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Seasonal inflow prediction for Andong Dam applying copula based Bayesian

network and drought forecasting

Kwanghoon Kim

Department of Civil Engineering, The Graduate School,

Pukyong National University

Abstract

The higher the accuracy of reservoir inflow forecasting, the more reliable
the water supply from a dam is especially for drought periods. The article
aims at probabilistic forecasting of seasonal inflow to reservoir and
deciding estimates from the probabilistic seasonal inflow according to the
drought forecast results. The probabilistic seasonal inflow was forecasted
by a copula based Bayesian network employing Gaussian copula function.
Drought forecasting was performed by calculation of the standardized
streamflow index value. The calendar year is divided by four seasons and
the total inflow volume of water to a reservoir for a season means the
seasonal inflow. Seasonal inflow forecasting curves conforming to drought
stages produce estimates of probabilistic seasonal inflow according to the
drought forecast results. The forecasted estimates of seasonal inflow were
calculated by using the inflow records of Andong dam in the Republic of
Korea. Under the threshold probability of drought occurrence ranging 50 to
60 %, the forecasted seasonal inflows reasonably matched critical drought
records. Combining the drought forecasting with the seasonal inflow
forecasting may produce reasonable estimates of drought inflow from the

probabilistic forecasting of seasonal inflow to a reservoir.
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Construct Bayesian network model

Drought forecasting using SSI

Fig. 1.1 Schematic diagram of seasonal inflow prediction applying a

Bayesian network with drought forecasting
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Table 2.1

The threshold values of the K-S test
significance level and sample size

according to

Sample Significance level «

size 0.2 0.15 0.1 0.05 0.01
1 0.900 0.925 0.950 0.975 0.995
2 0.684 0.726 0.776 0.842 0.929
3 0.565 0.597 0.642 0.708 0.829
4 0.494 0.525 0.564 0.624 0.734
5 0.446 0.474 0.510 0.563 0.669
6 0.410 0.436 0.470 0.521 0.618
7 0.381 0.405 0.438 0.486 0.577
8 0.358 0.381 0.411 0.457 0.543
9 0.339 0.360 0.388 0.432 0.514
10 Ong22 0.342 0.368 0.409 0.486
11 0.307 0.326 0.352 0.391 0.468
12 0.295 0.131 0.338 0.375 0.450
13 0.284 0.302 0.325 0.361 0.433
14 0.274 0.292 0.314 0.349 0.418
15 0.266 0.283 0.304 0.338 0.404
16 0.258 0.274 0.295 0.328 0.391
17 0.250 0.266 0.286 0.318 0.380
18 0.244 0.259 0.278 0.309 0.370
19 0.237 0.252 0.272 0.301 0.361
20 0.231 0.246 0.264 0.294 0.352
25 0.210 0.220 0.240 0.264 0.320
30 0.190 0.200 0.220 0.242 0.290
35 0.180 0.190 0.210 0.230 0.270
40 0.210 0.250
50 0.190 0.230
60 0.170 0.210
70 0.160 0.190
80 0.150 0.180

90 0.140

100 0.140
toe vn vn vn vn vn

_‘]3_
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to 27 Ak

S

B2 3

steith the gelAe oy

[e]
==
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Al47F Copula

4.1 Copulad A<

Copula®l A2 owl= 4, Aoz 19599 Sklarel] o3|
Axoz AAEJ, 1 o]FZE Joe (1997) 2 Nelsen (2006)°1 <
af thekst 7R ol W wWiEe]l AHHJITGEAE T, 2016).
Copulat= 3tHe] &84 =424, oY 7l SERTE0] AR o
A ddHo JA=AE UEY £o 2ERT XX, -, X, T
EwEgr(cdDE 44 FLE, - Folgt 8t o] 59 A dEZ X
F= Fob 819, Floy,zy,x,) =prob{X; < 2, X, < @y, X, < x,}9F &
o] 2T + Ut o] FgEHFES FAll WFHYE nxbe bl
dog AEHTEY X (XX, X,)7F LF HojokRn o] e A
o FE x9 A T (marginal) FEF X 5ol FEHTE

ofr 7] fst FE WL FEANE UE

o
l
HE e
i
ol
ol
Clr
S
o
@
O
=
=3
QJ
i
o,
1o
ol
ol
X
)
rlr
offt
~
o
o
o
>,

=
= &E uenh Copula g HIOJE ARl o] F54
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2011).

