -0.51 0.960 0.922
Q0 003 008 -001 -013 0042 0.046 0330 0.138 -0.82 -082 0674 0.524
RMSE 0.223 0249 0201 0211 0169 0177 0.116 0.138 1.228 1.477 0071 0.096
g +s 0471 0515 0562 0403 0606 0549 0707 0663 -0.54 -0.67 0906 0.835
g-s 0141 0185 0211 0.041 0268 0.247 0483 0420 072 -079 0.789 0.647
SVD/MAR(1)-MOM RMSE = 0.158
q 0317 0.383 0373 0210 0425 0409 0558 0536 0630 0729 0.840 0.726
s 0.146 0.162 0.199 0.209 0.181 0.184 0.123 0.133 0.097 0.067 0.063 0.111
9y 0704 0709 0.842 0847 0954 0.842 0796 0.868 0.826 0.869 0958 0915
L/ 0,06 0040 -006 -020 -001 -015 0240 0.157 0324 0.508 0700 0.444
RMSE 0.201 0273 0.228 0230 0.182 0.201 0.123 0.146 0.103 0.070 0071 0.111
g +s 0463 0545 0572 0419 0606 0593 0681 0669 0.726 0.797 0904 0.837
g-s 0171 0221 0.173 0.001 0244 0.225 0435 0403 0533 0662 0.777 0614
CD/MAR{1)- MML RMSE = 0.150
g 0.352 0.314 0.376 0.248 0.423 0384 0576 0534 0.650 0734 0846 0.741
s 0.139 0.181 0.185 0.199 0.178 0.169 0.118 0.122 0.076 0.067 0.058 0.095
qn) 0.686 0836 0810 0.724 0.828 0723 0892 0803 0.792 0.857 0939 0.881
L 0.037 -011 -010 -028 -008 D02 0267 0.165 0476 0.524 0.612 0.447
RMSE 0.174 0236 0.214 0.241 0179 0.199 0.119 0.135 0.095 0.069 0.069 0.097
g +s 0491 0495 0561 0447 0602 0554 0694 0655 0.727 0.802 0804 0.836
g -5 0213 0133 0191 0.049 0.245 0.215 0458 0412 0574 0667 0.788 0.647
CD/MAR(1)}-MOM RMSE = 0.151
q 0.338 0.382 0.375 0.234 0425 0402 0529 0.535 0625 0730 0836 0746
s 0170 0177 0.162 0201 0177 0.174 0106 0.130 0.090 0.058 0.061 0.105
9oy 0.673 0.797 0801 0764 0802 0.927 0808 0833 0.832 0.839 0946 0.923
- /3 -0.03 -006 0.006 -020 0.031 -006 0248 0210 0321 0567 0.663 0.312
RMSE 0.207 0282 0.196 0.235 0.178 0.195 011" 0.143 0.095 0.060 0.067 . 0.109
q +s 0508 0559 0537 0435 0602 0576 0635 0.665 0715 0.788 0.897 0.851
qg-s 0168 0.205 0213 0.032 0248 0227 0.422 0405 0534 2673 0.776 0.641

=g>q +sWiag<g -s



3 - [} - - . & o o)
#1719 3.6 ALaAY AT BIURNIATEIN URsANY ST AN anAuAUS IEn eI DA AU D AU

nao{agaﬁ‘!ﬁ‘iﬂu‘ﬂDﬁmﬂ?umﬁuuﬁuuaaﬁ'agaffamrwﬁﬁu?uumﬁ Y.1C

AANY U fadp aruoiuunessu fudsimdanu fuls i fuweg
(fw ) (8w ')
Q 1565 755 0.825 -0.097
SVD/MAR(1)-MML
7 2158 778 1.171 0.063
s 118 172 0.641 0.172
) 2510 1413 3.858 0.568
Qs 1890 462 0.072 -0.391
RMSE 605 174 0.729 0.175
g +s 2276 951 1.812 0.109
qg-s 2040 606 0.530 0.234
SVD/MAR(1)-MOM
q 1560 821 1.434 -0.037
S 137 249 0.957 0.143
%oy 1979 2064 5.291 0.409
% 1297 487 0.130 0.398
RMSE 137 257 1.134 0.155
q *+s 1697 1070 2.380 0.106
q -5 1423 573 0477 -0.180
CDMAR(1}- MML
q 1557 755 1.051 -0.048
s 110 154 0.613 0.146
) 1876 1339 3.286 0.386
Q) 1308 476 0.134 -0.384
RMSE 110 154 0.654 0.154
g +s 1667 209 1.665 0.098
q-s 1447 601 0.438 0.194
CO/MAR(1)-MOM
7 1572 808 1.314 -0.071
s 130 216 0.847 0.157
Q) 2011 1737 4.343 0.244
%W 1298 438 0.034 0.484
RMSE 130 222 0.978 0.159
T+s 1702 1024 2.161 0.086
q -5 1442 592 0.466 -0.228

=q>g +sWing<g -s

|¢
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(1Hdwu) (\Aau) (§w ud) (fu ')
Q 7.76 11.00 760 1106
SVD/MAR(1)- MML
g 3.89 924 378 936
S 0.15 1.42 16 129
Qi) 428 11.00 413 1261
T 3.60 7.00 342 794
RMSE 3.873 2.263 as2 213
g+s 4.04 10.66 394 1065
q -3 3.74 7.82 362 807
SVD/MAR(1)-MOM
q 7.97 14.21 785 1446
S 047 4.83 49 473
o 0.27 22.00 925 2439
A 6.96 10.00 673 997
RMSE 0.512 5.797 55.232 582.665
g +s 8.44 19.04 834 1919
qg-s 7.51 9.38 735 974
CD/MAR(1)- MML
7 7.97 14.77 784 1491
S 0.45 4.93 47 485
Q) 9.33 22.00 909 2411
T 7.04 10.00 662 961
RMSE 0.494 6.206 53 619
g +s 8.42 19.70 831 1976
q -3 7.52 9.84 737 1007
CD/MAR(1)-MOM
3 7.94 14.33 779 1474
S 0.52 5.02 57 515
Q) 8.14 22.00 919 2469
T 6.66 10.00 643 990
RMSE 0.546 6.0:.7 59.760 633.392
g +s 8.46 19.35 836 1989
q -8 7.43 9.3 723 959

22
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(LAaw) (\Aau) (Fmu’ (&u 1)
Q 7.76 11.00 760 1106
SVD/MAR(1)- MML
g 4.13 9.82 512 1242
S 0.16 1.46 21 141
Uy 4.59 11.00 573 1545
A 3.74 8.00 446 1044
RMSE 3.638 1.877 249 196
g +s 4.29 1128 533 1383
q -5 3.97 8.36 490 1101
SVD/MAR(1)-MOM
g 863 17.09 1082 2178
S 0.49 5.44 64 674
%) 9.72 34.00 1243 3922
" 7.50 10.00 938 1325
RMSE 0.994 8.169 327.853 1266.903
g +s 9.12 22.53 1145 2852
q-s 8.14 11.65 1018 1504
CD/MAR(1)- MML
q 8.65 17.14 1083 2187
S 0.44 513 60 662
9 9.86 30.00 1226 3752
% 7.67 10.00 945 1343
RMSE 0.992 8.001 329 1268
q+s 9.09 2227 1143 2849
q-s 8.21 12.01 1024 1526
CD/MAR(1)-MOM
q 8.65 16.68 1085 2143
S 0.44 5.02 58 643
Ty 9.72 23.00 1234 3071
Q) 7.79 10.00 946 1336
RMSE 0.994 7.578 330.292 1220.178

g+s ' 9.10 21.70 1143 2785
q-s 8.21 11.66 1027 1500

23
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(1@aw) (\@au) GV @ )
Q 7.76 . 11.00 760 1106
SVD/MAR(1)- MML
q 448 10.74 799 1970
S 0.15 0.84 29 171
. 4.90 11.00 879 2281
T 4.10 8.00 725 1502
RMSE 3.285 0.876 48 881
g +s 4.63 11.68 828 2141
g-s 4.33 9.90 770 1799
SVD/MAR(1}-MOM
q 9.37 20.54 1433 3186
S 0.59 4.26 91 658
i 11.27 34.00 1697 5287
% 8.14 10.00 1264 1670
RMSE 1.713 10.446 679.505 2182.481
g +s 996 24.80 1625 3844
g-s 8.77 16.28 1342 2529
CD/MAR(1)- MML
q 9.37 20.30 1437 3152
s 0.54 5.43 85 827
Gy 10.85 34.00 1694 5360
9 8.17 11.00 1265 1698
RMSE 1.701 10.770 682 2207
g +s 9.92 25.73 1521 3978
g-s 8.83 14.87 1352 2325
CD/MAR(1)-MOM
q 9.38 20.21 1435 3164
S 0.60 454 93 711
q 10.94 33.00 1668 5151
L /9% 8.07 11.00 1208 1687
RMSE 1.728 10.266 680.832 2177.711

qg+s 9.98 24.75 1527 3875
q -5 8.78 15.67 1342 2452
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AUATIEEMAINTVADIR Y.1C NITAUAR mean
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AMBNEBMS T M IMANARY TRATUWAIFIFN YSurmuhnaaaan Lﬁmmmumgoqﬂ

(1haw) ({@aw) @ o) (du 1)
Q 2.33 6.00 1240 3888
SVD/MAR(1)- MML
7 1.25 2.01 287 592
s 0.30 0.83 121 181
%y 3.00 6.00 1115 1121
dw 1.00 1.00 98 224
RMSE 1.122 4.076 960 3300
qg+s 1.551 2.845 408 773
q -5 0.952 1.175 167 412
SVD/MAR(1)-MOM
q 251 5.90 1258 3132
s 0.77 2.14 393 1139
%) 5.60 14.00 2687 7522
(- 1.23 2.00 512 1275
RMSE 0.789 2.146 393 1367
q +s 3.280 8.044 1651 4271
g -s 1.744 3.756 865 1993
CD/MAR(1)- MML
g 2.41 573 1199 2919
E 0.55 1.94 292 883
U 3.86 12.00 1948 5107
9w 125 2.00 587 1113
RMSE 0.560 1.956 295 1310
q+s 2.962 7.668 1491 3802
q -s 1.852 3.792 807 2036
CD/MAR(1)-MOM
g 2.32 5.57 1147 2918
s 0.59 1.82 300 962
9y 4.00 11.00 1992 6746
9 1.42 2.00 569 1450
RMSE 0.594 1.872 314 1365
g +s 2.919 7.392 1446 3880

q-s 1.730 3.748 847 1957
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FATIzHAMSUARTI Y.1C ITsALGAA 1.25 mean
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ATUANHIE 4 RIIRIILAIDRL manmﬁ‘maagoqﬂ YIutudiusiany Lﬁmmﬁ'}uﬁag\aqﬂ

(1Wau) (LRaU) @ ud) (fu 1)
q 2.33 6.00 1240 3888
SVD/MAR(1)- MML
i 1.87 4.47 709 1874
s 0.35 1.29 154 619
90 2.86 8.00 1244 3764
T 1.15 2.00 377 836
RMSE 0.578 2.002 552 2107
g+s 2221 5.761 863 2493
q -s 1.524 3.179 556 1255
SVD/MAR(1)}-MOM
q 413 9.74 3024 7348
s 1.39 3.89 1071 3040
9 8.50 25.00 7084 22128
Qs 2.00 4.00 1279 3308
RMSE 2273 5.394 2080 4606
g +s 5522 13.626 4094 10387
q-s 2.745 5.854 1953 4308
CD/MAR(1)- MML
q 3.91 9.64 2866 7312
s 1.41 3.92 1062 2964
9 11.33 22.00 7506 18061
9 1.83 4.00 1323 3039
RMSE 2.119 5.351 1943 4529
g +s 5.326 13.562 3928 10276
g-s 2.496 5718 1804 4348
CD/MAR(1)-MOM
q 419 9.39 3103 7059
s 1.66 3.82 1235 2793
9 10.33 24.00 7970 17859
L /8 1.92 4.00 1394 2710
RMSE 2.490 5.108 2235 4226
G +s 5.850 13.212 4338 9852

q-s 2.531 5.568 1868 4266
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Q 2.33 6.00 1240 3888
SVD/IMAR(1)- MML
q 522 12.04 4452 10298
S 2.07 4.61 1674 3958
Qo 17.50 29.00 13389 24828
9 1.92 4.00 1898 3631
RMSE 3.554 7.600 3622 7534
g +s 7.293 16.652 6126 14256
g -s 3.146 7.428 2778 6340
SVD/MAR(1)-MOM
q 6.63 13.72 6816 14205
s 3.88 571 3974 5843
9 35.00 35.00 35061 35061
U 2.70 6.00 2867 5960
RMSE 5.791 9.602 6848 11857
g+s 10.512 19.430 10790 20048
q-s 2.753 8.010 2843 8362
CD/MAR(1)- MML
q 7.03 14.62 7172 14914
s 4.15 5.59 4378 5829
A 37.00 37.00 38570 38570
T 3.11 6.00 3246 6345
RMSE 6.270 10.274 7373 12472
g+s 11.183 20.210 11550 - 20743
g-s 2.880 9.030 2794 9085
CD/MAR(1)-MOM
q 7.71 15.08 7763 15275
s 5.05 6.69 5118 6618
9y 37.00 37.00 37426 37426
Y 2.67 6.00 2700 6041
RMSE 7.376 11.280 8291 13170

g +s 12.759 21772 12881 21892
g -5 2.668 8.388 2645 8657




28

unn 4

nan1sdszyneauuuIIaas SVD/MAR (1) Suiuvatganiifitaws

4.1 Tayaunn
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1719 4.1 UAAINANTINeFauRNNAzIMAanuaiNea (3 winlimad) dmiudieal
J :’ ] - A A hd L o o
AudLINLIIvaM I TITRanTaIRaNil P.12 W.3A Y.1C ua: SK AIzdudbaqty 0.05
. [ = - e . A - o [P - P . [ . '
udsanunIdivassniii@es  sdulssintanaunus  (p) Nanuanduimlaiauniaen
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FUUSTENTANFURUTINGR (Poos) DMLTUREITEYMIYIURBWLL D, uazila. voIFoil W.3A
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wituk Faildardldinnudivanuasrestayadvivnodeunifenlfiduldey  nowj
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AutivInuIILUURanuainaa 3-winilitead Nauu@luuuuinass SVD/MAR(1)

1 A & 3
A9 4.1 ﬂ‘lauﬂ‘izaﬂsanﬁuﬁuﬁ"ﬂaowaaﬂﬂ‘nuﬁ'ﬁlzlﬂuuuuganua‘:"uaa 3-n17

Jlaaid I miameidan (@aft P.12 W.3A Y.1C uaz SK)

ArEnFuURUITaINRaanunazLTIn

goil e, wea. G n.e. a.a. n.g. f.9. WH 1.9 ua, nw fa
P12 0985 0991 0994 0991 0977 0990 0995 0986 0996 0.994 0982 0.993
W.3A 0970 0992 0995 0993 0983 0976 0996 0995 09895 0997 0994 0.972
YAC 0978 0992 0984 0996 0995 0988 0989 0992 0985 0994 0993 0.980

SK 0991 0989 0988 0977 09891 0991 0991 0.994 0995 0989 0.996 0990

VNN Pgos = 0.973

4.2 35msuszund

L [ el A A’ - r :.:
WUUHIREY SVD/MAR(1) dmTunaisaanitniaualunsdnuiil (rilauanainsadio
[ v ol & ot gl ) . o P W a P - ’
WIBNWTBINU uazuandfiazamil) uazfiflagidy aundafuoliluumi 2 lagmlszgnd
" o - - TR ol - [ -
wnnutaysvivgagunindwssnien Tithedu
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AT 4.2 UANITIUIU SPC HiFmagnaadd snuwaumnleafuasdiasmdasznfia
A’ - ] L'a 3 :' [ = : 3 )
ﬂu'luuuumaaotma:ﬂ-s:m'n-uawagaqmqummmws:m WUTMBUdIeas SVD/MAR (1)
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Eﬂ'ﬁiuﬂizu’lmﬂﬂ‘imGﬁﬂW'lﬂ:Jl.Gla‘.i K ”1””1!@ ﬂ‘iaa"ﬁ!na'}’ﬂﬂanar_l’lo“u\ﬂ’N.LUU'ﬂ'maduu

P - o = o ol o = - o o
vurataniige Walfisuivuruitaasfiniadn 2 Ussinn (slimdnuszsiiauanarfazannil)

ATV 4.2 SPC NEAUNWFNG I1HINNITIHIRBTURzaIAIddTzvaI UL R DY

MAR(1) uaiazdszunn (Badayaguiniinszen)

uuudteal asslsznaufiadgnaiia  stwuwmiieef BIFNDATE
uansansuReIRiawI LIy 11 242 31
uanafiazan il 24 1152 18
Chaleeraktrakoon (1999) - 1234 28

MIWIDURIUAUEUINTRIULLIADY SVD/MAR(1)-MML  uaz SVD/MAR(1)-
MOM THReuAN@InSadsIniaunioaiu uﬂns‘a"zﬁa:amﬁua:ﬁﬁa:‘J:Lﬁu'lumﬁ'nuﬂé'nmu:
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4.3 Haansuarnsionsn

TN 4.34.4 uamfi'ua‘é'waw"agm':'lﬁ'lﬂu@auua:waoi’agaé’amﬂ:ﬁ Adman
Tapuurdiasy SVD/MAR (1) ﬁuauaua:ﬁﬁagtﬁumué'\ﬁu fmiuanil P.12 (@a179 n-
n6 fwivaniil W3A Y.1C uaz SK) mnaTwudwuuitaeamnriiamunininsgm
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‘\'namﬁmuammsn%’nmqmé’numzmmﬁﬁv{upumau‘n’aga'lﬂﬁmmnmfﬁ OSDI Yinuad
Woain f19e 4.7-4.8 uasn.13-n.18 Tauaasliiiudsanuanninlunsinsdduls=ans
m’nmﬁ'ﬁmﬁawuaouuu’\‘imamnﬁﬁﬂﬁﬁmimﬂ AR IMnuUuIRaInTINITainEnm
Snwaensddiugusastayslildamuinae

AT 4.9-4.10 uaansuiouifisuddudinfandunuiniadauinudeud
udrnlullideaiu uazszninetl Adaiilosin (@FndauLUBIOW) waoa‘n’agaﬁ'\mﬂmﬁaﬂu
aﬁmﬁuuﬁuﬁagaé’amﬂ:ﬁﬁmﬁuamﬁ P.12 (@817 Nn.19-n.24 Usznavdmiuanils
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rimodauiazrastayadianeiizuinamil P12 fu W.3A 'Llaaiaga'gmq‘mfmﬁﬁws:m
naantvasaoidng  ldvwnulilueve  n.2s-n.34 nnaTaTEasnadldduuy
ieasriauanarfiazaniitiidiuoudioanuantas g+s  udwonunn  iasenlunis
Uszanadnsuzdudzintanduiusenivaniibiudszaimen spc matrix v l'le
furlaoaionn Normalized flow matrix ¥ 1musfAuuUIaaIsiauanaaaduiuasuuy
iwaauﬁué’ammsn%’nmqmam]’ﬁd"lﬂmﬂuar_mﬁ

A0 4.13-4.14  uaeanuSouiisudais d’lu‘jmmummg'm fndurszang
ALY ﬁﬁﬁuﬁszﬁn'ﬁ'amﬁuﬁufmaoamﬁt‘ﬁmﬁ'mmoiagmfﬁﬁnﬂuﬂluaﬁmﬁunﬁ'uiaga
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n.40 Usznaues) wudwuiteemnaie musninmguansus]ildauinaet osol

AT 4.154.16 kraddSufsusulssAntandunusatoanil maaia:dm{'lm
ﬂuﬂ'luaﬁmﬁuuﬁuﬁagaﬁ‘lmﬂuﬂﬁamﬂ:ﬁ TeniNanil P12 W.3A Y.1C uaz SK wui
wuUdIRaINRIITIM mmm%’nuwamﬁnwm'lﬂﬁmummtﬁwiuﬁu

AT 4.17 URAINATINAZUUKUATIININ out of bound TIUFAIAIGLAINNTINATANT
i'nmqtué’num:mmﬁﬁﬁug'm VAIUUUIIRITOYRFUATRUTIOGOU  waT unzuUuun e

IINNITTINAZUUKREIAUAT RMSE ((F83d19uaud1 RMSE vadudazitaniasllunn viu
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windmaialrs MML J6INaITINEGU RMSE ﬁauﬁ'qﬂ AT 4.18 UFAINRTINATUUKUIAI
ﬁwﬁumwmmmmﬁnmqmé’num:maaﬁaﬂ’ug'm wauuuitaatayaduaTzviTol
Wil nuaTndiaudal RMSE  vainnamil HAMIAN WL LU0 TRAUANA AT
Wouszuanaafiazannil Adszunadaniimedday MML fddaundiwuuinaoisioda
WBLHRTINGNGY RMSE ferlnaifiseiu  udllssvnuuvinaassiieauandafiazannii i
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n.65-n.88 1=nauAI) ATTALAR 0.75 1.0 1.25 UR:1.5 (YiNveILady fudiey uaesld
Liu'i'n;nuuué“mmﬁ'ammmmi’nmqmﬁ'nam:ﬁ:mshﬁf:ﬁuﬁﬂdw Jrosvenalild
AT 4.35-4.36 uamuaﬂuﬂ:uuuunmé‘lé’ummmmmmﬁnqumﬁn&m:tfw

udl (A1 RMSE) n 4 ITALUAAYNANIH VOIUULNI8Y SVD/MAR(1) ﬁtﬂuaun:ﬁﬁagtauﬂm
i’agaﬁ'amﬂ:ﬁﬂmaauua:ﬁu'ﬂqaq'mfmims:mmuﬁwﬁ'v WU IMULE IR ININLAENNIA
i'nmf]mﬁ'nam:mfma’waoﬁaganm:ﬁnﬁ'ﬂﬁﬁmsmﬂﬂﬁ LRSULULSIREITRAUANFIASY
Wil waniinaiay MML ﬁmmmuwnﬁﬁ'qﬂ'lumﬁ'nmqma"num:xfmﬁwaa
TayaFuaNilvndonfinudaysada 11099 NTA MR TINE Y RMSE ﬁ’auﬁqﬂ flaualin
1u1:°agmf‘wi1ﬂmﬁauuuui1aamﬁauanﬁm%nﬁU‘n:ﬁﬂ"manuéwé“ulnmﬁuar'fuu.uu
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gmf'wi'muxaauua:ﬂuﬁ'lﬂﬁ VTuuduuuInaasriauanafissaniliaunsainesgm
é'num:fi'liuﬂ-::t‘mfau&'uﬁ'ufvmiagmf‘lﬁ‘lﬂmﬁauﬁv'a 2 walild uszuvvudieey
SVD/MAR(1)-MML ﬁﬁﬂuﬂnﬁ"m":‘:qtﬁmﬁmmmmmﬁﬁqﬂ



. i ' . A - _— . L .- = 3 & e -
AT 43 AWansastayak v TisRanuazyasdayadiiaTied Admaalasuundiiass
SVD/MAR() tama S wFudanit P2 (mom)

ihau W, We Do nA &R np AR WE 5 ua W d.e.

Historic, q 52 175 288 353 915 1566 1258 614 288 153 73 38
uan@einAsmToumInain uaz MML RMSE 46.0

Mean, q 56 172 285 347 912 1589 1259 627 289 155 75 40
Std., s 11 19 26 40 93 145 90 69 22 16 10 7
Max. Q; 81 227 340 471 1168 2034 1468 792 341 190 101 57
Min, Q100 31 127 230 251 755 1297 1048 486 222 123 55 23
RMSE 112 196 258 407 928 1467 897 701 224 162 103 69
g+s 66 192 311 388 1005 1734 1349 696 312 171 85 47
§-s 45 1563 260 307 820 1444 1170 558 267 139 64 33
unn@anoiAnInFaninGuin uaz MOM RMSE 420

Mean, G 53 173 283 354 909 1586 1256 607 286 153 74 39
Std., s 10 17 24 44 79 128 86 67 22 14 9 7
Max, Qg 81 242 353 480 1142 1975 1422 B850 344 188 g5 57
Min, gueey 34 132 229 237 725 1352 1103 496 242 122 56 25
RMSE 102 169 241 436 796 1261 856 677 217 139 87 73
q+s 63 190 312 397 989 1709 1342 675 308 167 83 a7
qa-s 43 156 264 310 830 1462 1171 540 264 139 66 32

uAn@Iflazanil uaz MML RMse 4962

Mean, § 51 171 288 348 902 1545 1250 597 284 149 72 37
Sd., s 11 19 23 30 84 165 70 79 25 20 12 10
Max, g 80 225 343 425 1132 1968 1407 862 346 197 110 63
Min, Qe 32 126 236 281 738 1247 1085 461 241 111 49 19
RMSE 113 192 225 299 853 1660 702 809 255 206 123 102
G+s 62 189 311 377 986 1710 1320 677 309 169 84 47
G—s 40 152 266 318 817 1381 1181 518 259 129 60 27

uanazfiazan i was MOM RUSE 4.7

Mean, q 50 171 286 346 901 1560 1243 603 286 151 73 38
sud., s 10 16: 26 31 73 145 72 65 20 16 11 9

Max, g, 92 209 349 429 1043 2075 1395 765 31 203 105 64
Min, Q00 30 183 223 271 688 1230 1048 436 243 114 5% 21
RMSE 1056 16.1 257 319 742 1454 742 661 199 162 112 . 9.0
q+s 61 187 312 377 974 1705 1315 668 306 168 84 47
q-s 40 156 260 314 828 1415 1170 538 266 135 62 29
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@17 4.4 Anadsrastioa avriinmdsnuazyasdsyadoamsd Admalasuuusiaas
SVD/MAR (1) ?{ﬁagmu #1vTUENR P.12 (mem)

idau BB, WA, REp. ne. ®RA Ny R WY BA. 3R NwW. Ua
Mistoric, @ 52 175 288 353 915 1566 1258 614 288 153 73 38
Chaleeraktrakoon (1999) wtaz MML RMSE 505
Mean, 53 174 285 355 915 1591 1258 614 288 156 75 40
Std., s 11 19 26 41 111 163 a5 76 22 18 11 8
Max, G 81 220 351 507 1245 2122 1510 823 343 209 104 63
Min, Qo0 34 131 229 272 712 1334 1032 400 219 116 56 23
RMSE 11 19 26 42 111 165 95 76 22 19 12 9
q+s 64 193 310 397 1026 1754 1354 690 310 175 87 48
q-s 42 156 259 314 804 1428 1163 539 266 137 64 31
Chaleeraktrakoon (1999) uasz MOM RMSE 4595
Mean, q 51 175 295 351 905 15655 1270 630 291 154 73 37
Std., s 11 17 26 35 84 144 92 75 20 18 11 9
Max, q;, 80 215 366 436 1107 1899 1516 856 353 190 102 64
Min, Qgigg) 23 129 234 227 659 1147 1065 506 237 112 39 17
RMSE 11 17 27 35 84 144 a3 77 20 18 11 Q9
g+s 62 192 321 386 988 1699 1362 705 310 172 85 46
a 40 157 269 316 821 1411 1178 555 271 136 62 29

q—-s
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@319 4.5 Andlmounanasgivsastayanvinnsdsuuazsostonadaasd fidwaimlasuuy
91989 SVD/MAR(1) Miana @wIuaniii P.12 (mem)

EA W, wWea. g ne &A Ny @6 WU  SA. WA NW  iA

Historic, q 50 118 174 262 476 669 463 362 114 84 49 32

uanATIGEIN oI HIAK WA MML RMSE 47.2

Mean, q 58 118 180 244 440 730 469 361 112 82 51 34
Std., s 17 20 28 51 71 155 78 72 15 13 11 8

Max, gy, 133 194 255 396 700 1303 763 598 147 116 81 63
Min, quey 30 77 132 155 284 472 312 232 84 54 32 21

RMSE 18.9 204 28,6 53.7 80.0 1669 78.6 71.8 14.7 13.5 11.5 7.9
qg+s 75 139 208 294 511 886 547 433 126 96 63 42
q-s 42 98 152 193 369 575 391 289 97 69 40 26
uandIasaAInianIaenu uaz MOM RMSE  49.7

Mean, gQ 57 122 179 253 437 748 461 347 110 78 50 33
Std., s 18 18 32 63 77 154 75 82 14 12 9 8

Max, q, 128 171 310 472 679 1131 745 712 140 113 74 61
Min, Qo0 33 83 126 155 271 422 306 225 84 52 34 16
RMSE 18.9 186 326 635 869 1732 749 838 14.2 12.6 9.1 8.2
q+s 74 140 211 316 514 902 536 429 124 90 59 41
q—s 39 103 147 190 359 594 386 264 97 67 41 25
KANAINATAMI Uuaz MML RMSE 476

Mean, g 52 114 173 238 430 678 448 329 108 75 46 29
Std., s 17 18 26 47 67 153 78 87 13 13 9 8

Max, q, 134 173 250 473 728 1190 632 739 139 110 75 51

Min, Qi) 29 76 126 149 286 395 278 195 74 52 29 15
RMSE 17.7 186 260 527 819 1530 798 933 144 152 98 83
gq+s 70 133 199 285 497 831 526 416 121 88 56 38
q—s 35 96 147 191 363 525 370 242 95 63 37 21
UANAINATADIR Uaz MOM RMSE 496

Mean, q 50 115 169 228 413 683 414 329 1086 78 46 30
Std., s 15 17 25 45 64 173 60 81 13 14 11 10
Max, q;, 125 171 238 379 610 1714 650 714 156 108 106 75
Min, Guon 27 68 115 141 288 428 255 188 80 49 .28 17
RMSE 152 171 258 6561 896 1737 778 872 158 156 116 97
q+s 66 132 194 272 477 856 475 410 119 92 57 . 40

g-—s 35 98 143 123 350 510 354 248 93 63 35 21
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L J .v L) bl d. -
a1 4.6 Andlsnunaaszimrastayairitnmdanuaryastayadaazv nawamlaguuy
- - [y ° ar -
31889 SVD/MAR (1) nidlagidn dmiuan il P.12 (mcm)

Rau W, wa, de nA ®RA nNY @A WH  BA. ua. nwW A,
Historic,.q 50 118 174 262 476 669 463 362 114 84 49 32
Chaleeraktrakoon (1999) uaz MML RMSE 514
Mean, q 55 121 174 258 443 722 456 348 110 82 51 32
Std., s 19 23 27 58 76 200 68 82 14 14 11 8
Max, qg, 130 188 288 456 727 1511 670 758 147 146 85 68
Min, G100, 30 81 111 151 280 445 294 189 75 54 32 16
RMSE 20 23 27 58 83 207 69 84 14 14 11 8
q+s 74 143 201 316 518 922 524 430 124 95 62 40
g—s 37 98 146 200 367 522 388 265 97 68 40 24
Chaleeraktrakoon (1999} uaz MOM RMSE 48.1
Mean, q 52 118 181 240 431 705 459 352 109 79 49 31
Std., s 16 19 28 a7 70 162 72 91 12 15 11 10
Max, q, 114 167 257 373 735 1266 666 724 134 131 83 91
Min, Qg 23 72 122 136 315 352 324 213 83 44 27 14
RMSE 16 19 29 52 84 166 73 o1 13 15 11 10
q+s 68 137 209 287 501 867 532 443 121 94 60 41

q-s 36 99 154 193 361 544 387 262 97 64 38 22
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MW 4.7 dnlzAndanuuirestayanmiimuidanuazrasdayadaazy namanlasuuy

$1299SVD/MAR(1) fiiana dwiuaniii P.12

1hawu Wweo, wea N ne &A NU WA WH 56 UA DA LA

Historic, q 1.430 0610 0.740 1900 1.040 0.890 0.840 1.600 0510 1.330 1.280 0970
uandraTaudsinianmIsoin uaz MML RMSE 0.736

Mean, q 2030 0992 1.069 1396 0911 1509 0974 1455 0499 1.013 1.346 1.622
Std., s 0.901 0579 0600 0.677 0.473 0.811 0521 0749 0376 0.618 0.651 0.751
Max, q, 5126 3.283 3.745 3843 2686 4660 3.068 4544 1392 3504 4056 4.251
Min, Quony 0.341 -0.070 -0.179 0.244 0.019 0.145 -0.056 0.202 -0.503 0.028 0.312 0.427
RMSE 1.082 0693 0684 0844 0491 1.020 0538 0.763 0376 0.694 0.654 0.994
q+s 2931 1571 1.669 2.074 1385 2320 1.494 2204 0.875 1.631 1997 2373
q-s 1.129 0413 0469 0.719 0438 0.699 0453 0.707 0.123 0395 0695 0870
unNRIRTIAEINTaNNT BN uaz MOM RMSE 0-729

Mean, q 2047 1.094 1.017 1397 0911 1579 0.929 1.433 0297 0903 1279 1.530
Sid., s 0860 0485 0695 0.660 0552 0.684 0515 0.640 0.393 0491 0.600 0.838
Max, q;y, 5058 2361 3544 3973 3866 3545 2974 3326 1451 2391 2996 4595
Min, Qo 0.627 0.062 0.076 0402 -0.046 0.353 -0.002 0.282 -0.721 -0.173 0.048 0.268
RMSE 1.058 0.685 0.748 0.830 0567 0.971 0523 0661 0447 0651 0600 1.008
q+s 2907 1579 1.712 2.057 1463 2263 1444 2073 0690 1.394 1879 2368
q—s 1.187 0609 0.321 0.737 0.359 0.895 0413 0.794 -0.097 0411 0679 0.692
UANAMATHIR uaz MML RMSE 0.688

