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Method of Automatic Calibration of Tank Model (Fourth Report)
— Semi-automatic Procedures to Calibrate the Parameters
relating with the Positions of Side-outlets, the Soil
Moisture Structure and the Intake of Irrigation Water —

By
M. Sugawara, I. Watanabe, E. Ozaki and Y. Katsuyama

National Research Center for Disaster Prevention, Japan

Abstract

Semi-automatic calibration procedures are based on the following principles:

1. The hilltop climbing method or thorough checking up method must be combined
with the automatic calibration method by means of RQ (I)’s and RD (I)’s.

When some parameters are set to some values, the discharge and infiltration coeffi-
cients A0, Al, A2, BO, B1, etc. at side or bottom outlets of the tank model are cali-
brated by RQ (I) and RD (I) method. The effect of relations between object parameters
and the discharge and infiltration coefficients can be eliminated in this way.

2. The step of parameter change in the hilltop climbing procedures must be large,
which is recommended to be 15%,

Input data of the model calibration, observed discharge, areal rainfall and areal
evaporation, have large measurement or estimation errors which may be measured by
10% unit. Therefore, too precise calibration of the parameters is meaningless. Under the
mesi of 15% step, the nearest mesh point to the true values will fall at the distance of
7.5% in most unlucky case, and it is allowable considering the large error of input data.
Usually, the initially estimated parameter value will lie in the range between half and
twice of the true value and as 1.15° = 2, the true value can be obtained in several steps

with the use of 15% step.
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3. Initial model should be well balanced and harmonious.

Some parameters, e.g. parameters for soil moisture structure or positions of side
outlets, are set to some values and then automatic feedback procedures by means of
RQ(1) and RD(I) are made to find good discharge and infiltration coefficients corre-
sponding to the given parameter values. Then, the parameter values are changed and the
feedback procedures by RQ(I) and RD(I) are repeated. In this step, the discharge and
infiltration coefficients obtained in the previous step should not be used as an initial
model. They should be modified so as to be well balanced and harmonious. The dis-
charge and infiltration coefficients obtained in the previous step must be closely related
with the parameter values set in the previous step, and so if they are used without
modification in the next step they must be biased as the initial model. This is one reason
but there is another more important reason. The final model in the previous step is
determined by the criterion, the mean square error, and so there is a possibility that
the criterion shows a small value by chance and a hydrologically not reasonable model
is selected as an optimum one by the criterion, To avoid such a case the initial model
should be modified to be well balanced and harmonious.

4. Number of repetition of feedback procedures by RQ(I) and RD(I) should not be
large and it is recommended to be four to six.

In each step, the set of parameter values are changed and the feedback procedures by
RQ(I) and RD(I) are repeated. So if the number of repeat is small, it is effective for the
economy of computing time, but this is not so important. As the adjustments by RQ (I}
and RD(I) are quantitative and effective, usually the obtained model becomes good
enough after the fourth adjustment. After that, they are not so effective, being mainly
governed by noises. If such adjustments arc repeated for many times, there appears a
possibility of selecting a model which is hydrologically not reasonable but has good
criterion by chance, Small number of repetition is important to avoid such cases.

5. Orthogonalization of parameters.

A very difficult problem in model calibration both in automatic procedure and in
trial and error method by human judgement is the effect of closely related parameters.
The orthogonalization of parameters must be the most effective way to avoid this

difficulty. If C1 and C2 are closely related parameters, orthogonal transformation
K1=C1 - A*C2, K2=A*Cl1+C2

will give independent parameters K1 and K2, by an appropriate A. Usually, the relation
between parameters are not well known and so to find an appropriate orthogonal trans-
formation becomes a difficult problem, especially when several parameters are mutually
closely related. Accordingly, an appropriate orthogonal transformation must be found
by trial and error. However, it is expected that the model calibration under the consider-
ation of orthogonalization must be far effective and successful.

