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OPTIMIZATION TECHNIQUES FOR PARAMETER
IDENTIFICATION OF RUNOFF MODELS

By Akihiro Nacar and Mutsumi Kapova

Synopsis

Several optimization techniques are examined experimentally for finding what technique can
be utilized as a powerful tool for the parameter identification of three typical runoff models such as
the series tanks model, the storage function model and the kinematic surface runoff model. The
techniques examined here are as follows: The conjugate direction method proposed by Powell
named here the Powell method for short. The conjugate gradient method developed by Davidon,
Fletcher and Powell called as the DFP method. The QG method combined the techniques of
quasi-linearization and golden section.

It is pointed out that the standardization of variables is very usefull in applying the Powell
and the DFP methods for the identification of a set of model parameters different in order. A
technique for standardizing variables by a set of initial values is proposed and named as the SP
and SD methods, respectively.

It is shown that both SP and SD methods are excellent for the optimal identification of the
series tanks model with sixteen unknown parameters, and that both SP and Powell methods are
very useful for finding optimal parameters of the storage function model with three unknown
parameters and also of the kinematic surface runoff model with two unknown parameters.

Moreover, a simple method is proposed for estimating the lag time in the stroage function,
and the interrelation between the storage function and the kinematic surface runoff models is
suggested based on the identified parameters.
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Fig. 7. True parameters of the series tanks model.

Fig. 8. [Initial approximations of the series tanks model parameters.

Fig. 9. Parameters of the series tanks model estimated by (a) the SD and (b) DFP methods under a
given computation time (M =200 days).
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Fig. 10. Identification processes of parameters of the series tanks model (M =200 days).

Fig. 11. Parameters of the series tanks model estimated by the SD method (M==400 days).

Fig. 12. Parameters of the series tanks model estimated by the SD method under the same computa-
tion time as Fig. 9(a) (M =400 davs).

ERRLTVS, COMBRIBBRE LI 2hOWicdbHATH -0

W —JE Fig.9(a) DETFTVERESHB L, |, 2BOWKALOERKE, Z0EE, BIURSHLOGBRK
RIZEAESTHEITE LS, IHDKE, 3, 4 ROEHREMBEZETEL TS, ThEF—2 ¥ b
2001 TREVPTELLDEEL, MIE408KER LU EHERE UL Fig. 8 DEFVEBEVIREE LT,
B FRIC L BERERST Fig. Il QEFVEREE. 3, ¢ BOERRIPEYEMGESNTED
REPREEL T2 LAEICRET S LARTEZITH S, COBADIFIRIIZ Fig. 10 K~ TRE—
REECxd 2 ERMIRIEIR 25 L8 -T0ER, BUBREZOBRPBEAREEAER—THb. KBS
EDi, M=400 ADF — 2 2B T Fig. 9(a) SE—HEEBTHEI LT VERS Fig. 12 1TR
Th8, REREMZERELTOEDbH T, Fig. 9(a) KHRTHEBDP LOX VAR, BHES &
{1EWVe EFNERERERT B LOOBNNET - 2 HBEEROVTR, AREBRIOLENSHDZS>TH
Bo

EROFITIR, VTROREMARELATEST, & V7 EFAEROERBERICOSHLVESTH
b0 LD ULBHOHEALREHTEMEY, HIREOBRAELNERSXHCETVERERET LI TATH S
EFBHE, SPHSZVRSDERTHERICILEEZELTI .

5. 2 FrERMANCE

FRMEIL, K=48, P=0.48, T,=2.4 (mm-hr BfL) OFHBERIC X 33 EMEICH TR &EEME Uk
HET5 (Fig. 13), RBALERBE r. (mm/hr) ZBEH, FMER 46=1hr & LR U505 O
EBEZNTNELDET S,

WIMEEEMD 1.5/ (K=72, P=0.72, T,=3.6) LT, SP #, SD ¥, Powell 3, DFP L0
QG FEIC L D BEEHEFER Lizo OMBROTNOESS, 3ERES 47 2 T THIEIC—HLT
WATYD, BATHERIRUTHIZND, Z0OBOIEIRTE Fig. 4 1TRY. BElickd DFP #og
ERWEINSZ EWDD 5.