Mean, q 1844 0951 0.933 1385 0.939 1414 0924 1417 0415 0883 1242 1.387
Sid, s 0.944 0545 0511 0.752 0.548 0.642 0.533 0.837 0406 0490 0.483 0.608
Max, Qg 5338 2.451 3071 4981 3.139 3585 3112 5335 1897 2735 2502 3.028
Min, Quoy 0.614 -0.159 0.125 0.50t 0.166 0.373 -0.026 0.194 -0.570 0.086 0.339 0.356
RMSE 1.075 0.643 0.546 0912 0.557 0829 0.540 0857 0417 0663 0485 0.737
qg+s 2888 1496 1444 2.137 1487 2.056 1458 2254 0821 1.374 1.724 1.995
q~-s 1.000 0406 0422 0633 0392 0772 0.391 0579 0.009 0393 0.759 0.779
UANAITIASHNIIL uaz MOM RMSE 0.692

Mean, g 1897 1.001 0977 13680 0.807 1527 0.763 1411 0381 1093 1231 1.537
Sid., s 0.743 0508 0558 0.606 0459 0.730 0449 0.796 0379 0650 0585 0.732
Max, q, 3692 2589 3296 3212 2441 4616 2763 4.147 1.771 2967 4.166 3.753
Min, Qo 0566 -0.040 -0.181 0.251 0.022 0303 -0.135 0.125 -0.529 -0.208 0.148 0.129
RMSE 0.877 0641 0807 0.812 0.514 0969 0455 0818 0.400 0.692 0.587. 0.925
q+s 2640 1509 1536 19668 1.266 2257 1211 2207 0760 1.743 1.816 2288
q-—s 1.154 0494 0419 0.753 0349 0.798 0.314 0.616 0.002 0.443 0.646 0.805
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- A-. L) gl acl
VIADISVD/MAR (1) NN atLAN FTuanIw P.12

LT

O Wy, WA Hu ne &R Ny @8 WU 5a. ue. NN He.
Historic, @ 1.430 0.610 0.740 1.900 1.040 0.890 0.840 1.600 0.510 1.330 1.280 0.970

Chaleeraktrakoon (1999) uaz MML RMSE 0.735
Mean, § 2035 1.039 1.003 1.564 1.017 1573 0985 1.394 0.394 1.011 1.347 1.416
Std., s 0.978 0.526 0.587 0.864 0495 0902 0535 0.683 0.407 0.538 0.687 0.649

Max, q 5121 3.236 2987 3.952 2904 4.643 2630 5115 1.659 3.035 4.032 3537
Min, Quoy 0.163 0.18C -0.193 0.224 0263 0.360 -0.227 0.228 -0.448 0.004 0.103 0.235

RMSE 1.150 0.679 0643 0927 0495 1.131 0554 0.713 0423 0625 0.691 0.788
q+s 3.014 1565 1.590 2428 1512 2475 1520 2.077 0.800 1.549 2.034 2.065
q—s 1.057 0514 0416 0.700 0.522 0.670 0.451 0711 -0.013 0473 0.659 0.767
Chaleeraktrakoon (1999) ua: MOM RMsSg 0-691

Mean, q 1.838 0911 0902 1.366 0945 16527 0.982 1.367 0352 1.024 1.346 1.409
Std., s 0910 0.454 0491 0643 0552 0.710 0.501 0.768 0406 0.568 0.645 0.658

Max, q,, 4853 2715 2326 3.111 2.823 4545 2592 4499 1.731 2968 3.913 4.079
Min, Qo 0.462 -0.248 -0.260 0.359 -0.058 0.248 0.058 -0.061 -0.396 0.106 0.231 0.120
RMSE 1.042 0.545 0.517 0.836 0560 0954 0.521 0.802 0435 0.646 0.648 0.791
q+s 2848 1.365 1.393 2.009 1497 2238 1.483 2135 0.758 1.592 1.891 2.067
q-—s 1.028 0457 0410 0.723 0.393 0817 0480 0599 -0.054 0455 0.701 0.751
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e ﬂ. L3 - J - L -4
Sarzindmanlasuuusiaas SVD/MAR(Y) fitana @ msuanii P.12

Wwou Wy WwWe Uy na an Nng @wA WH  BA WA W de
Historic, g 0.373 0.224 0478 0312 0585 0670 0.245 0.250 0814 0645 0,575 0.685
uANFIRSIAEINTa T aafin uaz MML RMSE 0.148
Mean, q 0.339 0.303 0.501 0.382 0549 0.592 0.280 0.307 0.706 0747 0754 0605
Std., s 0.167 0.154 0.122 0.132 0.114 0.103 0.164 0.142 0.089 0.072 0.078 0.123

Max, q;,, 0.686 0.713 0821 0713 0818 0.794 0675 0.648 0855 0.892 0.891 0838
Min, Qo0 -0.065 -0.020 0.071 0.089 0273 0.328 -0.122 0.032 0.484 0.550 0.509 0.326

RMSE 0.171 01473 0.124 0.149 0.119 0.129 0.167 0.154 0.128 0.124 0.195 0.147
q+s 0.506 0.457 0623 0513 0663 0695 0443 0450 0785 0819 0833 0.728
G-s 0.172 0.148 0.379 0250 0.435 0.489 0.116 0.165 0.617 0.675 0.676 0.482
uanfAsuAsInTaunIsaiu uas MOM RMSE 0.147

Mean, q 0.319 0.323 0482 0.392 0.564 0583 0282 0.306 0694 0730 0.738 0.612
Std., s 0.148 0.138 0.122 0.147 0110 0.130 0.147 0.167 0090 0.071 0.074 0.119

Max, q;, 0.742 0588 0779 0.703 0.785 0.854 0630 0.665 0.855 0.864 0899 0.858
Min, Qo0 -0.148 0.024 0.201 0.095 0.262 0214 -0.144 -0.253 0411 0.484 0564 0.316

RMSE 0.158 0.170 0.122 0.168 0.112 0.156 0.152 0177 0120 0110 0.179 0.139
q+s 0.467 0461 0604 0539 0674 0712 0430 0.473 0784 0801 0812 0.730
q—s 0.171 0.185 0.361 0.245 0454 0453 0.135 0139 0604 0.659 0.665 0.493
UANAINAZANIR ez MML RMSE 0.145

Mean, q 0.359 0.302 0.451 0415 0.564 0589 0301 0309 0682 0732 0727 0.581
Sid., s 0.149 0.144 0.135 0.142 0.109 0.100 0.146 0.156 0.082 0.070 0.079 0.127

Max, q, 0668 0.613 0.701 0.767 0.808 0.773 0645 0652 0.845 0863 0.884 0.860
Min, Qo 0.026 -0.044 -0.071 0.074 0.135 0331 -0.095 -0.051 0.435 0480 0.546 0.307

RMSE 0.149 0.164 0.138 0.176 0.111 0.129 0.157 0.167 0.107 0111 0.171 0.164
q+s 0.507 0.446 0.586 0.557 0.672 0.688 0447 0465 0.764 0.802 0806 0.707
-5 0.210 0158 0.316 0272 0.455 0489 0.155 0.153 0.601 0.663 0.648 0.454
UANAINAZAN IR Uaz MOM RMSE 0.150

Mean, q 0.368 0.298 0464 0422 0547 0570 0278 0.310 0678 0.730 0.738 0.606
Std., s 0.168 0.162 0.139 0.144 0120 0.112 0.136 0.147 0.091 0.073 0.087 0.129

Max, q, 0.773 0.709 0.765 0.746 0794 0.853 0616 0.670 0856 0.871 0.891 0.861
Min, qo -0.054 -0.081 0.070 0.018 0.180 0.296 -0.072 -0.187 0.420 0.556 0.394 0.308
RMSE 0.168 0.179 0.140 0.181 0.126 0.150 0.140 0.159 0.111 0.111 0.185 0.151
q+s 0536 0461 0.603 0566 0.667 0682 0414 0457 0.768 0.802 0.825 0.735
q-s 0200 0.136 0325 0.278 0427 0458 0.143 0.162 0.587 0.657 0.651 0478
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Historic,q 0.373 0224 0478 0312 0585 0.670 0245 0.250 0.614 0.645 0.575 0.685
Chaleeraktrakoon (1999) uas MML RMSE 0-155
Mean, q 0.357 0337 0514 0418 0577 0592 0298 0.325 0.696 0.743 0.741 0.618
Std., s 0.162 0172 0.129 0.130 0.117 0119 0.171 0.160 0.079 0.073 0.084 0.132

Max, g, 0.752 0.724 0.787 0.765 0802 0855 0.653 0660 0.837 0.860 0.890 0.906
Min, Qo 0.001 -0.056 0.134 0.043 0.207 0.111 -0.076 -0.105 0.488 0.561 0.504 0.247

RMSE 0.163 0.206 0.134 0.168 0.117 0.143 0.179 0.177 0.114 0.122 0.186 0.149
G+s 0.520 0.509 0.643 0.548 0.693 0711 0.469 0485 0.775 0.816 0.825 0.750
g-s 0.195 0.164 0.386 0.288 0460 0473 0.127 0.165 0.617 0670 0.658 0.485
Chaleeraktrakoon (1999) uaz MOM RMSE 0.147

Mean, § 0.398 0.326 0499 0414 0570 0.560 0.277 0298 0693 0.733 0.747 0.607
Std., s 0.147 0.149 0.124 0130 0.114 0123 0132 0.143 0.081 0.063 0083 0.137

Max, q, 0.720 0.669 0793 0721 0771 0784 0.559 0.664 0840 0.881 0905 0.892
Min, Quo 0.066 -0.087 0.235 -0.071 0.190 0.098 0.015 0.008 0.392 0.605 0.540 0.226
RMSE 0.149 0.180 0.126 0.165 0.115 0.165 0.136 0.151 0.114 0.108 0.191 0.158
G+s 0.545 0.474 0.623 0543 0685 0684 0409 0441 0775 0.797 0.830 0.745
q-s 0.250 0.177 0.374 0284 0456 0437 0.145 0155 0612 0670 0.664 0.470
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Historic, @ 0.415 0.547 0.688 0.744 0.853 0.874 0.788 0.848 0778 0.697 0.525 0.275
wanmasndsaniosnSuoin uaz MML RMSE 0.130
Mean, q 0.343 0.588 0.633 0.624 0.750 0.802 0.719 0.848 0.801 0588 0.524 0.195
Std., s 0.193 0.122 0.110 0.130 0.074 0.066 0.082 0.054 0.051 0.125 0.126 0.176
Max, q, 0.735 0.842 0.856 0.904 0917 0920 0800 0942 0897 0.840 0.752 0.669
Min, e 0.148 0222 0.304 0306 0476 0570 0475 0667 0676 0.176 0.062 -0.081
RMSE 0.206 0.128 0.123 0.177 0.126 0.097 0.107 0.054 0.056 0.166 0.126 0.193
q+s 0535 0.709 0.743 0.754 0.824 0.868 0€.801 0802 0.853 0.713 0.649 0.370
q-—s 0.150 0466 0.523 0494 0.677 0.736 0.638 0.793 0.750 0.463 0.398 0.019
uAn@IAIIALINTONINT B URE MOM RMse 0-131
Mean, q 0.304 0.608 0611 0.637 0.740 0.792 0.731 0.858 0.789 0.582 0.520 0.162
std., s 0.186 0.116 0.119 0.125 0.075 0.064 0.087 0.046 0.052 0.109 0.112 0.172

Max, q4, 0.804 0.847 0852 0864 0893 0925 0916 0942 0901 0807 0.789 0.565
Min, Que 0.072 0.305 0.282 0.261 0539 0.610 0.378 0.693 0.632 0315 0.226 -0.199

RMSE 0.217 0.131 0.142 0.165 0.135 0.103 0.104 0.047 0.053 0.159 0.112 0.206
q+s 0490 0.724 0.730 0.762 0.816 0.856 0.818 0.804 0.841 0.691 0.632 0.334
d-s 0.118 0493 0492 0512 0665 0729 0643 0812 0736 0473 0407 -0.010
uandfiazanii uas MML RMSE 0.193

Mean, q 0.290 0.478 0442 0552 0626 0691 0626 0758 0.688 0527 0552 0.184
Std., s 0.220 0.139 0.136 0.129 0.097 0.085 0.098 0.081 0.080 0.111 0.118 0.165
Max, q, 0.805 0.854 (0.703 0.874 0.824 0888 0812 0953 0849 0773 0.794 0.516
Min, Quog -0.250 0.140 0.085 0.263 0.358 0.473 0.327 0536 0492 0.241 0.192 -0.180
RMSE 0252 0.156 0.281 0.231 0.247 0202 0190 0.121 0.120 0.203 0.121 0.188
q+s 0510 0617 0.578 0.681 0.722 0.776 0.724 0.839 0.769 0.639 0.670 0.349
q—s 0071 0.338 0.306 0423 0529 0605 0528 0678 0608 0416 0.433 0.019
UANAINATABIN LAz MOM RMSE 0.189

Mean, q 0.267 0523 0461 0.562 0626 0682 0610 0.763 0.684 0524 0542 0197
Std., s 0.174 0.117 0.129 0.132 0.105 0.102 0.096 0.081 0.082 0.119 0.123 0.176
Max, q, 0.618 0.722 0.778 0811 0883 0887 0766 0923 0856 0.804 0816 0.626
Min, Quopy -0.182 0.198 0.082 0.202 0.372 0.401 0.328 0.511 0.449 0.248 0..1 76 -0.177
RMSE 0.228 0.119 0261 0.225 0.250 0.217 0202 0.118 0.125 0211 0.124 0.193
q+s 0441 0.640 0.591 0.694 0.731 0.784 0.706 0.844 0.765 0.643 0.665 ‘0.373

q-—s 0.084 0407 0332 0430 0522 0580 7514 0.682 0.602 0405 0418 0.020
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Historic,q 0.415 0.547 0.688 0.744 0.853 0.874 0.788 0848 0.778 0.697 0.525 0.275
Chaleeraktrakoon (1999) uas MML RMSE 0.124

Mean, q 0362 0.610 0628 0639 0.741 0793 0.728 0.851 0.802 0.605 0525 0.246
Std., s 0174 0124 0114 0.121 0.074 0.068 0.075 0.043 0053 0.105 0.133 0.162
Max, q, 0.790 0846 0885 0915 0880 0952 0871 0947 0.8906 0.810 0.822 0.659
Min, G100 0.016 0.201 0.254 0336 0461 0582 0.525 0711 0.586 0351 0212 -0.193
RMSE 0.182 0.139 0.129 0.161 0.134 0.105 0.096 0.043 0.058 0.140 0.133 0.165
q+s 0536 0.735 0.743 0.760 0.815 0.861 0.803 0.893 0854 0710 0.658 0408
q-s 0.188 0486 0.514 0518 0668 0726 0654 0808 0749 0.500 0.392 0.084
Chaleeraktrakoon (1999} uas MCM rRMsSg ©0-131

Mean, q 0.334 0.602 0640 0624 0.751 0792 0.729 0853 0.789 0572 0511 0.195
S, s 0.176 0.116 0.105 0.124 0078 0.066 0.076 0.045 0.057 0118 0143 0193
Max, g, 0.718 0816 0.829 0872 0890 0899 0872 0945 0901 0825 0.788 0.602
Min, Quoy -0.062 0.366 0.346 0.319 0.544 0.511 0.498 0703 0.605 0.192 0.080 -0.290
RMSE 0.193 0.129 0.116 0.173 0.128 0.105 0.086 0.045 0.058 0.173 0.144 0.209
q+s 0.510 0.718 0.746 0.748 0.830 0.857 0.805 0.898 0.846 0.690 0.654 0.388
q-s 0.159 0.485 0.535 0.499 0673 0726 0.652 0.808 0.732 0453 0.368 0.002
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Properties Mean Standard Skewness Correlation
(mecm) {mcm)
Historic, q 5773 1714 0.174 0.153
uandraTudnInaumTuaiu uaz MML
Mean, q 5806 1816 (.843 0.205
Std., s 388 255 0.544 0.154
Max, g, 6878 2585 3.331 0.603
MiD, Qoo 4986 1248 0.204 0.148
RMSE 389.1 274.5 0.862 0.162
q+s 6194 2071 1.387 0.359
G—s 5418 1561 0.300 0.051
uaneIARAINT DI DIK uaz MOM
Mean, q 5778 1829 0.835 0.181
Std., s 335 303 0.582 0.142
Max, q, 6747 2620 3.013 0.502
Min, Qro0y 5087 1226 -0.189 0.157
RMSE 3349 323.6 0.880 0.145
q+s 6113 2131 1.417 0.323
q—s 5443 1526 0.252 0.039
UANGINATADIN Waz MML
Mean, q 5694 1721 0.820 0.066
Std., s 386 234 0.471 0.151
Max, q;, 6738 2554 2.004 0.406
Min. Qo0 4833 1236 0.262 -0.364
RMSE 394.3 2341 0.800 0.175
g+s 6080 1955 1.292 0.217
q-s 5307 1487 0.349 -0.085
RANAINATANIN Uaz MOM
Mean, q 5708 1683 0.841 0.094
Std., s 308 267 0.579 ‘ 0.166
Max, g 6563 2981 3.665 0.509
Min, G0y 4986 1120 -0.364 -0.417
RMSE 315.1 269.3 0.883 0.1 '}7
q+s 6016 1950 1.420 0.260

q—s 5400 1415 0.262 -0.072
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Properties Mean Standard Skewness Correlation
(mcm} {(mcm)
Historic, g 5773 1714 0.174 0.183
Chaleeraktrakoon (1999) {taz MML
Mean, q 5806 1826 0.913 0.132
Std., s 426 316 0.548 0.147
Max, g, 7028 3073 2.959 0.491
Min, Qo0 5070 1271 0.044 -0.326
RMSE 427 335 0.920 0.148
g+s 6231 2141 1.462 0.279
q-s 5380 1510 0.365 -0.015
Chaleeraktrakoon (1999) uaz MOM
Mean, q 5788 1764 0.818 C.126
Std., s 376 270 0.507 0.132
Max, gy, 6611 2335 2.731 0.570
Min, Qo0 4690 1076 0.019 0.149
RMSE 376 275 0.820 0.135
q+s 6164 2034 1.325 0.258

g—s 5412 1494 0.311 -0.006
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amit P.12&W 3A P.12&Y.1C P.12&SK W.3A&Y.1A W.3A&SK Y.1C&SK
Historic, q 0.869 0.699 0.703 0.760 0.675 0.831
uANGANIABINTo NN TN uaz MML

Mean, q 0.800 0.671 0.697 0.763 0.649 0.788
sud., s 0.062 0.079 0.082 0.066 0.107 0.062
Max, q;y 0.890 0.839 0.882 0.882 0.841 0.908
Min, G100 0.586 0.424 0.466 0.574 0.321 0.490
RMSE 0.093 0.084 0.082 0.066 0.110 0.075
qQ+s 0.862 0.750 0.779 0.829 0.756 0.851
§-s 0.737 0.591 0.616 0.697 0.543 0.726
URANFIATIAEINSBAINTHIAK UAz MOM

Mean, q 0.791 0.635 0.674 0.752 0.645 0.783
Std., s 0.060 0.098 0.090 0.086 0.104 0.070
Max, Qg 0.898 0.854 0.852 0.931 0.870 0.911
Min, G0 0.588 0.388 0.386 0.487 0.314 0.572
RMSE 0.099 0.117 0.095 0.086 0.108 0.085
q+s 0.851 0.733 0.764 0.838 0.750 0.853
q-5s 0.730 0.538 0.584 0.666 0.541 0.712
KANAINAZANIR uas MML

Mean, q 0.787 0.660 0.661 0.739 0.642 0.759
Sid., s 0.053 0.078 0.079 0.075 0.093 0.070
Max, gy, 0.890 0.867 0.821 0.892 0.809 0.898
Min, Qo0 0.626 0.440 0.458 0.515 0.374 0.537
RMSE 0.098 0.088 0.089 0.078 0.099 0.100
q+s 0.839 0.738 0.739 0.814 0.736 0.829
q-s 0.734 0.582 0.582 0.664 0.549 0.689
wAnNAINazanIi uas MOM

Mean, g 0.798 0.648 0.661 0.739 0.644 0.755
Std., s 0.062 0.076 0.078 0.076 0.086 0.073
Max, g, 0.913 0.792 0.818 0.880 0839  0.894
Min, Qo0 0.620 0.436 0.519 0.519 0.423 0.522
RMSE 0.084 0.091 0.089 0.079 0.091 0.105
q+s 0.859 0.724 0.739 0.815 0.730 %_2_8

q-s 0.736 0.573 0.583 0.663 0.558 0.682
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gt P.128W.3A P.128Y.1C P.12&SK W.3A&Y.1A W.3A&SK Y.1C&SK
Historic, q 0.869 0.699 0.703 0.760 0.675 0.831
Chaleeraktrakoon (1999) ua:z MML

Mean, q 0.802 0.674 0.688 0.757 0.638 0.793
Std., s 0.065 0.089 0.098 0.081 0.118 0.069
Max, g, 0.921 0.827 0.890 09186 0.851 0.911
Min, Q00 0.555 0.284 0.348 0.495 0.329 0.518
RMSE 0.094 0.093 0.100 0.081 0.124 0.079
q+s 0.867 0.763 0.787 0.838 0.756 0.862
q-s 0.737 0.585 0.590 0.675 0.520 0.723
Chaleeraktrakoon {1999) uaz MOM '

Mean, q 0.786 0.655 0.680 0.762 0.634 0.778
Std., s 0.062 0.087 0.085 0.083 0.105 0.066
Max, q;y, 0.883 0.850 0.839 0.924 0.871 0.897
Min, Q100) 0.577 0.470 0.277 0.539 0.278 0.570
RMSE 0.103 0.098 0.088 0.083 0.113 0.085
q+s 0.848 0.742 0.764 0.844 0.738 0.843
q—s 0.725 0.568 0.595 0.679 0.529 0.712
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wuvueiaad SVD/MAR (1) nidua

wuydtesd SVD/MAR (1)

Properties LRNGINSIE T wanarfiazan il ﬁﬁagtau
MML MOM MML MOM MML MOM
Mean 17 (0) 11 (0) 13 (0) 4 (0) 23 (0} 13 (0)
Standard deviation 10 (0) 18 (0) 6 (0) 9 (1) 23 (0) 17 (0)
Skewness coefficient 14 (2) 20 (6) 9 (2) 8 (3) 19 (2) 14 (4)
Correlation coefficient 10 (10) 15 (9) 9 (6) 18 (9) 18 (10) 10 (8)
Cross correlation coefficient 9 (7) 22 (8) 33 (36) 33 (35) 8 (8) 17 (8)
HaIIU 60 (19) 86 (23} 69 (44) 71 (48) 91 (20) 71 (20)

- A s . -
:r A lﬂ'ﬂﬂﬂﬂ'\ua HURN TN ﬁa\'.lﬁﬂ')qll fFuUInNN

- r " et : - -
ATH 4.18  HITINATURKUAAIFAIAVATINANITONITINHIAMRAN BT AURI M ATidYasuuuINaae

o
-

L

J A - LI et
SVD/MAR (1) Mianauaznidagidsvastayadsansimailyaguiidimszen

WUUIIRaI SVD/MAR (1) ftane

LUUII8DY SVD/MAR (1)

Properties UANSINTNGE7 uananazanit ﬁﬁagtﬁu
MML MOM MML MOM MML MOM
Mean 12 13 7 8 24 14
Standard deviation 12 20 4 10 23 19
Skewness coefficient 10 13 9 12 23 17
Correlation coefficient 16 1 17 15 16 10
Cross cormrelation coefficient 9 28 18 18 24 16
LRI 58 85 55 63 110 76
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WLUAIRDT SVO/MAR (1) Rtana @ muaniii P.12 AT=@uda 0.75 mean

Properties Mean D. Max D. Mean V. Max V.
(month} {month) {(mcm) (mecm)
Historic, q 6.3 10.0 1413 2412
wansAIAsINToawI Ak uas MML
Mean, q 6.2 9.5 1407 2491
Std., s 04 0.5 98 177
Max, q;, 7.1 10.0 1651 3143
Min, gueg 52 9.0 1129 2183
RMSE 0.390 0.743 68.085 194.148
q+s 6.6 10.0 1505 2668
g—s 5.8 9.0 1309 2313
uan@IATNALINToINT BN uaz MOM
Mean, g 6.2 9.4 1409 2478
Std., s 0.4 0.5 96 192
Max, Qg , 7.0 10.0 1636 2980
Min, G0, 5.1 9.0 1138 2056
RMSE 0.367 0.763 95.730 203.159
G+s 6.6 9.9 1505 2670
g—s 5.9 8.9 1313 2286
WANARINATADIR Laz MML
Mean, q 6.2 9.4 1405 2459
Sid., s 04 0.5 99 161
Max, q, 7.2 10.0 1692 2912
Min, G0 5.1 9.0 1139 2000
RMSE 0.408 0.763 99.513 167.489
G4+s 6.6 9.9 1504 2620
-5 5.8 8.9 1306 2298
RANAINILADIR uaz MOM
Mean, § 6.3 9.5 1423 2451
Std., s 0.3 0.5 86 . 158
Max, q 71 10.0 1626 2790
Min, Qo0 5.5 9.0 1202 2130
RMSE 0.335 0.716 86.920 162.779
q+s 6.7 10.0 1509 2609

g-—s 6.0 9.0 1336 2293
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Properties Mean D. Max D. Mean V. Max V.
(month) {(month} (mem) (mecm)
Historic, q 6.3 10.0 1413 2412
Chaleeraktrakoon (1999) ua:z MML
Mean, q 6.3 9.5 1433 2493
Std., s 04 0.5 104 177
Max, qg, 7.1 10.0 1655 3004
Min, Q100 54 9.0 1155 2088
RMSE 0.378 0.737 106.097 194.124
q+s 6.7 10.0 1537 2669
q-s 59 9.0 1329 2316
Chaleeraktrakoon (1999) uaz MOM
Mean, q 6.2 9.4 1403 2474
Std., s 03 0.5 86 181
Max, q;, 6.9 10.0 1580 2945
Min, quon 54 9.0 1179 2131
RMSE 0.352 0.783 86.770 191.619
g+s 6.5 99 1489 2655
8.9 1317 2292

gq-s 58
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Properties Mean D. Max D. Mean V. Max V.

{month) {month) {mem) (mem)
Historic, q 7.4 10.0 2356 3529
RANGIATIE LTINS DANNT BafW Uz MML
Mean, q 7.3 9.9 2325 3622
Std., s 0.3 0.3 134 191
Max, G, 8.1 10.0 2625 4156
Min, Qo0 6.5 9.0 1999 3209
RMSE 0.367 0.333 137.574 212.953
q+s 7.7 10.2 2460 3813
G—s 7.0 9.6 2191 3431
unndainAsInTounIoain uas MOM
Mean, q 7.4 10.0 2344 3630
Sid., s 0.3 0.2 113 214
Max, g, 8.2 11.0 2635 4293
Min, 900, 6.6 9.0 2088 3258
RMSE 0.325 0.225 113.563 236.931
q+s 7.7 10.2 2457 3844
§-s 7.1 9.7 2231 3415
UANAINATANIN WAz MML
Mean, q 74 9.9 2359 3607
Std., s 04 0.3 146 231
Max, g, 8.1 10.0 2662 4290
Min, Quso0) 6.3 9.0 1950 3035
RMSE 0.374 0.284 146.111 244248
G+s 7.8 10.2 2505 3838
q-s 7.0 9.6 2213 3375
uaAnAMazanIn uas MOM
Mean, q 7.4 2.9 2356 3572
Std., s 0.3 0.3 109 184
Max, q, 8.2 10.0 2580 4156
Min, Ggog 6.6 9.0 2107 3241
RMSE 0.324 0.318 109.295 1 88.'-199
Ats 78 10.2 2465 3756

q-s 7.1 ' 9.6 2246 3389
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Taguuus1aas SVD/MAR (1) filiagian dwmduanii P.12 Aisz@uda mean

A,

Properties Mean D. Max D. Mean V. -~ Max V.
{month} (month} (mcm) (mcm)
Historic, q 7.4 10.0 2356 3529
Chaleeraktrakoon {(1999) uaz MML
Mean, q 7.4 9.9 2348 3591
Std., s 03 0.3 141 212
Max, qq, 8.1 10.0 2625 4296
Min, Q00) 6.4 9.0 1986 2982
RMSE 0.346 0.362 141 221
gq+s 7.743 10.208 2488.913 3803.552
g-s 7.1 9.5 2207 3379
Chaleeraktrakoon (1999) uaz MOM
Mean, q 7.3 9.9 2308 3582
Std., s 04 04 133 230
Max, qy, 8.0 11.0 2641 4292
Min, Q100 6.4 8.0 1998 3071
RMSE 0.409 0.402 141.404 236.398
q+s 7.6 10.2 2443 3812
9-s 6.9 9.5 2176 3351
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TrsuUUI1889SVD/MAR (1) Miaua dmuanaii P.12 N5:AUAA 1.25 mean

5

Properties Mean D. Max D. Mean V. Max V.
{month) (month) (mcm) {mcm})
Historic, q 7.8 11.0 3220 4732
uan@ATds oG uein uaz MML
Mean, q 8.1 10.8 3377 4933
Std., s 0.4 22 184 841
Max, q, 8.9 22.0 3809 9674
Min, Ggio0) 7.0 10.0 2775 4276
RMSE 0.491 2.258 242.052 864.605
q+s 8.5 13.0 3561 5774
q-s 7.8 8.5 3193 4092
uandaaAsINTaNIHI U uaz MOM
Mean, q 8.2 10.5 3401 4958
Std., s 0.3 1.7 171 705
Max, q, 8.8 22.0 3762 9327
Min, Qo0 7.2 10.0 2923 4193
RMSE 0.503 1.806 248.415 740.028
q+s 8.5 12.3 3571 5662
G-s 7.9 8.8 3230 4253
UANAINATTOINR uas MML
Mean, q 8.2 10.5 3378 4819
Std., s 0.3 1.7 119 693
Max, G 8.7 21.0 3636 9217
Min, Qo0 7.3 10.0 3065 4237
RMSE 0.445 1.822 198.012 698.367
G+s 8.4 12.2 3498 5512
§g-s 7.9 8.7 3259 4126
uAnAfiasan i uaz MOM
Mean, § 8.2 104 3398 4858
Std., s 03 1.6 150 . 643
Max, q, 8.9 200 3729 8864
Min, Qoo 7.3 10.0 3011 4247
RMSE 0.505 1.698 232.750 655.110
g+s 8.5 11.9 3548 5501

G—s 7.9 | 8.8 3248 4215




52

|9

[} & o et 9 ] - ar o o
AT 4.24 ﬁ')\)k'#ﬁ"llla:'ﬂ“'lﬂu"illa\!ﬂE)GTJBHa“'\ﬂ—\ﬁﬂlﬂa%lla:ﬁaﬂﬁaﬂaﬂﬂlﬂﬁtﬁ' NAMRINE

0 .q =3 A r- d Tt d
Taguvuitaas SVD/MAR M NNatdN A uSudoii P12 NItAUAA 1.25 mean

L]

Properties Mean D. Max D. Mean V. Max V.
(month) (month) {(mcm) (mcm)
Historic, q 7.8 11.0 3220 4732
Chaleeraktrakoon (1999) tlaz MML
Mean, q 8.1 10.4 3371 4848
Std., s 0.3 1.5 175 652
Max, gy 8.8 21.0 3833 9341
Min, G100 6.9 10.0 2796 4245
RMSE 0.478 1.613 230.831 661.970
q+ts 8.5 11.9 3546 5500
g—s 7.8 8.9 3196 4196
Chaleeraktrakoon (1999) uas MOM
Mean, q 8.1 105 3369 4873
Std., s 0.3 1.5 156 629
Max, q, 9.0 22.0 3857 8981
Min, Qo0 7.2 10.0 2963 4245
RMSE 0471 1.569 215.253 645.094
q+s 8.5 11.9 3525 5502
7.8 9.0 3213 4243

q-—s
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TﬁﬂLlUUﬁ"laad SVD/MAR (1) iawsd &8 MIUadIu P12 'l":‘]‘izﬂllﬂﬂ 1.5 mean

Properties Mean D. Max D. Mean V. Max V.
{month) (month) (mem) (mcm)
Historic, g 85 11.0 4282 5934
wAnFIaTGIN o NI Ha N uas MML
Mean, q 8.7 12.9 4470 7030
Std., s 0.3 4.4 207 2285
Max, g, 95 22.0 4932 13108
MiN, G100 77 10.0 3881 5351
RMSE 0.386 4.820 279.665 2533.815
q+s 9.0 17.3 4677 9315
T-s 8.4 B.4 4263 4746
UANGIATIA I INTDANT BN uaz MOM
Mean, q 8.6 12.6 4419 6755
Std., s 0.3 4.0 208 1860
Max, q;y, 9.4 22.0 4882 11793
Min, Qro0) 7.8 10.0 3832 5343
RMSE 0.356 4.318 248.528 2033.178
G+s 8.9 16.6 4627 8615
g-—s 8.3 8.6 4211 4894
uAnAINazanIit ua: MML
Mean, q 87 12.8 4474 6917
Std., s 0.3 4.2 172 2008
Max, Q) 9.4 22.0 4985 12481
Min, Qoo 8.0 10.0 3999 5368
RMSE 0.344 4.592 257.395 2235778
T+s 9.0 17.0 4646 8925
G-s 8.4 8.6 4301 4909
UANAINAZANTIH UAs MOM
Mean, q 8.7 12.1 4447 6582
Std., s 0.3 36 170 1721
Max, g, 9.3 22.0 4858 11721
Min, Gyon) 8.0 10.0 3975 5469
RMSE 0.328 3.752 237.036 1838.998
q+s 8.9 157 4618 8303
q-s 8.4 8.5 4277 4861
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lasuvuiiaas SVD/MAR (1) naagiad §mviuan v P12 ﬁ‘i:ﬂﬂﬂﬂ 1.5 mean