n—=2¥ 9 copula ¢c= Ua¥ #2 SAS 7HAH
1. c:[0,1]" - [0,1]
2. Ct grounded 5ol pn—57Fgkgolt),
3. ¢ B+ uelo1]e dgd o (uw)=c0,- ,1,u,1, ,1)=us =538}k

L ENEE RETS e 2t

olgst AHeol= 7} v ALF¥ 3 (multivariate uniform

distribution) 9S HAFH. F, wd F,. F0] ©HHE BESHSE

kg
o

(univariate distribution function stobd, o(F, (zy), ,F, (z,)

F- Fy& FUSREEE 711 gilg FARE S dsha,
u, =F,(z,)& ¢AELE &

=
=
Solth. mWelA, copula TE ThAH BEstso EAgol AE ol

A A sk w8 =t @ 5 Sl (olA|, 2001D).
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4.2 Sklar®] A7

Copulat® UHH%E X5 Alole] #AlES olalfsty] st WHow
AREE 7 FEl= 19599 Sklare]l ola ¥ Sk Sklare] 7 <]
= copulaollA 718 23 AERA, BE copula A g0l HFEAo R
ARG-ETE Sklar gElell gebd oW FEWMT X, Yo sl 27
WAF7RE ST Fy(X), F(Y)7F S48t 25 A4l 4 |
stk = Qe Y3t copula ¥ CO7F E=A3A F Y (Schweizer
and Sklar, 1983). ©7]A, F

=
e
HeE X, Yo SERIsERE AR
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c(uw) = M u=F (), v=F,(y) (4.3)

udv ’ r Y

4.3 Copula &9 57

Copulat= 1 SAel wet ofg] 7HA 8 F72 WA Aok +239
Hof Wnk ofyzy A, FAS FopellAm M deE AE{EHE
copulat elliptical copula ¢} Archimedean copula®|t}. Elliptical
copulax 1ds] A% SEFIEFH S5 7 low &5 T/
2+ Gaussian copula 379} Student’ s - t copula <7} Ut}
o] ¥ copula ¥FE FEHESTY HH7L BdY EXoln ¢
we FFo] fAFolgt= FE o] Utk(Fig 4.1). Archimedean
copulax elliptical copula® ©2A wiZfHFE F4 a7Vt 3o
W g9l FHF=Z+ Clayton copula 35, Frank copula 3$HF,
Gumbel copula 7} Ut} o] Al F7F2 copula &4+ FHF 1E
o]l thHo] oY} (Fig. 4.2). Clayton copula 3¢ Gumbel

copula &= ZH7) 5 Ael FE¥ 5 A B &4l ¢

dolm gl FEo oEAdo] gtk (Bae and Choi, 2015). § 5714
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Gaussian Copula

Student’s -t Copula

o

Fig. 4.1 Gaussian and Student’s - t Copula

(Bae and Choi, 2015)

Clayton Copula

Frank Copula Gumbel Copula

Fig. 4.2 Clayton, Frank, and Gumbel Copula

(Bae and Choi, 2015)
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Table 4.1 The copula functions
Name of ) e e L. .
Joint distribution function
copula
Gaussi ( T R)=——eup|— =l (R~ 1)
aussilan cuq Uy, -yt = |R|1/2 exrp 5 U U
+7’L 14 L v+n
55 | 5) [aeng
~ 2 2 1+(R
Studel’lt’ st C(ulAuT""un; R7V) :lRl i v v+1 (" C 4.24) v+1
e | S
i=1 v
—Ou __ —0v __
Frank —lln 158 ( })(e 1)
0 alr — 1
Gumbel exp(— [(— Inu)? + (— 1nu)9]1/9>
Clayton max [(u " +v " —1)"Y 0]