The positions of side-outlets of the first tank and the positions of side-cutlets of the
second and third tanks seem to be nearly independent mutually. Therefore, their deter-
mination is not difficult. There are four parameters S1, §2, K1 and K2 in the soil mois-
ture model and there is approximate relations7; = S1/K2 and T, = S2/K1, where
71 and T, are the characteristic time constants of two exponential components of soil

moisture. Considering the above relations, the transformation is made from S1, S2, K1
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and K2 to +/S1#K2, </SI/K2, </S2#K1 and </S2/KI1,
6. Automatic calibration procedures will be effective and successful if they are used

as auxiliary to help the trial and error method by human synthetic judgements.
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Table 2 Criteria obtained under various values
of HB and HC (River Cam)

HB
e 0 5 10 15 20
10 04180 04047 | 03967 | 04052| 04085
30 04097 | 03902 | 0.3958 | 04059 04091
50 04119 | 03905 | 04028 | 04086 04121
70 0.4078| 03927 | 04095 | 04120 04163
90 04051 | 03908 | 04093 | 04133 04226
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30mmigCELER, 0, 30, 60, 90, 12005 BETRE LN Lot Lty

HCoBzrx L, sHENEHO THRTH O HETHAMNT, BAETEHE LT
DRI A At v A2, EH, HEERED & 1006 mmH(Z dutds L ETHT

£ 3 HB, HC2F A THBOLNAFFE (F o)
FEL LTHEONBOFH2ERLLA
Wit s -

Table 3 Criteria obtainedunder various values of
HB and HC (River Cam)
—Criterion is the mean square error of the
logarithm of discharge —

HC HE 0 5 10 15 20
10 01997 0.1955 0.1954 01971 02011
30 | 01974 0.1896 0.1933 01978 0.2003
50 0.1981 0.1892 0.1969 0.1999 02024
70 0.1969 0.1897 0.1997 02022 02051
90 0.1948 0.1886 0.1977 02023 0.2072
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& 4 HB, HCZZEA THELNAIM (& &4H)
— i L LCEARBOAZH S L L2BE —
Tabled Criteria obtained under various values of
HB and HC (River Cam)

Criterion is calculated only in low
water stage—

HB .
HC 0 5 10 15 20
10 0.2820 02778 02741 0.2786 0.2947
30 02735 02790 02728 | 02801 0.2960
50 0.2657 02779 02722 0.2828 0.2950
70 0.2570 02723 02744 0.2869 0.2997
90 0.2606 0.2663 0.2755 0.2906 03056
& § HB, HC:2ZE iz THELNLFFM (Ey A)IIHED
Table 5 Criteria obtained under various values of HB
and HC (River Sarugaishi at Taze)
po~HBl 5 10 15 20
10 0.1932 0.1871 0.1900 0.2026 01951
30 0.1824 0.1901 0.1874 0.2001 0.1991
50 0.2051 0.1837 0.1877 0.1935 0.1972
70 | 0.2099 0.1993 0.1965 0.1988 01954
90 0.2109 0.2055 0.2023 02041 0.2029

BOBE, brEoWITELEImm/ A REC %k 5) UFoBAc-x, T2 FlE
EfEoThiz, R4XLOMETH S, COFKERIC Lhd, HB=0, HC=70 2%/ 0 3F
RS, HCOBXcxt LTHEI MR TH L0 AU chsrn, —FHBOE2
R LCHMER LY X2 HMBic o, cOFERE2FL, £5HEFE w52
Ll otz H5HB, HCofEief L, RQUI), RDIDE HWTEBE*ftv., BB xFL
ARET HBOMIG K BERE N LT bird i S v b, KO 20 B 5 TR
A HE LT Al b4, PR3 kic, BERFELVIERCk o1, BE, ~
APZ 2Tk, HB=5, HC=50 & LC KB VTHS .
FENKRAEBNHECH LT, HB, HC*E 3 ¥ T, 2RTO LbL&2s LTI
o>t ERPES THE, ZOROFMML s h BEFOEE R - T 5. Fa kg Huve
FAMRHEERELTE, 2bhaTRETCHETRS YA b tBbhs. By A)IHE
bEbOHTLWHBER A, ThTHFMELAEVETLH - TW20THE. R
5O kT, HB=0, HC=30 " ERBO#HMrH 524, HB=5, HC=50 : ~T
EB b LW FHEEO s T oRETH .