Properties Mean D. Max D. Mean V. Max V.
{month) (month) (mcm) {mcm)
Historic, q 85 11.0 4282 5934
Chaleeraktrakoon {1999) uaz MML
Mean, q 87 12.9 4459 6955
Std., s 0.3 42 206 2058
Max, g, 9.5 22.0 4925 12711
Min, G100 7.6 10.0 3686 5308
RMSE 0.387 4,603 271.459 2297.648
g+s 9.0 17.1 4665 9014
g-—s 8.4 8.6 4253 4897
Chaleeraktrakoon (1999) uaz MOM
Mean, q 8.7 13.5 4470 7260
Std., s 0.3 4.7 199 2304
Max, q, 9.6 22.0 5049 12762
Min, Q100 7.9 10.0 3939 5389
RMSE 0.394 5.337 274.033 2658.055
+ 9.0 18.2 4670 9564

S
—s 8.4 8.8 4271 4957

ol ol
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» o4 T - el e
UWUUSIRBI SVD/MAR (1) NLsne A IMTUsn it P.12 A3=AURR 0.75 mean

Properties Mean D. Max D. Mean V. Max V.
{month) (month) {mcm) (mcm)
Historic, qQ 1.7 50 1027 2730
uRnMIATNATINTBRIMT LI uB: MML
Mean, q 14 26 950 2316
Std., s 0.3 1.2 342 1376
Max, gy 25 7.0 2192 8703
Min, Q100 1.0 1.0 420 608
RMSE 0.443 2.706 350.286 1436.521
q+s 1.7 3.8 1292 3691
-8 1.1 1.4 609 940
unnRInTnAuInSaunToain uaz MOM
Mean, q 1.5 27 1026 2299
Sid., s 04 1.0 425 1145
Max, q;, 27 5.0 2647 7242
Min, Gy00) 1.0 1.0 270 387
RMSE 0.424 2552 425.495 1223.137
G+s 1.8 3.7 1451 3444
-5 1.4 16 600 1154
URANRITNIAZANTR LA MML
Mean, q 1.3 2.4 860 2094
Std., s 0.3 1.2 33 10562
Max, q, 2.3 6.0 2080 5758
MIn, Qo0 1.0 1.0 158 219
RMSE 0.483 2.833 370.599 1228.779
G+s 1.6 36 1191 3146
q-s 1.0 1.2 529 1043
unnAIfiazaoit un: MOM
Mean, q 1.3 24 846 2016
Std., s 0.3 11 352 1044
Max, q;, 2.6 7.0 2479 7438
Min, Qo0 1.0 1.0 119 136
RMSE 0.480 2.791 395.231 1264.702
q+s 16 3.5 1198 3060
-3 1.0 1.4 495 972
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Properties Mean D. Max D. Mean V. Max V.
(rmonth) {month) (mcm) {mecmj)
Historic, q 1.7 50 1027 2730
Chaleeraktrakoon (1999) uaz MML
Mean, q 1.5 3.0 965 2456
Std., s 0.4 1.3 397 1317
Max, q. 3.2 9.0 2392 71589
Min, Qo0 1.0 1.0 340 620
RMSE 0.433 2.416 402.152 1345.504
q+s 19 4.3 1362 3774
q-s 1.1 1.7 568 1139
Chaleeraktrakoon (1999) ua: MOM
Mean, q 1.5 27 996 2482
Std., s 04 1.4 418 1452
Max, q, 3.7 8.0 2394 9144
Min, Qo0 1.0 1.0 330 617
RMSE 0.471 2.649 419.006 1473.119
q+s 1.9 4.1 1414 3934
1.4 578 1030

q—s 1.1
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TR 429 FROLULATTWIARIULSITaTayaRYIITBTuarnastayadaa s famamlan
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RUUIIaDI VDMAR (1) iawa dmiuaoii P.12 fs:duda mean

Properties Mean D. Max D. Mean V. Max V.
{month) (month) {mcm) (mecm)
Historic, q 2.2 5.0 2755 9947
UANFIATNADINIDIINTHINK uas MML
Mean, q 2.7 6.6 3456 9424
Std.. s 0.9 2.3 1226 3536
Max, g, 7.2 14.0 8634 18433
Min, Qqig0; 1.4 20 1201 2772
RMSE 1.035 2752 1412.618 3574.640
g+s 3.6 8.8 4682 12960
q-s 1.9 4.3 2230 5887
unnFIATIGELINTaINTDaK Az MOM
Mean, q 2.7 6.5 3374 9602
Std., s 0.7 2.1 956 3459
Max, q, 54 13.0 6282 18701
Min, Q100 1.5 3.0 1610 3683
RMSE 0.832 2.548 1139.447 3476.045
g+s 3.3 8.6 4331 13061
q-s 2.0 4.4 2418 6143
uRnAfiazanIin uas MML
Mean, § 26 6.7 3204 9693
Std., s 0.7 24 1188 3935
Max, qg,, 55 12.0 7657 19594
Min, Q00 1.3 20 1188 3263
RMSE 0.853 2.932 1304.596 3943.048
q+s 33 9.1 4482 13628
q-s 19 4.3 2106 5758
uRNAINATANIR Las MOM
Mean, q 27 6.8 3201 8987
Sud., s 0.8 2.5 1087 . 3450
Max, q;, 58 14.0 7356 24896
Min, o0 1.4 3.0 1362 2760
RMSE 0.940 3.107 1175.276 3531.074
q+s as - 9.3 4288 12437
q—s 1.9 ' 43 2113 5537
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UYUITABISVD/MAR (1) Nidiatilas & mTuaniil .12 f32@uUda mean

Properties Mean D. Max D. Mean V. Max V.
{month) {month) {mcm) (mcm}
Historic, q 22 5.0 2755 9947
Chaleeraktrakoon (1999) uas= MML
Mean, q 25 6.6 3200 10123
Std.. s 0.7 2.7 1159 5266
Max, q 4.7 17.0 5906 28367
Min, Q00 1.167 2.000 586.338 2296.392
RMSE 08 3.2 1242 5269
G+s 3.2 9.3 4359 15389
q-s 1.8 39 2042 4858
Chaleeraktrakoon (1999) uaz MOM
Mean, q 26 6.7 3218 9556
Std.. s 0.9 3.0 1294 4529
Max, q, 6.6 18.0 8595 29033
Min, Qo0 1.2 2.0 1078 3072
RMSE 0.965 3.441 1374.332 4545 872
G+s 3.5 9.7 4512 14085
q-s 1.7 3.7 1924 5027
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UULNIABISVD/MAR (1) filana dmiuaniil P12 A5=AUGA 1.25 mean

Properties Mean D. Max D. Mean V. Max V.
(month} (month) (mcm) {mcm)
Historic, q 43 18.0 8872 42602
uandrasdsInTaumdoain uaz MML
Mean, q 6.4 136 13932 30653
Std., s 33 5.7 7610 12697
Max, g 20.0 32.0 44162 72980
Min, G100 2.1 5.0 4146 8853
RMSE 3.947 7.174 9138.258 17435.112
q+s 9.7 19.3 21542 43350
q—s 3.1 7.9 6322 17956
uan@IATnAsINSaunIuIin uaz MOM
Mean, q 6.5 149 14033 33728
Sid., s 42 6.3 9248 14498
Max, qq, 41.0 41.0 84909 84909
Min, G100, 2.6 6.0 4760 9930
RMSE 4 802 7.032 10590.420 16998.386
q+s 108 21.2 23281 48226
-s 23 8.6 4784 19230
uAnAINazanIN Uas MML
Mean, q 5.4 13.3 11297 28781
Std., s 20 4.8 4313 10200
Max, q, 13.3 29.0 25271 60959
Min, Qo) 22 6.0 5193 11037
RMSE 2.297 6.678 4947.398 17177.353
G+s 74 18.1 15609 38981
q-—s 34 8.6 6984 18581
uAnAINAzaN N uaz MOM
Mean, q 6.0 14.3 12759 31243
Std, s 27 5.2 5876 12954
Max, q;,, _ 20.0 32.0 39685 68798
Min, Quen 25 5.0 4177 9201
RMSE 3.220 6.392 7045.573 17228.9M11
q+s 8.7 195 18636 44197
q-s 34 9.1 6883 18289
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UULIIA09 SVDMAR (1) Aifiatias &msuanii P.12 ATzduda 1.25 mean

Properties Mean D. Max D. Mean V. Max V.
{month) (month} {(mcm) (mem)
Historic, q 4.3 18.0 8872 42602
Chaleeraktrakoon (1999) uas: MML
Mean, q 59 13.3 12621 30923
Sd., s 2.9 58 7120 15500
Max, q;, 20.0 350 45127 80518
Min, Q100 24 4.0 3608 9272
RMSE 3.347 7.519 8046.284 19407.127
q+s 88 191 19741 46423
q-s 29 7.4 5501 15423
Chaleeraktrakoon (1999) uaz MOM
Mean, q 57 134 12112 31065
Sud., s 26 54 5967 12462
Max, q, 21.0 29.0 43644 63835
Min, Qo0 2.3 5.0 4761 12056
RMSE 2.986 7.088 6790.115 16982.161
q+s 8.3 18.9 18080 43527
q-s 3.0 8.0 6145 18603
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UUUIIADE SVD/MAR (1) Nlane dmTuaniid P12 AszAuda 1.5 mean

Properties Mean D. Max D. Mean V. Max V.
(month) {(month) {mcm) {mcm)
Historic, q 13.7 220 41604 77309
uaneAsnagInTaaunIseiu uaz MML
Mean, q 14.1 226 45639 75658
Sid.. s 9.0 9.0 29943 31324
Max, g, 43.0 43.0 150036 150612
Min, Q00 45 9.0 12156 25657
RMSE 8.996 9.065 30213.434 31367.980
q+s 23.0 31.7 75582 106982
q—s 51 13.6 15696 44333
uAn@IRTNALINTo NI BN uaz MOM
Mean, qQ 15.0 243 48273 80090
S, s 101 93 33138 30488
Max, g, 43.0 43.0 155714 155714
Min, Gyso0) 43 7.0 13139 27056
RMSE 10.225 9.545 33802.166 30614.761
q+s 251 33.6 81411 110578
q-—s 49 15.0 156135 49602
UANAINAZADIH Uas MML
Mean, q 13.7 24.0 44271 78957
Std., s 7.6 8.2 26915 28997
Max, qy, 43.0 430 161084 161084
Min, Qo0 5.0 8.0 14813 27129
RMSE 7.625 B8.477 27047.345 29043.307
G+s 21.3 32.3 71187 107954
g—s 6.1 15.8 17356 49961
uAndINazanIR uaz MOM
Mean, g 18.7 24 .4 50404 78761
Sid., s 9.5 85 32219 28492
Max, qq 43.0 43.0 155760 155760
Min, Geron) 5.1 12.0 15364 33906
RMSE 9.669 8.802 33399.246 28529.003
q+s 25.1 329 82623 107253
G-s 6.2 15.9 18184 50269
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uuuajaﬂ\’ SVD/MAR (1) “Nag‘ﬂ" A MMIYADIU P12 ﬁ‘f:ﬁuﬂﬁ 1.5 mean

Properties Mean D. Max D. Mean V. Max V.
{month) (month) {mcm) {mcm)
Historic, q 13.7 22.0 41604 77309
Chaleeraktrakoon {1999) uaz MML
Mean, q 14.1 235 46222 78850
Std.. s 7.8 9.0 28278 32295
Max, qq, 43.0 43.0 159033 159033
Min, Qo0 45 9.0 12507 29054
RMSE 7.851 9.120 28652.649 32332.164
q+s 219 325 74500 111145
q-—=s 6.2 14.5 17944 46554
Chaleeraktrakoon (1999) uaz MOM
Mean, q 14.7 246 47677 81528
Std., s 9.3 8.6 31096 29449
Max, q, 43.0 43.0 158709 168709
Min, Qo0 33 9.0 8248 31015
RMSE 9.360 8.988 31683.215 29749.865
q+s 240 33.2 78773 110977
16.0 16581 52078

q—s 5.3
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1

- P - o -~ ’ o w
VI8 @y SVD/MAR (1) mauaua:nﬁamau‘uaa!‘fagammﬂ:\fﬂumauﬁaau'm LRINIZ
L] LY

LUUI R8I SVD/MAR (1) Allaua WULHIREY SVD/MAR (1)
Properties WANMINTINALD wanaINazanil ﬁﬁagtﬁu
MML MOM MML MOM MML MOM
0.75 mean 59 66 48 44 68 49
mean 64 58 65 44 51 54
125 mean 65 68 36 41 61 64
1.5 mean 84 57 38 39 55 65
HaTIW 272 249 187 168 235 232

M J- a L L] - -l -
:AARPNVATUOHUARIIULUNIRDIVUAITIUTIUTORN

T 436 HATINATURKUBAIATALUATINTINITAM ITNHIARANBMUZUIUAING 4 TTAUAATAILLL
[ ] d A- L el § :’
d1a83 SVD/MAR (1) ltanpuasidotidnnastiaya mtﬂﬂzﬁﬂuﬂqaquwuﬁ‘mszm

WUUSIREY SVD/MAR (1) flane WUUIIREI SVD/MAR (1)
Properties uANMININALI uanfIfissannil ﬁﬂagtﬁu
MML MOM MML MOM MML MOM
0.75 mean a8 46 74 67 46 62
mean 40 33 59 64 67 74
125 mean 88 54 34 65 68 26
1.5 mean 32 78 45 62 73 46
HAaTIY 198 211 212 258 254 208

- d o ] - -t
T AMURYNUANDOURAIITILULIIRDIUANUEUTON
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5.1 a?ﬂuamsﬁnuﬁ

wruIaad SVD/MAR(1) uuuvuinassmaan@smiu é’omﬂ:ﬁﬁnhﬂqun’mmn

A

wul -l - - b gl ‘ - L JU‘-’ -d [l g [] =
BUALNEIADRLQUIMIana A RwTawIBINu amﬂmmmﬂungnuﬂagum'n CD 1w

L

- Y, |

SFuanaafiite  uazlidnovvesnisuandafidnaliaan SVD  wansnfluuudass
SVD/MAR(1) nitinawanniidaiiivwauwimiimedinniiuly  iwsz MAR(1) dagnuszund
(NuAasutllInAas SPC ﬁ'lxiﬁm‘mﬁ’nﬁ'm_,maﬂﬁﬁﬁ'm%'ummmml.uﬂ‘snmamfnhﬂuqq
mauvulInd
é’exfui’wqﬂs:mﬁué’niaanJaamu’:ﬁ'm{ﬁam'maaummmm:am:wi'n CD ua:
svD o lSluuuudiess MAR(1) Tiiauanda Lﬁaﬁa:m:qi‘mqm:aaﬁﬁndﬂ'lﬁ'nﬁ’u
uyuIIRD? CDMAR(1) ‘a'o'lﬁ'gnﬁ'uaua'lum-:ﬁnmfr uumhaaai’fxmnﬁ'mum‘snwaﬁagaﬁ
vegemaling X wav CD mindeas MAR(1) T LaeInNadwE Y AU
ulsEmduRuTT2Y MAR(1)-FMnia vV gndizanun1idls MML w3a MOM  uwuudiaes
CD/MAR(1)-MML u&: CD/MAR(1)-MOM ‘la’gmﬂ‘s‘umﬁuuﬁuuuuﬁﬂaaoﬁﬁagxau
[SVD/MAR(1)}-MML U8 SVD/MAR(1}-MOM] Tﬂuﬂszqnﬁtiﬂﬁ'vi’aym':ﬂhﬂmﬁau 4311 (1
W.fl. 2498 — 2540) Inamil Y.1C (u:hfnu) u.eia:uuuﬁwaao‘le‘fgnﬂs:tﬁum'mmmm'lu
nIinEANBuUTNRAd AR TN ua:qmamﬁdﬂué’oﬁszﬁuﬁﬂdwq vaoiagmf'lmaﬁnﬁ'ﬁu
V8B aRLRTTINTIY  MunaeITINdBILUINATIN uazTINDIREITEINIINARTR
wwRoumdsmaaafo nan‘nﬁnmmmmagﬂ'ld’e‘n’o{fﬁa
(1) wuuItaes CD/MAR(1) é’otﬂﬂ:ﬁﬁ'ﬂﬁﬂﬁquma‘lﬁ Walweindulizfntan
FUWUS R v29 X (Juuanuiiuewn (positive definite) 1w nitianfiiass wIadl
astuiuain A lswrsodwaadundtld dldindaisswuudieaes
SVDMAR(1) trimin Adaldemlalunsdiil
(2) wuudaasfiRITonaTIIRaUTINNAT RIS NIl dinnudoauuines
T fulszinfaund ua:é’uﬂ‘s:ﬁnfamﬁ'uﬁ'uﬁ%:wiwmfwhqqffﬁ'ungﬁué"z
'nao-ﬁ'm':mf'wi'naﬁaﬂmﬁauua:ﬂui'J uﬁﬁﬁﬁqnﬁa CD/MAR(1)-MML |
(3) Li"lﬂtztﬁué":uqmauﬂ'ﬁﬁmé’aﬂmﬁauuazﬂuﬂﬁizé’uﬁamo'] wuud o IR
musoesuipdansuniudld wwefissdudarintusadsTiusaiirinegiy
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A3 N1 nwmaunawagawm'ﬁ'mmauua:ﬂawa:;‘mmmﬂ:vf F‘lﬁ"l“‘]mfﬂﬂuuuﬁ’lﬁad
SVD/MAR(1) fitawd §1mTuaniii W.3A (mcm)

1@au we. wea dyg ne &0 N aA Wy, DA ue w5

Historic, q 9 39 62 69 214 416 281 98 36 19 10
wan@IATIELINTINTHINL uaz MML RvSE 173
Mean, q 10 38 62 68 222 420 284 100 36 19 10
std., s 3 8 14 17 49 53 36 15 4 3 1
Max, q, 22 73 100 140 406 578 383 140 46 28 13 13
Min, Ggi00) 3 26 31 39 131 311 204 74 29 14 4
RMSE 33 8.5 139 17.2 50.1 53.7 35.8 16.5 37 2.5 1.3 1.9
G+s 13 a7 76 85 272 474 320 115 40 22 11 10
g-—s 7 30 48 51 173 367 248 85 32 16 9 6
uANGIATHALINTONINTHIAU LAz MOM rmse 161
Mean, q 10 40 63 71 224 421 278 96 36 19 10
Std., s 3 8 15 21 48 44 28 15 3 3 1 2
Max, g, 21 65 118 151 439 542 363 151 44 27 14 13
Min, Qoo 5 26 42 a4 152 319 228 71 28 14 8 5
RMSE 3.3 7.9 149 210 488 44.5 28.3 15.2 3.2 26 1.2 1.9
qg+s 13 48 78 92 272 465 306 111 39 21 11 10
g—s 7 33 49 51 176 377 250 81 32 16 9 6
uAN@INAzANIR uaz MML RMSE 172
Mean, q 9 38 62 67 209 410 278 94 35 18 10 8
Std., s 2 7 13 19 47 60 29 18 4 3 1
Max, qp 17 58 116 162 366 594 357 156 46 29 14 11
Min, Geeony s 24 38 36 113 287 225 59 26 12 5
RMSE 25 6.9 13.1 18.9 475 599 288 18.5 4.4 33 1.5 1.5
q+s 11 45 75 86 256 469 307 112 39 21 11
qg—s 7 31 49 48 162 350 250 76 30 15 8 6
uan@fiazan1Iit uas MOM RMsE 157
Mean, q 9 a8 62 66 214 411 273 a5 36 18 10 8
Std., s 3 7 12 16 48 53 25 14 4 2 1 1
Max, g, 18 57 99 113 400 548 344 132 46 25 13 12
Min, Qoo 5 27 36 38 123 286 217 65 27 12
RMSE 2.5 6.6 12.4 159 484 534 26.3 14.4 3.5 2.5 1.2l 1.3
G+s 12 45 74 82 262 464 298 110 39 21 11

166 358 248 81 32 16 9

q—s 7 32 49 51
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M N2 dﬂtaﬁuﬂaaiagmf-uﬁﬂﬁmﬁauuawaaﬁ'agai’amﬂ:ﬁ' Admranlasuuyuitans
SVD/MAR (1) fifiagiAn dmTuanii W.3A (mem)

wan W, wAa. o nA &n np. eA WH BA. WA DKW i
Historic, q 9 39 62 69 214 416 281 98 36 19 10
Chaleeraktrakoon (1999) ua: MML RMse 19.3
Mean, 4§ 10 39 63 69 228 420 281 29 36 19 10 8
Std., s 3 7 14 19 59 59 40 17 4 3 1
Max, q;, 25 62 101 153 485 601 396 147 46 28 14 15
Min. G100, 4 26 39 42 145 328 186 59 27 14 8 4
RMSE 35 7.3 13.6 185 609 595 402 171 38 3.2 1.4 2.0
G+s 13 46 76 87 287 479 321 116 40 23 12 10
q-—s 7 32 49 50 168 360 241 82 32 16 9 6
Chaleeraktrakoon (1999) uaz MOM cvSE 166
Mean, § 10 38 64 71 223 412 284 100 36 19 10
Std., s 4 6 12 15 44 50 39 17 3 3 1
Max, g, 24 55 103 114 394 549 408 162 44 28 15 18
Min, Qo0 4 27 39 43 127 270 19 66 28 12 6 4
RMSE 39 6.1 122 151 446 506 392 175 33 29 1.4 2.2
G+s 14 44 76 85 267 462 323 118 39 22 11 10
q—-s 6 32 52 56 179 361 245 83 33 16 9 6
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laau Wy, wea. b ne. ®A. N, @f. WD 5A. we. nwW e
Historic, g 14 54 60 124 500 647 220 75 29 14 8
LANGIATIBEINTo NI LI uas MML RMSE 192
Mean, q 14 53 59 124 453 555 224 78 29 15 9 8
Std., s 2 9 7 21 85 55 20 10 3 2
Max, Qg 20 77 81 191 782 722 273 117 37 19 12 13
Min, Qo0 9 37 47 83 310 449 169 55 21 9 5
RMSE 23 8.6 7.6 206 969 555 202 104 3.0 20 1.3 1.6
G+s 16 62 66 144 538 610 244 88 32 16 10 10
§-s 11 45 52 103 368 500 204 67 27 13 7 7
upn@a2aSaAnINToaNIoain uaz MOM RMSE  19.9
Mean, q 14 55 59 134 451 853 222 75 29 15 9
Std., s 2 7 7 41 80 51 18 9 2 2
Max, g, 20 75 81 399 756 700 265 99 35 20 13 14
Min, G100 9 39 44 78 281 430 184 59 24 10 5
RMSE 23 76 74 416 939 517 181 88 23 18 12 18
q+s 16 63 67 174 531 604 240 84 32 16 10 10
q—s 12 48 52 g3 371 501 204 66 27 13 8 7
uanAIfiazan i uaz MML "MSE 188
Mean, q 13 54 60 121 439 539 218 73 28 14 8 8
Std., s 2 8 7 24 66 56 21 10 3 2 1
Max, q, 18 77 79 230 630 672 287 98 36 20 12 12
Min, Qu00) 9 40 43 62 313 415 167 55 22 8 5 5
RMSE 16 78 70 241 897 S64 214 102 298 21 12 14
q+s 15 62 66 145 505 594 240 83 31 16 10 10
q-s 12 46 53 97 373 483 197 63 26 12 7 7
uanaINaz@n i uaz MOM RMSE 180
Mean, q 13 54 60 119 438 540 217 73 29 14 8 8
Std., s 2 8 6 21 62 53 20 9 3 2 1
Max, q, 17 73 74 188 659 701 282 105 36 21 13 12
Min, Qe 9 38 41 71 329 425 182 55 23 10 5 5
RMSE 18 78 @64 218 882 532 202 97 25 20 13 14
q+s 15 61 67 140 500 592 237 83 31 16
d-s 11 46 54 98 375 487 197 Ot 26 12




74

] =% At - ] -~ w Lo £ o -
ATV N4 ANBFVaINBYAR I TISIRaRLarTastayaRItATImi N A manlasuuusans
A 1] oy & B r-
SVD/MAR (1) idlatiidn dmiuantii Y.1C (mem)

o Wy wea, dy ne §a np. @A WU T.A. ua DWW e
Historic, g 14 54 60 124 500 547 220 75 29 14 8
Chaleeraktrakoon (1999) uas MML RMSE 203
Mean, q 14 54 59 126 464 559 224 77 29 15 9 8
Std., s 3 7 7 23 101 56 20 10 3 2 1
Max, G, 21 70 78 217 847 706 268 111 35 19 11 13
Min, Qo0 8 39 45 83 307 411 169 58 22 10 5
RMSE 2.6 7.1 6.7 233 1076 572 201 10.3 2.8 2.1 1.4 1.8
q+s 16 61 66 150 565 615 244 87 32 17 10 10
q-s 11 47 53 103 362 504 204 67 27 13 7 7
Chaleeraktrakoon (1999) uaz MOM RMSe 192
Mean, G 13 55 62 127 450 534 221 75 29 14 9 8
Std., s 3 7 7 23 77 56 21 12 3 2 1
Max, gy, 22 76 87 191 630 710 274 109 36 20 13 14
Min, Q100 9 41 48 83 265 379 168 52 21 9
RMSE 2.7 7.4 7.2 231 915 579 214 115 31 2.0 1.3 1.6
q+s 16 62 69 150 527 550 242 87 32 16 10 10
q-s 11 48 54 104 373 478 200 64 25 12 7 7
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AT NS amaaunaanagauﬁﬂ'\ﬂmn DHUAZY aoﬁm‘ga ﬂdlﬁﬂzﬁ' na“nu’:mfauuuumaao

o - - -
SVD/MAR(1) fitana & mIuantil SK (mem)

on we. wWe L8 ne &6 NU. @A WE TA. WA DA WA
Historic, q 78 175 298 765 1511 1482 591 255 137 104 74 70
uAnFIASIEDINTaANTHIAK Las MML RMSE 433
Mean, q 78 172 294 760 1513 1503 600 259 139 105 74 69
Std., s 11 22 27 56 135 171 45 17 8 8 7 9
Max, q; 107 258 363 881 1851 1941 €99 300 156 125 91 106
Min, Q190 53 129 242 648 1223 1064 494 215 120 84 57 50
RMSE 106 224 267 56.0 1350 1725 460 17.7 8.1 84 7.2 92
q+s 88 184 321 816 1648 1674 645 276 147 113 81 79
q-s 67 149 268 705 1378 1331 555 241 131 96 67 60
uandIasnAsINIaNIoINK uaz MOM RMSE 409
Mean, q 77 175 294 766 1513 1499 596 254 137 103 74 69
Std., s 11 17 22 58 128 167 39 17 7 7 7 8
Msx, Q) 117 217 344 928 1797 1864 707 301 160 130 96 100
Min, Geio0) 55 141 247 637 1250 1207 521 222 121 87 57 50
RMSE 114 173 219 578 1282 1681 390 173 7.4 7.4 6.9 8.5
q+s 89 192 316 824 1641 1666 635 271 144 111 81 78
qg—s 66 158 273 708 1385 1331 557 237 129 96 67 61
uAnAINazan i uaz MML RMSE  40.2
Mean, q 75 171 293 758 1492 1468 587 251 135 102 72 68
Std, s 9 18 22 44 117 168 44 19 9 9 a8 9
Max, g, 104 216 355 878 1761 2048 743 308 161 130 a5 94
Min, Qo0 58 131 242 624 1256 1179 495 213 119 84 58 52
RMSE 9.8 180 226 450 118.0 168.7 44.1 19.8 8.9 9.5 7.7 9.1
qQ+s 85 188 315 803 1609 1636 630 270 144 111 80 77
q—s 66 153 271 714 1374 1300 543 231 126 92 64 59
uandIfiazanIi uaz MOM RMSE 374
Mean, q 77 173 295 752 1501 1459 687 253 137 103 73 69
Std., s 10 19 21 42 101 160 45 17 8 7 6 8
Max, g, 117 230 343 857 1791 1849 705 308 161 125 97 89
Min, Qyoq) 58 131 235 681 1268 1136 497 220 122 82 59 50
RMSE 104 186 215 440 1014 1619 455 16.6 7.8 71 62 .76
q+s 87 191 317 794 1602 1619 632 270 144 110 79 77

q—s 67 154 274 710 1400 1299 542 237 129 96 66 62
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-

SVD/MAR (1) niatiidn @& muanii sK (mem)

Wwau .. I W.a. 1.0 n.+A. a.a. n.y. 1.9, W.H. 5.9 U.. NN )%t
Historic,q 78 175 298 765 1511 1482 591 255 137 104 74 70
Chaleeraktrakoon (1999) uaz MML RMSE 453
Mean, § 78 173 296 762 1529 1507 599 256 138 105 74 70
Std., s 10 18 24 53 151 181 48 20 10 8 7 9
Max, g, 104 219 366 896 1904 1979 707 307 159 126 101 95
Min, Gio0, 55 128 251 651 1252 1162 482 217 120 88 61 51
RMSE 103 186 236 535 1516 1824 490 200 98 83 72 87
q+s 89 191 319 816 1680 1688 647 276 148 113 81 79
G—s 68 154 272 709 1379 1327 550 236 128 96 67 61
Chaleeraktrakoon (1999) uaz MOM RMSE 42.4
Mean, g 79 177 303 766 1506 1452 593 255 136 104 74 70
sd., s 11 21 21 51 133 171 46 18 9 8 7 8
Max, g, 120 283 362 888 1816 1951 690 299 156 127 91 94
Min, Qo0 57 135 263 625 1159 962 497 202 113 84 57 55
RMSE 115 209 217 510 1331 1738 455 183 92 78 7.4 84
G+s 90 198 324 817 1639 1624 639 273 146 111 B1 78
G-s 67 156 282 715 1373 1281 548 236 127 96 66 61
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A3 N7 ehu‘i:mmummg'mmaaﬁ’m&mfwhﬂmﬁauuawaaﬁaa‘gaﬁ’omﬂzﬁ Adwrnlazuuy
1889 SVD/MAR(1) fiaws dwmSuamii W.3A {mcm)

(Aau W wa du ne. & ne. an. weo.  EA. wa. 0w e
Historic, q 9 43 72 84 195 255 181 81 19 15 7
RANGIATILAEINTDMINT B LAz MML RMSE 310
Mean, § 12 45 77 94 256 277 185 81 20 15 7
Std., s 5 22 31 40 103 62 48 24 4 4 1
Max, q, 27 198 196 291 609 517 351 196 33 31 11 14
Min, Gero0) 4 22 26 44 112 173 89 46 13 8 5 4
RMSE 5.7 22.4 316 418 1203 66.0 485 242 38 4.1 1.2 2.1
g+s 17 67 108 135 360 340 233 105 24 19 9
q-s 7 22 45 54 153 215 137 57 16 11
uanaaaindsImaNTEIAK uay MOM RMSE 333
Mean, § 11 47 87 102 262 281 174 78 20 15 7
Std., s 7 20 42 50 106 60 44 26 4 5 2
Max, g, 45 130 260 284 798 445 330 186 31 43 15 18
Min, Qo0 4 21 33 38 121 178 110 43 14 7 3
RMSE 7.5 207 447 535 1257 650 445 258 3.5 5.1 1.5 2.2
G+s 18 68 129 152 368 341 218 103 23 20
q-s 4 27 44 51 156 222 130 52 16 10
UANANATANIR Uaz MML RVMSE 259
Mean, q 10 43 76 91 226 259 176 72 18 14 6
Std., s 4 16 28 44 71 58 44 26 3 4 1
Max, q, 25 119 190 284 460 470 286 192 28 28 11 15
Min, Q00 5 21 31 29 83 136 101 39 12 6 4 4
RMSE 41 164 286 448 778 584 438 272 30 37 13 21
G+s 14 50 104 135 297 317 219 98 21 18 9
q-s 6 26 47 48 154 201 132 47 16 10
WARAINATAD IR Rz MOM RMsSE 298
Mean, q 10 44 77 90 236 259 165 73 18 14 6 6
Std., s 4 18 31 47 108 68 37 24 3 4 1
Max, qq, 30 137 196 321 874 643 272 157 26 32 10 i0
Min, Q00 4 24 30 37 93 148 99 39 11 7
RMSE 38 182 312 471 1157 678 397 249 30 38 13 15
q+s 14 62 107 136 344 326 202 96 21 17
q—s 6 26 46 43 128 191 129 49 16 10 5
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@ N8 Andsawkinasgivtastayavimadenuazsasiagadaanzv fdwamlaguuy