— 10 —



K- AR RBEF VERORBLTFE 219
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Tig. 13. Hydrographs used for parameters identi-
fication of the storage function model.

Table 1. Possibility of parameters idenification of the stroage function model.

Initial approximations True parameters Possibility of identification
Powell DFP
K P T, K P T; QG
Non-St.  St. Non-St.  St.
72 0.72 3.6 48 0.48 2.4 @) O O O O
96 0.96 4.8 ” ” ” @] O X X O
50 0.5 1.5 20 0.6 1.0 O O o] O O
” 0.8 0.5 ” 4 ” O O O @] O
” 0.3 2.0 ” ” ” O O X O O
100 0.8 ” ” " u” O O X O O
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Feich LHEEINE.
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Fig. 17. Identification processes of parameter of the kinematic
surface runoff model.
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Fig. 18. Identification processes of parameters of the kinematic
surface runoff model.
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Table 2. Optimal parameters of the storage function model for various
objective functions.

Optimal parameters
Objective function
K P T,
Jio 5.3 0.65 0.89
Juos 5.3 0.67 0.70
Jia 5.3 0.67 0.70
J20 5.7 0.62 0.82
J21 6.3 0.60 0.68
J2.2 5.7 0.64 0.66

7y BPUKEEHEL LIt e > TkEIT 2 6D ET B E, ¥ — 7 BN OMNEOREE LR EORRRIRE
KB L > TIRENTINEH, ZHICHBONEEMKT 5 &, EMMTRRALIES.

_ ksB?s 1+p, i, S T
5=1%5 (115 4 ot G0
ZHREDIFEBER S=KQF LoMKkE UTROBGESHRShL.
P=p,, K=a-ﬁ%(l+}%§’ %) ........................ @D

TTIC, §: BRBEEEEUSOIES, 7 HRTRE, B: AEE, b b FERES b TE
P, b Lo BN X OTEOEIBISE, o BASREERKT, BE m, S, @ % mm-hr BT THEY
BEE, a=(3.6x108)"#sx10%

BT REE LICLickd K OEEHET, T=00s %13 =1, T>0TR 0B THS,.
E&2®;5K%Mﬁ%n4vnﬁa7&7}ﬁﬁ%ﬁbk%ﬁ@e~7m§%ta@Emwoﬁmﬁﬁ
&S ik, Ti=0 LABTHBADOE — 7 HER t OF#EE § KT, R:=§:;r.dt fols A AT r &R

THB. 2T A ON | GEEIER, WABSIAORADNE Ry=| ' rdt (K50 R OHEES
BLUTRED DIETE 5o
B=1—Ri/R, e (32)

P EDWTR, 8 &l E LTS BICREL LIV

ZTT P=p=0.6 BT LICLT BD) &b K ERDBE, Tr=0 (§=1) T, K=8.4,
P=0.6 535N Table2 ORMMEHED RITY A HEH, Tr=0.75 (§=0.81) Ti3, K=6.8,
P=0.6 (mm-bhr i) &R MCHVE RN HETES. REDEF VEMZE — 7 HEOHICER L
TR LR ETHY , BABHEOETFOR VIRIEDEBEOE bEDNDH, FISRII A RENAER
9 BBROTABREO— DI LIk

7. EEHEEE

PLEOEETIE, £V EF v, FHEREEIUEEREFVORBERE, W 2hORBILTEE
A THIE RN ER U R IC D0 T, —RIERZE L CREBETORADBLETH S,
— B CCERRBICEREMATERNT R ELUTOL I TH S0

