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Synopsis

The aim of this study is to establish an analytical model for the impacts of inflow
prediction accuracy and fuzziness of decision criteria on drought control by a dam reser-
voir. The reservoir operation process under the fuzzy prediction information is modeled as
a fuzzy system and the uncertainty of the decision criteria is expressed by the use of fuzzy
sets. Fuzzy dynamic programming for a fuzzy system is then intrduced to decide the
release discharge during drought period. An inflow predition model is also developed
based on a fuzzy linear regression model. The model developed here is applied to a
hypothetical reservoir system and it is verified that the fuzziness of decision process
depends strongly on the interaction between the reliability of inflow predition model and
the type of decision criteria.
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F—yBUDEVIEEERL, HHCY - TRARKIEMEBLTEELLTVWS,

ST, FHIRARR, RU) F— 9 E2RATEE L -THEONEY, ZOHERT7 7 VI EKEOT,
WHOESE2RTIBESLEICL S, £IC, AHETE, 7 VI EREFVORHEESZ, RARTH
7y VABBOERARICBII L7V~ FORIGHEEERT 2, THbD, Fhti PHORAROERE
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Fig. 2. Applied reservoir system.
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BiiFig. 2(a) KRTEVTH 3, BIEHMIZIETCLHIEBLOBEDNIHSIAETLL, KKRR
¥4) (5 H) BAITRET 5, £/, KMicBid 2 BEMKR L Fig. 2 (b) i<, BMEIc B 5 BEy
k&3 Fig. 2 () RTED TH B, B8, REHAFEIIEERIL L TITE 5 4, BAKER I ZBUKSIFRA
10% BT TEBINTWA T EAERL T, MRS LAEKBOE 0 $6~5 6 AR VE 36 14~ 71
YA)c kT B BERHRD 10% BEICHY T 5 5.0 X 100 m® 2BEILOBA L3, AR THV 3R
By Ak OBRR/KER 5.0 X 10'm? THENARRTRFKOBEEL 2100, EYHKEDS B
D30X I M DARICODVTELBZIERT B, Lid->TYalkitoEHE/KRIZ, 60 BolkEL
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(2) 727 A EABMEFNICLBZFARTH

AFETREKE~NORARLEZFHT 21012, 77 P41 EREFVER VS, F1DIC 1 ¥HEDHKA
BEFHT A7 » PAEREFVERET 301, BEl, 2, 3, 6XHHELDEALTKE LiEs
oW, ENTHREHEETHE o BEBDOHLETHEONL 7y VA B A= (@, c)(E=0, -,
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Table 1 & v, BE 6 FHORMAREHIAZELK & LIEAK, FHBREERT /() (KRB 2R) 55
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Table 1. Coefficients of fuzzy inflow prediction model
number of predictors 1 2 3 6
(ao, co) (0.96, 0.03) (1.10, 0.34) (1.11, 0.00) (1.14, 0.00)
(a1, c) (0.93, 0.36) (1.14, 0.30) (1.13,0.17) (1.14, 0.04)
(a2, c2) (—0.22,0.00) | (—0.14,0.04) | (—0.16,0.14)
(as, ¢3) <l (—0.07,014) ] (—0020.18)
(a4, co) . (0.07, 0.00)
(as, ¢5) (— 0.29, 0.00)
(as, Cs) (0.17, 000)
fuzziness (X 10° m®/ 5 days) 2.29 2.22 2.19 2.15

Table 2. Fuzzy coefficients according to lead time

lead time 1 2 3 4 5 6
(a0, cv) (1.14, 0.00) (1.98, 0.00) (2.55, 0.00) (3.46, 1.66) (4.31, 1.49) (4.96, 1.88)
(as, 1) (1.14, 0.04) (1.15, 0.40) (1.08, 0.21) (1.07,0.14) (0.77, 0.33) (0.82, 0.26)
(a2, ¢2) (—0.16,014) | (—0.180.00) | (—0.11019) | (—0420.19) | (—0.09,006) | (—0.17011)
(a3, c3) (—0.02,0.18) 0.04,0.12) | (- 0.27,0.00) (0.06,0.00) | (—0.06,0.00) | (- 0.12 0.00)
(s, co) 0.07,0.00) | (— 0.24, 0.00) (0.10,0.00) | (—0.02,0.00) | (— 0.10,0.00) (0.04, 0.00)
(as, ¢s) (—0.29,000) | (-0.02000 | (—0.10,000 | (—0.150.00) (0.01,006) | (—0.12 0.11)
(as, €s) (0.17, 0.00) (0.00,0.00) | (- 0.01,0.16) (0.06,0.03) | (— 0.04, 0.00) (0.01, 0.00)
reliabilty 0.51 0.53 0.46 0.43 0.41 0.39
— T3, B E L TRBEORROSEMY, THIME
o ow —
; Mnmmbiow | 2OREERAVTOEOOT, FRSRR, EHAR
25- e T BN E M XS R E B2 TV B, COEF