Nelsen (2006)
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T8 LoFelX copula o) ARGl the] A¥EW, §AF S

(2013)2 A= 5770 714#545 S = Table 4.19 copula &

A 574 713 HS5E T 7P B 327 #5249 A=l Gaussian
copula $F7F 7 Agteltts A¥E AAISIEE. 3, Madadgar
and Moradkhani (2013) v]=+°] Gunnison 2 tjate=z A4 7+

2o AU wsrE AArst=dl Gaussian copula 571 7H 4
A3t A3HE =3t Gaussian copula s WiZlHFE F

st Q7 ¢lo] Archimedean copula o H|&| Alite] o =3k
722 elliptical copula ¢! Student’ s - t copula &5 H]&] 2lo]
Hlwd 7heketal, Al dEnt 8 ¢ o ddE S ALt
7Vsstth olggt olfE E dAFoME A GEUETTE AAts
71 918 57FA1¢] copula 3 < Gaussian copula &+
t}. Gaussian copula <ol AlEEHE= WHESEE T w9 RS Egs.
(4.4) ~ (4.6) 7 Zrt.

i
~
>
ofo
m

e, O, v S (4.4)

u, =9 (F(X)) (4.5)
1 p p

R=|P1r (4.6)
pﬁ~.1

_25_



§oARE 5 9

3]

= °l&

Eq. (4.7)

AT p(X, V)&

A}

FH (X, 7)<

S

(4.7)

Cov(X,Y)
vV Var(X) v/ Var(Y)

(X,Y)e] 3EAF, Var(X), Var(Y)e=

2 X, Yo BEAlolth(o] A&, 2001).

1714, Cov(X.Y)

_26_



4.4 Copula &< 714k H|o]X|Qt Y EY A

Copula &< 7|4Fe]  Ho]Xet YEL F+= Madadgar and

Moradkhani (2013) oA A70%tt. Madadgar and Moradkhani

(2013) &= oA Aol A703t copula S5 o]&€3] Eq. (3.4)F

Eq. (4.8) 3} zFo] W33l

1=t :
(4.8)

4714, [Ie #4 Qatels f( )& 58 FBEIFHIT Eq.
(4.8)% AHgatm og WMFE 7 2AFAF] Pud] AvEn. 2
ATANNE A%E T AL FUF 2ATLES AN FABS
AZat7) WEel, B 4.8)& F WS 44 Eq. (4.9)9 2o el

% gle,

cluym,)f, (@,)f, (x,)
f(xt2| xtl) = f$tl @) = c(th,utl)fItl (xtQ) (4.9)

1

A71A, el )2 copula FF, z, = dFetuA stz AL FUE,

5, & AAAL FYdFott,
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P 7HEdH

kel
«

A5 7HEATE ol &

5.1 7h=4 49

o

ili

ot 7159

1o g At

go] A &H o7 oo

F5sh &e A

yate

"} A
=

oA vehdth ZHEe dAHow

A A

AEo] UER}I 7HEo]
ok s E I e =

_‘_|:
Z g9

St

Ao] o Ho}(uhg%, 2016).

e

A

Mg R AL

-
1

ol

ojiy

3 AA 7L

bt

, 2016).
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5.2 7HE Al

5.2.1 71EA+9 4374 A9

ThaAlgs 7hee AFH R FUrety] Ad AREA, A, VI

CEWAF 5 oYl £F D PAAE o g3 kel FAEA

Ehdl Aot} 7hHaAlsE olgshd 7hee A mlart Zbeske] 7t

= ¥ 7} A4 (standardized precipitation index; SPI), &2 &
S SV dE oldE 7he AEE UEls 2H e A
< (Palmer drought severity index; PDSD) 7} gt} ®1e] f-9= =
o= 799 FEFS AFFE oiyg ESF], EFaA4Y F
oy 74| QRlEse] FEA R AZa AT | wiszell o
T 29l T stuel Al HEEe Mgl 7he = ek SPI
T 2 dTE A% teAsE AdetA] il ddE . PDSI

TF AR5, 72, AR T ASE ol&ste VFHow HQ3h
s AA Aes vty s sk Aleolnh PDSIE

948 7MEATFEE EYSFEAS (soil moisture index; SMI),

2+ 54829 (crop moisture index; CMD 5] AT(EIE-$- 2016).