HCofix thZhofEcEE L, HBoXfhic x 5 HitifECELYKEL, ThEx 5
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BECHEPRTAUTS. AL :%, HB#EFE L, HC*ELI®Tiih-TA5, £h
ko n L, HB L HC OB R h 7T/ vh Ly, HBR2 KEL 45 L, iz
T2 HCoOERRECHCBS T AN RLE. ¥ 2HOBELRHATHS. B
FoHYE LT, HBA10 ~10, HC2'30~50 @ H1= 0 wh L. RicHB =5, HC
=40 & LT RMBEPHI .

192 P LB FIC T Tl ElloRHBR % Tl stc b &, ZTD & v 7 » 74 TIIHB
=10, HC=50% T\ 5B, YO X5 LT 0ExBrnZEsriimnes, megtihs k
AToBEF, JFoxFie, BERAKRORBICE R, 2Y 2 « EFAOFE LR 7E
Lasfricbhtuwicwy, HB=10 3 &@s6MAvbh, HC2 0, 20288 4 6h, B 50
LEPNRTWA, SELLADLSLTELRI-HB, HCME (5,40) %, R1oHBREe7Fr
@ (15, 15) HBLEL, R TATHBTHLLME (10, 50) CEWIE S HERE L,

1EBEAZv70HAL HA2L Lba o5 L TRphiZ v, 6@ r aflliconTodt
BHlt, HA1% 0, 5, 10+:%{E8, HA2-HA1%10, 15, 202 2{L x4, HA1=0,
HA2 =20 B3 HhTws. 7 AMOBE, +8kG #iEs REREOER /555, HA1 =0
LD ORIURTHS S

ZTARyD)IHB-cHALCERTHS. HA1I#0, 5, 10,15 82 1L, HA2-HA1
#10, 20, 30, 40 2 &AL T, HAL1=5, HA2=0G2 R B0 2B T\ 5 . & B0 i,
HA2 -HA1 oRB 2T -icKBowc Hh a0, HA2 -HA1 # X bic k&< L
T BEHEA L5 Livis v alfEtEnidh 5. £ 2 CHAR 5B L, HA2#%55, 65,
BLEEEIHTHLERLES THE. FMEBE< /D ~HT, &BF HA1=5 ,HA2 =45
VR RO B ol

MR THE CER ATHBIE BT L L 2B £ 54 T HA1=10, HA2=40 &7t o
Tt M2olMBEEFADHAL=15 HA2=40 L X2 &, SEO LbLZ28L TELEH
Rz b, O TATHRCRoiz 27 2+ 0HAL HA2, HB, HC A 4SE L H 424
LTRDBIGDRFT &z, AMO¥E IrEMcBorehksz benTboTths, &

£ 6 HALl, HA2 2Zx THBohM¥M (v 27

Table 6 Criteria obtained under various values of
HA1l and HAZ2 (River Cam)

HA1
: 0 5 10
HA2-H
10 0.2886 03150 0.3295
15 02985 03117 0.3307
20 0.3029 03123 0.3321
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& T HALl, HA2 222 THLNAME By A)IEED

Table 7 Criteria obtained under various values
of HA1 and HA2 (River Sarugaishi at

Taze)
HA1
0 5 10 15
HA2-HA1
10 04119 0.3916 04199 04221
20 0.3957 0.3735 04136 0.3896
30 0.3897 0.3671 03730 0.3775
40 | 03740 0.3594 03715 0.3785