3189 SVD/MAR (1) Adlagidn dmTuaniil W.3A (mcm)

1Han wo, we. Jo ne /A Ny @an WU FA. WA NN A
Historic, g 9 43 72 84 195 255 181 81 19 15 7
Chaleeraktrakoon (1999) uaz MML Rmsg 363
Mean, q 11 42 79 97 278 270 178 81 20 16 7
Std., s 5 14 34 58 128 73 54 28 4 5 1
Max, gy, 38 98 212 522 847 636 401 225 43 49 12 17
Min, Q00 3 21 35 40 129 168 98 37 14 9 5 3
RMSE 5.1 14.5 34.7 60.0 1525 74.2 53.6 27.5 4.2 55 1.5 2.0
q+s 15 57 113 156 406 343 231 108 24 21
q-s 6 28 45 39 150 197 124 53 16 10
Chaleeraktrakoon (1999) uaz MOM RMSE 342
Mean, q 12 42 80 99 261 271 178 79 19 15 7 7
Std., s 7 13 29 51 134 67 49 30 3 4 1
Max, Ay 49 a0 211 423 1113 514 364 246 28 3 11 15
Min, Q00 4 23 34 38 125 151 84 38 12 5 4
RMSE 7.2 12.8 298 53.1 1491 683 49.0 299 3.1 4.2 1.3 2.2
q+s 18 £5 108 150 394 337 227 109 22 19
q-—s 5 30 51 48 127 204 129 49 16 11 )
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UUUSIABY SVD/MAR(1) fitaua & m3uaniil Y.1C (mem)

e we. we. fu ne we no. a8 W, 5e un 0w 3.0
Historic, q 11 43 a7 151 376 327 115 56 14 9 6
uaneAtdsInTanInain uas MML RMSE 255
Mean, q 11 45 46 154 400 342 114 54 14 9 6 6
Std., s 3 13 11 56 117 63 18 15 2 2 1
Max, qg, 19 104 87 338 834 584 172 132 18 16 10 13
Min, Qo0 19 104 87 338 834 584 172 132 18 16 10 13
RMSE 2.7 133 11.2 558 119.7 645 17.7 154 1.7 1.9 1.1 1.5
q+s 14 58 58 210 517 405 132 69 15 11 7
q—s 9 32 35 98 282 279 97 39 12 7
unndaaiadIniounIniin uaz MOM RMSE 337
Mean, q 11 49 47 179 400 336 111 50 13 6
Std., s 2 12 13 135 147 56 13 11 2 1
Max, q, 17 92 89 1209 1146 474 146 81 18 13 9 11
Min, Qo0 7 27 24 68 188 230 88 31 9 4 4
RMSE 23 14.0 13.1 1376 1489 569 134 126 1.6 1.8 1.0 1.7
q+s 13 61 60 314 547 392 124 61 15 11
3-s 9 36 34 44 253 280 98 39 12 7
uanAflazanil uaz MML RMSE 255
Mean, q 11 45 45 146 389 323 109 50 13 6 6
Std.. s 2 13 11 67 112 61 13 15 2
Max, q, 22 110 91 568 772 537 150 142 19 18 10 11
Min, g 6 28 25 53 182 209 72 22 9 3 3
RMSE 24 132 115 67.0 1126 615 144 166 1.8 2.1 1.1 1.4
q+s 13 58 56 213 501 384 122 65 14 11 7
q-s 8 32 33 79 277 261 96 34 11 7 5 5
uanAIfiazannil uaz MOM RMSE 24.8
Mean, q 10 43 47 136 378 306 104 48 13 8 S 6
Sid., s 2 10 13 64 115 47 14 14 2
Max, q, 16 72 99 542 818 463 154 102 17 15 10 10
Min, Qgro0) 6 26 25 54 214 218 72 28 10 5 3
RMSE 2.2 9.8 131 654 1148 519 174 163 1.7 2.1 1.3 14
q+s 12 53 60 200 493 353 118 62 15 10 7 8
q-s 8 33 34 73 258 80 34 1 6 4 3

263
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uUUSIABI SVD/MAR (1) Hilatidn dmFuaniii v.1¢ (mem)

tHN Wy wWea b ne ®A. N AR, WD Fe UA NN e
Historic, q 11 43 47 151 376 327 115 56 14 6
Chaleeraktrakoon (1999) ua: MML RMSE <95
Mean, q 11 45 46 162 423 334 113 55 13 6
Std., s 3 10 12 75 148 61 14 15 2 1
Max, qqy, 24 89 a7 451 1174 524 145 110 18 14 9 12
Min, Qi00 5 28 24 71 216 179 85 25 10 5 4 4
RMSE 3.2 105 116 762 1558 615 137 151 1.9 2.0 1.2 1.7
q+s 14 §5 57 238 572 395 127 70 15 1 8
q-—=s 8 34 34 87 275 273 100 40 12 7 5
Chaleeraktrakoon (1999) uaz MOM RMSE 27.8
Mean, q 11 46 49 156 396 317 109 53 13 6
Std., s 3 10 14 71 133 61 14 17 2 1
Max, q,, 27 72 145 438 918 539 141 130 17 14 8 12
Min, g0 6 26 31 61 166 213 76 24 10 5 3 4
RMSE 33 103 143 715 1342 613 147 1717 1.7 1.9 1.1 1.5
q+s 14 56 63 227 528 378 123 70 15 1 7
q—s 7 36 35 B4 263 257 96 35 12 7 5
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wUHIIR8I SVD/MAR(1) Nlaua §MTuanii SK (mem)

\hau Wy We o ne aA Ne. @an. WO FA. UA NW 1.6
Historic, g 40 91 142 426 698 790 226 88 40 33 30 29
wANFIATIE Mo MINT BT uar MML RWSE 46.9
Mean, g 40 86 139 386 697 826 238 87 41 33 29 27
Std., s 12 19 20 68 119 211 57 14 7 7 6 6
Max, q, 85 178 192 559 298 1636 428 123 66 50 47 46
Min, Qo0 22 51 91 236 468 348 138 58 24 19 17 16
RMSE 119 194 202 786 1194 2145 585 144 7.0 6.6 57 6.5
q+s 52 105 159 453 817 1037 296 102 48 40 34 34
q-—s 28 67 119 318 578 615 181 73 34 26 23 21
uandAsuAsInTouINSHIAU uaz MOM SMSE  46.2
Mean, q 39 93 140 390 699 823 235 82 39 3z 29 27
Std., s 11 19 23 73 124 206 47 13 6 6 € 6
Max, q, 75 148 204 684 1067 1547 385 117 56 50 49 48
Min, Q100 22 56 90 243 436 479 146 57 27 21 18 16
RMSE 108 19.1 228 812 1239 2091 474 14.3 6.4 6.2 6.4 6.4
q+s 50 112 162 463 823 1029 281 a5 45 38 35 33
q—s 29 74 117 317 576 616 188 69 33 25 22 21
UANAINATANTI Udz MML RMSE 440
Mean, q 36 84 135 372 670 764 221 79 37 30 27 26
Std., s g 19 20 63 116 178 46 14 7 8 7 7
Max, Qg 71 169 195 535 1096 1305 417 130 62 56 60 45
Min, Qg0 19 53 0 254 425 445 130 48 25 16 16 14
RMSE 938 20.2 211 829 1193 1796 467 17.1 74 85 7.8 7.8
q+s 45 102 155 434 786 Q42 267 94 44 38 34 33
q-s 27 65 115 309 554 586 174 65 30 22 20 19
uanGIazan1ii uaz MOM RMSE 446
Mean, q 38 85 133 355 644 729 219 79 a7 30 27 26
Std., s 10 17 21 59 108 170 48 14 7 6 5 6
Max, g, 68 139 194 507 927 1246 409 142 6t 51 44 49
Min, Geroo) 23 52 81 216 419 393 134 51 26 19 18 16
RMSE 100 176 226 922 1206 1807 481 169 75 69 59 64
q+s 48 102 153 413 752 899 266 92 44 36 32 32
q-—s 28 68 112 296 536 559 171 65 30 24 Z. 20
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UULIIRBI SVD/MAR (1) Fifiag:xﬁu damiuan il SK (mem)

inan wae. WA fu na ®A. N0 @A WD 5A. N6 NW e
Historic, q 40 91 142 426 698 790 226 88 40 33 30 29
Chaleeraktrakoon (1999) uasr MML RMSE 52.8
Mean, q 40 87 140 379 708 83z 237 85 40 33 30 27
Std., s 10 16 24 69 145 248 58 15 8 7 7 7
Max, q, 71 135 212 551 1188 2115 405 143 63 57 52 46
Min, Qo0 20 44 85 243 439 428 128 53 27 20 18 14
RMSE 103 160 239 835 1451 2518 586 157 76 7.1 7.1 6.8
q+s 50 103 164 448 853 1080 295 100 47 40 37 M4
q-s 29 72 116 310 564 583 180 70 32 26 23 21
Chaleeraktrakoon (1999) uaz MOM RMSE 47.5
Mean, q 40 87 144 377 672 781 235 82 39 32 28 28
Std., s 12 16 27 70 133 199 51 14 7 7 7 7
Max, q., 9 126 268 613 1046 1397 393 121 65 47 52 44
Min, Q100 22 55 92 220 338 420 147 57 23 20 16 16
RMSE 124 165 275 853 1353 1988 515 151 7.5 6.6 71 6.7
g+s 53 103 172 447 805 980 286 96 46 39 35 34
g—-s 28 71 117 307 540 582 185 69 31 26 21 21
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11889 SVD/MAR(1) Niana amTuaniic W.3A

ChHIN we. wea. o na /A ne aa wo 5. we. DW fe
Historic, @  1.747 1.864 1.887 1.873 1.071 0931 1553 2127 0702 1594 1271 1.336
LANFIRTIABINTDINT B uaz MML RVSE 1.048
Mean, § 2255 2445 2441 2730 2371 1693 1.861 2087 1.127 1.812 1.191 1.473
Std., s 0.948 1.077 1.034 1085 0.943 0.788 0.893 0990 0.658 0.869 0640 0.742
Max, g, 4673 6024 5720 6.028 5480 4.835 5193 5631 3279 4612 3479 3.829
Min, Guey  0.526 0.510 0.699 0.852 0.801 0.473 0.632 0.801 -0.487 0476 0.000 0.099
RMSE 1.075 1224 1173 1382 1606 1.096 0.945 0.990 0.783 0.806 0.645 0.755
q+s 3.203 3522 3475 3.815 3314 2481 2754 3.076 1.785 2681 1.831 2215
q-s 1.308 1.367 1.406 1645 1428 0905 0.967 1.097 0.469 0.942 0.551 0.731
wanfAsIALIMTONINT LI UAz MOM RMSE 1057
Mean, § 2213 2363 2.778 2686 2492 1629 1659 2014 1079 1.725 1.145 1.436
Std., s 1174 1046 1.158 1.073 1.034 0681 0775 0.799 0656 0907 0731 0714

Max, q, 6.067 5907 6.340 6.336 5798 23.867 4.127 4.332 3822 5325 4812 4387
Min, q;yo0) 0.713 0.554 1.041 0.902 0656 0.463 0451 0405 0.150 0.279 0.224 0.366

RMSE 1263 1.159 1.462 1.346 1758 0.975 0.782 0.807 0.756 0916 0.742 0.721
G+s 3.387 3.409 3.936 3.760 3.526 2.310 2434 2813 1.735 2.632 1.876 2.150
q-s 1.039 1.317 1.620 1.613 1.458 0.949 0.884 1.215 0424 0.818 0413 0.722
UANAINATANIR Uaz MML RMSE 0956

Mean, §  2.185 2343 2450 2613 2322 1484 1632 2048 0982 1.802 1.139 1565
Std., s 1001 1.044 0856 1.018 0972 0624 0.717 0.949 0469 0.801 0610 0.833
Max, q,  5.699 6.006 4.845 6.126 5532 3.767 4.694 5942 2562 4.324 3819 5387
Min, Gue ~ 0.544 0925 1.039 0279 0.610 0411 0502 0.584 0.019 0.387 -0.119 0.166
RMSE 1093 1.149 1025 1.258 1.584 0834 0.721 0.952 0.546 0.827 0625 0.864
q+s 3.186 3.387 3.306 3.631 3.294 2.108 2.348 2.997 1451 2603 1.749 2398
q-s 1184 1299 1594 1595 1.350 0.860 0915 1.100 0513 1.002 0.528 0.732
UANAINAZANTH Uas MOM nMsE 0-986

Mean, §  2.035 2472 2657 2699 2400 1.583 1820 1947 0969 1.768 1.144 1.424
std., s 0.726 1.111 1.045 1.159 1.042 0.766 0.830 0.940 0.462 0.802 0.594 0.568

Max, q, 4310 6.108 5319 6.140 5555 4.527 4.492 5221 2447 4656 3.299 3.719
Min, quosy 0788 0.807 0.600 0.829 0.827 0.267 0.635 0.366 -0.057 0.580 0.091 0.494
RMSE 0.780 1267 1298 1.423 1.689 1.005 0.872 0.957 0534 0821 0.608.0.575
q+s 2760 3.583 3702 3.859 3.442 2.348 2651 2.886 1.432 2570 1.738 1.993
q-s 1.309 1.361 1.611 1.540 1.358 0817 0990 1.007 0507 0.966 0549 0.636
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371809 SVD/MAR (1) iiagidu #mSuaniii w.3A

\Rou we wea Up N §A Ny A8 WU 5A LR NN e
Historic, q  1.747 1.864 1.887 1.873 1.071 0931 1553 2127 0702 1594 1271 1.336
Chaleeraktrakoon (1999) uas MML RVSE 1.033
Mean, q 2130 2240 2507 2711 2773 1637 1706 1963 1.035 1.808 1216 1.422
Std., s 0925 0957 1.078 1.087 1221 0778 0.780 0936 0.549 0.857 0.674 0.650
Max, qy 5773 5494 5895 6.194 6324 4458 4229 5201 3214 4925 4172 3234
Min, Q100 0.662 0624 0495 0850 0632 0475 0.629 0451 0.165 0340 0.269 0.347
RMSE 1.001 1.028 1.244 1372 2095 1050 0.795 0.950 0643 0884 0677 0.656
q+s 3.055 3.197 3585 3.798 3994 2414 2486 2899 1.585 2666 1.890 2.072
q-s 1205 1283 1429 1624 1551 0859 0926 1.027 0486 0951 0542 0.772
Chaleeraktrakoon (1999) uaz MOM RMSE 1008
Mean, q 2287 2292 2487 2699 2453 1698 1.757 1921 1.043 1.782 1.269 1.578
Std., s 0991 0933 0980 1.025 1.092 0820 0.736 0969 0572 0839 0584 0.687
Max, qy, 5737 4861 5201 6.436 5837 5196 4084 5016 2937 4.321 2633 3.867
Min, Qy00) 0.637 0.800 0929 1.073 0.848 0.102 0.212 0.695 0.155 0.305 -0.038 0.457
RMSE 1.128 1.027 1.150 1.316 1.762 1.123 0.764 0991 0666 0B60 0584 0.728
q+s 3.278 3.226 3468 3.724 3546 2518 2484 2890 1615 2621 1853 2265

1.296 1.359 1507 1.674 1.361 0.877 1.021 0.952 0472 0.943 0.685 0.891
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ULLV1a89 SVD/MAR(1) frane dwmTvaniil v.1C

\Aau Wwe, wea. e ne. &0 np @A WU BA. AA. NW i
Historic. @  2.265 0.908 1664 3.125 1392 0815 0.563 2207 0296 1.135 1.163 1.046
LANMIATHADINTDNIWI DAY UAE MML RVSE 0.762
Mean, Q 1.622 1635 1858 2730 1.868 1.216 0.606 1.719 0.326 1.133 1.066 1.212
Std., s 0.754 0.790 0.790 1.064 0771 0561 0514 0.735 0.379 0.594 0.570 0.564
Max, q;, 3.737 4160 4860 5969 4.894 3.044 1995 4682 1560 2954 3.228 2.809
Min, Qo0 0.519 0.483 0571 0685 0472 0.122 -0.449 0.198 -0.429 -0.015 0.059 -0.045
RMSE 0991 1074 0.813 1.135 0906 0689 0516 0.882 0380 0.594 0.578 0.588
q+s 2376 2425 2648 3794 2639 1.776 1.120 2454 0705 1.727 1636 1776
q-s 0.868 0.846 1.068 1666 1.097 0655 0.092 0.983 -0.053 0539 0.497 0.648
uanNMIAIAL NI NI HIAK uaz MOM RMSE 0.842
Mean, G 1.399 1813 1.873 2675 2.020 1.203 0548 1.798 0.247 1.147 1.125 1374
Sd., s 0.581 0.884 0898 1.197 0.755 0524 0411 089C 0414 0677 0671 0.730
Max, q., 3.294 4.745 5.086 6.063 4.192 3.012 1808 4374 1281 3707 3.685 3.980
Min, Qo) 0.314 0256 0.428 0.815 0.752 0.306 -0.368 0.388 -0.664 -0.151 0.168 0.037
RMSE 1043 1265 0922 1279 0982 0.652 0411 0979 0417 0677 0.672 0800
q+s 1.980 2697 2771 3873 2776 1.727 0.959 2.688 0.660 1.B25 1.795 2.104
q-s 0.817 0.929 0.974 1.478 1.265 0679 0.137 0.908 -0.167 0.470 0454 0644
UANAITASADIN U MML vsE 0795
Mean, § 1529 1669 1.636 2.717 1975 1.251 0.642 1819 0335 1.215 1.115 1.318
Std., s 0.797 0816 0.701 1.138 0.884 0.659 0.369 0.834 0.379 0.599 0575 0.673
Max, q;, 4601 4.959 4.030 6.004 5161 3.887 1666 5706 1.236 3.299 2.893 3.460
Min, Q00 0.111 0528 0.351 0.935 0677 0.216 -0.196 0425 -0.520 0.206 -0.073 0.152
RMSE 1.085 1.116 0.701 1.209 1.059 0.790 0.377 0.920 0381 0604 0.577 0.726
q+s 2325 2485 2.337 3.855 2859 1.910 1.011 2653 0.715 1.814 1.691 1.991
q-s 0.732 0.853 0.935 1.579 1.091 0591 0273 0985 -0.044 0616 0.540 0.645
uAnAIMazan i uaz MOM rRmsg 0-784
Mean, q 1.428 1.497 1.881 2.440 1924 1.166 0.517 1.711 0303 1.099 0967 1.192
Std., s 0.688 0.736 0940 1.013 ©.872 0527 0409 0.833 0355 0.590 0573 0.585
Max, gy, 3.749 4.727 5.371 6.280 4.870 2.586 1.865 5251 1.267 3.213 3.039 3.448
Min, Gioq) 0.220 0260 0.497 0575 0.386 0.328 -0.365 0438 -0.423 0207 -0.028 0.003
RMSE 1.084 0.943 0964 1.223 1.021 0633 0412 0.970 0355 0.591 0.605 "0.603
q+s 2.116 2.233 2.821 3.453 2796 1693 0926 2544 0658 1.689 1540 1.777
q-s 0.740 0.761 0.942 1.426 1.052 0638 0.108 0.877 -0.051 0.510 0.395 0.607
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ChHIN Wy, wWa o na &R ne. WA WO BA. uA DN De
Mistoric, @  2.265 0.908 1.664 3.125 1.392 0815 0.563 2207 0296 1.135 1.163 1.046
Chaleeraktrakoon {(1999) uas MML RMse 0-841
Mean, g 1.588 1.596 1.771 2800 2211 1.180 0653 1.826 0.332 1.203 1.030 1.245
Std., s 0.870 0.706 0.855 1.194 1.020 0.558 0464 0.841 0411 0.748 0.635 0(.685
Max, Q) 4928 4.145 4.974 5993 5419 2982 2409 5461 1.214 3.409 2589 4.382
Min, Qo0 0.087 0.156 0.600 0.782 0.583 0.071 -0.705 0595 -0.765 -0.021 -0.406 0.118
RMSE 1.102 0.985 0.862 1.238 1.308 0.672 0472 0.923 0412 0.751 0.649 0.713
q+s 2457 2301 2626 3994 3231 1.747 1117 2666 0.743 1952 1665 1.929
q-—s 0.718 0890 0.916 1606 1.191 0.632 0.190 0.985 -0.079 0455 0.396 0.560
Chalesraktrakoon (1999) us MOM RMSE 0.808
Mean, q 1.505 1634 1.878 2618 2059 1.173 0586 1.777 0304 1.213 1064 1.253
Std.. s 0.725 0683 0.762 1.168 1.057 0.744 0413 0775 0415 0568 0.521 0.657
Max, q;, 4.143 3.757 5.909 6.034 5576 4.253 1.715 4856 1.621 3206 2.665 23.736
Mirt, Qro0) 0.328 0407 0.550 0.567 0.378 -0.035 -0.260 0.423 -0.867 0.214 0.026 0.068
RMSE 1.051 0.997 0.791 1.273 1249 0826 0414 0885 0415 0574 0.530 0.689
q+s 2231 2.317 2640 3786 3.115 1917 0.999 2552 0.720 1.781 1.585 1.910
q—s 0.780 0.950 1.116 1.450 1.002 0.430 0.173 1.003 -0.111 0.644 0543 0.596
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WULS1Ra9 SVD/MAR(1) filane @ mTuaniit SK

WM W, WA, @B ne. AR NO. A8 WO TA. LA NW A
Historic, q 1.002 1.228 0932 2675 0972 1231 1.194 1237 0959 0935 1.265 0.689
unneaasaAsInTaunInein uaz MML RMSE 0.732
Mean, q 1.556 1.158 0.985 1.210 1.228 1.541 1.403 0.988 1.063 1.184 1289 0.958
Sud.,s 0.776 0.687 0.521 0612 0557 0630 0.688 0540 0497 0587 0.670 0515
Max, q;, 4150 4225 2622 3624 2.857 3390 3941 2683 2504 3.019 4.163 2.231
Min, Qo0 0.005 -0.050 0.188 -0.046 0.167 0.371 0.380 0.091 -0.245 -0.066 0.112 0.142
RMSE 0853 0.691 0524 1.587 0613 0.702 0719 0595 0508 0.638 0670 0581
q+s 2332 1846 1506 1.822 1.785 2.171 2.091 1528 1.560 1.771 1958 1473
q-s 0.780 0471 0464 0599 0671 091C 0715 0448 0566 0597 0.619 0442
unn@IASNABINToNINTHITM UaT MOM RMSE 0.764
Mean, @ 1605 1296 1.025 1.264 1.306 1.632 1.365 0.913 1.010 1.082 1277 1.037
Swd., s 0.772 0.715 0538 0615 0646 0.703 0.709 0477 0619 0510 0713 0.578
Max, qq, 4226 3.992 2650 3.332 3.299 4.410 5.083 2123 3.189 2381 4.021 2775
Min, Qo0 0.167 0.121 -0.076 0.087 0251 0418 0271 0.113 -0.019 0.074 -0.025 -0.013
RMSE 0.979 0718 0.546 1.540 0.728 0.810 0.730 0.576 0621 0530 0.713 0674
q+s 2376 2010 1564 1.879 1.953 2335 2074 1.389 1.629 1.592 1.990 1615
q-s 0.833 0.581 0487 0648 0660 0.929 0656 0436 0391 0573 0564 0.459
UANAITRSHRIR UaE MML RMSE 0.743 '
Mean, q 1488 1.122 1.021 1195 1216 1.636 1.279 0.886 1.042 1.075 1.158 0.971
Std., s 0.689 0674 0533 0.695 0675 0.800 0.623 0512 0613 0559 0580 0.485
Max, qgy 3.532 4.528 3.319 4130 3.570 3.867 3.015 3.343 3.537 2.984 3.091 2.103
Min, Q00 0.350 0.058 0.072 -0.043 0.123 0.195 0.182 -0.001 0.067 -0.149 0.163 -0.106
RMSE 0.843 0683 0540 1.635 0.718 0897 0628 0620 0618 0576 0.5%0 0.570
q+s 2177 1796 1554 1.890 1891 2436 1901 1.398 1655 1.634 1.738 1.466
q—s 0.800 0447 0489 0.500 0.540 0.836 0.656 0.375 0429 0517 0578 0476
UANHINATANTH URE MOM AMSE 0.720
Mean, q 1.588 1.199 1.015 1.182 1.040 1438 1.339 0898 1.060 1177 1.103 0.995
Sid., s 0.734 0.607 0551 0.527 0519 0668 0590 0.558 0618 0.629 0517 0.547
Max, q;, 4812 3281 3327 2485 2928 3905 4313 2706 2.813 3.227 2978 3.164
Min, Gy o0 0.281 0.036 -0.168 0.075 0.052 0.178 0.442 -0.089 -0.113 0.197 0.128 -0.188
RMSE 0.840 0.608 0.557 1583 0.523 0699 0.607 0653 0626 0.675 0.°42 0.627
q+s 2322 1806 1566 1.709 1.559 2.106 1929 1456 1678 1.807 1.620 1.542
q-s 0.854 0592 0464 0655 0.521 0.771 0.749 0.340 0.442 0.548 0.586 0.447
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UUVI1aBI SVD/MAR (1) Ailagida dmiuanil sk
hau Wy, we. Up. nA 8RR DU AAN. WH TR UA DA .

Historic, q 1.002 1228 0932 2675 0972 1.231 1.194 1237 0959 0935 1.265 0.689
Chaleeraktrakoon (1999} tias MML rRMSe 0.774

Mean, q 1541 1248 0972 1251 1.357 1675 1.405 0942 0973 1.189 1377 1.036
Std., s 0.710 0614 0556 0722 0.722 0.872 0670 0563 0490 0.558 0.736 0.540
Max, q, 3.594 3.758 3453 3.536 3.459 4971 3.706 2720 2372 2707 4.205 2414
Min, Qo0 0.498 0.151 0.010 -0.196 0026 0205 0.222 -0.180 0.103 0.061 -0.153 0.153
RMSE 0.892 0615 0557 1597 0818 0979 0.702 0636 0490 0613 0.744 0642
q+s 2251 1862 1528 1.974 2078 2547 2075 1505 1.463 1746 2.112 1.576
q—s 0.830 0634 0417 0529 0635 0.803 0.735 0.379 0.484 0.631 0.641 0.496
Chaleeraktrakoon (1999) Az MOM —iSE 0.810

Mean, q 1612 1.063 1.091 1219 1237 1667 1473 0966 1.003 1233 1.221 1.104
Std., s 0.750 0635 0658 0.523 0.721 0913 0623 0541 0.590 0635 0676 0.717

Max, q, 4366 4.224 4244 2908 3.206 5019 3.186 2.946 3.677 3.389 4121 3.984
Min, Qo0 0217 -0.095 -0.050 0.041 -0.174 0434 0.382 -0.086 0.035 0.111 0.025 -0.018
RMSE 0.967 0.656 0.677 1.547 0768 1.012 0683 0605 0592 0702 0678 0.829
q+s 2.362 1698 1.749 1.743 1.958 2580 2096 1508 1.593 1.868 1.898 1.821
q-s 0.862 0427 0433 0696 0516 0754 0.849 0425 0413 0598 0.545 0.386
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e e wWe, o nAa. ®A. NL AR WO LA 8 NN e
Historic,q  0.675 0.386 0.512 0.358 0656 0639 0421 0274 0506 0.681 0.803 0.805
uandaTatdsIniosnIBanu uas MML RMSE 0.183
Mean, G 0428 0214 0482 0491 0612 0524 0362 0440 0671 0.759 0.865 0.716
Std., s 0.168 0.190 0.180 0.180 0.135 0.129 0.148 0.166 0.105 0.087 0.052 0.090

Max, qu 0891 0.723 0919 0865 0928 0756 0.719 0820 0.896 0946 0.958 0.911
Min, Qo0 -0.029 -0.175 0.002 0.029 0.175 0.142 0.030 -0.041 0.423 0.557 0.661 0.406

RMSE 0.299 0.256 0.182 0.224 0.142 0.173 0.160 0.235 0.196 0.117 0.081 0.127
g+s 0.596 0.404 0662 0671 0747 0653 0510 0606 0.776 0846 0917 0.806
q-s 0260 0.024 0303 0.311 0477 0395 0213 0273 0.566 0.671 0.813 0.625
unn@IRFAEINIoMNTHIA uaz MOM RMSE 0-191

Mean, qQ 0.397 0218 0.493 0489 0597 0477 0369 0440 0.672 0.748 0.852 0.702
Sid., s 0.173 0.180 0.180 0.177 0.159 0.165 0.161 0.159 0.100 0.09C 0.061 0.090
Max, q;, 0.742 0820 0973 0862 0.830 0801 0.768 0865 0.925 0.944 0980 0.942
Min, Gon) -0.035 -0.156 0.079 0.050 0.198 0.018 0.051 0.079 0.368 0513 0625 0492
RMSE 0327 0246 0.181 0220 0170 0.232 0169 0.230 0.193 0.112 0.079 0.136
qg+s 0.570 0.399 0.673 0.666 0.756 0.642 0530 0599 0772 0838 0913 0.791
q-s 0225 0.038 0.313 0311 0438 0311 0208 0281 0572 0657 0.791 0612
uan@fiasanii uaz MML RMSE 0-173

Mean, q 0.568 0.197 0510 0.511 0614 0520 0342 0418 0663 0.758 0.861 0.720
Std., s 0.137 0.194 0.174 0.175 0167 0.131 0.141 0.155 0.092 0.079 0.056 0.091

Max, qy, 0.856 0.942 0.880 0931 0919 0812 0680 0.741 0830 0.896 0.947 0.894
Min, Qo 0.083 -0.149 0.122 0.101 0.187 0.148 -0.023 -0.074 0404 0532 0.662 0419

RMSE 0.173 0271 0.174 0.232 0172 0177 0.162 0.212 0.185 0.110 0.081 0.124
q+s 0.705 0.391 0.684 0686 0.781 0650 0483 0573 0762 0.837 0.917 0.811
q-s 0.432 0003 0336 0.337 0.448 0389 0200 0.263 0563 0.680 0.805 0.629
uan@InacsanIi uaz MOM RVSE 0.176

Mean, §  0.538 0226 0502 0502 0622 0489 0349 0.451 0.645 0.740 0.854 0.703
std., s 0.140 0.167 0.182 0.191 0.146 0.161 0.158 0.148 0.103 0.077 0.058 0.090
Max, q 0.827 0.649 0942 0924 0918 0.880 0.798 0.826 0.844 0.903 0.947 0.865
Min, Qyosy ~ 0.159 -0.100 0.061 0.158 0228 0.058 -0.044 0.032 0.346 0537 0.632 0317
RMSE 0.196 0.231 0.182 0.239 0.150 0.220 0.173 0231 0.173 0.097 0.07t -0.135
q+s 0.678 0.393 0.684 0.693 0.768 0.651 0.507 0.599 0748 0.817 0.912 0.793

q-—s 0.398 0.058 0.320 0.311 0.476 0328 0.192 0.303 0.541 0.663 0.796 0.614
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Historic, g 0.675 0.386 0512 0358 0.656 0.633 0421 0274 0506 0.681 0.803 0.805
Chaleeraktrakoon (1999) uas MML RMSE 0.183
Mean, q 0.460 0244 0509 0516 0615 0.523 0.341 0447 068t 0775 0870 0722
Std., s 0.155 0.185 0.167 0.176 0.167 0.136 0.149 0.166 0.101 0.080 0.049 0.086
Max, Q) 0.742 0629 0805 0975 0925 0.869 0.699 0.842 0.880 0949 0971 0.899
Min, Qg0 -0.001 -0.163 0.020 0.110 0.280 0.214 0033 0055 0436 0564 0.711 0510
RMSE 0.265 0.233 0.167 0.236 0173 0.178 0.169 0.240 0.202 0.124 0.084 0.120
q+s 0.615 0.428 0676 0.692 0.782 0.659 0490 0.614 0.781 0.855 0.920 0.808
G—s 0.305 0.059 0.341 0.341 0447 0.388 0.192 0.281 0.580 0.696 0.821 0.635
Chaleeraktrakoon (1999) urz MOM rRmse 0.181
Mean, § 0.473 0.212 0530 0498 0631 0486 0339 0409 0677 0748 0862 0.718
Std., s 0.148 0.187 0.179 0.158 0.163 0.165 0.147 0.166 0.098 0.087 0.054 0.085
Max, q;,, 0.794 0.589 0948 0823 0945 0840 0.709 0.789 0860 0929 0953 0878
Min, Gyyoq) 0.183 -0.164 0095 0.159 0.330 0.124 -0.008 0.058 0434 0527 0683 0477
RMSE 0.250 0255 0180 0.211 0.165 0.225 0.168 0.214 0.197 0.110 0.080 0.121

q+s 0.621 0.400 0.709 0656 0.794 0651 0487 0575 0774 0.835 0916 0.803
q-—s 0.325 0.025 0351 0341 0468 0.321 0.192 0.243 0.579 0.661 0.809 0.633
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Historic, @  0.446 0.200 0.523 0.158 0373 0592 0576 0.534 0630 0.716 0816 0.651
LANAIRTNABIMTDNNT BITH Waz MML RMSE 0.144
Mean, q 0.294 0375 0480 0284 0419 0.502 0547 0587 0.692 0.760 0.870 0.675
Std., s 0.134 0.150 0.153 0.177 0.162 0.116 0.104 0.113 0.082 0.070 0.050 0.106
Max, q, 0660 0.767 0.813 0.771 0.802 0.781 0.815 0.837 0853 0.893 0964 0.874
Min, Qigq) 0.024 0.078 0.094 -0.018 -0.041 0.207 0297 0.280 0.396 0.552 0656 0.420
RMSE 0.203 0231 0.159 0.217 0.168 0.147 0.108 0.124 0.103 0.083 0.074 0.109
G+s 0.428 0525 0633 0461 0581 0.619 0652 0699 0.774 0830 0.921 0.781
q-s 0.160 0.226 0.327 0.107 0.257 0.386 0.443 0474 0.609 0.690 0.820 0.569
uanradadsniauimIsain uaz MOM RVSE 0-149
Mean, § 0.303 0.386 0.460 0.294 0442 0499 0548 0556 0.676 0.741 0.864 0.697
Std., s 0.165 0.176 0.153 0.173 0.174 0.152 0.101 0.109 0.087 0.067 0.046 0.098

Max, g, 0687 0.764 0.799 0.765 0851 0810 0.776 0.755 0.855 0.890 0.943 0.868
Min, Q409 0.123 -0.045 0.075 -0.100 0.055 -0.018 0.190 0266 0.441 0489 0684 0415

RMSE 0219 0.256 0.166 0220 0.188 0.178 0.105 0.111 0.098 0.071 0.066 0.108
q+s 0.468 0.562 0613 0467 0.617 0.651 0650 0665 0.763 0.808 0910 0.795
q-s 0.138 0.211 0.307 0.121 0.268 0.348 0.447 0447 0589 0.674 0.818 0.600
uANAIfiasanil uas MML rMSE 0-151