4
FARASE 47 Bge £2, 4

L=
=
Arbstet, o] 7hEAITE 3 G EFe ol &5t

= BEUE JheATE

B AT 544



AdetA ok 7HaA

A
i
)
i
i,
v

Ao R e

&‘i

=
SFol obd FEF FEFHS A JHus RSt EEREdAT
(standardized streamflow index; SSI) 7} Qlt}. SSI+= ol 71# &

=°] A8d #= FEF A5

Aol vk, ®Heo] FdF> 1 ¥ F99 FEFS 22 gvlE AYx
Jorg L Ao Thas TESL ZtEdRE A 99
7Va A2 SSIE AAskith SSIe 35 Fa o]&3l Mckee
et al. (1993)¢] 7Ist SPIS] Ay WHS 7|¥re®E AArdTh SSI
o Welel wet 7he WAl 47HAE ERET, SSIS Wl wE
7HE @AY Gt Table 5.13 #th
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Table 5.1 Classification of drought stages for the range of SSI

SSI range

Drought category

2.00 = Z

Extreme wet

1.560 = Z < 2.00

Very wet

1.00 = Z <150

Moderately wet

0.00 = Z < 1.00

Near normal

—-1.00 = Z < 0.00

Mild drought (D1)

-1.50 = Z < —-1.00

Moderate drought (D2)

—-2.00 = Z < —-1.50

Severe drought (D3)

Z < —2.00

Extreme drought (D4)

Son et al. (2011)
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5.2.2 7VEA T AHH

ol

(1993)

Mckee et al.

=

K
ol

ilf

-

o
-
froiat
1

—

B
il
o

o

;, 2002). SSI+=-SPI9| At

ot (A8 %5

H}A)

e

A 9 E¥ #UF ARy =4 9 A

i

e

}1\1,

SSI9]

B

23!

i
T
NE

qF

o

)
ol

frole. A

A

370

= 27l A

gl

Al sl

N

i

A
=

A5

=
AL

stok. 2t Al

I

o] A7 ofof

€]

B

Aol M=
171 2]

S

Fol 7 73kS ¢9Jow 7 ghko] SSIZ} Ht}h E

B

S
=

s

FHoE W3k

Eis

=&

i

Abromowitz and Stegun (1964)°] A A]
252 Egs. (6.1) ~ (5.4) ¢ £t}

(5.1)

0.5

<

))2) , 0.0< H(z)

in|
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t= \/m(m) , 05 < H(xz)< 1.0 (5.2)

co+ et +eot?
7 — —(t— 0T C 2

— 5 3J,0<H(x)s 0.5 (5.3)
1+dt+dyt” +dot

co+ et +eot?
7 — +(t— 01T C 22 g
1+dit+dyt” +dst

j ,05< H(x)< 1.0 (5.4)

3714, H(z)t ZFEZEIFAA AxE F71EE, ¢ 2515517,
[e)

¢, 0.802853, c,i= 0.010328, dy=>= 1.432788, dyi= 0.189267,

ds= 0.001308°](Son et al., 2011).
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5.3 7IE 4dx