Volume (108 m*3/ 5 days)

LA TR M A A S SR S S A
6 12 18 24 30 36 42 48 54 60 66

Operational Period No

Fig. 3. One period ahead prediction by
fuzzy linear regression model.
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RETHNITHENDITVEEZ 1IBS (cased) D4 4 — REMET 2 (Fig. 4), B8, FIkE LB
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Fig. 4. Types of decision criteria.
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%afuﬁﬁmﬁﬁﬁmﬁmwﬁﬁﬁﬁmactébb%éﬁ,$H%Tuﬁ%ééﬁﬁﬁﬁgﬁwgm
ORESE L TH B EEEL, AWRTRY » V1 BEL 7 7 V1 HKRE—OBRTEA T 5,

5.2 BRARREER

AT, 5.1 THZ bhi: 4 DOBRBREEEOBIED b & THRMBREHERTE 5. 486, C
CTRKARRAEEEDEIHE E RARTHE F VOEEE L PRERERB R THEBESTT 5
iz, 5.102) TRELEZHARTHEF L (SHEES1%) 20T, FIEHEEZ 51%, 60%, 70%,
80% & L1-rr — AAEA THRBREIEEITRI T EITT 5, bBHASHEES 60%, 70%, 809 & L
FIBA, HABRTRIEF VORAEEAEYT 2 &2 5, CORBREABRICBVT, FIRTRE
LR s EBC RBRARREDHICHEHTE

BWr—2, $3WRZOHO, —RER - THN Table 3. Beginning time of releace cut
TN S 2, UL, TITREEERLLS reliability | 51% | 60% | 70% | 80%
ATENEBRY 5 FHE 7 V&K T 5 OHRE case 1 | 64 | 64| 64 | 64
R, WA BNAERONRIEL D bRIE case 2| 88 B |
EOEHELRARTR E 7 ORBEHRENEE case 4 64 | 44 | 44 | 44

REBBCRETHEBESN T LILHBILE
ZHEL, FRlE 7V OEHEE Q&AM LRE 3 # Table 4. Pondage ratio at the beginning

AREEBELTRRTEC LT B, Ub, BEE time of release cut (%)

%519% « MARREREOEFIEL case2 L L reliability of prediction | 51% | 60% | 70% | 80%
b % AR T YN Ny case 1 148 | 148| 148| 148

?%mﬂiﬁﬁfﬁﬁbt%nggﬁ*ﬂb## case 2 148 | 9851446 | 1446

HIBSFIKE RO 3.0 X 10'm® &2 b, Ehllik case 3 14.8 | 1446 | 1446 | 1446

BEIKEI & 18 B 120, 544 KA 5 BEEL & LT’ case 4 14.8 | 144.6 | 144.6 | 1446

REREHEEITES I LT %,
Y i BEREREOEMOBELE—L A  inflow prediction fuzzy constraint
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OEEENEERECRETHEL RS FAR
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> '1:‘\ >
EHbDTHD, Table 3 &b, THIFEH maximum decision r*
DEREE A LT 5 13 CEIKBHERIAE < (a) decision by inflow prediction fuzzy set
ROEKBICRBOS 55 b SHABITR
bhal &bbh b, A inflow prediction fuzzy constraint

TR O (S HEEE b5 < 75 5 3 & HIKBIS -\ =

BAIMREL 503, EEESEVEST 7
VAEBEF LM OB ONS [HRESDR
V] EWS FRIERE b LICRRBERET
BORNL, EEENSEVERS RENDL <R
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Fig. 5. Schematic representation of the impacts of

£, TOhbDITKTRAOKKRY fuzzy prediction information on the deci-
£ -1, Fig, 5, TOEHREERMC sion process of reledse discharge.
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RLEbDTH 3,