Mean, q 0.243 0.336 0501 0.317 0418 0487 0509 0.583 0.666 0.744 0850 0.695
Std., s 0.149 0.149 0.138 0.167 0.189 0.141 0.115 0.114 0104 0.069 0.055 0.098
Max, q, 0.654 0.797 0.817 0.694 0.882 0.816 0.763 0.819 0.826 0.872 0.962 0.870
Min, Qiog -0.023 0.033 0201 -0.187 -0.106 0.049 0.188 0283 0369 0507 0699 0373
RMSE 0.252 0.202 0.140 0.230 0.194 0.176 0.133 0.124 0.110 0.074 0.064 0.107
q+s 0.393 0.485 0.639 0484 0607 0628 0623 0.696 0.770 0.813 0905 0.793
q—s 0.094 0.188 0.363 0.151 0.230 0.345 0394 0469 0.561 0.674 0.796 0.587
wAn@AIfiazanIn uaz MOM RMSE 0.152

Mean, q 0.245 0.373 0.481 0.347 0.403 0.497 0497 0565 0.661 0.747 0.844 0696
Std., s 0.162 0.157 0.143 0.174 0.180 0.129 0.111 0.110 0.091 0.074 0.059 0.084

Max, q, 0672 0.740 0.887 0.820 0.787 0.732 0.712 0.813 0.894 0.891 0.954 0918
Min, Que  -0.107 0.013 0.196 -0.036 0.080 0.194 0.174 0.267 0.413 0.502 0.692 0.504
RMSE 0258 0234 0.149 0257 0.183 0.160 0.136 0.114 0.096 0.080 0065 0.295
G+s 0407 0.530 0624 0521 0583 0.626 0.609 0675 0.752 0.821 0.903 0.780
3—s 0083 0216 0.338 0.173 0.223 0.368 0.386 0.454 0.571 0.673 0.785 0.612
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Historic, q 0446 0.200 0.523 0.158 0.373 0.592 0.576 0534 0630 0.716 0.816 0.651
Chaleeraktrakoon (1999) uaz MML rRMse 0.154
Mean, q 0.272 0.383 0454 0.301 0439 0.527 0555 0.581 0.690 0.759 0.859 0687
Std., s 0.148 0.154 0.163 0.206 0.194 0.137 0.110 0112 0.079 0.068 0.048 0.113

Max, q; 0.573 0696 0858 0923 0.892 0.841 0.793 0.782 0.872 0.884 0.947 0.875
Min, Q00 0.114 -0.016 0.047 -0.101 0.114 0.156 0.288 0.241 0.491 0581 0.700 0.320

RMSE 0.229 0239 0.177 0251 0205 0.152 0.112 0.122 0.099 0.080 0.064 0.118
q+s 0419 0.537 0.617 0508 0633 0.664 0.665 0.693 0.769 0.827 0.907 0.800
g-s 0.124 0.229 0.291 0.095 0.245 0.389 0.445 0.469 0611 0.691 0.811 0.574
Chaleeraktrakoon (1999) Uaz MOM RMSE 0.149

Mean, § 0278 0.356 0475 0.294 0417 0491 0555 0.567 0.689 0.755 0.856 0.694
Std., s 0.150 0.162 0.158 0.169 0.182 0.149 0.114 0.115 0077 0072 0.046 0.099

Max, q,, 0605 0.776 0.804 0.781 0.917 0.884 0828 0.825 0.870 0.87t 0.949 0.879
Min, Q100 -0.076 -0.049 0.025 -0.064 -0.023 0.170 0.174 0.312 0512 0440 0.709 0.417
RMSE 0.225 0.225 0.165 0.217 0.187 0.180 0.116 0.120 0.097 0.082 0.061 0.108
q+s 0.428 0.517 0633 0463 0599 0640 0.669 0682 0.767 0.827 0902 0.793
q-s 0.128 0.194 0.317 0.125 0.236 0.342 0441 0.452 0.612 0682 0.809 0.595
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Historic, q 0.582 0.463 0.367 0.389 0.401 0489 0657 0603 0873 0748 0.708 0.597
uANMIRTIALINTDANT LI UAE MML RMSE 0.127

Mean, q 0412 0459 0406 0.424 0466 0476 0659 0.650 0.863 0781 0.714 0527
Std., s 0.145 0.142 0.144 0.125 0.126 0.116 0.102 0.108 0.051 0.088 0.095 0.143
Max, q;, 0.789 0753 0.726 0.727 0.775 0.718 0.849 0.854 0953 0.838 0.890 0.818
Min, Q100 0.095 0.132 0.044 0.140 0.068 0.167 0427 0.377 0.703 0.406 0522 0.078
RMSE 0223 0.142 0.149 0.130 0.142 0.117 0.102 0.118 0.052 0.095 0.095 0.159
q+s 0.558 0.601 0550 0550 0592 0592 0.761 0.758 0.915 0870 0.809 0670
q-s 0.267 0318 0.262 0299 0.340 0360 0.558 0542 0812 0.693 0619 0.384
unn@aTaAsInTeNToai K uaz MOM RMSE 0.134

Mean, q 0.404 0455 0411 0448 0484 0477 0657 0.639 0.853 0.759 0684 0543
Sud., s 0.163 0.156 0.135 0.139 0.144 0.152 0.110 0.115 0.050 0.080 0.101 0.126
Max, g, 0.714 0803 0684 0.733 0818 0800 0.891 0.836 0950 0911 0.889 0.801
Min, Qo0 -0.183 0.060 -0.084 0.004 0.028 0.018 0371 0.160 0.629 0550 0436 0.233
RMSE 0.241 0.156 0.142 0.151 0.166 0.152 0110 0.120 0.054 0.080 0.104 0.137
q+s 0.568 0.610 0.546 0587 0628 0.629 0.766 0.754 0903 0.839 0.785 0.669
q-s 0.241 0299 0.277 0308 0340 0325 0547 0.524 0803 0.680 0583 0417
URANAINAZNOIR Uas MML mMSE 0.131

Mean, q 0.352 0.434 0.418 0.441 0460 0453 0.640 0.635 0.842 0.750 0.680 0.531
Std., s 0.143 0.146 0.147 0.122 0.130 0.131 0.107 0.103 0.046 0.080 0.096 0.120

Max, q,, 0.729 0736 0713 0.679 0.755 0.734 0871 0857 0960 0914 0.900 0.801
Min, ;09 0.050 -0.036 0.080 -0.004 (0.053 0.068 0.381 0427 0718 0512 0445 0.133

RMSE 0.270 0.149 0.156 0.132 0.143 0.136 0.108 0.108 0.056 0.081 0.100 0.137
q+s 0.496 0.580 0.565 0.562 0.590 0584 0.747 0.738 0.889 0.831 0.776 0.651
q-s 0.209 0.287 0.270 0.319 0330 0322 0533 0532 0796 0670 0584 0.411
uANAINaTANIN LAz MOM RvSE 0.135

Mean, §  0.362 0.461 0458 0.439 0.469 0453 0.616 0.640 0.845 0.739 0.694 0.534
std.. s 0.166 0.149 0.134 0.130 0.133 0.131 0.127 0.099 0.052 0.074 0.098 0.123
Max, q,,  0.679 0755 0823 0782 0.760 0.763 0.837 0.864 0.954 0918 0.904 0.817
Min, q(y09 -0.116 0.028 0.129 0.080 0.068 0.089 0242 0.390 0.664 0.523 0.344 0.262
RMSE 0.275 0.149 0.162 0.139 0.149 0.136 0.133 0.105 0.059 0.075 0.099 0.138
q+s 0.528 0.610 0592 0.569 0.601 0.584 0.743 0.739 0.896 0.813 0.792 0.657

q—s 0.197 0.311 0.324 0309 0336 0.322 0489 0541 0793 0665 0596 0412
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Historic, @  0.582 0463 0.367 0.389 0401 0483 0657 0.603 0873 0.748 0708 0597
Chaleeraktrakoon (1999) uaz MML RMse 0129

Mean, q 0411 0483 0.402 0450 0.494 0.501 0656 0643 0863 0.793 0.705 0.558
Std., s 0.143 0.129 0.129 0.156 0.139 0.141 0.094 0.110 0.045 0.070 0.098 0.139
Max, q, 0.709 0785 0664 0804 0.768 0.765 0.899 0856 0.951 0922 0.894 0.847
Min, Qyo0) -0.089 0.063 0046 0.051 0.105 0.162 0.403 0228 0672 0622 0.450 0.059
RMSE 0.223 0.131 0134 0.168 0.167 0.142 0.094 0.117 0046 0.084 0098 0.144
q+s 0.554 0.613 0.531 0.606 0633 0642 0.750 0.753 0.908 0.863 0.803 0.697
q-s 0267 0354 0.273 0.293 0.356 0.359 0563 0.534 0819 0.724 0.607 0.420
Chaleeraktrakoon (1999) usz MOM RMSE  0.131

Mean, q 0.403 0446 0430 0438 0485 0476 0.663 0638 0854 0774 0.699 0.555
Std., s 0.142 0.141 0.140 0.141 0.137 0.146 0.094 0.103 0.051 0.089 0.100 0.132
Max, g, 0.726 0.817 0717 0.778 0.809 0837 0838 0842 0937 0.944 0.887 0.897
Min, Q100 0.040 0.100 -0.073 0.088 0.011 0.089 0447 0320 0717 0511 0424 0.150
RMSE 0.228 0.142 0.154 0.149 0.161 0.146 0.094 0,109 0.055 0.092 0.101 0.139
q+s 0.545 0588 0.570 0.579 0622 0622 0.757 0.741 0805 0.863 0.799 0.688
q-s 0.261 0.305 0.290 0.297 0.347 0.330 0.569 0.536 0803 0.685 0.599 0423

1
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Historic, q 0.194 0.537 0619 0682 0794 0.592 0.492 0.669 0497 0556 0.389 0.089
uanA2A TR INTDAINTIAM LA MML RWSE 0.131

Mean, q 0.249 0467 0.644 0643 0.757 0.554 0519 0.675 0.540 0.532 0.389 0.065
Std., s 0.171 G141 0.102 0.103 0.065 0.102 0.118 0.114 0.116 0126 0.164 0.188
Max, q;, 0.650 0.835 0.825 0896 0878 0.823 (0.747 0.895 0.825 0.817 0.876 0507
Min, Q100 0.112 0099 0375 0315 0519 0.307 0.180 0.330 0244 0.249 -0.045 -0.380
RMSE 0.180 0.157 0.105 0.110 0.075 0.109 0.121 0.114 0.123 0.128 0.164 0.189
q+s 0.420 0608 0.746 0.746 0822 0656 0.637 0789 0.656 0.658 0.553 0.253
q-s 0.078 0326 0542 0540 0.692 0452 0401 0561 0425 0407 0.225 -0.123
unniaaTdrInIaunIuin uaz MOM RMSE 0.137

Mean, q 0.212 0455 0632 0639 0747 0.542 0507 0.655 0.531 0.498 0.334 0.049
Std., s 0.174 0.149 0.110 0.115 0.071 0.123 01217 0.106 0.121 0.129 0.161 0.174
Max, g, 0.601 0.723 0382 0.850 0.886 0.753 0785 0.893 0773 0.775 0.676 0.498
Min, Qo0 -0.208 0.018 0.277 0.326 0574 0.166 0.106 0.352 0238 0.211 -0.096 -0.316
RMSE 0175 0.170 0111 0.123 0.085 0.133 0.122 0.107 0.125 0.142 0.170 0.179
q+s 0.386 0604 0742 0.754 0.819 0.665 0.628 0.761 0651 0628 0495 0.223
q-s 0.037 0.307 0.522 0524 0.676 0419 0386 0548 0410 0369 0173 0.126
uAnfIfazanIi uas MML RMSE 0.188

Mean, q 0.137 0.379 0602 0542 0543 0.439 0332 0514 0500 035 0362 0.110
Std., s 0.172 0.154 0.108 0.132 0.114 0.125 0.137 0122 0112 0.146 0.139 0.165
Max, q;;, 0668 0.709 0799 0904 0783 0.707 0666 0.797 0756 0.638 0642 0475
Min, Qo 0.234 -0.004 0344 0216 0.227 0129 -0.011 0245 0.196 -0.019 0.068 -0.243
RMSE 0.181 0.221 0.109 0.193 0.276 0.198 0211 0197 0112 0.247 0.142 0.167
q+s 0.309 0.533 0.710 0.674 0.657 0.564 0.469 0.636 0.612 0.502 0.501 0275
q-—s -0.035 0.225 0494 0.409 0.428 0313 0.195 0.392 0.388 0.210 0.223 -0.056
uan@fiasanIi uaz MOM mMSE  0.192

Mean, q 0.158 0.410 0.610 0.534 0.535 0409 0.308 0531 0.510 0.355 0.354 0.095
Std., s 0.151 0.146 0.097 0.133 0.110 0.139 0.144 0.136 0.118 0.131 0.157 0.204
Max, q, 0.553 0.698 0.822 0830 0.753 0649 0657 0830 0.758 0.643 0.706 0.604
Min, Y100 -3.148 0.036 0.359 0.220 0.177 0.125 -0.076 0.148 0.265 0007 -0.012 -0.299
RMSE 0.156 0.194 0.098 0.199 0.282 0230 0.234 0.194 0.118 0.240 0.161 -0.204
q+s 0.309 0.557 0707 0.667 0.645 0.548 0.452 0.667 0627 0.486 0.511 0.299
G-s 0.006 0264 0513 0401 0424 0270 0.164 0395 0392 0224 0.197 -0.109
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Historic, q 0.194 0.537 0619 0.682 0.794 0592 0492 0669 0497 0556 0.389 0.088
Chaleeraktrakoon (1999) ua: MML RMsSe 0-134
Mean, q 0.231 0464 0662 0640 0756 0545 0522 0.687 0565 0542 0.378 0.115
Std., s 0171 0127 0.103 0.115 0065 0136 0.116 0.099 0.124 0.135 0.155 0.180
Max, Gy, 0.735 0.717 0.844 0913 0895 0.785 0.737 0916 0.788 0.813 0.722 0585
Min, Q1o -0.120 0.148 0.289 0.376 0482 0.131 0156 0325 0.108 0.217 -0.064 -0.249
RMSE 0.175 0146 0.111 0.123 0.076 0.144 0.120 0.101 0.142 0.135 0.155 0.182
q+s 0.403 0591 0765 0755 0822 0681 0.638 0786 0689 0.676 0.533 0.295
q-s 0.060 0.338 0559 0524 0691 0409 0405 0589 0441 0.407 0223 -0.0685
Chaleeraktrakoon (1999) uaz MOM ~MSE 0.132
Mean, q 0.258 0469 0.656 0639 0749 0563 0500 0679 0546 0513 0371 0.085
Std., s 0.180 0.133 0084 0.120 0.082 0.112 0.116 0.100 ©0.108 0.140 0.157 0.174
Max, q, 0.8B05 0.761 0.813 0862 0874 0820 0.747 0862 0.764 0.750 0.650 0505
Min, Qi100) -0.090 0.125 0431 0274 0454 0.122 0.163 (0333 0304 0046 -0.199 -0.265
RMSE 0.191 0.149 0.092 0.128 0.093 0.115 0.116 0101 0.119 0147 0158 0.174
q+s 0.437 0602 0.741 0.759 0830 0.675 0616 0779 0654 0653 0528 0.259
q-—s 0.078 0337 0572 0.518 0.667 0.452 0.384 0.578 0438 0372 0.214 -0.088
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Historic, q 0273 0.412 0520 0515 0743 0485 0538 0581 0555 0.618 0493 0179
uAneAsIABINTaNIBIAK waz MML RMSE 0.140
Mean, q 0237 0482 0.558 0.610 0.701 0454 0575 0612 0594 0506 0417 0.158
Std., s 0.164 0.125 0.108 0.096 0.085 0.142 0.119 0.113 0.107 0.129 0.156 0.177
Max, Qg 0.684 0.772 0811 0841 0850 0.821 0.840 0.827 0.847 0727 0744 0628
Min, Q100 -0.091 0.089 0.317 0.398 0459 0.103 0.282 0.218 0.299 -0.005 0076 -0.213
RMSE 0.168 0©.144 0.114 0.135 0095 0.145 0.125 0.117 0.114 0.172 0.174 0178
q+s 0401 0.607 0665 0706 07856 0596 0694 0.725 0.701 0.635 0573 0.334
q-—s 0.073 0.357 0450 0514 0616 0.312 0.456 0.498 0.487 0376 0261 -0.01%
uRn@IRSIAEIMIDUINTBIAK LRz MOM RMSE 0.148
Mean, G 0.189 0471 0544 0603 0694 0454 0581 0590 0576 0458 0.368 0.118
Stid., s 0.169 0.132 0.119 0.112 0.092 0.150 0117 0107 0.114 0122 0.152 0.171
Max, q;, 0591 0.715 0.763 0.886 0.891 0.694 0827 0.795 0.767 0750 0.747 0.563
Min, Qo0 0.229 0.012 0160 0.321 0382 0.060 0.243 0317 0306 0.215 -0.035 0220
RMSE 0.189 0.145 0.121 0.142 0.104 0.153 0.124 0107 €116 0201 0.197 0.181
q+s 0.358 0.603 0.663 0715 0.786 0605 0.698 0697 0690 0581 0519 0289
q-—s 0.020 0.339 0.425 0491 0.602 0304 0464 0483 0462 0336 0.216 -0.052
UANAINATANTIR Uaz MML RMse 0-181
Mean, q 0.0B0 0385 0568 0521 0549 0359 0.363 0455 0.544 0478 0335 0.163
Std., s 0.156 0.129 0.119 0.120 0.098 0.131 0.153 0.126 0.115 0.124 0.158 0.202
Max, qqy, 0411 0668 0793 0.783 0.756 0.691 0644 0813 0727 0719 0651 0634
Min, Q100 0261 0033 0149 0.100 0.269 -0.033 -0.004 0.129 0.265 0.076 -0.038 -0.293
RMSE 0.249 0.432 0128 0120 0.217 0.182 0232 0178 0.115 0.187 0223 0.202
qg+s 0.236 0.514 0687 0.641 0.647 0490 0.515 0580 0.659 0.601 0.493 0.364
g—s 0076 0.255 0449 0401 0451 0228 0.210 0329 0.430 0354 0.177 -0.039
UANAINATANIR Uaz MOM RMse 0-176
Mean, q 0.122 0422 0.569 0521 0568 0352 0335 0470 0537 0472 0370 0.175
Std., s 0.166 ©.1241 0.106 0.118 0.109 0.139 0.147 0129 0.112 0.143 0.153 0.198
Max, q, 0.590 0.667 0.798 0743 0.805 0742 0705 0723 0.746 0713 0728 0.665
Min, Qs00y 0221 0091 0333 0.145 0276 0042 0016 0082 0118 0.110 -0.131 -0.350
RMSE 0224 04122 0.117 0.118 0205 0192 0250 0.171 0.113 0205 0.197 0.199
G+s 0288 0543 0.676 0639 0.677 0491 0482 0.599 0648 0615 0523 0.373

q-s 0043 0301 0463 0403 0460 0213 0.188 0.340 0425 0329 0216 -0.024
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Historic,q  0.273 0412 0520 0515 0.743 0485 0538 0.581 0555 0.618 0.493 0.179
Chaleeraktrakoon {1999) uas MML mmsg 0.140

Mean, q 0.206 0473 0.564 0.601 0708 0450 0583 0.619 0596 0494 0402 0.173
Std., s 0.174 0.125 0.112 0.094 0.085 0.169 0.121 0.107 0.103 0.121 0125 0.165
Max, q; 0.793 0.724 0791 0.876 0.861 0.795 0.821 0844 0801 0788 0.715 0.622
Min, Qo0 €0.190 0.129 0302 0326 0456 0002 0.223 0.231 0278 0.228 -0.013 -0.307
RMSE 0.187 0.139 0.120 0.128 0.092 0173 0.130 0.114 0.111 0.173 0.155 0.165
q+s 0.380 0598 0676 0.695 0.793 0.619 0705 0.726 0.699 0.615 0.527 0.337
g-—s 0.031 0.349 0453 0507 0623 0.281 0462 0512 0493 0374 0.277 0.008
Chaleeraktrakoon (1999) uas MOM SSE 0.145

Mean, q 0.204 0473 0575 0585 0.697 0455 0570 0590 0568 0.461 0389 0.140
Sd.. s 0.176 0.122 0.100 0.136 0.083 0.135 0.107 0.108 0.106 0.153 0.154 0.183
Max, q, 0619 0682 0.791 0801 0893 0695 0.829 0.794 0778 0777 0670 0.589
Min, Qo0 0.204 0.138 0330 0.124 0522 0.080 0316 0175 0.206 0.098 -0.012 -0.238
RMSE 0.189 0.137 0.114 0.153 0.095 0.138 0.112 0.109 0©.106 0.219 0.186 0.187
q+s 0.380 0.595 0.675 0.722 0.780 0.591 0.677 0699 0.674 0614 0.544 0322
q—s 0.028 0.350 0.476 0449 0.614 0.320 0464 0482 0.462 0309 0.235 -0.043
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Historic, @  0.368 0.552 0.646 0.855 0.819 0656 0587 0.755 0.501 0425 0295 0.219
RANFIATILSEHINTDUINTHIAK uas MML SMSE  0.145
Mean, q 0.488 0.525 0.611 0.721 0.832 0.632 0608 0.714 0576 0.527 0412 0.402
Std., s 0.144 0.145 0.129 0.121 0.068 0.093 0.107 0.099 0.104 0.120 0.120 0.174
Max, q, 0.854 0.878 0911 0.953 0.937 0.874 0.810 0.902 0.848 0805 0.684 0.727
Min, Q00 0.080 0.111 0.318 0.324 0506 0309 0.337 0451 0221 0.200 0.124 -0.055
RMSE C.188 0.147 0.134 0.180 0.069 0.096 0.109 0.107 0.128 0.157 0.168 0.253
q+s 0.632 0.669 0.740 0.842 0900 0725 0.715 0812 0680 0647 0.532 0.576
q-—s 0.344 0380 0482 0600 0.764 0.53% 0501 0615 0472 0407 0.292 0.228
wandaInsnAsINaannInaiu waz MOM RMSE 0.148
Mean, q 0428 0506 0.585 0699 0844 0.630 0604 0.689 0557 0486 0379 0404
Std., s 0175 0.166 0.141 0.132 0062 0.112 0093 0098 0.111 0.132 0.142 0.146
Max, q, 0.828 0.849 0.855 0967 0.955 0.866 0.808 0.844 0.781 0.805 0.737 0.720
Min, Q(yoq) 0.021 0.104 0301 0.392 0678 0256 0304 0383 0316 0.081 0.019 0.060
RMSE 0.185 0.172 0.154 0205 0.067 0.115 0.094 0.118 0125 0.145 0.165 0.236
q+s 0.603 0672 0727 0.831 0906 0.742 0696 0787 0669 0617 0.520 0.551
q—s 0.252 0.340 0.444 0566 0.782 0.518 0.511 0.591 0446 0354 0.237 0.258
UANAITAZANIR Uaz MML Rmse 0-211
Mean, q 0.423 0.458 0.517 0.532 0.634 0510 0.357 0589 0515 0440 0.494 0.382
std., s 0.161 0.156 0.146 0.164 0.114 0125 0.123 0127 0.113 0.148 0.139 0.168
Max, q, 0.853 0.523 0.806 0.898 0.848 0.765 0.624 0.834 0725 0.797 0.796 0.806
Min, Quosy  -0.099 0.117 0.126 0.164 0.387 0.256 -0.018 0309 0.084 0.014 0.060 0.017
RMSE 0170 0.182 0.195 0.362 0.217 0.192 0261 0209 0.114 0.149 0.243 0.234
q+s 0584 0.614 0.663 0.697 0748 0.635 0.479 0.716 0628 0.588 0.633 0.550
q-—s 0.262 0.303 0370 0368 0520 0.385 0234 0461 0402 0.292 0.355 0.214
uANAINATANIR LAz MOM Rmse 0.212
Mean, G 0.457 0.469 0.542 0532 0.640 0490 0.351 0.587 0.520 0442 0.485 0.389
Std., s 0.145 0.158 0.142 0.183 0.126 0.121 0.136 0.150 0.127 0.146 0.127 0.149
Max, q., 0.816 0.832 0.846 0.930 0.881 0.805 0719 0.874 0796 0.805 0.713 0.704
Min, Gueoy  0.020 0.089 0.184 0.098 0.298 0.156 -0.010 0.184 0.213 0.140 0.151 0.046
RMSE 0.170 0.178 0.176 0371 0219 0.206 0.272 0.225 0.128 0.147 0.229 0.225
G+s 0.602 0627 0.683 0715 0767 0.611 0.488 0.737 0.647 0.588 0.612 0.537
q-s 0312 0312 0400 0349 0.514 0.369 0.215 0.437 0.393 0.296 0.358 0.240
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Historic, q 0.368 0552 0.646 0.855 0.819 0656 0.587 0.755 0.501 0.425 0295 0.219
Chaleeraktrakoon (1999) uas MML RMSE 0.143

Mean, q 0.424 0522 0597 0.726 0.853 0.607 0.597 0.707 0588 0.520 0.383 0.365
Std., s 0.158 0.153 0130 0.119 0058 0.126 0.096 0.098 0.105 0.139 0.134 0.137
Max, gy, 0.842 0841 0893 0931 0958 0830 0.828 0918 0.782 0.787 0.706 0.726
Min, Q400 0.120 0.106 0.201 0430 0599 0262 0.392 0460 0210 0.138 0.055 0.026
RMSE 0.168 0.156 0.139 0.175 0.068 0135 0097 0109 0.137 0.168 0.160 0.200
q+s 0.582 0.674 0.727 0845 0911 0.733 0694 0805 0694 659 0.516 0.502
q-s 0.266 0.369 0466 0.607 0.795 0482 0.501 0.609 (.484 0.381 0249 0.227
Chaleeraktrakoon (1999) UaT MOM miSE  0.145

Mean, § 0453 0547 0616 0694 0.832 0628 0.602 0.713 0574 0.503 0.385 0.372
Sud.. s 0.167 0.125 0.141 0.132 0073 0.109 0.105 0.094 0.100 0.129 0.147 0171
Max, q4, 0.810 0823 0851 0933 0960 0875 0840 0919 0746 0.790 0.690 0.782
Min, Qo9 0.061 0242 0.272 0.388 0632 0.149 0.308 0.349 0.188 0.038 -0.108 -0.003
RMSE 0.188 0.125 0.144 0.208 0.074 0.112 0.106 0.103 0.123 0.151 0.172 0.229
q+s 0620 0672 0.757 0.826 0904 0737 0.707 0807 0.674 0632 0531 0543
q—s 0286 0422 0475 0562 0759 0519 0498 0619 0474 0.374 0.238 0.200
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Historic,q  0.621 0.328 0466 0610 0.751 0.504 0.611 0580 0.496 0551 0.230 0.464
uandrainduIniaamiosin uas MML RMSE 0.158
Mean, § 0.460 0.406 0.441 0425 0.666 0.467 0627 0639 0579 0.488 0283 0413
Sid., s 0.153 0.167 0.144 0.143 0.108 0.146 0.110 0.107 0.110 0.122 0145 0.150
Max, qy, 0.899 0.839 0.739 0.712 0885 0795 0825 0834 0816 0743 0614 0736
Min, oy 0122 0.008 0.100 0.088 0.391 0.075 0.278 0.285 0.308 0.188 -0.026 0.024
RMSE 0.222 0.185 0.146 0.234 0.137 0.151 0.111 0.122 0.137 0.138 0.155 0.158
q+s 0.613 0.574 0584 0.568 0.774 0.613 0737 0.746 0.688 0.610 0429 0.563
q-—s 0.307 0239 0297 0282 0559 0.321 0518 0532 0469 0366 0.138 0.264
unniATslAuImioanIaain uaz MOM mmSE  0-167
Mean, q 0429 02392 0418 0451 0669 0.465 0.635 0.619 0.561 0.467 0.273 0.410
std., s 0.163 0152 0.151 0.166 0.100 0159 0.113 0.104 0.124 0.131 0.147 0.149
Max, q;y, 0.767 0684 0.731 0790 0832 0.761 0.890 0.835 0.787 0.784 0.696 0.751
Min, Qo0 0.016 0.002 0.045 -0.005 0.353 0.038 0.330 0312 0.144 0.155 -0.135 0.080
RMSE 0252 0.165 0.158 0.230 0.129 0.164 0.116 0.111 0.140 0.156 0.153 0.158
q+s 0.592 0.545 0.568 0.616 0.770 0.624 0748 0.723 0685 0598 0420 0.559
q-s 0266 0240 0.267 0285 0.569 0306 0522 0515 0436 0336 0.125 0.261
uAnAINATADR Uaz MML RMSE 0.201
Mean, q 0354 0.365 0.440 0.339 0.573 0.439 0394 0536 0546 0444 0.272 0.265
Std., s 0.176 0165 0.139 0.144 0.111 0.134 0.151 0.133 0.113 0.137 0.152 0.167
Max, g, 0.790 0869 0704 0.836 0.803 0788 0.731 0.801 0.774 0715 0586 0.589
Min, Guee,  -0.005 -0.073 0.131 0.001 0.290 0.114 0.020 0.174 0287 0.145 -0.085 -0.204
RMSE 0320 0.170 0.142 0307 0210 0.149 0.264 0.140 0.123 0.174 0.158 0.260
q+s 0.530 0.531 0.579 0.483 0.683 0572 0.545 0.670 0.659 0.581 0424 0432
q—s 0.177 0200 0300 0.194 0.462 0.305 0242 0403 0433 0306 0.120 0.098
wAnAINiasanIil uaz MOM rRmsg 0-197
Mean, § 0.385 0.391 0449 0.363 0.586 0.441 0.366 0.533 0.550 0.439 0.306 0.289
Std., s 0166 0.160 0.36 0.170 0.107 0.143 0.143 0.117 0.123 0.135 0.136 0.154
Max, qp, 0.758 0839 0829 0724 0859 0.782 0.709 0.797 0.755 0.768 0609 0.574
Min. ques,  -0.062 0.016 0.108 -0.035 0299 0.087 0.016 0205 0.183 0.048 -0.122 -0.137
RMSE 0.288 0.172 0137 0.300 0.197 0.156 0283 0.126 0.135 0.176 0.155. 0.233

G+s 0.551 0.552 0.585 0.533 0.693 0.583 0.508 0.650 0.673 0573 0.441 0.443
0313 0.193 0479 0.298 0.223 0417 0427 0304 0170 0.135

q-s 0.219 0.231
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Historic, q 0621 0328 0466 0610 0751 0.504 0611 0580 0496 0.551 0230 0464
Chaleeraktrakoon (1999) uaz MML RMSE 0-158
Mean, q 0.418 0434 0441 0458 0.683 0.441 0.621 0636 0577 0496 0279 0413
Std., s 0.152 0.152 0.138 0.136 0.118 0.163 0.106 0.100 0.109 0.124 0.132 0.156
Max, qy, 0.805 0.736 0.800 0.750 0.900 0.812 0843 0.823 0793 0.801 0580 0767
Min, Quopy  0.011 0.061 0.043 0.115 0.261 0002 0.323 0.240 0255 0251 -0.030 -0.095
RMSE 0.253 0.186 0.140 0.204 0.137 0.174 0106 0.114 0.136 0.135 0.141 0.164
q+s 0.571 0587 0579 0593 0.802 0.604 0.727 0736 0686 0620 0410 0.569
§-s 0.266 0.282 0.303 0322 0.565 0.278 0.515 0536 0.468 0.372 0147 0.256
Chaleeraktrakoon (1999) uaz MOM SVSE 0.165
Mean, 0.438 0419 0460 0436 0.645 0.442 0626 0616 0.572 0.487 0279 0.394
Std., s 0174 0.148 0.144 0.151 0.107 0.139 0119 0.114 01415 0.143 0.156 0.165
Max, q, 09801 0.736 0.766 0.769 0.849 0.793 0.841 0.822 0777 0.781 0,685 0.712
Min, Q¢100) 0.108 -0.145 0.075 0.074 0.337 0.100 0333 0.186 0.163 0.188 -0.027 0.018
RMSE 0252 0.173 0.145 0.231 0.151 0.152 0.120 0.119 0.138 0.157 0.164 0.180
q+s 0.611 0567 0604 0.587 0.752 0.581 0.745 0.730 0.687 0.630 0.436 0.560
q-s 0.264 0.271 0.315 0.285 0.538 0.303 0.507 0502 0458 0.344 0.123 0.229
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Historic, q  0.436 0.702 0.746 0.802 0.828 0803 0.709 0.767 0.704 0.580 0296 0.042
uAneRATIALINSBINNT BN WaE MML RMSE 0.124
Mean, q 0.550 0.647 0.734 0.617 0771 0.800 0.727 0.716 0698 0.530 0.359 0.122
Std., s 0.118 0.104 0.078 0.108 0.071 0.068 0078 0.087 0087 0.132 0.145 0.171
Max, Qg 0.769 0871 0904 0882 0891 0922 0.885 0.885 0.850 0.767 0.639 0.554
Min, Quo  0.279 0413 0512 0.335 0602 0.591 0493 0.325 0.408 0.128 0.029 -0.284
RMSE 0.164 0.117 0079 0214 0091 0.069 0080 0.101 0.087 0.136 0.158 0.189
qg+s 0.668 0.751 0.812 0.725 0.842 0.868 0805 0803 0.785 0.662 0504 0.294
q-s 0433 0.543 0656 0.509 0700 0.731 0649 0629 0612 0.398 0214 -0.049
uAn@IRSILALINSBIINT DI LAz MOM RMSE 0.126
Mean, § 0.544 0669 0743 0650 0769 0.789 0721 0.677 0675 0.493 0.352 0.170
S, s 0.128 0.103 0.072 0.098 0.075 0.079 0.087 0.089 0.080 0.119 0153 0.163
Max, q 0.802 0.885 0.895 0.892 0915 0914 0872 0875 0.826 0.762 0713 0498
Min, Qoo 0215 0452 0516 0404 0532 0534 0398 0427 0448 0.179 -0.050 -0.210
RMSE 0.168 0.108 0.072 0.181 0.095 0.080 0.088 0.126 0.085 0.134 0.164 0.208
q+s 0.672 0.771 0.815 0.749 0844 0.867 0.809 0.766 0.755 0.617 0.506 0.333
q-s 0.416 0.566 0.670 0.552 0695 0710 0634 0.589 0.595 0.380 0.199 0.007
URNAITIRSANTIR UAz MML RMSe 0-176
Mean, § 0.482 0639 0679 0522 0625 0684 0611 0599 05980 0432 0.364 0.129
Std., s 0.143 0.099 0.088 0.137 0.103 0096 0.104 0.115 0.095 0.148 0.148 0.169
Max, q;y, 0.748 0.900 0.843 0.884 0.843 0858 0.812 0848 0.779 0721 0.712 0.590
Min, Quey ~ 0.096 0.377 0.432 0.183 0388 0.418 0205 0241 0352 0084 0041 -0.214
RMSE 0.150 0.117 ©0.410 0312 0228 0.153 0.143 0.203 0.148 0.196 0.163 0.190
T+s 0.625 0.739 0.767 0659 0.728 0780 0.715 0.714 0685 0.580 0.511 0.297
q-s 0.338 0540 0.591 0.385 0521 0587 0507 0484 0496 0284 0216 -0.040
uan@Ifazantit was MOM rRMse 0.179
Mean, § 0.495 0692 0.679 0542 0626 0668 0.589 0.589 0.587 0.439 0358 0.160
Sid., s 0.152 0.084 0.087 0.141 0.105 0.096 0.102 0.102 0.114 0.152 0.151 0.185
Max, q;y, 0.818 0.887 0.870 0.819 0.842 0.854 0.804 0.784 0831 0769 0685 0537
Min. Que 0087 0472 0356 0071 0346 0345 0180 0.292 0.249 0.038 0010 -0.235
RMSE 0.163 0.085 0.109 0296 0.227 0.165 0.158 0206 0.164 0.195 0.163. 0.220

G+s 0.647 0777 0767 0682 0731 0.764 0.691 0.691 0701 0.591 0508 0.345
J—s 0.343 0.608 0592 0401 0522 0573 0486 0487 0472 0286 0.207 -0.026




Amnlasuuuinans SVDIMAR(Y) Aio

HIAN S IMTVADR Y.1C&SK

104

[ e ot L L o« » -) 2' [ -
#1719 N34 ﬂﬂauﬂwanﬁanauwusnnamunau'l'agawm'lﬂmaauua:waoﬁauaﬁ'\unﬂzﬁﬁ

L3.4.