7HE R Eq. (4.9 AHgEE 7 WAsE 7247 Al AEl
SSI, th Alde] SSIOE npfo] thg Ao 7HEo] wAS &
Aks Aajgttt thE Aldel 7HEol A FES the Alde] SSI
7F 05 ZHskA ok ¥l 23 gEoltt olE £9, Fig. 5.1 &9
SSI7F -1 o] o5 SSI9 gExeltt. Fig. 5.1904 Hgo® %
AE FEe WA SSI7F 08 2dEA & v 23 gEo|th bt
ok o] gEo| 7HE oK 7|F oo, v Ade sHEo] BT
Aol ougtth 7hHE oi Eold th Alde ZHEol LA g
Fo] duht Hojof vk Alde] 7hgol BT Fojgt A=A E
A3t 7otk gk MR 1 7]Fo] 50 %Ehd, SSI7F 08 %
Hatx] 45 v %3 gEo] 51 %k Holk 7HES oWt Aolt)
HEE, SSI7F 05 Z2#8HA ¢S Bl 23 FEo] 7HE CR J]E o]
stebd, o AlEd THEe] dEEHA ke

_4
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0.005

0.004 —
2 7 Drought
2 occurrence
@ ey probabili
°
>
h— N 4
= 0
8 0002 — J
[o)
| -
o L

0.001 —

0 T | | I [ l T | | | l T | T [ I | T

SSI

Fig. 5.1 Probability density function of summer SSI conditioned on a

spring SSI of -1
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A 67 Copula &< 7]4Ee] H|o] x|t
Y EYIE 0|83 FYF 9=

ADAE FUFS FEEHCRE dF8ta, 1 dH4E H7shr] sl
A 715 71%ke] 71 A= 7L lojok gtk ESH E A9 5L JHE
R AnE e AYE FY4F AS5S st Aot 19EE o
T oo 9 JHEe] HAstd & Fa|rl 2T Ao otz ool
strh. o, oS Ao AHAS Bkskr] S8 AT 71k Ha 2
3] 9] 7Hgo] E§HE ojok S},
ole & AFoqAE FEAAY
A3 19779 185Y dA7A €98 7dF ARE Algshs ded
o] A7 th Wow AU <kE
5 T %5 THEFol /Mg gov, 2013d7 20159l HEo] oA
| T8 s > Ho] 9t

o
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)

FAWAe 23384 km'olvl, 1 F
2 1,000 g mPolt}.

Table 6.1° YERY

2011). 1976 10€9j

9]
2 1,248
&

3

&

(e}

=)
Y
o

=1,

°

3l

6.1.2 StxHe A 2 H3}
z,:

mw

Mo

=

M
1

—_

AR BRI

zt

TFaa A8 =S Fig. 6.1 YEY AT (AL A, 2014).
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Table 6.1 Project data of Andong Dam

. EEEEERL
e 57 o o /S;r ° 27.00

ol fl 51.50 [ 161.70
(km?) (El. m)

LR L san AR 8 s
(km?) ’ (@2 m3) ’
HEER L S, F5238% 000
(mm) ' (@ ek m?) '
AR 160.00 AT 3y 237.40
(EL. m) ' (A9 m?) '

A 130.00 N 1,248
(EL. m) ' (@9 m?) ’
$5TRNE5S L A58 800
(EL. m) ' (@9 m?3) '

FRATEF TEEsEF
L o 1.000.00 e 118.00
BT 15000 AAZFTZF 4 350
(&9 m%) ' (m?/s) ’
FXdo
AwAEe] 43.50
(km)
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140

120 —

Discharge (10° m3/month)

e Industrial water [l Aoricultural water [0 Instream flow

100 —

80 —

60 —

40 —

01 02 03 04 05 06 07 08 09 10 11 12
Time (month)

Fig. 6.1 Monthly water supply planning of Andong Dam

_39_




6.2 Copula & 7]6ke] H|o|X|¢F VEY A 7= 4 F&

6.2.1 Copula & 7]¥te] H|o|X|Qt VIEYZ FF

2 AeAs ke 1977 dRE 201674 A Y A
25 FAstn AdE FUZFSs A5 A8 delxt vEYIE
Ttk 1977dFE 20166 7HA AEE 4> Fig. 6.29F &
ok 19779%E 201097k4 AEE FdF AsE #olAg UES
A5 FEat=d A EST 201193 E 20169@7H4 9] AEE 59
F ARE AY FdE A5 A 84 Hoke] A AHEE

o 7hE AR Aas 1y AEE FAF A5e A& 7P 1A
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Inflow volume (10° m3)