Fig. 5 Ti3, MAR7 » VA EAOEHEHM 05 TH AL HANITRLTVWS, BETRONLE
23, 7y VAN (BERAR) CHRARTFH 7 » V1 EQ0KBEES L KT, Pig. 5L, COBA
(@) DHRABRTR7 » PVALA V ICHB L TREZBRRPEF KT 7L —FED b, (b) 0V, icxt
L TREBBERRE 7 K57V — FUBEBHICKES BB hbh 3, Lzd-T, BkRkE
LTr* BN B L, RED ¥ <r** TH Y, EB5hLEVATAIVHOKKRIGETH
5l &b, L, V,OEHEN 05 XD KEL L BIcoh, Fig. 5@) & ridkx{fp, #h
IEbnr KT 37 L — FOHEMT 5, —F4, ) 2D ¥ BRDL, P20 7L~ Fa/phaln
5, ZLT, ViOBHESHEZEELBLZZE, B KHTE S L—-FORIB M EXWTEERLD bKE
{7y, M BBIRINBEHILNE, ZOLED BV, OEFENOS TH-o & XORERFRLD
b/hEW, bBEBA, V, ECOMBERICE > T OBRMEICKT T A LRBLAV, BABICIES
EHEHABRMNEL, Fig. 5 EULPIREL >TWABRTTH B, Likd-> T LS TFRIBHOEEHE
ZEIRETAAMBEKLBEICEZ3EBHEELZ TE L,

Table 5 3Ry /KMRIERIREPO—F a5/ ) OHIKROFEHMEE F LD/ 6D TH Y, Table 6 (3K
MR R TROFKBE2E LD/ 6DTH 3, Table 6 2R 5L, case2 TFABHRDEEET %
80% ELIRE L7354, case3 TIEHHE % 70, 80% & LIBA, cased TIREHE 60% LI LT, HEEHK
B BEKRGEEKRO 255 Ty, BREATKEL->TWS, Thid, &K, 51% TH 5K
ABFREFVOEEEEBAFMLAT & E, THhICHLT, FKBBEEEL RLEICBMLL S
LIREBHDEEZ OGN D, 1, TRIBHROGHER 51% & Licyr — 2 TR, BEREORIIEEC X
57, RKELOEKEMN0 ET>TWVS, Thid, Table 31 5bh 3 &S ICHIKEIEEEIERE 2
12 THB, Table 4 i khiE, THhoEDr — T, HKBESE/KER 14.8% OBEATHY, TOE
BEoFFEHOTFHe FVEROWIIEA, LEOoLEVARKERTH 3HLEOHKBREIEE Lo,
PRYDFEVEKEOESENS, RAKEAETE - T SLENS BT EHER 3,

ki, BEERROEIIEESD X UCFRIEHRD

BEEL, 77 V1A BEBREIC X IRERKER Table 5. Mean ratio of release cut (%)
O E DBRERTAL Y, 77 VA ERR reliability of prediction model | 51% | 60% | 70% | 80%
ER—EOLENSRBELFEL AT L case 1 55 1 65 | 55| 55
TE, —Hhi, BELAH O B ORI e § 25 | 114 | 206 | 226
KIBLTHE—7v— FE2E5X 28¥ORBES case 4 55 | 24.0 | 24.0 | 24.0
NBETEMBEBV, LEkM-T, FOBOEHFD

RESEFNE, BB LspEOBERIEDOR - Table 6. Pondage ratio at the terminal
BOWETZHRTTH 3, FIAE, 7794 period (%)
BEEREEFVOROHHMNEE I KEITN reliability of prediction model | 51% | 60% | 70% | 80%
i, BHARGRILES S »2H->THEL case 1 0.0 | 004 00} 00
. MERRLTOAENVC EERLTVS aee 3 00 | 1074 s10s | sic
T LIt B, Table 7%, ABHYy —RicHBT case 4 0.0 [335.7335.7 |335.7

ZERBOBARE (HAR) o@FHOFLESE
FLBbDOTHS Table TERBLFHME  Table 7. Fuzziness of decided release discharge

FNDEFEEH 51% OBE I IBERERLE (1.0 X 10°m?)

Hcase2 D& iz, FHlTFVOELEEH 60, reliability of prediction 519 | 60% | 70% | 80%

70, 80% DRIz, BERSEREEED case 3 )= case 1 240 | 24,1 | 24.2 | 21.7
. . . case 2 143 1 135 ] 104 | 104

i, Enxh, RAREOCEHAMGEKS/NE case 3 144 | 31| 87| 87

BoTWb, Lz -T, FRITEFLOBEI case 4 16.1 | 158 | 15.8 | 15.8
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