W.6.

0.0

n.e.

q.9a.

n.u.

a.a.

W.H.

5.9.

e

N.w.

1.6

0436 0.702 0.746

0.534
0.145
0.890
0.168
0.175
0.679
0.380

0.514
0.144
0.857
0.175
0.164
0.658
0.371

0.678
0.086
0.882
0.460
0.089
0.764
0.592

0.667
0.096
0.888
0.433
0.102
0.763
0.570

Chaleeraktrakoon (1999) ua:z MML

0.746
0.082
0.891
0.468
0.082
0.828
0.663

Chaleeraktrakoon {1999) uas MOM

0.763
0.079
0.917
0.484
0.080
0.842
0.685

0.802

0.649
0.104
0.858
0.391
0.185
0.753
0.545

0.653
0.097
0.863
0.370
0.178

0.751

0.556

0.828

0.783
0.084
0.911
0.445
0.095
0.866
0.699

0.752
0.079
0.895
0.558
0.109
0.831
0.673

0.803

RMSE
0.789

0.071
0.922
0.569
0.072
0.859
0.718

RMSE
0.778

0.065
0.898
0.578
0.070
0.843
0.713

0.709
0.123
0.732
0.066
0.837
0.555
0.070
0.798
0.666
0.125
0.736
0.069
0.864
0.507
0.073
0.804
0.667

0.767 0.704 0.560

0.719
0.085
0.876
0.459
0.107
0815
0.624

0.695
0.092
0.862
0.450
0.117
0.787
0.603

0.703
0.092
0.858
0.308
0.092
0.795
0612

0.685
0.089
0.853
0.356
0.091
0.774
0.596

0.520
0.139
0.793
0.187
0.144
0.658
0.381

0.493
0.130
0.750
0.116
0.146
0.623
0.364

0.296

0.365
0.150
0.709
0.004
0.165
0.515
0.215

0.360
0.147
0.647

-0.105

0.161
0.507
0.213

0.042

0.138
0.177
0.541
-0.274
0.201
0.315

-0.039

0.109
0.191

0.537
-0.350
0.203
0.300
-0.082
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UUUIIREI SVD/MAR(1) Mitane aMiuanin W.3A

Properties Mean Standard Skewness Correlation

(mcm) (mem)
Historic, q 1262 647 0.801 0.256
uansnAsnALINTaaNI Lo uaz MML
Mean, q 1278 723 1.580 0.145
Std., s 155 162 0.705 0.134
Max, q, 1709 1151 3.882 0.483
Min, Q00 962 443 0.356 -0.142
RMSE 156.1 178.7 1.050 0.174
q+s 1433 885 2.285 0.279
g-s 1123 561 0.875 0.011
uandAsaAn Mo nain uaz MOM
Mean, § 1276 725 1.464 0.137
Std., s 139 193 0.584 0.139
Max, q, 1722 1466 3.116 0.462
Min. Qo0 994 462 0.388 -0.179
RMSE 139.9 208.5 0.883 0.183
q+s 1416 918 2.048 0.275
q-s 1137 532 0.880 -0.002
URNAINAZIDIN Uaz MML
Mean, q 1237 661 1.433 0.131
Std., s 157 143 0.716 0.139
Max, q, 1717 1254 3.767 0.503
Min, Qo0 888 444 0.280 0.205
RMSE 158.9 144.0 0.954 0.187
G+s 1394 804 2.148 0.270
g-s 1080 518 0.717 -0.008
uAnAINiazanit uaz MOM
Mean, G 1241 665 1.529 0.119
Std., s 135 180 0.798 - 0.153
Max, q,, 1662 1507 4.402 0517
Min, Ggron) 919 375 0.017 -0.307
RMSE 136.5 181.2 1.080 0.205
q+s 1376 846 2.327 0.272
q-s 1106 485 0.730 -0.034
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KBUS1ADY SVOIMAR (1) Nilaian & miuanit w.aA

Properties Mean Standard Skewness Correlation
(merm) {tmem)

Historic, q 1262 647 0.801 0.256
Chaleeraktrakoon (1999) urz MML.

Mean, G 1283 734 1.695 0.159
8., s 174 20% 0.824 0.141
Max, g, 1833 1750 5.326 0.532
Min, Qo) 1011 442 0.123 0.220
RMSE 175.7 223.0 1.248 0.171
q+s 1457 940 2.519 0.300
G~s 1108 529 0:018
Chalegrakirakoon (1999) uaz MOM

Mean, q 1276 709 1.553 0:143
Std.; s 138 191 0.876 0.142
Max, q;y, 1634 1478 4775 0:.464
Min, G100 807 329 0.137 0.171
RMSE 139.0 200.6 1.154 0.181
B 1414 900 2.429 0.286
' 1137 518 0.676 0.001
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UUUIIRBISVD/MAR(1) fitana dAmFuaniil v.1C

Properties Mean Standard Skewness Carrelation
{mcm) {mcm)
Historic, q 1605 836 0.874 0.031

LANSIASIADINTININGBINH uas MML

Mean, q 1621 869 1.237 0.040
Sid., s 142 152 0572 0.152
Max, g, 2043 1360 3.031 0.519
Min, Qo0 1270 594 0.184 0.295
RMSE 142.8 156.0 0.678 0.152
q+s 1763 1021 1.810 0.183
q-s 1479 716 0.665 D112
uandAsNABINTaNNI DI UaE MOM

Mean, q 1624 880 1.333 0.021
Std., s 150 222 0.651 0.135
Max, g, 2019 1978 3.649 0.392
Mif, Qo0 1306 518 0.182 0.248
RMSE 151.2 2260 0.797 0.135
q+s 1774 1102 1,984 0.155
q-—-s 1474 658 0.682 0.114
UANAINATININ WAz MML

Mean, q 1575 825 1.342 -0.014
Std., s 144 152 0.684 0.146
Max, g 1900 1262 3.561 0.377
Min, q00 1234 532 0.105 -0.304
RMSE 147.2 152.4 0.829 0.153
q+s 1720 977 2.026 0.132
qa-s 1431 673 0.659 0.160
UANAINATANIN LAz MOM

Mean, q 1572 789 1.222 0.018
Std., s 124 155 0.618 0.138
Max, q, 1950 1410 2.855 0.311
Min, Qo0 1316 513 0.226 0.288
RMSE 128.3 162.0 0.709 0.139
q+s 1696 944 1.840 0.156

d—s 1448 634 0.603 0.121
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o

Properties Mean Standard Skewness Correlation
{mcm} {mcm)
Historic, q 1605 836 0.874 0.031

Chaleeraktrakoon (1999) uaz MML

Mean, q 1639 893 1.432 -0.006
Std., s 167 213 0772 0.150
Max, qy, 2133 1638 3.851 0.369
Min, G100y 1354 558 0.163 -0.309
RMSE 170.8 2203 0.953 0.154
q+s 1806 1105 2.204 0.144
q-s 1472 680 0.660 0.155
Chaleeraktrakoon {1999) uaz MOM

Mean, q 1596 843 1.328 0.019
Sid., s 147 166 0.843 0.143
Max, G, 1996 1293 4.373 0.439
Min, Q00 1223 545 0.042 0312
RMSE 147.2 166.3 0.957 0.144
q+s 1743 1009 2.171 0.163

q—s 1449 676 0.485 0.124
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UULS1aD9 SVD/MAR(1) fitana @ miuani SK
Properties Mean Standard Skewness Correlation
{mcm) (mcm)
Historic, g 5539 1802 0.691 0.096
LANGIATIABINTDINT BIAK uas MML
Mean, q 5566 1886 1.038 0.098
Std., s 320 331 0.527 0.155
Max, qy 6303 2798 2.654 0.492
Min, Qo0 4781 1223 -0.030 0.252
RMSE 321.2 341.4 0.632 0.155
q+s 5886 2217 1.566 0.253
§-s 5246 1555 0.511 0.057
UANATIABINTDNINTHINK UAZ MOM
Mean, q 5557 1871 1.039 0.056
Std., s 325 322 0.601 0.147
Max, g 6282 3049 3.082 0.449
Min, Qo0 4905 1182 0.135 -0.268
RMSE 325.2 3288 0.695 0.152
q+s 5882 2193 1.640 0.203
G—s 5232 1549 0.438 0.091
UANAINATADTIN URE MML
Mean, § 5471 1771 1.022 0.068
Std., s 321 256 .508 0.140
Max, qp, 6490 2403 2.601 0.375
Min, Qo) 4831 1312 0.116 0.277
RMSE 3279 258.4 0.606 0.143
qQ+s 5792 2027 1.530 0.208
G-s 5151 1514 0.515 -0.073
UANAINATADIN UAaE MOM
Mean, @ 5479 1694 0.968 0.085
Std., s 267 254 0.512 0.138
Max, g, 6203 2532 2.439 0.412
Min, Qoo 4904 1148 0.003 -0.274
RMSE 273.2 276.2 0.582 0.139
q+s 5746 1948 1.479 0.223

q—s 5212 1440 0.456 -0.053
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Properties Mean Standard Skewness Correlation
(mecm) (rncm)

Historic, q 5539 1802 0.691 0.096
Chaleeraktrakoon (1999) uas MML

Mean, q 5588 1908 1.175 0.040
Std., s 359 385 0.697 0.146
Max, q, 6399 3418 3.982 0.466
Min, Qo0 4876 1173 0.045 -0.340
RMSE 362.7 399.3 0.849 0.157
G+s 5947 2293 1.872 0.186
q-s 5229 1523 0.478 -0.106
Chaleeraktrakoon (1999) uaz MOM

Mean, q 5515 1815 1.073 0.047
Std., s 347 308 0.578 0.137
Max, q, 6424 2604 2.607 0.437
Min, Qo0 4688 1214 -0.290 -0.245
RMSE 3476 3064 . 0.693 0.145
q+s 5862 2121 1.651 0.184
q-s 5168 1509 0.496 -0.089
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Properties Mean D. Max D. Mean V. Max V.
(month) (month) (mcm) (mcm)
Historic, q 6.5 10.0 370 672
unnsasaAnInToanI LK uas MML
Mean, G 6.9 10.6 389 674
Sud., s 04 1.9 28 93
Max, G, 8.0 220 452 1202
Min, Qo0 5.9 10.0 329 580
RMSE 0.627 1.976 34.189 92.587
q+s 7.3 12.5 418 766
§-s 6.5 8.7 361 581
unnfIATNABINTAINTHIAK uAT MOM
Mean, q 6.9 10.6 391 681
Std., s 0.4 1.9 28 109
Max, g 7.9 22.0 459 1398
Min, Qg 6.0 10.0 321 584
RMSE 0.620 1.976 34758 109.389
q+s 7.3 12.4 419 790
q-s 6.5 8.7 363 572
uanAINAzADIN URT MML
Mean, q 6.9 10.2 391 654
Std., s 0.5 0.7 31 48
Max, Gy, 7.9 16.0 467 939
Min, Gyy00) 5.7 10.0 301 537
RMSE 0.669 0.717 36.921 51.260
G+s 7.4 10.9 421 703
G-s 6.5 9.5 360 606
UANAINATINIR Uaz MOM
Mean, G 7.0 10.2 392 659
Std., s 0.5 1.0 30 : 46
Max, q, 8.0 200 461 965
M1, Qo0 6.0 10.0 331 574
RMSE 0.686 1.059 37.044 47.978
G+s 74 _ 11.2 422 706

q-—s 6.5 9.2 362 613
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Tatuuudnass SVD/MAR (1) fidagids dmuaniit W.3A Asz@uda 0.75 mean

Properties Mean D. Max D. Mean V. Max V.
(month) {month} {mcm) (mcm)
Historic, Q 6.5 10.0 370 672
Chaleeraktrakoon (1999} uas MML
Mean, q 7.0 10.5 396 671
Std., s 0.5 14 35 80
Max, q, B.6 220 497 1308
Min, Qo0 57 10.0 305 562
RMSE 0.761 1.456 43.535 80.330
q+s 7.5 119 431 751
q-5 6.5 9.1 362 591
Chaleeraktrakoon (1999) uaz MOM
Mean, q 6.9 105 384 674
Std., s 05 2.0 30 115
Max, q, 8.5 22.0 499 1404
Min, Qs 58 10.0 315 560
RMSE 0.604 2.062 33.161 115.046
q+s 7.3 12.5 414 789
6.4 8.5 354 559

q-s
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TABULUIIRDISVD/MAR (1) Itanad1MTUANIE Y.1C Hi5:@UGA 0.75 mean

Properties Mean D. Max D. Mean V., Max V.
{month} {month) {mcm) {mcm)
Historic, q 7.2 10.0 519 783

UANAIASIALINI DUINILINK Uas MML

Mean, Q 7.1 12.7 515 989
Std., s 0.4 4.2 28 309
Max, Q. 8.0 22.0 591 1917
Min, Q0 6.2 9.0 441 718
RMSE 0.371 4,999 28.562 371.636
q+s 7.5 16.9 544 1298
G-s 6.7 8.4 487 680
uendaTaALINTDmNIHIAK LAz MOM

Mean, § 7.2 12.5 521 967
Std., s 05 4.3 a7 310
Max, g, 8.2 220 593 1769
Min, Q100 59 9.0 419 709
RMSE 0.460 4.934 36.843 360.962
G+s 7.7 16.8 558 1278
g—s 6.8 8.2 485 657
UANAINATANIA Uasr MML

Mean, q 7.2 12.0 522 932
Std., s 04 3.8 30 265
Max, g 8.2 22.0 595 1672
Min, G0, 6.3 9.0 446 710
RMSE 0.405 4.339 29.779 304.021
q+s 7.6 15.9 551 1197
3-s 6.8 8.2 492 667
UANAINATAOIR uaz MOM

Mean, § 7.3 12.1 524 928
Std., s 04 3.8 34 - 275
Max, g, 8.2 22.0 598 1796
Min, 00, 6.3 9.0 445 718
RMSE 0.421 4.303 34.663 310.910
G+s 7.7 15.8 558 1203

9—s 6.8 8.3 490 653
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Trtuuusnans SVDIMAR (1) Ndlagdida amiuanii Y.1C A3:@uUda 0.75 mean

o

Properties Mean D. Max D. Mean V. Max V.
(month) {month) {mcm) (mcm)
Historic, q 7.2 10.0 519 783
Chaleeraktrakoon (1999) uaz MML
Mean, q 7.3 121 524 933
Std., s 0.4 3.8 31 265
Max, g 82 22.0 581 1676
Min, Qo0 6.4 9.0 456 719
RMSE 0.410 4.326 31.170 304.200
q+s 7.7 15.9 555 1198
g-s 6.9 8.3 494 668
Chaleeraktrakoon {1999) uaz MOM
Mean, q 7.2 11.6 517 909
Std., s 0.4 35 31 270
Max, q, a1 22.0 591 1882
Min, Q100 6.4 9.0 458 717
RMSE 0.403 3.810 31.270 298.555
q+s 7.6 15.1 548 1180
6.8 8.1 486 639

g—s
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TrouuUS 1889 SVD/MAR (1) Atamadmivanii SK fis=duda 0.75 mean

Properties Mean D. Max D. Mean V. Max V.
{(month) {month) {mcm) {mcm)
Historic, q 7.2 9.0 1568 2219
uRNenASNGAEINIaMNI I uas MML
Mean, q 7.3 9.2 1572 2153
Std., s 0.2 04 70 109
Max, q, 7.9 10.0 1700 2457
Min, G100 6.8 8.0 1354 1893
RMSE 0.234 0.471 70.050 127.636
q+s 7.6 9.6 1642 2261
G-s 7.1 8.8 1502 2044
unn@aaEsInTaunIsain uaz MOM
Mean, q 7.3 9.1 1571 2120
Std., s 0.2 0.3 78 84
Max, q, 7.8 10.0 1790 2303
Min, Qo0 6.8 8.0 1408 1914
RMSE 0.245 0.333 77.797 130.179
G+s 76 9.4 1649 2205
§-s 7.4 8.8 1493 2036
UANFINATADIR UAs MML
Mean, q 7.4 9.2 1575 2145
Std., s 0.2 04 63 103
Max, q, 7.8 10.0 1737 2432
Min, Qoo 6.8 8.0 1443 1832
RMSE 0.244 0.426 63.626 127.192
G+s 76 9.6 1638 2248
q—s 7.2 8.8 1512 2042
uAnAINazanIn uaz MOM
Mean, q 7.4 9.1 1580 2126
Std., s 0.2 0.4 66 . 100
Max, qg, 78 10.0 1711 2393
Min, Qo 6.9 8.0 1388 1869
RMSE 0.254 0.389 67.280 136.600
q+s 7.6 9.5 1646 2226
q-s 7.2 8.7 1514 2026
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Taguuus1ans SVD/MAR (1) Rilatildy SMFUANIN SK Nsz@UaA®a 0.75 mean
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Properties Mean D. Max D. Mean V. Max V.
(month) (month) {mcm}) (mcm)
Historic, q 7.2 90 1568 2219
Chaleeraktrakoon {1999) uas MML
Mean, q 7.3 9.2 1564 2131
Std., s 0.3 0.4 88 100
Max, q;, 7.8 10.0 1774 2417
Min, Q00 6.6 8.0 1334 1893
RMSE 0.267 0.460 87.816 133.362
q+s 7.6 9.6 1652 2231
q-s 7.1 8.7 1476 2031
Chaleeraktrakoon (1999) uaz MOM
Mean, q 7.3 9.1 1552 2127
Std., s 0.2 0.4 70 103
Max, q;, 7.7 11.0 1699 2406
Min, Qo0 6.8 8.0 1397 1894
RMSE 0.233 0.426 71.314 138.866
q+s 7.5 95 1622 2230
q-s 7.1 8.7 1483 2023
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TABULLSIADI SVD/MAR (1) flauad mMFuantii W.3A A5t A Usa mean

Properties Mean D. Max D. Mean V. Max V.
(month) (month) {mcrn} (mcm})
Historic, q 7.3 11.0 578 935

LANAIATILADINTDIINITLINK Las MML

Mean, q 76 12.7 599 1070
Std., s 0.5 4.1 44 309
Max, q 8.8 24.0 697 1956
Min. G(s00) 6.4 10.0 499 809
RMSE 0.594 4.463 49,122 337.608
G+s 8.1 16.8 643 1379
G-s 7.1 8.5 554 761
uRnemasdsInTouminaiu uaz MOM
Mean, q 7.7 12.7 604 1071
Std., s 0.4 4.1 36 298
Max, q, 86 22.0 697 1870
Min, Qo) 6.8 10.0 526 854
RMSE 0.536 4.402 44 104 327.660
q+s 8.1 16.8 639 1369
q-s 7.3 8.7 568 773
UANAINALANTINA Uaz MML
Mean, q 7.7 13.2 604 1097
Std., s 0.4 4.4 40 324
Max, 8.6 22.0 697 1889
Min, Qeoo) 6.7 10.0 515 835
RMSE 0.577 4.906 48.218 362.670
q+s 8.1 17.6 645 1421
g-—s 7.3 8.8 564 772
uAnNAIN aTAnIH uaz MOM
Mean, g 7.7 12.5 601 1051
Std., s 0.5 4.2 47 . 309
Max, q;, 8.7 23.0 706 1919
Min, Gro0) 6.1 10.0 452 827
RMSE 0.650 4.417 52.434 330.110
G+s 8.2 16.7 648 1360
7.2 83 554 742

q—s
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Properties Mean D. Max D. Mean V. Max V.
{month) (month} {mcm) {mcm)
Historic, q 7.3 11.0 578 935
Chaleeraktrakoon (1999) uaz MML
Mean, q 7.7 12.9 598 1083
Std., s 05 4.5 43 334
Max, q., 8.8 23.0 705 1953
Min, G100 6.4 10.0 470 807
RMSE 0.562 4.860 47.864 365.080
q+s 8.1 17.4 642 1417
q-s 7.2 8.5 555 749
Chaleeraktrakoon (1999) uaz MOM
Mean, q 7.7 12.6 600 1074
Sid., s 0.4 4.3 37 333
Max, qy 8.8 220 709 1957
Min, Qo0 6.7 10.0 522 814
RMSE 0532 4.649 43.324 360.872
G+s 8.1 17.0 637 1407
q-—s . 7.3 8.3 ) 563 741
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Tasuvudnass SVD/MAR (1) Alanadmiuamii Y.1C Asz@uda mean

AR

Properties Mean D. Max D. Mean V. Max V.
(month) (month) (mcm) (mecm)
Historic, q 8.0 11.0 800 1142
uRnEIATHABINTaUINT BN LAz MML
Mean, q 8.2 15.4 821 1629
Std., s 0.5 54 49 558
Max, g, 9.7 33.0 982 3778
Min, Qoo 6.9 10.0 682 1076
RMSE 0.520 6.947 53.955 740.505
q+s 8.6 208 871 2187
G-s 7.7 10.0 772 1072
uan@IaTaAsInToanI B uaz MOM
Mean, G 8.1 16.1 816 1696
Std., s 05 5.0 51 541
Max, q;, 92 23.0 915 2517
Min, Q00 7.0 10.0 699 1046
RMSE 0.501 7.181 54.042 774.340
q+s 86 21.2 868 2237
q-s 7.6 114 765 1154
uANAINATININ KAs MML
Mean, § 8.2 15.9 824 1652
Std., s 0.4 53 47 535
Max, q;,, 9.2 34.0 944 3759
Min, Qoo 7.3 10.0 733 1042
RMSE 0.492 7.242 52.660 739.523
G+s 8.6 21.2 870 2187
q-s 7.7 10.6 777 1117
uanAIfiasao It uaz MOM
Mean, q 8.2 18.3 825 1599
Std., s 0.4 52 45 522
Max, qq, 9.5 33.0 950 3460
Min. Qrro0) 7.2 10.0 725 1048
RMSE 0.503 6.747 £2.063 693.934
q+s 8.6 20.5 a71 2121
§-s 7.8 10.1 780 1077
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lasuuuinaas SVD/MAR (1) Rilatiida & m3Uanii Y.1C AstAuda mean

Propetties Mean D. Max D. Mean V. Max V.
(month) {month) {mcm) {(mcm)
Historic, q 8.0 11.0 800 1142

Chaleeraktrakoon (1999) uaz MML

Mean, q 8.1 15.4 814 1637
Std.. s 0.4 54 45 544
Max, qy 89 320 903 3286
Min, Qqio0) 6.6 10.0 658 1050
RMSE 0.427 6.955 47.181 735.468
q+s 8.5 20.8 859 2181
g-s 7.7 10.1 770 1083
Chaleeraktrakoon {(1999) uaz MOM

Mean, q 8.1 16.3 813 1718
Std., s 05 5.6 47 566
Max, q;, 9.3 33.0 931 3407
Min, Q100 7.1 10.0 710 1013
RMSE 0.471 7.701 48.847 807.971
q+s 8.5 219 860 2285
q 7.6 10.7 766 1152

g-—s
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TauuyuItaas SVDIMAR (1) Alanadmiuaniit SK iszduda mean
Properties Mean D. Max D. Mean V. Max V.
{month) (month) {mcm) {mcm)
Historic. q 7.9 10.0 2400 3258
uAneATNAB NN Las MML
Mean, q 8.1 10.3 2481 3284
Std., s 0.2 1.8 96 546
Max, Qg 8.5 21.0 2660 6494
Min, Qoo 7.6 9.0 2232 2909
RMSE 0.302 1.792 126.285 546.839
q+s 8.3 121 2578 3830
q-—-s 7.9 8.6 2385 2738
wansaANADINTaanIuaiv uaz MOM
Mean, q 8.1 10.4 2488 3317
Std., s 0.2 2.1 N 556
Max, g, 8.7 21.0 2694 6093
Min, G100, 7.6 9.0 2206 2972
RMSE 0.305 2.101 126.884 §59.257
q+s 8.3 12.5 2579 3873
q-s 7.9 8.3 2397 2761
uan@INazaANIN Uas MML
Mean, § 8.1 10.0 2495 3222
Std., s 0.2 05 a7 133
Max, q, 8.5 11.0 2703 3584
Min, Qo0 7.7 9.0 2227 2914
RMSE 0.299 0.482 136.105 138.075
G+s 8.3 10.5 2592 3355
§—s 7.9 9.5 2399 3088
uANAINATANTI Las MOM
Mean, g 8.1 10.1 2490 3227
Std., s 0.2 1.5 73 428
Max, qq, 8.5 20.0 2691 6168
Min, Qoo 7.7 9.0 2296 2892
RMSE 0.289 1.477 115.182 428.667
J+s i3 11.6 2562 3654
8.0 8.7 2417 2799

Q-5
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Taguuud1ass SVDMAR (1) fidogian dmiuamil SK fiszdudaa mean

Propetrties Mean D. Max D. Mean V. Max V.
(month) {(month} (mem) {mcm}
Historic, q 79 10.0 2400 3258
Chaleeraktrakoon {1999) uar MML
Mean, q 8.1 10.3 2478 3288
Std., s 0.2 1.7 89 462
Max, G, 8.5 20.0 2674 5997
Min, Qoq) 7.4 9.0 2230 2972
RMSE 0.271 1.732 117.956 463.302
q+s 8.3 12.0 2566 3750
q-s 79 8.5 2389 2826
Chaleeraktrakoon (1999) uns MOM
Mean, q 8.1 10.2 2478 3226
Std., s 0.2 1.4 82 374
Max, q, 8.5 20.0 2648 5852
Min, G100, 7.5 9.0 2240 2904
RMSE 0.287 1.435 113.169 375.486
q+s 83 11.7 2560 3600
7.9 8.8 2396 2852

q—s
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Trunuusians SVDMAR (1) Atanadmiuaniii W.3A fszduda 1.25 mean

Y

Properties Mean D. Max D. Mean V. Max V.
{month) (month) {mem) (mecm)
Historic, q 8.4 11.0 841 1222
uan@RTNABIN oW HOAN uas MML
Mean, q 84 171 838 1778
Std., s 0.6 5.5 66 553
Max, q, 10.0 34.0 1017 3703
Min, Geon 7.1 10.0 700 1091
RMSE 0.615 8.185 65.682 784 233
G+s 9.0 22.6 904 2331
G-s 7.8 116 773 1225
unndrafdsanToanioain uaz MOM
Mean, § 8.4 17.2 840 1799
Std., s 0.6 6.1 66 611
Max, Q4 9.6 34.0 989 3643
Min, Qo0 6.9 10.0 690 1122
RMSE 0.586 8.721 66.337 840.994
q+s 9.0 23.3 Q07 2411
q—s 7.8 111 774 1188
UANAINATHNIN Uas MML
Mean, q 8.3 15.3 828 1598
Std., s 0.5 51 55 507
Max, q, 9.5 22.0 940 2456
Min, Qg 72 10.0 685 1096
RMSE 0.516 6.659 56.990 630.906
q+s 8.8 20.4 883 2104
G—s 7.8 10.1 772 1091
UANAINATADIR LAz MOM
Mean, q 8.3 16.5 838 1701
Std., s 0.5 58 56 - 562
Max, q, 9.6 34.0 975 3661
Min, Q100 6.9 10.0 688 1081
RMSE 0.520 7.973 56.206 738.106
F+s 8. 22.3 894 2262

G-s 7.8 10.8 782 1139
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Tasuuusians SVD/MAR (1) filiagidn dmiuani W.3A Aszduda 1.25 mean

Properties Mean D. Max D. Mean V. Max V.
{month) (month) {mcm) {mcm}
Historic, q 8.4 1.0 841 1222
Chaleeraktrakoon (1999) uaz MML
Mean, q 8.3 17.4 831 1817
5., s 0.6 6.3 66 8632
Max, qy, 9.8 35.0 1002 3785
Min, Qoo 7.0 10.0 686 1085
RMSE 0.612 8.950 66.363 868.182
q+s 8.9 23.7 897 2449
q-s 7.7 14 766 1185
Chaleeraktrakoon (1999) uaz MOM
Mean, q 8.4 17.0 837 1780
Std., s 06 55 66 546
Max, q;y 103 31.0 1053 2845
Min, Qo0 7.2 10.0 705 1096
RMSE 0.617 B.147 66.401 780.983
9.0 225 904 2326

7.7

11.6

1235
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Trounuitans SVDMAR (1) flanadmiuaniii Y.1C Ais=Auea 1.25 mean

Properties Mean D. Max D. Mean V. Max V.
(month) {(month) (mcm) {mcm)
Historic, q 8.8 11.0 1120 1510

LANAIATILALINTDUINTHINK UAaE MML

Mean, q 8.8 19.1 1141 2516
Std., s 0.5 4.8 64 630
Max, qqy) 10.0 34.0 1323 4382
Min, Q0 7.8 10.0 1009 1377
RMSE 0.501 9.439 67.314 1187.710
G+s 9.3 23.9 1205 3147
q-s 8.4 14.3 1077 1886
uAnGIATIALINTa NN LIAK uaz MOM
Mean, q 8.8 19.3 1139 2539
Std., s 04 54 61 707
Max, q;, 9.9 34.0 1294 4494
Min, Gio0, 7.4 10.0 953 1369
RMSE 0.443 9.873 64.214 1248.628
q+s 9.3 24.7 1201 3246
G-s 8.4 13.9 1078 1832
uan@Ifiazantii uasr MML
Mean, q 8.8 19.0 1139 2478
Std., s 0.5 57 61 714
Max, qp, 10.1 34.0 1328 4450
Min, Q10 7.7 10.0 989 1393
RMSE 0.469 9.784 64.240 1202.850
G+s 9.3 24.6 1200 3192
q-s 8.4 13.3 1077 1764
UANAIMNAzANTR uas MOM
Mean, q 8.8 189 1142 2490
Std.. s 0.5 5.5 62 702
Max, q., 10.5 45.0 1365 5865
Min, qsgq) 7.6 10.0 977 1409
RMSE 0.471 9.605 65.669 1205.322
G+s 9.3 24.4 1204 3191
8.4 13.4 1081 1788

q-s
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Troupudnass SVDMAR (1) Aflagidn dmiuaniil Y.1¢ Aszdudia 1.25 mean

Properties Mean D. Max D. Mean V. Max V.
{month) (month) {mcm) (mcm)
Historic, q 8.8 11.0 1120 1510
Chaleeraktrakoon {1999) ua: MML
Mean, q 8.8 19.1 1143 2518
Std., s 0.5 4.5 61 597
Max, g 10.0 32.0 1293 4019
Min, Qo0 7.8 10.0 976 1374
RMSE 0.461 9.281 65.062 1172.035
q+s 9.3 236 1204 3115
q-s 8.4 14.5 1083 1921
Chaleeraktrakoon (1999) uaz MOM
Mean, q 8.9 20.1 1153 2661
Std., s 05 5.8 64 749
Max, q, 11.1 34.0 1428 4614
Min, Qo0 7.9 10.0 1013 1394
RMSE 0519 10.815 72.027 1373.559
q+s 9.4 259 1217 3410

q-s 8.4 14.4 1088 1912
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Tasuuuintaas SVDMAR (1) fitanadmiuaniii SK N3=dudn 1.25 mean

Properties Mean D. Max D. Mean V. Max V.
{rmonth) {month) {mcm) {(mcm)
Historic, q 8.6 10.0 3484 4389

