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ABSTRACT

The purpose of this study focuses on the model-building problem of hydrologic grey

system and runoff forecasting, using ideas of the grey system theory. The differential

hydrologic grey model ( abbreviately as DHGM ) has firstly been applied, which can not
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only (!escribe the imperfection of hydrologic information in the model building but can
also provide new approaches to dealing with the non-unique parameter identification and
the uncertainty of runoff forecasting. The major contents of this study involved are of the
following three aspects : (1)the modeling of hydrologic grey system,(2)the grey parameters
identification and (3) the grey forecasting of runoff preocedure.

First of all, the differential hydrologic grey model by applied grey system theory was
adopted in this study. After the rainfall-runoff model was established, parameters of
DHGM model was calibrated in sequence by using the optimization algorithm. Further-
more, runoff model was verified by the observed data. Results showed that the parameters
of DHGM model can be systematically estimated, leading to better model performances.
In order to apply the model in runoff forecasting, moving average method and GM ( 1,1)
method were finally adopted to link the rainfall and runoff processes and construct a real
-time on-line forecasting model.

In order to verify the appropriation of the model, the Tseng-Wen River Basin was
chosen as a verification area. According to the topographic characteristics,two study zones
were divided as the upstream watershed of Tseng-Wen Reservoir and the downstream
plain zone of Tseng-Wen, Chi,respectively, After verification, good correlation and
accuracy in model analysis can be proved. Therefore, the deductive approach and
simulated result of this research can privide referencesand applications to the planning of
water resources utilization, the managment of watershed and the reservoir operation for
flood prevention of basins in Taiwan.

Key Words : Grey System, Rainfall-Runoff Model, Method of Parameter Optimization,

Moving Average Method, Grey Model ( 1,1), Real Time Forecasting.
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Qos(i) © SEIRFZ] i BB B (cms) ;

Qear(?) ¢ SHIRFK B HER T B (cms)

Qosa(2) = RNV B> A1 (cms)
CEfHB#I1 » R MR ©
2. ¥t s R #3E (Error of Peak Discharge ) » EQP

EQP - Qp.esl - Qp,obs x 100%

p,obs

(37

Hoiht s Qpeor: EAHEAL I BT B (cms) |
Qpobe: L2 P Vi (cms) o
HEQPH/NPERE » R AL Btk E
BBt R TEQPEAR TR » AR
HHEGEAP B » PITIEAS L EERRL R -
3.4t B R L3R 2 ( Error of Time to Peak ) s

DISCHARGE (CMS)

ETP

ETP = Tp,est — Lp,obs (38)

Horr > Toest: R HEA & PO TR A |
Tpest: B BUEREIFERFA] ©
YETP{E/NAERY » B2 Y E
5 0 0 B L B 4R T - BETPEAR RIS E
% » METPEBHELE » RREZHERER o

N~ REREER

OLEMkEEKE
133848 5 4 G P 28 (4 LA DHGM X i BRI R 5

REA  FIEBHEFRAT

DBEFRBA L B PR A(0.764) » T LABKIE
FIBEYLR(0.971) ©

(D pi B3 7 DA ARG B IR K (-20.85%) » T
BB REHL i/ )M-1.41%) ©

(B B DA B R REHE BT A (-5.56%) » T A
FIEHEREUL IR/ N -1.22%) ©

(A R R L NRELLA o -

2. 4#2BILLIE ( R§ 654 ) R THELMA ( RE
664F ) B35 HE UL SR A0 (6) ~ B(T) o

i

RAIN [MM/HR]

BILLIE (G5.08.09) UPSTREAM

T T T T ™ T T T T
[ 3 12 19 24 30 36 1z 4w 54
TIME {HR]

B(6) @SUKEHEKRBERREE (24)
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. 1]‘JJ_F
g.w
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sé

THELMA (66.07.25) UPSTREAM
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TIME (HRY

(7)) @ UKESKEREREE (34F)

3.R( 5 IFRTRIHTRBEFC S BIH
OTBFRRKE

1. RIB F S Rt R E A 7K S0 ADHGM

B EERSRTRER6)  FIEBUERNT

(DB (RBUAEE 1 HREBER{E.0.884) » TIAK
H BB 5(0.946) ©

QA B30 2 DI RO BE R K (13.84%) » T
DABE F1-HREBE R /1N-0.16%) ©

Qe F B2 2= DR BE B K (-5.82%) » T
DABE T REBE R /[N (-2.98%) ©

@R IR ~ LR BB RITE /R » 3L
BRISHE I/NRFLAA ©

2 {Z2{ENORRIS ( EE69£E ) R ANDY ( RE7

1) WBRELRE R E®) ~ EO) -

3.RMNFTTRGSEREZ B BUE ©

OFRAEEREFRABNER R - FHR
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i
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24c0
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TIME (HR}
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W 2SR —HEY - REEMR LI kEE
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RAINFALL (MM~-HR)