1,600

Training period Verification
< | . period] .
1,200 —
800 —
400 —|
0 T | T I T ‘ T ‘ T i T i | m i :
1977-01  1982-01 1987-01  1992-01 1997-01 2002-01 2007-01 2012-01 2017-01

Time (year-month)

Fig. 6.2 Seasonal inflow of Andong Dam
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15

[ ]Data
(——F) Lognormal ||
sp——a——- Gamma
H—3¢—K Gumbel
L———A Weibull —
[F—F——F Gaussian

Frequency

| | &

0 200 400 600
Seasonal inflow volume (10 ® m?)

0.005

0.004

0.003

0.002

0.001

Probability density

Fig. 6.3 Histogram against the five distributions of the spring inflow

volumes during the training period of 1977-2010
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0.002

[ |Data
(5——=—=€) Lognormal
wp——af——d Gamma
f% H—3—X Gumbel

) LA Weibull
[+—F—+—F] Gaussian

— 0.0016

Frequency

— 0.0012

— 0.0008

0 400 800 1200
Seasonal inflow volume (10 ® m?3)

1600

Probability density

Fig. 6.4 Histogram against the five distributions of the summer inflow

volumes during the training period of 1977-2010
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15 0.016

[ |Data

(3——=——=F€) Lognormal
oo Gamma -
WH—I3—XK Gumbel
[——7—A Weibull
[+—F—-F Gaussian 0012

0.008

Frequency

0.004

0 40 80 120 160 200 240
Seasonal inflow volume (10 ¢ m?3)

Probability density

Fig. 6.5 Histogram against the five distributions of the fall inflow

volumes during the training period of 1977-2010
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15

Frequency

[ |Data

(3>——-—=F) Lognormal
——afp——a Gamma -
H—I¢— Gumbel
L——A\ Weibull

|
50 100 150 200 250

Seasonal inflow volume (10 ¢ m?3)

0.016

[+—F—-F Gaussian 0012

— 0.008

Probability density

Fig. 6.6 Histogram against the five distributions of the winter inflow

volumes during the training period of 1977-2010
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% Apzel by A3ra

FEL XIS o= 0.059

K-S 23 B3 295k #9550l 005013, A8 A%

3470022 Table 3.1& #33hd K-
7zt A K-S #274° A= Table
Dol 7b 22 TR = #A EAIE]
= Weibull 3%, o+
+ lognormal F3X3o] 7}#+

o] e t=1

, Gaussian copula &=
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Table 6.2 The D, values of the K-S test

Season
e e L. Threshold
Distribution
. . value
Spring Summer Fall Winter
Lognormal 0.1001 0.1057 0.0813 0.0915
Gamma 0.1123 0.0771 0.1072 0.1267
Gumbel 0.1930 0.1288 0.2396 0.2457 0.232
Weibull 0.1038 0.0736 0.1380 0.1394
Gaussian 0.1205 0.0932 0.1713 0.1871

Table 6.3 The correlation coefficient of each season’s inflow to
that of prior season

Spring — Summer — Fall — Winter —
Summer Fall Winter Spring
Correlation
. 0.4828 0.1281 0.1831 0.3767
coefficient
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0.002

0.0016

0.0012

0.0008

Probability density

0.0004

200

| ! ot
400 600 800 1000 1200

Jul-Aug-Sep (10° m3)

Fig. 6.7 Probability density function of summer inflow volume

conditioned on a spring inflow volume of 100 x 10%® m?3
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Apr-May-Jun (108 m3)

800

700 —

600 —|

500 —

400 —

300 —

200 —

100 —

Copula expectation
® @ @ Observedflow

| | | | |
50 100 150 200 250

Jan-Feb-Mar (10° m?3)

300

Fig. 6.8 Spring inflow forecasting curve
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Jul-Aug-Sep (106 m?)