£ 8 HALl=5nr%, HAZRE 21 TELhAFME GEr A)HE)

Table8 Criteria obtained under various values of HA2
when HA1=5 (River Sarugaishi at Taze)

HA?2 ! 55 65 75 85

EY i 03706 0.3746 0.3850 0.3800

wH kb, $EFTE o2 RQI, RDDEDHAIL L5 Lbao8 LD EEEY RT L0 &
BolANknss. HEEN, 20y 7 bv=7h, ABELOLRRY T2 E0 TR
i, ThE Y 7 by =70 E o TRKBEN CHBEE T LML THS,

8 TEAROEEORE

HERGBERESHL 7 2 - 2251, S2, KL, K2 04 FTHS. 4o 254 -2
HLTR, LbA28 L x T dFficadfrak o, WBIEXAvS LU Fuvn, -2
A5 A gL BlEEIREREL L, hoNHZILEYE L DIEL, ¥ORUK
ABBHET 52 b Lic, MILFLofBEL2RET B8, & 2E s R X i, FHf
B IBEFORZEX#E2 5L, KOLTHBEARKE I 223 R Thicvnb
THD,

¥4, (B1.S2.K1L,K2) obzErblETS. £ ¢tRQD, RDDic X 2 BIEX T
L, BrEFALEOHMEE:YEORS. Ko 1, S2,K1.K2) OfEIch 5FEHT 15
fidh, £ofEDS T, RQUI), RDIDC X5 BLATRbI, H5 74 E%E0FMED
Behs. ToIHMAEEY HFEHES S1, S2, KL, K2) o dT 52F MBLE k<. 2EE T
flifEst & iy, SHT1 24, 2% o BRI LTL? A h s, 20 H O FEE
DB R, MEBECTI 2 EER 5, £ LTRQD, RDDe L 5 BEATTicbh, 5%
FALEOFHIELNBOhS . B5ht 3 EoFMiE, T1°, T1', T12 2+ T LT,
Tihe® G+ 2 #iMifEo b, BEOFMELEL 7 2 —soHrFE oo MREL TS,
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ol TIY, 5 2 —# (51,52, K1, K2) o fflic BT Te2aihs, E18BELE
e, T2 :T2?, 3 T2 T2 Eh, 3EOFMED S bHEROLDOX H2 5 4
S A—aDENEIBEOBIEEELTD,

HIBMTIERATINESh, B4BE T T4 Ehs, ThT— LB TTHS,

BB wTrhrh 2@T 2047 4 —z2{Hic>%, RQID, RDIc L HEF Lk
AT bh. FHEESEH IR E NG, RHOEREY SHtuE IBoRENTEbLI S,
£ 2 TRQI), RDUw X 2B IEX 6 EfT7d &The, 5400 { b LHENT
bh3RC, chictbiEd o REEs b v, BREBLhERED 47 4 — 51k, I
TN, T2N?, T3N3, Ta N2 L4 d T, NI, N2, N3, N4i2-1,0. 1,2 D
EhhThs,

Ll EDFEIHE s e BT TR B LEIMT 5. &8MT, T, T', T? 23T
T, T!o3@yofsoFMEriong, KORETRHEBEE R EL, £
LOHECELXERIE IO RYN DL THSL . Co/NALLEY & 3EL iR
X A5 4 — 203 bhbTHAH LR LL. MERTL, T2, T3, TLOEDT
T, CCTEHRMOEL HARe I2EE L. R UDERAACOREKDOFRTHS. T1
Ti2S1, S2O®AC L1 8T, T2 T2 S1 #1151, S2¥115TH5%5. T3 T
1K1, K20 A 115 &8, TATRK 1211661, K2 %115TE5, TheEL
B9 TRl Td. 2ohR1 I ELThich ot