EA » HRE S > k- ssos T
HIIEME » KB Ha, (@) b1 (Q)FLMEKT
Bi#g—tk o
(V2 Bibo ()E LW KEEKER FTHEREKE
SHHEA S REEEE o X EEFREES%b.
(®)—ERAFEFEW » HESOERRBRZ
FER > bo (QMIARE o HHHZ T 2 bo (®)ZK
BEKX » Ma (®)~ by (®)ﬁ[ﬁ§%ﬁ% °
DD Bz R » —RUE LR REER TR
CEBESEEN o RERE > oHBRL

Moving Average Forecastl
Upstream AMY (66.08.22)
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Moving Average Forecast
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RAINFALL(MM.-?HR)

GM(1,1) Forecast

Upstream AMY (66.00.22)
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FIME (HR2
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W—BREE— B =/ BN - HAERURE) »
RBAMY (RE664) RIUDY ( REI665F)
SRt N R E R A B0 ~ B12) » B3
FEERENE (L ~ B3 o FIAGMA,D
B o HERA£09) o RBAMY (RE665F) K
JUDY ( EEl664E ) RiGReH: e RN AR E R E
(14) ~ E(16) » BREFEFEMBEEQS) ~ B@17)
FriR o RTEERAS RELE » — /N ERAE =
INBE B =/ NREEN R BRI o — IR T » THERERF

RIS » DEISERRAMHGE » R S
Rzt HATECRR » K2 REE
% MEAGESEENE -

QAR RS BB S BRI » 822
BOS MR - SRR T R L A B
Bpek 7 YRGS YE o PRI b TTHEZE — RRREL
YR ZRHR > YRR ST TP
B o R B RCELRGRS o ERTERY
SETIRUKEREHZ SHE K HAIFISR
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GM(!,1) Forecast

Downslream JUDY (68.08.22)
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TIME(IIR)
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£(1l) g XEBEREKLELS W &G 2 6 F R X
WEW & | B EWL % 5 & L 2 & = ¥
oM H O™ | 181.4 42 .4 44.3 128.7 | 84.3
o = 0.38 0.09 0.09 0.27 | 0.17

®(2) FXEREBE  THEXSEGHEHWE K=
W ORI A g X HF N M R M [ 1t
B 110.3 122.7 367.3
" ::{ 0.18 0.20 0.62

®(3) AW EXERBEREN -BRE G X
& o 4 i) % 7’ o4& H# W OR E B /A

# # (Billie)| 65.08.09 59 #® x|
% % (Thelma)| 66.07.25 74 w o

E ® O (Vera) 66.07.31 52 ® o
ﬁ ¥ % (Any) 66.08.22 52 B ®
M B % (lrving)| 68.08.14 66 % E
i % sl (Judy) 68.08.22 95 W oE|
& #  # (Andy) 71.07.29 122 ®

% H (Abby) 75.09.19 39 ® =
O (0felia)| 79.06.23 73 ® =
# % (Yancy) | 79.08.18 8 4 B E
B % (Irving)| 68.08.16 62 e

; % M (Judy) 68.08.22 137 B ®
7 B W W (Norris)| 69.08.27 57 w &
i % # (Andy) 71.07.29 118 # &
7 BOf £ (Alex) 73.07.02 67 w
& % H (Abby) 75.09.19 63 m




£ (4)