(1) HltFHEE LTS Pik, SDik, Powell &, DFP ik, #EEEBLTQGHEEZRAVTVSY,
COHTHEDLNFEEAHTHDE, 2 VI EFVEROERTIIS Pk, SDES, rlBEMkE LU
TG 7 VEROERICE S Pk, Powell ERZNENHNE LS TH5B,

@) EEEHENRLERT D, EROERNFRZER Ut. COFRTRAMESHEESE



224

SUKBH S JCAEE . 35225 B-2 (FE54.4)

—F = A ERBESCHEEINBEAIR, kDS RiCH~TRAESEIPRYUEIND, EILE VY
EFNEBDRRCENERETLLITHS,

3

FEEBEORNM T, OffESEEEEERL, FREKEE R T KT vORERRICD L

T, BUEEBRITICHW Lz TR HlEF Vv OBE R BT 2720103, IFEBNO P 3ERR
EFAD p ZRAOTHEOD, K 3 Tr ZEET 1GNNS AEET NS LER LT

A%, BEFVICGHE UBRBLTHEOWRL, H20VRELEFVERORERLERT -2 REED
EAMBEARLL, HileF VEOHEBRRERBC L THERNEEL TV S,

1282 IR U st BIc i3 A2 (LW FACOM 230-48 RS AR EHE M+ ~ 2 — FACOM M-190 %
PR LIz E2M4ET 50

1

~

2

—

3

~

4
5)

~

6)

7

8)

9)

10)

12)

13)

14)

15)

2 £ X W

IINPREEAED - LIRS : Powell @ILBA I L B & v 7 =F VEROHER, BEERFELHIE,
#65%, 1976, pp.42-47.

BRED - RGBT - B0 - iz v ¥ 2 vy - =P vofEe BHMNCED 330 # 0 7
7 AOPBATE CGE 1), EPHEREHR € v 2 — s, H175, 1977, pp. 43-89.

BERIED - RERTF - B0—1 - Bli=z v T 2 v 7 - =7 L OER HBNICED 2 iHHBRT 0 7
7 A8 GF 24, ENIHRRSEER € v 2 -Thxad, $20%5, 1978, pp. 157-216.

AMH R BB, LARBWEE, No. 4, Vol.l, 1962, pp. 41-5L

Labadie, J.W. and Dracup, J.A.: Optimal Identification of Lumped Watershed Models, W.R.R.,
Vol 5, No. 3, 1969, pp. 583-590.
HE S © $0KTFRIICE Y 2 FEEIE & @IS oWT, FISEKE# LS, 1971, pp. 67-
72.

Tuffer, S. and Labadie, J.W.: A Nonlincar Time Variant Rainfall-Runoff Models for Augment-
ing Monthly Data, W.R.R., Vol. 10, No. 6, 1974, pp. 1161-1166.

AU B W BUKRHET OV OB HE, AN RRETTER, B215B2, 1978, pp. 2%5-
249,

B B BRE - EAK L ERLHTRE T v EBUKRIN T T v, SURBISHEH R, B2l
B2, 1978, pp. 219-233.

Powell, M.].D.: An Efficient Method for Finding the Minimum of a Function of Several
Variables without Calculating Derivatives, The Computer Journal, Vol. 7, 1964, pp. 155-162.
Fletcher, R. and Powell, M.J.D.: A Rapidly Convergent Descent Method for Minimization,
The Computer Journal, Vol. 6, 19€3, pp. 163-168.

Bellman, R.E. and Kalaba, R.E. 3, /NHIFRHK - dulieaR : 0L E Z OIGR], FRURE,
1972, pp. 65-72.

MR EE-EE S BN OBKEEIE, SURBIROTER AR, #2195 B2, 1976, pp. 143-
152.

EAER : BRARIEOWT, KUPEB 37 v/ 2 BREBE BT 2580 E, 1972, pp.
87-107.

EMRA - SR  KROWHIRITE: & € Ok, F2ERBHBINH R WE, 1969, pp. 739-
743,