1500

1200

900

600

300

—  Copula expectation
® @O @O Observed flow

T
0 100 200 300

| \ | \ | \
400 500 600

Apr-May-Jun (10 m3)

700

Fig. 6.9 Summer inflow forecasting curve
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Oct-Nov-Dec (106 m?3)

200

—  Copula expectation
. ® ©® @ Observed flow

150 —

100 — .

[ ]
L
[ ]
50 7ﬁ
0
| | | |

0 200 400 600
Jul-Aug-Sep (10¢ m3)

800

1000

Fig. 6.10 Fall inflow forecasting curve

_52_



150

100 —

Jan-Feb-Mar (106 m3)
|

Copula expectation
® @ @O Observedflow

| | | | |
50 100 150 200 250

Oct-Nov-Dec (10° m3)

300

Fig. 6.11 Winter inflow forecasting curve
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7HE AR A%E wesx g 201195 H 2016744 ¢t
o AEE FdFS =53 Ay Fig. 6.129 2o, Table 6.4+
o5 W A 7IF AU AF9 dAueAs ALtst Aiolrh
Fig. 6.125 ®H, ol 7hao] sk obstd 20124, 2014
d @ 20160l CS5E FdES A5 2 2Fo)7h figith 2011
d o5 A9, B fyFe] g de wst AEs] 317 Wi
o, ¥4 FUFH FBATIE =& AA5HY FUFE AP A
dEw o] exb7b HAYETE w3, oEwle] D2 dgslE 7HEol
FARE 2013 oAFH D4el dFste v & Jhael dARW
2015 AEA o= FAF> d=wkel vl vl Zith. Table 6.4
& A9, 201397 20159 o< AHuexa= #1697 %,
355.6 %= UEtHTh ol B3 A5 Y% i AHAFIE =1,
T oE BT BE fdgel ofF AAE SUAw A5 sHEe] LA
& TAFE @ xjojr,

o AolldE I dSE 20139 53 20159 A5 F9%
S 27 o #S%E AR S f8) 7HE B AnE 1
3 ARE 7S AdSFet, 1 ARE 2 Ho| Aol vwstuA
sho} kel 2013d¥ 20159 o5 el 7HEo] dr¥ETH, J|E oF

PFEG A2 FUFS A58 $2 Ayt 2ed Joz add

v
Frt

N

o)
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1500

[—+—+10bserved flow
G—e—© Copula expectation

Seasonal inflow volume (10% m?)

2011-01 2012-01 2013-01 2014-01 2015-01 2016-01 2017-01
Time (year-month)

Fig. 6.12 The result of seasonal inflow forecasting without drought

forecast

Table 6.4 The errors of seasonal inflow forecasting without drought
forecast

Range of Range of
Absolute Absolute
absolute absolute
error for error for
Case error for error for all
summer summer
2013 (%) 9015 (%) summer seasons
(%) (%)
Seasonal inflow
forecasting
. 169.7 355.6 2.2 ~355.6| 1.2 ~ 355.6
without drought
forecast
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Fig. 7.2 The result of seasonal drought forecast
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Fig. 8.6 The results of seasonal inflow forecasting without or with

drought forecast under the threshold probability of drought occurrence

to 50 %
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Table 8.1 Seasonal inflow forecasting errors

Absolute Absolute Range of Range of
error for error for absolute absolute
Cases
summer summer error for error for all
2013 (%) 2015 (%) summer (%) | seasons (%)
BN forecast
without
169.7 355.6 2.2 ~ 355.6 1.2 ~ 355.6
drought
forecast
BN forecast
with drought
169.7 32.1 32.1 ~ 169.7 1.2 ~ 169.7
forecast by
50 % criteria
BN forecast
with drought
169.7 9.4 9.4 ~ 169.7 1.2 ~ 169.7
forecast by
55 % criteria
BN forecast
with drought
169.7 9.4 9.4 ~ 169.7 1.2 ~ 169.7
forecast by
60 % criteria
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