[ 2
LANAIASIALINTAUNTHINK LAz MML

Mean, q 8.7 12.5 3479 5027
Std., s 0.2 4.1 102 1480
Max, qq, 95 22.0 3730 9016
Min, Q400 8.2 10.0 3154 3987
RMSE 0.228 4.811 102.046 1611.228
G+s 8.9 16.6 3581 6507
G-—s 8.5 8.4 3377 3548
URANAIATIALINTBAINT LI KAz MOM
Mean, q 87 12.6 3491 5069
Std., s 0.2 42 108 1537
Max, q,, 9.3 22.0 3726 8982
Min, Qo0 8.2 10.0 3240 3796
RMSE 0.235 4958 108.436 1680.600
G+s 9.0 16.8 3599 6606
q-s 85 8.4 3382 3532
uanAMazanIi uas MML
Mean, q 87 12.0 3467 4831
Std., s 0.2 3.7 a5 1319
Max, q, 9.4 22.0 3852 8758
Min, G0 8.1 10.0 3162 3946
RMSE 0.213 4.201 86.125 1390.720
q+s 8.9 15.7 3562 6150
q—s 85 8.3 3373 3513
UANAINATHNIR UAZ MOM
Mean, q 8.7 11.7 3490 4795
Std., s 0.2 36 95 . 1289
Max, g 9.2 23.0 3669 8810
Min, Qgsony 8.2 10.0 3210 4035
RMSE 0.201 4.006 95.603 1351.488
G+s 8.9 15.3 3586 6084
8.5 8.1 3395 3506




128

S Y o - .
MT NS TRAIUATTUIMIILAIYBITBAKIVNTIHIADUUAT B DITaNAAIATIZE AAINIT

M -l - 'y - - [
Tauuvuinans SVDMAR (1) Aidegidn & mTuaniil SK Ais=Auda 1.25 mean

Properties Mean D. Max D. Mean V. Max V.
{month) {month) (mcm) {mcm)
Historic, q 86 10.0 3484 4389
Chaieeraktrakoon (1999) was MML
Mean, q 8.7 126 3471 5109
Sud., s 0.2 43 112 1592
Max, Q. 9.2 220 3745 8874
Min, Qo0 8.3 10.0 3206 4040
RMSE 0.235 5.063 112.332 1747.304
q+s 8.9 170 3583 6701
q-s 85 8.3 3360 3516
Chaleeraktrakoon (1999) uas MOM
Mean, G 8.7 123 3483 4967
Sud., s 0.2 42 114 1521
Max, q;, 9.4 320 3716 12137
Min, Q00 8.2 10.0 3263 4035
RMSE 0.233 4,799 114.441 1627.418
G+s 8.9 16.5 3597 6488
q-s 8.5 8.1 3368 3446
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Taauuud1a09 SVD/MAR (1) ftamadmiuantiit W.3A Asz@duda 1.5 mean

Properties Mean D. Max D. Mean V. Max V.
(month) {month) {mcm)} {mcm)
Historic, q 9.3 21.0 1139 2263

LWRNAIASIABINTININTHINW Uas MML

Mean, q 9.1 21.8 1116 2735
Std., s 0.6 6.8 87 839
Max, Q1 10.8 46.0 1339 5412
Min, Q100 7.7 11.0 955 1372
RMSE 0.674 6.829 90.058 962.360
G+s 9.8 28.6 1202 3573
d-s 8.5 15.0 1029 1896
uAnenATIALINT BT HINK LAz MOM
Mean, q 8.9 221 1091 2738
Std., s 0.7 6.7 89 848
Max, g, 10.6 46.0 1317 5890
Min, Qo0 7.4 11.0 891 1355
RMSE 0.790 6.816 101.164 971.495
G+s 9.6 28.8 1180 3585
q-s 8.3 15.4 1002 1890
UANAINATAONR La: MML
Mean, G 9.0 20.7 1107 2581
Std., s 06 5.0 83 633
Max, q, 104 35.0 1318 4458
Min, Qo0 7.7 10.0 941 1343
RMSE 0.664 5.045 89.433 709.103
q+s 9.6 25.7 1190 3215
G—s 8.4 15.6 1023 1948
uanaafiazanifi was MOM
Mean, G 9.1 20.1 1105 2487
Std., s 0.6 5.7 81 . B79
Max, q, 10.7 35.0 1339 4267
Min, Qeso0y 75 11.0 891 1349
RMSE : 0.676 5.736 87.868 715.269
g+s a7 257 1186 ) 3166

g8 8.4 14.4 1024 1808
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Trouuus1ans SVD/MAR (1) fiilagida e m3uantii W.3A fiseduda 1.5 mean

Properties Mean D. Max D. Mean V., Max V.
(month) (month) (mecm) {mcm)
Historic, q 9.3 210 1139 2263
Chaleeraktrakoon (1999) uaz MML
Mean, q 9.1 219 1108 2756
Swd., s 0.7 6.1 92 761
Max, q., 109 46.0 1346 5898
Min, Q100 7.4 10.0 874 1399
RMSE 0.759 6.144 96.863 907 459
q+s 9.8 28.0 1200 3518
q-s 84 158 1017 1995
Chaleeraktrakoon (1999) uaz MOM
Mean, q 9.1 20.9 1107 2610
Std., s 0.6 5.4 80 673
Max, q;y 11.0 46.0 1335 5791
Min, Qa0 7.6 11.0 915 1348
RMSE 0.680 5.364 86.361 756.733
q+s 9.7 26.3 1187 3282

q-s 8.4 155 1027 1937
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Tauuuuitans SVD/MAR (1) ftanad@m3uaniil Y.1C fiss@usia 1.5 mean

Properties Mean D. Max D. Mean V. Max V.
{manth} (month) (mecm) (mcm)
Historic, q 92 20.0 1447 3230

HANAIATIALINTDMINTHINK WAz MML

Mean, q 97 234 1525 3709
Std., s 0.6 6.1 93 903
Max, qg, 1.1 47.0 1778 6983
Min, Q100 8.3 11.0 1328 1756
RMSE 0.718 6.954 121.514 1022.171
g+s 10.3 29.5 1618 4612
q—s 9.1 17.3 1433 2806
uANdIATIEBINSBaINSBaTH LAz MOM
Mean, q 9.6 223 1507 3562
Std., s 0.6 47 94 725
Max, qy, 11.1 350 1756 5615
Min, quon 8.2 11.0 1279 1699
RMSE 0.678 5.202 111.815 797.386
q+s 10.2 26.9 1601 4287
q-—s 90 17.6 1413 2837
uANAIMAZANIN Laz MML
Mean, § 95 21.1 1495 3362
Std., s 05 4.5 87 691
Max, qy, 10.7 35.0 1690 5417
Min, Geoo) 8.4 11.0 1325 1718
RMSE 0.578 4.590 99.549 703.154
q+s 10.0 256 1582 4053
q—s 9.0 16.7 1408 2671
UANAINAZTOIA Uaz MOM
Mean, G 9.6 21.8 1509 3472
Std., s 0.6 4.5 94 - 698
Max, q, 10.8 35.0 1726 5448
Min, q100 8.0 11.0 1271 1766
RMSE 0.683 4.877 113.107 739.309
T+s 10.2 26.3 1603 4170
17.3 1415 2774

d-—s 9.0
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Tasuvud1aas SVD/MAR (1) Nilatidn §m3usoit Y.1C Astduda 1.5 mean

Properties Mean D. Max D. Mean V. Max V.
{month) {month) {mcm) (mcm)
Historic, q 92 20.0 1447 3230
Chaleeraktrakoon (1999) uaz MML
Mean, q 9.6 216 1502 3471
Std.. s 0.5 45 79 729
Max, q;y, 10.9 34.0 1739 5479
Min, Q0 8.5 11.0 1323 1733
RMSE 0.605 4.807 96.986 768.083
q+s 10.1 26.2 1582 4200
q-s 9.1 171 1423 2742
Chaleeraktrakoon (1999) uasz MOM
Mean, G 95 223 1502 3578
Std., s 06 6.2 93 971
Max, qy) 111 45.0 1754 7653
Min, Q00 8.5 11.0 1316 1684
RMSE 0.658 6.632 108.787 1031.136
q+s 10.1 285 1596 4548

di—s 9.0 16.0 1409 2607
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Tanuuudaos SVD/MAR (1) RtanadmSuanii SK Assauaa 1.5 mean

Properties Mean D. Max D. Mean Vv Max V
{(month) {month) {(mcm) {mcm)
Historic, qQ 9.2 11.0 4509 5543
WANGIASTIAEINT DN LIAK uaz MML
Mean, q 93 16.9 4585 8207
Std., s 04 6.4 183 2887
Max. g, 10.2 34.0 5084 16418
Min. Qo0 8.6 10.0 4189 5092
RMSE 0.387 8.703 198.731 3928.288
q+s 9.7 233 4769 11094
3-s 8.9 10.6 4402 5320
UANGIATIADINTDINT LI Uaz MOM
Mean, g 9.2 16.3 4568 7911
Std., s 03 54 1565 2508
Max, q 10.1 33.0 4899 15258
Min, Qso0, 8.4 10.0 4123 5192
RMSE 0.325 7.584 166.278 3449 580
g+s 9.6 21.7 4724 10419
q-s 8.9 10.9 4413 5403
UWANAINATADIN Uas MML
Mean, q 9.2 15.9 4570 7799
Std., s 0.3 52 180 2493
Max, g, 10.5 23.0 5244 11664
Min, g0 8.7 100 4131 5224
RMSE 0.349 7.133 190.144 3362.392
q+s 9.6 21.1 4750 10292
qa-s 89 10.6 4389 5306
UANAINATHOIN UAT MOM
Mean, q 9.3 16.2 4558 7833
Std., s 03 57 158 2608
Max, q,, 10.4 33.0 5071 15664
M. Q00 B.7 10.0 4172 5189
RMSE 0.342 7.711 165.307 3470 426
g+s 9.6 219 4716 10441
89 105 4400 5225

_T:_i—s
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Tauu.umnaaa SVD/MAR (1) NNDHIAN AMITIUA0IU SK ﬁs:nunn 1.5 mean

Properties Mean D.

Max D. Mean V. Max V.
{month) (month) {mecm) {mcm)

Historic, q 9.2 11.0 4509 5543
Chaleeraktrakoon {1999) uas MML
Mean, q 93 16.8 4570 8147
Std., s 03 56 158 2589
Max, qy, 10.2 33.0 4952 15951
Min, Quon 86 10.0 4110 5067
RMSE 0.327 8.012 169.406 3672.097
G+s 9.6 223 4728 10736
g-s 9.0 112 4412 5558
Chaleeraktrakoon (1999) ua: MOM
Mean, q 9.3 17.2 4573 8342
Sd., s 0.3 5.1 157 2388
Max, qg, 10.3 23.0 5106 11215
Min, Qo0 8.8 10.0 4231 5154
RMSE 0.315 8.049 169.990 3678.986
q+s 96 223 4730 10730
q-s 9.0 121 4416 5954
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LUUI1ASY SVDIMAR (1) Rlanadmiuaniii W.3A fistduda 0.75 mean

Properties Mean D. Max D. Mean V. Max V.
{month) {month) (mcm) {mcm)
Historic, q 23 5.0 596 1720

UANGIATILALINTDIINTHINK s MML

Mean, q 1.8 4.0 467 1238
Std., s 0.4 1.5 123 555
Max, g, 31 9.0 932 2974
Min, Qqoo) 1.1 2.0 257 466
RMSE 0.598 1.820 178.322 734714
G+s 2.2 5.5 590 1793
§—s 1.4 25 344 683
uanenadsImiauniooiu uas MOM
Mean, q 1.9 4.1 495 1226
Std., s 05 1.5 167 492
Max, q,, 4.3 8.0 1024 2820
Min, Qo0 1.1 2.0 96 267
RMSE 0.641 1.761 195.452 696.949
G+s 2.5 5.5 662 1718
g—-s 14 2.6 328 734
UANAINAZADIN UAT MML
Mean, q 1.8 4.3 460 1294
Std., s 0.5 2.1 155 641
Max, Qg 43 12.0 906 3241
Min, G100, 1.1 2.0 189 375
RMSE 0.662 2.221 206.072 769.719
G+s 23 6.4 614 1935
g-s 13 2.2 305 653
uANAINaTANIA uasz MOM
Mean, q 1.9 4.6 476 1346
Std., s 0.4 1.8 146 - 597
Max, g, 3.0 10.0 1070 3096
Min, Groo, 1.1 2.0 258 424
RMSE 0.551 1.822 189.197 704.862
qQ+s 2.3 6.3 622 1043
1.5 2.8 330 748
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UWUUIIADI SVD/MAR (1) Nidatiidy dvmTuanni WA 152 AUFR 0.75 mean

Properties Mean D. Max D. Mean V. Max V.
{month) {(month) (mem) {(mcm}
Historic, q 23 50 596 1720
Chaleeraktrakoon (1999) ua: MML
Mean, q 2.1 5.0 545 1550
Std., s 0.6 2.3 217 830
Max, g, 4.4 13.0 1693 5041
Min, G500y 1.2 2.0 177 512
RMSE 0.626 2.285 222.892 847.386
q+s 27 7.2 761 2380
q-s 1.5 2.7 328 719
Chaleeraktrakoon (1999) uaz MOM
Mean, q 1.9 4.4 505 1445
Std., s 0.4 1.7 161 727
Max, q;y, 33 10.0 1070 4253
Min, Qo0 1.0 1.0 199 440
RMSE 0.555 1.808 185.228 776.885
q+s 2.4 6.1 666 2171
15 27 344 718

Q-5
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uuuII[aay SVD/MAR (1) NIAURDFAINMITUFOIN Y. 1C NizAauar 0.75 mean

Properties Mean D. Max D. Mean V. Max V.
(month) (month}) {mcm) {mcm)
Historic, q 20 5.0 708 1805

LANAIATILAL INTININILINY Uas MML

Mean, q 1.7 38 571 1458
Std., s 04 1.4 150 603
Max, q, 2.8 8.0 1014 4408
Min. Q00 1.0 1.0 210 442
RMSE 0.478 1.847 203.781 695.290
q+s 2.1 53 721 2061
q-s 1.3 24 420 856
URNFIADIALINIDANI LI LAz MOM
Mean, g 1.6 34 536 1330
Std., s 0.3 1.3 151 488
Max, q;,) 2.7 9.0 1005 2767
Min, Q140 1.1 2.0 308 684
RMSE 0.499 2.009 228.984 681.694
q+s 19 47 688 1818
T-s 1.3 2.2 385 841
UANAINATANIN UAs MML
Mean, q 1.5 34 509 1358
Std., s 0.3 1.3 118 565
Max, ., 2.3 9.0 876 2932
Min, Qoo 1.0 1.0 209 381
RMSE 0.547 2.061 231.732 720.463
T+ 18 4.8 627 1923
G-s 1.2 2.1 391 793
UANAINATANTIR UAE MOM
Mean, q 1.6 3.5 517 1321
Std., s 0.3 1.3 135 - 524
Max, gy, 2.7 9.0 881 3923
Min, Qoo 1.1 2.0 268 594
RMSE 0.533 1.976 234.488 713.920
J+s 19 a8 652 1845
S—s 1.2 2.2 382 797
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“wuyuII]aI SVD/MAR (1) NiaiAN AMMIUANN Y.1C ""I\T:ﬂl.lﬂﬂ 0.75 mean

Properties Mean D. Max D. Mean V. Max V.
(month) {month) (mem) {mcm)
Historic, q 2.0 5.0 708 1805
Chaleeraktrakoon (1999) ua: MML
Mean, q 1.6 35 556 1379
Std., s 0.3 1.3 148 517
Max, q., 2.6 8.0 956 3682
Min, Q100 1.0 1.0 235 531
RMSE 0.486 1.943 212.299 669.997
G+s 19 48 705 1895
q-s 13 2.3 408 862
Chaleeraktrakoon (1999) ua: MOM
Mean, g 1.6 36 547 1444
Std.. s 03 1.3 161 592
Max, q;, 26 8.0 983 3824
Min. G100 1.1 20 227 556
RMSE 0.503 1.941 227.436 693.805
q+s 2.0 4.8 708 2036
g-s - 1.3 2.3 387 852
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WLVIIABI SVO/MAR (1) fllanadmSuaniil SK fis:duda 0.75 mean

Properties Mean D. Max D. Mean V. Max V.
{month) {month) {mcm) {mcm}
Historic, q 1.7 5.0 1129 3069

LANRAIATIAHINIBNINILINK Las MML

Mean, q 1.4 2.7 8908 2144
Std., s 03 1.4 291 1002
Max, Q. 2.7 11.0 1951 7518
Min. Qo0 1.0 1.0 450 736
RMSE 0.373 2.644 371.603 1364.099
G+s 18 41 1190 3146
3-s 1.1 14 607 1141
UANFIRTNATINTEUNIDIAW LAz MOM
Mean, § 1.4 2.5 819 1884
Std.. s 0.3 0.9 254 671
Max, q; 2.0 6.0 1457 3836
Min, Qo0 1.0 1.0 280 409
RMSE .39 2.676 400.040 1361.778
G+s 16 3.4 1073 2556
q-s 1.1 1.6 566 1213
uRNAINAzANIN uas MML
Mean, q 1.4 25 820 1982
Std., s 0.3 1.0 285 916
Max, q, 2.2 6.0 1762 5923
Min, Q100 1.0 1.0 191 371
RMSE 0.396 2.640 420.021 1421.492
q+s 1.6 3.5 1105 2899
q-s 1.1 16 535 1066
uanAINAazanIi uaz MOM
Mean, G 1.4 2.4 791 1858
Std., s 0.3 1.0 258 . 867
Max, g, 2.1 6.0 1476 4970
Min, G100 1.0 1.0 273 640
RMSE 0.412 2.753 425.129 1489.340
q+s 1.6 34 1049 2726
G—s 1.1 1.4 533 991
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LUUIIRDI SVD/MAR (1) nudtlad amiudaniu SK ﬁ‘i:ﬂﬂﬂﬁ 0.75 mean

Properties Mean D. Max D. Mean V. Max V.
(month) {(month) (mecm) (mcm)
Historic, q 1.7 5.0 1129 3069

Chaleeraktrakoon (1999) ua: MML

Mean, q 1.4 2.6 848 1994
Sd., s 03 1.1 279 813
Max, qy, 2.3 7.0 1528 4730
Min, Q00 1.0 1.0 a7 193
RMSE 0.385 2.608 395.879 1347.578
q+s 1.7 3.7 1128 2808
q-s 1.1 1.5 569 1181
Chaleeraktrakoon (1999) uaz MOM

Mean, q 1.3 25 799 1880
Std., s 03 1.3 257 1022
Max, qg, 2.2 9.0 1555 7301
Min, Q00 1.0 1.0 293 844
RMSE 0.430 2.858 417.900 1567.781
q+s 1.6 3.7 1056 2902
q 1.1 1.2 542 858

q-s
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RUUIIRBI SVDMAR (1) fitawadmiuaniii W.3A 15z duaa mean

Properties Mean D. Max D. Mean V. Max V.
{(month) {month) (mcm) (mcm}
Historic, q.' 23 6.0 1231 3297
UANAIATNAYINTAMNINTHINW UAaE MML
Mean, q 29 7.5 1245 3446
Std., s 0.8 27 416 1261
Max, Q. 4.7 15.0 2559 7133
Min, Qo0 1.3 2.0 416 1340
RMSE 0.969 3.093 415.789 1269.398
G+s 3.7 10.2 1660 4707
gq-—5s 2.1 4.7 829 2185
uanerASIABINIaNNTBIAK uaz MOM
Mean, q 29 7.2 1261 3489
Std., s 0.8 25 367 1339
Max, g, 6.4 16.0 2578 8578
Min, Qo0 14 3.0 591 1452
RMSE 1.005 2.785 368.736 1353.141
q+s 37 9.7 1628 4829
q-—-=5 21 4.6 893 2150
UANAITATHOIA Uas MML
Mean, q 3.1 7.9 1357 3841
Std., s 1.5 3.0 721 1654
Max, qg 13.0 21.0 6116 10841
Min, Qero0) 1.5 3.0 473 1361
RMSE 1.699 3.536 732.225 1741.487
q+s 46 10.9 2078 5495
g-s 1.7 4.8 636 2186
wan@aIfiazani uaz MOM
Mean, q 3.0 7.6 1273 3643
Std., s 1.0 2.9 506 1514
Max, q 9.0 23.0 4447 11085
Min, Q00 1.4 3.0 580 1183
RMSE 1.204 3.359 507.832 1552.865
g+s 4.0 10.6 1779 5157
= 2.1 4.7 767 2129

q—-s
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UUUIIaDI SVD/MAR (1) 'ﬁﬁaglh
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AN FINTUTOU

A W L
W.3A NIZALUARA mean

Properties Mean D. Max D. Mean V. Max V.
{month) {(month) (mem) {(mcm)
Historic, q 23 6.0 1231 3297
Chaleeraktrakoon {1999) uaz MML
Mean, q 29 8.2 1255 3986
Std., s 0.9 37 451 2113
Max, qg 52 250 2279 13201
Min, G100 1.2 3.0 400 1065
RMSE 1.059 4287 451.597 2222.651
q+s 38 11.9 1706 6099
q-s 2.0 45 804 1873
Chaleeraktrakoon (1999) uaz MOM
Mean, q 29 75 1250 3610
Std., s 0.9 33 476 1791
Max, g, 6.2 18.0 2931 10314
Min, Q00 15 20 537 1340
RMSE 1.088 3.659 476.081 1818.395
q+s 3.8 10.8 1726 5401
2.0 4.2 775 1818

q-s
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UWUUSIA0I SVD/MAR (1) MARDFAMTUN0IR ¥.1C AssAuda mean

Properties Mean D. Max D. Mean V. Max V.
(month) (month) {mcm) {mcm)
Historic, q 29 12.0 1583 6078
unn@RsHALINTaNITBIAM waz MML
Mean, q 2.6 6.6 14086 3852
std., s 0.6 23 407 1292
Max, Q) 43 12.0 2721 7509
Min, Qo0 1.4 2.0 584 1604
RMSE 0.714 5.826 443.442 2574.164
q+s 3.2 89 1813 5143
q-s 1.9 4.4 1000 2560
unnaindsInTo S uIAn uaz MOM
Mean, q 25 6.4 1358 3774
Std., s 0.6 2.2 382 1398
Max, . 4.4 16.0 2496 9246
Min, Qo0 14 2.0 681 1662
RMSE 0.731 6.055 443318 2695.379
G+s 3.2 8.6 1739 5172
G-s 1.9 4.1 976 2376
URANATINAZHNII URS MML
Mean, G 26 6.9 1426 3977
std., s 0.8 2.4 512 1593
Max, g, 7.0 14.0 3942 8979
Min, Q100 1.5 3.0 650 1364
RMSE 0.857 5613 £35.570 2637.390
q+s 35 9.3 1938 5570
G-s 1.8 45 914 2383
UANAIARATANIR UAE MOM
Mean, § 27 6.7 1400 3716
Sid., s 0.7 25 407 1300
Max, g, 55 15.0 2950 8548
MIn. Qus00) 1.5 3.0 799 1508
RMSE 0.716 5.884 445817 2696.424
G+s 3.4 9.2 1807 5017
20 4.2 994 2416

q-s
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uLUSIA89 SVDMAR (1) Ao gian dmiuamil Y.1C Aiszduda mean

Properties Mean D. Max D. Mean V. Max V.
{month) (month) {mcm) {mem)
Historic, q 29 12.0 1583 6078
Chaleeraktrakoon (1999) uaz MML
Mean, q 24 6.3 12832 3580
Std., s 0.6 24 359 1439
Max, g, 46 15.0 2181 7664
Min, Qo0 1.2 2.0 609 1224
RMSE 0.738 6.185 467.916 2883.332
q+s 3.0 88 1642 5019
9-s 18 39 924 2141
Chaleeraktrakoon (1999) uaz MOM
Mean, q 2.6 6.6 1418 3777
Sud., s 0.6 26 408 1489
Max, g, 4.1 15.0 2495 8502
Min, G100 1.3 3.0 624 1354
RMSE 0.684 5.951 439.494 2741.095
q+s 33 9.2 1826 5265
20 4.1 1011 2288

q-s
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UUUIIAaBI SVD/MAR (1) YiHaRaAMIUAINIH SK ﬁszﬂumn mean

Properties Mean D. Max D. Mean V. Max V.
(month) (month) (mcm) (mcm)
Historic, q 24 9.0 3104 14677

UWANAIATIALINTDINTINW LAz MML

Mean, q 25 6.3 3183 8948
Std., s 0.7 2.1 1013 3258
Max, q;, 5.7 15.0 6936 21313
Min, Gy00) 15 . 30 1354 3160
RMSE 0.690 3.437 1015.908 6590.139
q+s 3.2 8.4 4196 12206
G—s 1.9 42 2170 5691
umn@aiodsandoumIsaiu uaz MOM
Mean, q 25 6.0 3108 8487
Std.. s 0.6 2.1 859 3192
Max, q, 4.0 15.0 5199 18313
Min, Quo0) 14 3.0 1244 3181
RMSE 0.591 3.627 858.771 6964 .498
G+s 3.0 8.1 3967 11680
q-—5 1.9 4.0 2249 5295
UANAINATAOR Uas MML
Mean, q 2.6 6.5 3243 8680
Std., s 0.7 2.1 983 3059
Max, g,y 5.0 14.0 6620 18901
Min, Qo0 1.2 2.0 1144 3634
RMSE 0.715 3.324 993.207 6732.333
q+s 3.3 8.6 4226 11739
G—s 2.0 43 2259 5621
uAnAIfiazanit uas MOM
Mean, G 2.6 5.9 3042 7807
Std.. s 0.8 2.2 992 T 2995
Max, qq, 6.4 15.0 7501 19191
Min, Qoo 15 3.0 1265 2771
RMSE 0.795 3.833 993.519 7494.867
q+s 3.3 8.1 4034 10802
q-—s 1.8 3.7 2051 4812
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UUUI1ADI SVD/MAR (1) fisatifn SmTuaniit SK fissduda mean

-
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Properties Mean D. Max D. Mean V. Max V.
{month) {month) (mem) (mcm)
Historic, q 2.4 9.0 3104 14677

Chaleeraktrakoon (1999) uas MML

Mean, qQ 25 6.3 3007 8434
Std., s 0.6 2.7 856 3241
Max, qg, 47 15.0 5335 18479
Min, g,100) 1.3 2.0 1280 3782
RMSE 0.648 3.825 861.076 7034.492
q+s 3.1 9.0 3863 11675
q-s 1.8 3.6 2152 5193
Chaleeraktrakoon (1999) ua: MOM
Mean, qQ 25 6.2 3141 8582
Std., s 0.7 25 1069 3714
Max, qg, 53 16.0 7840 22309
Min, Q00 1.3 2.0 1471 3786
RMSE 0.746 3.755 1069.477 7137.020
q+s 33 8.7 4210 12296
1.8 3.7 2072 4869

q—-s
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WULVIaBI SVD/MAR (1) MIAKDAMILADTU W.3A 'Fll‘i:ﬂUGIﬂ 1.25 mean

Properties Mean D. Max D. Mean V. Max V.
{month) (month) {mcm) {mcm)
Historic, g 4.1 12.0 2472 10116

RARTIRTILALINTDIINTHINK URE MML

Mean, q 4.8 10.9 3075 7352
Std., s 2.4 4.4 1619 3142
Max, q 21.0 34.0 13882 24281
Min, Qoo 2.0 5.0 1188 2925
RMSE 2.467 4567 1728.023 4184.357
q+s 7.2 153 4694 10494
g-s 24 6.5 1455 4210
uaneATatAEIMIaaNIBIK uas MOM
Mean, § 47 11.4 2986 7497
Std., s 16 42 1117 2801
Max, Qg 9.5 24.0 6131 17613
Min, Quso0 22 5.0 1223 2675
RMSE 1.664 4.281 1229.759 3834.803
G+s 6.3 157 4103 10298
q-s 3.1 7.2 1869 4696
UANAINATADINR Uas MML
Mean, § 45 11.5 2801 7631
Std., s 1.4 4.0 1038 2807
Max, Qg 10.0 24.0 7078 16639
Min, Q400 2.3 4.0 1316 2573
RMSE 1.484 3.990 1088.771 3748.568
a+s 5.9 15.4 3839 10438
G-s 3.1 7.5 1764 4825
uAnAINazanIn uaz MOM
Mean, G 5.1 12.3 3158 8326
s, s 1.9 49 1270 . 3465
Max, q,, 11.0 27.0 7126 17358
Min, Qo0 1.9 4.0 1089 2239
RMSE 2.105 4.891 1443.784 3900.026
G+s 7.0 17.2 4428 11790
7.5 1888 4861

G—s 3.2
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UYUIIRBI SVD/MAR (1) Niotdn smivani w.aa fiszAudia 1.25 mean

Properties | Mean D.

Max D. Mean V. Max V.
{month) {month} {mcm) {mcm)
Historic, q 4.1 12.0 2472 10116
Chaleeraktrakoon (1999) uas MML
Mean, q 4.7 11.5 3013 8122
Std., s 1.8 4.4 1361 3767
Max, q, 13.0 220 8270 18071
Min, Qo0 1.8 4.0 1008 2947
RMSE 1.876 4424 1464.538 4261.836
q+s 6.5 156.9 4374 11889
q-s 29 71 1653 4356
Chaleeraktrakoon (1999) uas MOM
Mean, q 4.5 114 2859 8036
Std., s 14 3.9 1000 3055
Max, q,,, 98 23.0 6353 17276
Min, Q100 22 6.0 1244 3022
RMSE 1.410 3.987 1072.454 3695.869
q+s 58 15.3 3859 11091
7.5 1858 4981

q—s 31
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UUUS1a8s SVD/MAR (1) Ttanad miuanii Y.1C f1:aueaa 1.25 mean
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Properties Mean D. Max D. Mean V. Max V.
{month) {month) {mcm) {mcm)
Historic, q 31 12.0 2622 10892
uansaaadsIniaannIoain uaz MML
Mean, q 4.4 10.5 3444 8711
Sid., s 1.9 5.0 1598 4041
Max, ) 13.3 33.0 10750 25322
Min, Qo0 2.2 4.0 1527 3564
RMSE 2.246 5.241 1797.354 4592.278
q+s 6.2 15.5 5042 12752
q-s 2.5 55 1847 4670
uRn@IATI A INToMNI DU UaE MOM
Mean, q 4.3 10.5 3395 8641
Std., s 1.5 43 1280 3260
Max, q, 9.8 340 7564 23417
Min, G100 2.2 5.0 1687 3646
RMSE 1.922 4.617 1495.908 3961.770
q+s 58 14.8 4676 11901
§-s 2.8 6.1 2115 5381
wANAINITADIR Uaz MML
Mean, q 4.2 10.6 3258 8592
Std., s 1.7 3.9 1388 3352
Max, g, 13.0 24.0 10666 20372
Min. Qo0 2.1 5.0 1513 3696
RMSE 2.005 4.151 1527.402 4064.966
q+s 5.9 14.5 4647 11944
q-—-s 25 6.7 1870 5241
uANAINazan I kas MOM
Mean, q 4.4 105 3455 8706
Sd., s 1.6 3.9 1315 3464
Max, G, 9.8 | 23.0 8384 20213
Min, q100) 2.4 5.0 1837 4201 -
RMSE 2.042 4.202 1557.240 4096.712
G+s 6.0 14.5 4771 12170
29 6.6 2140 5241

q—s
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UULIIADY SVD/MAR (1) Nidatidn amIuanii Y.1C As=AUAA 1.25 mean

Properties ' Mean D. Max D. Mean V. Max V.
(month) {month) {mecm) {mecm)
Historic, q 31 12.0 2622 10892
Chaleeraktrakoon (1999) uaz MML
Mean, q 4.4 10.4 3438 8521
Std., s 1.8 4.2 1584 3590
Max, q, 13.7 27.0 10963 20243
Min, Q400 2.3 5.0 1869 3316
RMSE 2.268 4.460 1781.685 4302123
q+s 6.2 14.5 5022 12110
q-s 25 6.2 1854 4931
Chaleeraktrakoon (1999) uaz MOM
Mean, q 4.1 10.3 3267 8460
Std., s 1.3 36 1098 3243
Max, q 10.0 24.0 8232 22281
Min, Qo0 22 5.0 1661 3291
RMSE 1.650 3.958 1273.746 4053.659
G+s 5.4 13.8 4365 11702

3-s 2.8 6.7 2168 5217
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UULRIABY SVD/MAR (1) MARDANIUANIHK SK NTaUaa 1.25 mean

.t

Properties Mean D. Max D. Mean V. Max V.
(month) (month) (mcm) (mcm)
Historic, g 51 12.0 10257 30784
uanezaistdnanaundein uaz MML
Mean, q 6.1 135 13033 29764
Std., s 33 56 7548 12046
Max, g, 21.0 37.0 49857 74531
Min, Geoo) 2.7 5.0 4267 10944
RMSE 3.463 5812 8042.007 12088.948
q+s 94 19.1 20581 41809
G—s 28 7.8 5486 17718
unndaTudsIndounIBIin uaz MOM
Mean, q 57 13.0 12042 28452
Std., s 2.7 52 5770 11206
Max, Qg 21.0 35.0 44024 71014
Min, Qoo 2.0 50 3469 9328
RMSE 2.736 5.299 6039.881 11446.247
q+s 84 18.2 17812 39658
q-s 3.0 7.8 6272 17246
usnAINazanIR uaz MML
Mean, q 5.5 1341 11470 27820
Std., s 1.8 5.2 3929 10942
Max, g, 13.7 36.0 29053 72247
Min, Qg 2.9 5.0 5241 9816
RMSE 1.821 5.288 4112.485 11336.832
G+s 73 18.3 15400 38762
gq-s 3.7 7.9 7541 16878
uanAINazanIi uaz MOM
Mean, q 6.0 13.2 12482 28385
Std., s 3.2 55 6842 12544
Max, q, 20.5 36.0 42412 75896
Min, Qo0 2.6 6.0 5108 13449
RMSE 3.294 5.645 7194 626 12771.582
q+s 9.2 18.7 19324 40929
28 7.7 5641 15841

q-s
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uuud1aBI SVD/MAR (1) Aiiagids dmFuanifi SK Aszdudn 1.25 mean