@ X R W M L WK EDEGH(2,2) 8 B A R %
HEH| BHM@E D HGMERBEK B #

QP TP b | 1P| cE | EQP | VER | ETP
% B (cms) | (hr) (cms) | (hr) (%) (%) (hr)
® #| 2803.0 [15 |2640.4 |15 [0.899 | -5.82 | -3.04 0
g% ®| 3582.5 | 8 [2996.2 | 9 |0.905 |-16.37 | -1.22 1
# H| 1675.5 |23 |1459.1 |23 [0.916 |-12.91 | -5.56 0
B & | 1086.5 [24 |1071.2 |25 [0.912 | -1.41|-2.40 | 1
% | 2622.5 |44 |2075.7 |45 |0.764 |-20.85 | -1.41 1
% H| 1388.5 | 9 |1575.2 | 8 [0.947 | 13.45|-3.29 | -1
EE 2196.5| 30| 2283.5| 29| 0.971] 3.96 -2.27| -1
#£ (5) E ook B £ Kk EDAGN(2,2)E 8 2 & #
# " H 1 a1 b 0 b 1
BILLIE 65.08.09 0.0890 36.812 | 12.075
THELMA 1 66.07.25 0.0850 77.481 11.378
VERA 66.07.31 0.1052 25.030 | 14.469
IRVING 68.08.14 0.0859 12.761 11.440
ANDY 71.07.29 0.0586 28.050 7.008
ABBY 75.09.19 0.1339 65.687 | 17.862
OFFLIA 79.06.23 0.0834 39.708 | 11.200
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F(6) BXEWE THE KEDIIGH(2,2)EBEER &

H H B O® M D HGM®HBE X #H #H (#
QP TP QP TP | CE EQP VER ETP

% 3’ (cms) |[(hr) | (cms) |(hr) (%) (%) (hr)
Ek ¢ 1458.5 9 1660.3 7 .922 1 13.84| -5.82 -2
BT 1185.51 16 1193.8) 17 .884 .70 -2.98 i
&7 H 2636.0 | 27 2648 .4 27 .913 .47 :3.37 0
M e s 1358.5] 18 1355.9] 20 .935 1] -0.16] -3.78 2
b2 H 773.0] 17 822.8| 15 .946 6.44| -3.93 -2

£(7) THZRHEREZKEDIGH(2,2)EE 2 B #
% ﬁ E ﬂ al b o b
IRVING 68.08.16 0.1599 8.758 25.971
NORRIS 69.08.27 0.0984 31.994 16.351
ANDY 71.07.29 0.0875 30.166 14.680
ALEX 73.07.02 0.1313 12.301 21.246
ABBY 75.09.19 0.0958 1.949 15.816




£ (8) BB FEYEEWEERSDIONE X B8 &KES
Qp(cms) | Tp(hr) | CE EQP (%) ETp
EoW ok B kB ¥ % B ¥ (AMY) [66.08.22]
5 W 2589 .5 21
B — b 2687 .7 22 0.95 8.30 1
B =N 3095.5 22 0.85| 25.99 1
W = N 3553 .2 23 0.67] 44.72 2
E WK E S KR Z @ B Bt (JUDY) [68.08.22)
5 oW @ 2222.5 27
W — R 1848 .9 29 0.91] -13.91 2
B OW = R 1960.7 14 0.87| -7.83 | -13
HOH = N R 2151.7 15 0.76 2.28 | -12
EWok B kB B % B ¥ (YANCY) [79.08.18]
7] b & 2342.5 14 ---- - - - - ---
oM — R 2209.3 18 0.65| ~-11.95 4
B O = N R 2425 .3 19 0.55 -3.45 5
R OZ N 2641 .0 20 0.40 5.01 6
WOk H % A E % 3 B ¥ (JUDY) [66.08.22]
85 W 1148.0 55
B — R 1468 .7 55 0.86 19.34 0
HOM =R 1673.9 55 0.75 35 .65 0
R OZ N 1881.9 56 0.51 57.26 1
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GM(1,1)% W 5 W B K S DHGME XN W B & B %

£ (9)

Qp(cms) [ Tp(hr) | CE EQP (%) ETp
W KES KE ¥ o K ¥ (AMY) [66.08.22]
2 oW @ 2589 .5 21
B — 2687 .7 22 0.94 3.79 1
B R 3095.5 22 0.86 | 19.54 1
O O= R 3553 .2 23 0.69 |[37.21 2
E oW ok B %K E 2o B Bt (AMY) [66.08.22]
® 9w 2222.5 217
oM — B 1848.9 29 0.90 | -16.81 2
B =B 1960.7 30 0.87 | -11.78 3
B = B 2151.7 15 0.77 -3.19 -12
LWk B ®EKE B % R Y (AMNY) [66.08.22)
€ W & 2342.5 14
B — 2209.3 17 0.63 -5.69 3
HOE R 2425.3 17 0.50 3.54 3
B =N 2641.0 18 0.45 12.78 4
THFTHREKE % 1 B Y& (AMY) [66.08.22]
L [ - 1148.0 55
B — R 1468 .7 55 0.83 27.93 0
BHOW =B 1673.9 56 0.70 45 .82 1
O = R 1881.9 56 0.43 63.93 1
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