Properties ' Mean D. Max D. Mean V. Max V.
{month) (month) {mcm) {mcm)
Histonric, q 5.1 12.0 10257 30784

Chaleeraktrakoon (1999) uaz MML

Mean, q 55 12.6 11518 27025
Std., s 22 46 5231 10456
Max, qq, 13.7 35.0 32791 81360
Min, Q(100) 25 5.0 4225 11175
RMSE 2252 4,626 5380.491 11111.178
q+s 7.8 17.2 16749 37481
q-s 33 8.0 6287 16569
Chaleeraktrakoon (1999) uasz MOM
Mean, q 55 133 11549 28301
Std., s 19 5.0 4157 10944
Max, Qg 13.7 31.0 30034 65630
Min, Q00 3.0 6.0 5878 13083
RMSE 1.913 5153 4352.836 11222 648
q+s 7.4 18.3 15706 39246
36 8.3 7392 17357

q—s
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RULS188Y SVD/MAR (1) Atanadmiuanii W.3A flsz@duda 1.5 mean

Properties 3 Mean D. Max D. Mean V. Max V.
(month) (month) {mcm) {mcm)
Historic, g 5.8 15.0 5118 16380
uandrafsAsInTaumIaain uas MML
Mean, q 6.8 15.2 5864 13831
Std., s 27 5.9 2357 5388
Max, q, 18.5 34.0 13330 30561
Min, Qo0 3.2 6.0 2645 6488
RMSE 2.866 5.878 2472.130 5860.953
q+s 9.5 211 8221 19220
q-s 4.0 9.3 3507 8443
uandaTaduaniounduonu uaz MOM
Mean, q 7.4 15.8 6385 14164
Std., s 3.6 6.3 3364 5824
Max, q, 21.0 41.0 19535 37378
Min, Qo0 3.1 5.0 2285 4620
RMSE 3.975 6.378 3594.391 6231.334
q+s 11.1 22.1 9749 19988
G-s 3.8 9.5 3021 8340
uANAINATANIR uas MML
Mean, q 7.4 16.1 6504 14753
Std., s 46 5.8 4644 6121
Max, Q4 41.0 41.0 41392 41392
Min, Gero0) 2.9 6.0 2167 4700
RMSE 4.860 5.943 4846.721 6333.938
q+s $2.0 22.0 11148 20875
q-s 2.8 103 1860 8632
UANAINATADIR UAS MOM
Mean, Q 8.2 16.5 7075 14773
Std., s 4.0 6.2 3746 5862
Max, Qg 21.0 36.0 20158 33421
Min, G0 3.1 7.0 2409 5577 .
RMSE 4.679 6.393 4226.530 6078.048
g+s 12.2 22.7 10821 20635
4.1 10.3 3328 8911

q-s
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KUUIIRAI SVD/MAR (1) Ndatiian S miuaniid W.3A fiszduda 1.5 mean

Properties . Mean D. Max D. Mean V. Max V.
{month) (month) {mcm) (mcm)
Historic, q 58 15.0 5118 16380
Chaleeraktrakoon {1999) uaz MML
Mean, q 7.8 16.6 6846 15036
Std., s 4.2 6.9 4045 66938
Max, q 21.0 39.0 20940 35374
Min, Q00 2.9 5.0 1842 5000
RMSE 4.628 7.076 4398.844 6831.946
q+s 12.0 23.5 10891 21735
q-s 3.6 9.7 2801 8338
Chaleeraktrakoon (1999) uaz MOM '
Mean, q 7.4 171 6382 15410
Std., s 34 6.5 23940 5787
Max, qy, 21.0 38.0 17630 31705
Min, Q400 2.7 5.0 1842 5400
RMSE 3732 6.863 3200.213 5867.821
G+s 10.8 236 9322 21197
q-5 4.0 10.5 3442 9623
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- F‘ o L ™) | L ¥} L=
UUUSI1A89 SVD/MAR (1) Alanad mMiuaniit ¥.1C Aszauan 1.5 mean

Properties N Mean D. Max D. Mean V. Max V.
(month) (month) (mcm) {mcm)
Historic, q 44 12.0 4946 15706
uAnAIRALINTaNI BTN uar MML
Mean, G 6.7 14.8 7183 16181
Std., s 29 5.7 3204 6455
Max, g 21.0 30.0 22019 34397
Min, Qo0 29 7.0 3150 7739
RMSE 3.719 £6.388 3907.797 6472.837
q+s 9.6 20.5 10387 22637
qg-s 38 9.0 3979 9726
uANGIRIAEINTDaINT DI K Uas MOM
Mean, q 7.4 14.9 8011 16433
Sid., s 4.8 6.5 5708 7449
Max, 43.0 43.0 50675 50675
Min, Qoq) 3.0 5.0 2882 6066
RMSE 5.693 7.081 6478.809 7483.924
q+s 12.2 21.4 13719 23882
q-s 25 8.4 2303 8985
UANAINAZIOA Uas MML
Mean, q 6.7 145 7145 15910
Std., s 3.0 59 3385 6582
Max, q, 21.0 32.0 23727 37754
Min, G100 3.3 6.0 3334 6787
RMSE 3.761 6.445 4036.915 6585.313
q+s 97 20.5 10530 22492
q-—s 3.7 8.6 3760 9328
uanAMazanIi uaz MOM
Mean, G 6.9 15.1 7479 16698
Std., s 29 59 3193 . 6409
Max, g, 21.0 40.0 23065 43435
Min, Grooy 2.5 5.0 2962 6881.
RMSE 3.832 6.605 4075.656 6485.489
q+s 9.8 20.9 10672 23107
G—s 4.1 9.2 4286 10289
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uuUIIaay SVD/MAR (1) Nilagidn & msuan il Y.1C fiszAuda 1.5 mean

Properties . Mean D. Max D. Mean V. Max V.
{month) {month) (mcm) (mcm)
Historic, q 4.4 12.0 4946 15706
Chaleeraktrakoon (1999) us: MML
Mean, q 7.0 146 7455 16079
Sd., s 3.5 6.3 3831 6893
Max, q 21.0 37.0 23525 42267
Min, Q00 26 5.0 2617 5572
RMSE 4.342 6.813 4579.913 6903.090
q+s 10.4 209 11286 22972
g-s 35 8.4 3624 9186
Chaleeraktrakoon {1999} uaz MOM
Mean, q 7.2 15.8 7694 17443
Std., s 35 56 3781 6529
Max, gy 21.0 32.0 25041 41974
Min, Qoo 28 6.0 2875 7604
RMSE 4474 6.789 4674.560 6755.898
q+s 10.7 21.4 11475 23972

§—s 3.7 10.2 3913 10914
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UUUS1IAaDI SVD/MAR (1) Mlanadmiuanii SK fisz@duda 1.5 mean

Properties Mean D. Max D. Mean V. Max V.
{month) {month) {mcm) {(mcm)
Historic, q 7.8 19.0 24622 62931
UANGIATUADINTBIINTBM waz MML
Mean, q 11.8 21.0 37333 67159
Std., s 6.6 7.9 21748 26551
Max, q; 43.0 43.0 141011 141011
Min, Q00 39 7.0 10587 19525
RMSE 7.699 8.174 25189.566 26885.877
q+s 18.4 28.9 59080 93711
q-s 5.2 13.0 15585 40608
uAnGIRTIA LIS TR uaz MOM
Mean, q 12.9 22.0 40731 69511
Std.. s 8.8 9.0 28640 29979
Max, q, 43.0 43.0 147612 147612
Min, g0 4.1 7.0 13239 25096
RMSE 10.159 9.532 32859.081 30692.667
q+s 21.7 31.0 69371 99490
g-s 4.1 13.0 12091 39532
UANAINALADTIR Uaz MML
Mean, q 12.3 22.0 38573 69394
Std., s 7.0 8.3 23950 28079
Max, q, 43.0 43.0 158008 158008
Min, Gyig0) 4.7 9.0 12102 29747
RMSE 8.286 8.815 27716.606 28813.463
q+s 19.2 30.3 62523 97474
q—s 5.3 13.6 14624 41315
wANAINAZANIA Uaz MOM
Mean, q 14.0 222 44244 70640
Std., s a3 9.0 29683 - 28957
Max, Gy 43.0 43.0 144113 144113
Min, Q100 4.5 7.0 14174 24325
RMSE 11.204 9.550 35581.775 29965.629
q+s 23.3 31.2 73927 99597
q-s 4.7 133 14562 41683
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uuuIIaa9 SVD/MAR (1) nuogAM #&MMIuanIN SK ﬁi:ﬂuaﬁ 1.5 mean

Properties ' Mean D. Max D. Mean V. Max V.
{(month) {month) {mcm) {mcm)
Historic, q 7.8 19.0 24622 62931

Chaleeraktrakoon (1999) ua: MML

Mean, § 13.1 21.9 41767 69313
std., s 8.8 8.6 29084 29359
Max, g, 43.0 43.0 147096 147096
Min, Qo0 4.1 9.0 11937 26582
RMSE 10.266 9.106 33760.989 30045.045
q+s 21.9 30.6 70851 98673
§g-s 4.3 13.3 12684 39954
Chaleeraktrakoon (1999) uaz MOM

Mean, § 11.6 21.9 36646 70443
std. s 5.7 7.6 18668 24875
Max, G, 43.0 43.0 139237 139237
Min, Qo0 3.4 6.0 11253 22788
RMSE 6.840 8.153 22204.385 25984.083
g+s 17.3 29.5 55313 95317
q-s 5.9 14.2 17978 45568
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Parameter reduction of decomposed MAR(1) procedure

Chavalit Chaleeraktrakoon & Raviwan Artlert
Department of Civil Engineering, Thammasat University, Pathumnthani, Thailand

ABSTRACT: Generation of multisite seasonal flows that can reproduce the flow propertics at
various aggrepate fime scales has often encountered the problem of parameter estimation. The
number of parameters may castly exceed available flow data. This paper proposes a new scheme
for reducing the parameters of a stochastic procedure (i.e., singular value decomposition
combined with multivariate autoregressive model of order one}. The proposed approach uses the
criterion of percentage cumulative variance to select the significant!ly standardized principal
components, and fits the autoregressive model to the significant ones. 1t was applied to four
sequences of monthly flows in the Chao Phraya river basin. Results have demonstrated that the
proposed scheme has less parameters than the existing one. Further, it can preserve the basic
statistics, and some drought related properties of historic monthly and annual flows adequately.

KEY WORDS: Scasonal flow gencration, Singular value decompasition (SVD), Multtvariate
AR(1) [MAR(1))

LLINTRODUCTION

Seasonal flows are basic information for planning, design and operation of various water
resource systems. They may be used for estimating reservoir storage capacitics, optimal
operating policies and long-term deficit risks in water supply and hydroelectric generation. To
obtain reliable estimates of the system characteristics, simulation studies of water resources
systems against many samples of gencrated flows at multiple sites are usually suggested in
practice. Often, most simulation studies require generated flows that reproduce the means,
standard deviations, temporal and spatial correlation cocfficients and skewness coefficients of
historic flows at various aggregation time scales. The requirements may cause problems when
modeling historic seasonal flows at a number of sites simuitancously, The number of model
parameters may easily exceed available flow data.

Several condense disaggregation models are widely used to generate multisite seasonal flows
(e.g.; Lane, 1982; Grygier and Stedinger, 1988; Santos and Salas, 1992). Recently,
Chaleeraktrakoon (1999) has proposed an alternative stochastic procedure for modeling such
flows. The procedure transforms the matrix of normalized seasonal flows inte 1ts standardized
principal components (SPC) with singular value decomiposition (SVD), and fits the first order of
multivariate autoregressive model [MAR(1)] to the SPC matrix. When dealing with
seasonalflows at the large number of locations, the SVD/MAR(1) procedure has reduced the
number of parameters by modcling the MAR(1) to cach sub-matrix of successive SPC.

A new scheme for reducing the SVD/MAR(}} parameters is proposed in this study. The
proposed method uses the cnterion of cumulative variance to separate the SPC matrix into
statistically significant SPC and remaining noises, and model the MAR(1) to the significant one.
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Table.1: Number of parameters and degrees of freedom of the multisite
SVD/MAR(1) procedures {Chao Praya data)

Model Number of parameters Degrees of freedom
Silnullzlnco{ié:agéomposilion 242 25
Stage-decomposition 1058 13
Chaleerakirakoon(1999) 914 24

Table.2: Comparison of month (o0 month correlation coefficients of generated
and historical flows at station Y.1C.

Month | 2 3 4 5 6 7 8 9 10 11 12

g 045 0.163 0.484 0.113 0.439 0.490 0.562 0474 0594 0.747 0808 0.719
Sinmltaneous decomposilion

q 0.235 0347 0368 0.230 0.44] 0429 0369 0570 00659 0740 0.843 0.748
s 0184 0178 0162 0199 0162 0.1%4 0116 6.139 0.082 0.069 0,068 0.097
g +s 0439 0526 0530 0429 0603 0583  0.685 0709 0.74] 0809 0912 0.845.
g -5 0.071 0169 0.206 0.031 0.279 0.275 0.453 0431 0577 0671 0.775 0652
Stage decomposilion

7 0268 0340 0375 0260 0408 039 03531 0524 0622 0715 0826 0720
3 0.167 0.165 0160, . 0195 0182 0157 0135 0,138 0.09 0069 ELUSS 0.093
G+s 0435 0.505 0.534 0455 0.590 0.552 0666 0661 0715 0784 0.884 082]
q-s 0101 0176 0215 0065 0227 0239 0395 038 0528 0.645 07768 0.632
Chaleeraktrakoon (1999)

q 0311 0353 0387 023 0457 0421 0.551 0569 0645 0.731 0.848 0.741
5 0.164 0180 0177 0200 0.1 0140 0125 0126 0.083 0038 0.001 0.104
ges 0475 0533 0365 0457 0648  0.506] 067 0694 0.729 0788 0.909 0845
g-s 0.148 G172 0210 005 0266 0280 0426 0443 05062 (0673 0787 0.637

The existing and proposed approaches are compared using four monthly flow sequences (n the
Chao Phraya river basin. Results have shown that the number of parameters for the proposed
scheme 1s smaller than that for the existing one. Further, it can preserve the basic statistics and
drought properties of historic flows at monthly and annual time scales adequately.

2.PROPOSED MULTISITE SVD/MAR(1) PROCEDURE

Let O = [Q..] = an p x no matrix of seasonal flow data at multiple sites where p = the available
record period in years, » = the number of sites, and @ = the number of seasons. The proposed
SVD/MAR(]) procedure begins with transforming the scasonal flow matrix  into the

normalized flow matrix X flows as (Loucks, et al_, }981):

/th = }‘n[Q\J’I - a\']

(0

wherc a, = the lower bound parameter of a lognormal distribution during each site and season |
and T = 1, ..., nw. The parameter a,is estimated by quantile lower-bound estimation method

(Stedinger, 1580):

X DX (p)) (X (m))”
C X ()X (p) 2X,(m)
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Table 3: Companson of monthly cross correlation coefficients of generated
and historical flows at station P.12 and Y.1C.

Month 1 2 3 4

5 6 7 8 9 10 11 12
q 0.132 0491 0.5600.684 0.757 0563 0.533 0819 0.569 0.546 0.322 -0.003
Simultaneous decomposition
q 0.167 0350 03090673 0.683 0561 0.532 0.75¢ 0.606 0.509 0355 0.034
8 0.185 0.168 0136 0.126 0.122 0.13¢ 0.130 0.079 0.123 0.133 0.8 0.18)
g +s 0352 0.517 06450799 0.805 0.696 0.662 0835 0.729 0662 0539 0215
g -5 -0.019 0.182 0373 0.547 0562 0425 0400 0.677 0.482 03356 0.}71 -0.148
Stage decomposition
g 0.048 0.202 04550302 0472 0446 038G 0703 G504 0303 0281 0.096
8 0.176 0.147 0.1350.159 0.142 0152 0.130 0.102 0.133 0205 0175 0.222
g+s 0224 0349 05890660 0614 0598 0511 0805 0.637 03083 0.457 0.318
g-%  -0.128 0.055 03200343 0330 029 0250 0600 0370 0098 0106 -0.126
Chaleerakirakoon (1999)
7 0.172 0.352 0.542 0.637 0.665 05347 0549 0.75% 0607 0.523 0347 0.038
s 0.190 0.161 0.131 0.137 0.109 0.121 0.118 0.073 0.106 0.142 0163 0.160
g+s 0363 0513 06740773 0.774 0.668 0.667 0.832 0.713 0.665 0.510 0.19%
g-s5s  -0.018 0.192 0.411 0.500 0.556 0.426 0.431 0.685 0.501 0.380 0.185 -0.121

Table 4: Comparisen of annual aulo-correlation coefficients of generated and historical flows.

Station P12 WA Y.1C SK

q 0.174 0.281 -0.097 £0.027
Simullanzous decomposilion

g 0227 0.169 -0.016 -0.019
5 0.135 0.168 0.168 0.171

g +s 0.382 0.337 0.152 0.152

g -s 0.072 0.000 -0.184 -0.191
Stage decomposition

q 0.115 0.127 -0.093 -0.028
5 0154 0.178 0.164 6.160

gts 0.269 0304 0.071 0.132

q-s -0.040 -0.051 -0.257 -0.188
Chaleeraktrakoon (1999)

q 0144 0.161 -0.052 -0.062
K 0.170 0.164 0.169 0.138

g+s 0.314 0.325 0.117 0.076

G-s £0.026 0.003 0.221 0.200

555



Table 5: Comparison of annual cross correlation coeflicients of generated and historical flows.

Station P12&EW3A PI12&Y.1C PI12&SK W.3A&Y.IC WI3A&SK Y. 1C&SK
q 0.860 0.685 0.675 0.789 0.666 0.793
Simultaneous decomposilion

g 0.790 0.609 0.644 0.768 0.613 0.721

5 0.080 0.126 G.108 0.073 0.118 0.089

g +s 0.868 0.735 0.752 0.841] 0.73] 0810

g -s 0.710 0.483 0.336 0.695 0.495 0.632
Stage decomposition ’

q 0.773 0.588 0.581 0.737 0.584 0.683

5 0.07] D.110 0120 0.084 0.128 0103
g+s 0.843 0.697 0.701 0.820 0.712 0.736
g-s 0.702 0.478 0.461 0.653 0.456 0.580
Chalecraldirakoon (1999} -
q 0.773 0.588 0.641 0.763 0.618 0.721

5 0.069 0.104 0.098 0.077 $.123 0.096
g+s 0.843 0.692 0.739 0.840 0.741 0.817
g-s 0.704 0.483 0.543 0.686 0.495 0.635

Table 6: Comparison of monthly drought properties of generated and historical flows at station P.12.

Properties Mean D Max. D Mean V Max. V
q 7.27 10.00 2328 3520
Sumultaneous decomposition

g 7.22 9.30 2300 3522
5 0.40 043 145 186
g +s 7.62 1023 . 2454 3708
g -5 6.82 9.37 2103 3336
Stage decomposition

q 7.23 9.80 2302 3510
5 0,40 043 145 189
gts 7.03 10.23 2448 3699
g-s 6.84 9.37 2157 3321
Chaleerakirakoon (1999)

q 7.29 978 2342 3494
5 0.43 0.42 157 185
g+s 7.7] 10.20 2498 3680
g-s 6.86 9.36 2185 3309

in which X,(1) = the maximum flow of X, , X.(p) = the mimimum flow and X.(m) = the_ median.
The next step is to standardize the transformed flow matrix X into an p x #o matrix X . In the
following, two different decompositions of X using SVD are bricfly described.
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2.1 Simultaneous Decomposition

Consider the p x ne matrix X If the number of sites # 15 small, this matnx will be nonsingular
(r € ne, r = the rank of X) Hence, it wiil be decomposed into the SPC matrix with SVD as
(Cavadxas 1986):

y=grhi?]’ (3)

where ¥ = the p x » matrix of SPC with orthogonal columns [(1/p)Y7Y = [, , in which [,= the
identity matrix of order p), [ =the »nw x r matrix of eigenvectors with orthonormal columns
and rows (I'" =/, and I'T" = 7,,), and A = the » x r diagonal matrix of nonnegative cigenvalues.,
Note that the diagonal element A; of A represents for the variance ofthej th component Yf , and
is arranged_in descending order (A, > ...>A, > > A.). The total variance of ' (I, A,) is equal
to that of X (no). The eigenvalue and assoclated elgenvector matrices are now estimated by

RI'=TA )

in which R = the ne x 1o correlation matrix of X [R=(1/p) X "X ].
On the other hand, if the large number of sites is considered, the matrix X will be singular (» <
p). In this case, the eigenvalue matrix A is computed as

STI =TIA ()

where [1 = the p x r eigenvector matrix and $ = the p x p product matrix [S = (1/p) X X .
Note that it 1s advantageous to compute A based on § because S has smaller dimensions than 2.

The following step is to calculate the eigenvalue matrix T by ¢

C=01/p)" 2 X 4" ?) ! (6)
Then, the SPC matrix Y is calculated as
Y=(p}'m (7)

The resulting SPC matrix is then divided into the statistically significant SPC sub-matrix ¥/ of
size p x k (k = the number of statistically sigmficant components), and the noise sub-matnx Y2
of dimensions p x (r — £} using the criterion of percentage cumulative variance g, This criterion
1$ commonly used in factor analysis for reducing the number of vanables. The cumulative
variance criterion g, can be written as (Joliffe, 1986):

IOOZA (8)

no
{ts value 15 selected and used as the cut-off level between the significant and noise SPC. In
general, the criterion g, ranges from 70-90%. If we use the small value of g, (=70%), only few
SPC (¥, for j =1, ..., k) will be statistically signmificant In other words, the large number of
variables can be reduced. However, some important statistical charactenstics of variables may
be loss. On the other hand, if the large g, (=90%) 15 used, only the small number of variables can
be removed. In this study, the cumulative variance criterion of 85% s select in order to
reproduce the over-the-year correlation properties of X adequately.
The next step is to it an MAR(1) model to the sub-matrix ¥/ as

Yi, =Yi, ;@+U, =Y ®+Z,H 9)
where Y/, = | x &k row vector of ¥/, {/, = 1 x k row vector of residues, 7, = 1 x # row vector of
an SPC matrix Z (Z = the SPC matrix of {J, m = the rank of U, m € &), @ = k x & paramcter
matrix, and H = m x m parametcer matrix. The parameter matrices are cstimated by

D=M 'M, =M, (10)

and
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in which M = the & x % lag zero corretation matrix of Y/, M, = the k& x k lag onc correlation
matrix of Y/ {M, = (1/p) Y1,,7 ¥1,], Z=the k x k diagonal matrix of variances of I/, ¥ = the m
x m diagonal matrix of eigenvalues, and Q2 = the £ = m matrix of eigenvectors of L (L =the & x &
correlation matrix of ).

The next computational step is to generate the SPC matrix Z of U following N(0,1)
JN(0, 1} = the distribution of standard normal). Then, calculate backward to obtain the generated

seasonal flow matrix Q This procedure has the number of parameters of 2m° | excluding the

etigenvalue and eigenvector matnices A and T'. If we consider the size of the multisite
SVD/MAR(!) procedure based on the concept of regression, the procedure has the » - &
degrees of freedom left for computing H (Grygier and Stedinger, 1988).

2.2 Stage decompusition.

The procedure separates the p x nw standardized matrix X of multisite transformed flows_into
the flow sub-matnx X ' for each site (7 = 1, ..., n). The following step s to transform X ito
its SPC ¥ with cither equations (3)- (4) or (5) (7) The SPC matrix of each site ¥ 1s now divided
info the significant components ¥/ ' and associatcd noises Y2 ' based on the criterion described
above. The next step 1s to concatinate the matrix Y/' for all sites (1 e, Yi=YIrit. . Y1
Y1), The significant SPC matrix ¥/ of multisite flow data 1s modeled using thc, MAR(])
appmach [equations (9)-(11)].
The gencrated seasonal-flow matrix O is obtained by calculating backward From the
synthetic SPC matrix Z . The stage decomposition procedure has 2%, m® (i =1, ..., n)
parameters. Its degrees of freedom left for estimating A is 7 - 2, m, .

3. APPLICATION OF THE SYD/MAR(1) PROCEDURES

The proposed multisite SVD/MAR(]) procedure (e.g., simultaneous and stage decomposition),
and the existing one (Chaleeraktrakoon, 1999) were applied to 37 years (1955-199)) of four
monthly-flow series at station P.12 (Ping River), W.3A (Wang River), Y. IC {Yom River) and SK
(Nan River), referred to hereafter as Chao Phraya data. Their parameters were estimated. Table
I shows the number of parameters and degrees of freedom of the three procedures for the
considered data set. Tt indicates that the stage-decomposition procedure is the most expensive.
For the proposed simultancous-decomposition and existing procedure, although their degrees of
freedom are approximately the same; the proposed one, however, has the smaller number of
parameicrs.

One hundred scts of synthetic monthly flows with the same size as that of the historic
samples used were generated and compared with appropriate historic flows. The comparisons
would be assessed on the reproduction of basic and drought propertics of monthly and annual
flows. If the considered property ¢ was within the assessed interval ¢ + s (§ and s are the mean
and standard deviation of the correspondingly generated one ¢ ), it was inferred that the
observed statistic ¢ was preserved adequately. Results of the comparisons are as follows.

Generally, the proposed and existing procedures preserve monthly mean, standard deviation
and skewness cocfficient well. Table 2 compares the generated and historic month-to-month
correlation coefficients (Yom River). It 1s evident that the thrce models can preserve the
correlations adequately. Table 3 shows the the generated and historic monthly cross-correlation
coefficients between monthly flow at station P12 and Y.1C. Jt is seen that the siage-
decomposition procedure cannot preserve several cross-correlation. While, the others can
reproduce the properties. For the annual basic statistics, all competitive models vield good
results (see Tables 4-3). Table 6-7 presents the historic and generated drought statistics (e.g.,
average and maximum drought magnitudes, and average and longest drought duration) of the
monthly and annual flows. It demonstrates that all procedures reproduce adequately the deought |
related charactenstics of historic flows al monthly and annual time scales.
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Table 7: Comparison of annnat drought properties of generaled and historical flows at station W.3A.

Properties Mean D Max. D Mean V Max. V
1] 2.22 6 00 1043 3322
Simultaneous decomposition

q 297 6.90 1264 3326
£ 1.12 289 557 1452
g +s 4.09 9.79 1821 4778
g -s 1.85 4,01 707 1874
Stage decomposition

q 2.93 7.59 1191 3385
£ 1.33 3.47 621 1707
G+s 4.27 11.06 1812 5092
G-s 1.60 4.12 570 1678
Chaleeraktrakoon (1999)

q 3.29 7.90 1407 3718
s 1.39 345 738 1779
G+s 4.69 11.35 2146 5498
qg-s 1.90 4.45 669 1939

4. SUMMARY AND CONCLUSIONS

This paper proposes a new scheme for reducing the parameters of decomposed MAR(1) modcls
for generating seasonal flows at multiple site. The parameter reduction is mainly based on the
criterion of percentage cumulative variance, the technique commonly used in factor analysis.
The proposed and existing procedures were applicd to four series of monthly flows of the Chao
Praya data. The concurrent period of records is 37 years (1955-1991). Results have indicated
that the stage-decomposition procedure has largest numbers of parametcr and does not
reproduce the monthly cross-correlation coefficients of observed flows. The existing and the
simultaneous-decomposition procedures can preserve’ the monthly and annual basics statistics
and drought propertics adequately. However, the proposed sumultancous-decomposition
procedure is advantageous since it has smaller number of parameters.
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FROM THE SAME PUBLISHER

MNekle, K.S, LC.Geulter. Chengchao Xu, S Wasimi &
F Bouchard (eds.) 9034108177
Stochastic hydraulics '96 - Proceedings of the 7th {AHR in-
ternational symposium, Mackay, Queensland, Australia, 29-
31 dulv 1996

1996, 25 cm, 674 pp., EUR [43.00 / §168.00 / £10t

I'he growing pressure on the world's water resources cou-
pled with the mereasing vulnerability of society 1o the im-
pacis of exireme events, has resulted 11 a need 10 consider
exphiciily the stochastic processes which underiie the envi-
ranment in which water resources & hyvdraulic infrastructure
15 constrcted. The effective and practical integration of the
theory and application of hydraulics with probabilistic analy-
sis 1s one of the most challenging tasks facing researchers
and practioners working in design, operation, and manage-
ment of water resources infrastructure under these condi-
tions, This symposium reporis on the latest developments in
stochastic hydraulies across a wide range of applications in-
cluding river hydraulics sediment transport, catchment hy-
draulics, groundwater, waves and coastal process, hydraulic
networks and structure, hydrology, risk and rehiability i hy-
drauhic design and water resources i general.

Bentley, LR, W.G.Gray &
G.F . Pinder {eds) 90 3809 123 6
Computational methods in water resources - Praceedings
of the XHf mternational conference, Colgary. Alberia, Can-
ada, 25-29 June 2000

2000, 25 em, 1200 pp.. 2 vols, EUR [ 70.00/8]170.00/£]13
The proceedings contain |60 papers contributed by rescarch-
ers from 22 countries. Topics presented in these volumes
are, Groundwater and surface water flow and transport; Mul-
tiphase flow; Reactive transport m groundwater and surface
water, Parameter estimation; Scaling and heterogeneity,
coastal and estuanal flow; Water shed modelling and ad-
vanees 10 nwnerical methods.

LF.Sykes, C.A.Brebbia,

Ihompson, Stephen AL 90 5410433 X
lydrology for water management

1999, 25 cm, 476 pp., EUR 80.00 / §95.00 / £56

Student edn: 90 5410 436 8, EUR 45.00/549.00/£32

The book is aimed al students interested 1n natural resources
and environmental science. These students may not have the
background assumed for the engineering-based hydrology
texts, but they still have the need to understand hydrologic
principles applied o environmental and resource manage-
ment issues. This book provides a foundation for under-
standing hydrologic principles, and some of the more
communly-used methods of hyvdrologic analysis. The ap-
proach is a blend of quantitative and qualitative discussion
of applied hydrologic issues. Embedded worked examples
guide the reader through the various technigues, while step-
by-step spreadsheet (EXCEL) exercises develop the basic
skills for using computer spreadsheets for solving liydrologic
problems. The book contains over 170 line drawings and
mips, while over 100 tables summarize information, Author:
Millersville Univ., Pennsylvania, USA. *Recommendable,
{ngenieria del Agua, Volg, June 1999

Minor, H.-[. & W.H.Hager (eds) 90 5809 135 X
Hydraulics of stepped spillways - Proceedings of the inter-
national workshop on hydrandics of stepped spithvays, Zu-
rich, Switzerland, 22-24 March 2000

2000, 25 cm, 216 pp., WJR 75.00 / $380.00 7 £50

This book provides a comprehensive discussion of the latest
results pertaining to the hydraulic design of stepped spill-
ways. It comprises the papers of a workshop that was organ-
ized 1o bring together engineers and scientists from all over
the world to promote exchange of ideas on water Now down
stepped spillways. The workshop covers topics ranging from
two-phase {low charactenstics, inception of air entramment
and uniform aerated flow features 1o refurbishment and im-
plementation of spillways in existing dam structures.

Jayawardena, AW, JLH.W.Lee

& LY Wang (eds) 90 5809 (034 5
River sedimentation: Theory and applications - Proceed-
ings of the seventh international symposion on river sedi-
mentation, Hong Kong, China, 16-18 December 1998

1999, 25 cm, 1036 pp., EUR 102.50/§119.00 / £72

Topics: Sediment transporl mechanics; Bridge and bed
scour; Hydraulics of alluvial rivers; Hyperconcentrated/de-
bris flow; Experimental and numerical techniques; Sedimem -
budget and reservoir sedimentation; River training and sedi-
ment control; Erosion and sediment vield; Physical model-
ling / model studies; Numerical modelling / miscellancous
mode] studies; Yellow nver sedimentation; Eswary and
coastal sedimentation; Miscellaneous/

Maione, U, B.Majone-Lehto & R.Monti {eds)90 5809 138 4
New trends in water and environmental engineering lor
safety and life - Eco-compatible solution for aguanic envi-
rennients/Proceedings af an international conference, Capri,
3-7 July 2000

2000, 25 cm, 190 pp. + CD-ROM, EUR [25/8125/£83
Topics covered: Flind mechanics aspects of eco-hydraulics
techniques; Eco-hydraulics in so1l erosion and sedimens
iransport; Remote sensing applications in cco-hydraulics; In-
stream flow requirements, Minimum acceptable flow; Flood
plain management; Urban hydraulics; Biological aspecis of
cco-hydraulics; Architecture and planning of fluvial/coastal
landscape; Economical and legal aspects of environmental
hydraulics.

Lee, LHLW., A W Jayawardena &

Z.Y Wang (eds) 090 5809 035 3
Environmental hydraulics - Proceedings of the second in-
rernational symposium on environmental hydraulics, Hong
Kong, China, 16-18.121998

1999, 25 em, 998 pp., EUR 102,50 /51 19.00 1 £72

Topics: Hydrodynamic and water quality modelling; Nu-
merical modelling; Jets and plumes; Quifall modelling;
Transport und mixing process; Turbulem shear flows; Tur-
bulert mixing i open channel flow; Stratified flows; Air-
water interaction; Environmental fluid mechanics; Hydrau-
lics and water quality; Water quality modei studies; Coding
water studies; Environmental impact studies / Three Gorges
project; Water quality management; Sediment / Contaminant
transport; Medelling of collection and 1reatment systems,;
Sediment management; Eco hydraulics; River hydraulics/
hydrology; Coastal hydraulics; Miscellancous.
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