EODHR I ELAE V0, BEAENIELT Tt EFBLT, WK
100 FHARFL, ChRHTOLDOL LR v, RIh HELTrRv. 3LIhbD
FHEN Y EL BT, FolrdBEELsLESTLULBERCASETHL. T, &
HECTHCEENE, TAPREOETH LML, TofEciiv, W0 LvliEcEE 2

% 9 S1,S2LKLK2o@EoE4s{bxAssE L
TEAshFR FE1 @A)

Table9 The first unsuccessful trial of
transformation aiming at the

#£10 2EE0ZE
Table 10 The second

orthogonalization of the effect unsuccessful
of S1, S2, K1 and K2, trial

S1 52 K1 K2 S1 S$2 Kl K2
T1 1 1 0 0 Ti 1 1 1 1
T2 1 =1 0 0 T2 1 1 -1 -1
T3 0 0 1 1 T3 1 -1 1. =1
T4 0 0 1 = T T4 1 -1 -1 1
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2T, TZhbHEIRIE, TOMHOEL TEELZETHE. £5hbhuINc DiR
DEFEEO R IERLT W5,

bhbhia EoFRXry » aplicafL, 61, S2, K1, K2 oHf@s LT 6o, 250,
2, 5) ®HAVLoTHsN, LOAAC raABA B2 DELEHS, K12 X b/h
SnbLwZ &, K2 @Zhith KEVWHBLLWI L, S2hREIH LW LT,

LI THHSTEEAGBECSWCOEERTiobh (FRfi, 1981, 1Kk, 2&kot
BASEO THE X ECRER T, CRbAERT AL, Bl L EEK G EGRE
Bty TRETAHZE, YLTZ0oBERRILHb Al

Ty =51 ./K2 T, =52 /7K1
TEZLRBZ LRMo7, S1 BK2E, $2@3K1 BB h 5,

T TRINMCTREINAEENRALR, ThRfOob0L hEsnc: ERY 52 i,
bhHA, FALMPOHEBLTLRURACELEL SEBLAR WL, Yo pacs|odh
STHFEL->TLEICLLHHD, Th iy 2 FlEC X 5t > T X v, &
Livlous, AMOHEE Mz e HMEINFEEL S T, BLEo LYo X15TH
5,

ZoHRL, 4724 -5 (51, S2, K1, K2) ofihiz, «/S1 %K 2, +/S1./K2,
VS2¥K1, /S2/K1#%45 2 -4 LT, BEEYRII-LDTHS.

9. BREFAXEORE

HOEORSSOMIITE, BEHOEAREIRAZEAARAOBEY AX{ZFF 5.
ThixRdoc, B AN HMESB2BERKE LTS v « =510 M0 53|
EED, TRIIWThBETD LELIBB s vI/RETEVAIHERLTWA. F0B|xE28
FRAEX BT IEETHS. WoBE 2 FA~ B EHEKENETLE. LisL,
FHUIEFIB L BUK B TH - T, KTENLBERH KBTI EROBUK 2K FiEC D
RISEDITHRTWANREIATHETSH S L, Tk Licko
5, T ¥ FHKBYBE-THACRZ b ©, HOAEE

£l 3@EOERE (B
Table 11 The third and

LTRSS TERZE b0, Eh BB LTb 7 < ﬁﬁfﬂm,
ACR6DEHHTHLS . HIIDEKKEIC K X%
BEEEL 500, BEL, BB TR AL S1 s2 K1 K2

MR ->TKRLEEDTHE. CORBEYHESLD, Fh T1 1 0 0 1

RRICKLFHEERAKBE L RLET LethiE, £hA T2 | 0 1 1 0
WL HTHBEMIHEEN Y LTI LR, T3 | 1 0 0 1
COKLFEMNRERKELATHRTED S Z &4, T4 0 1 -1 o0
HEHELov., ETHEAO KHEAELA~S. #
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KERIOmm/ BE LT, BIXTOBEAKEORYUS 25, R LHREFEHAKLZLELT
W 2T v, ERcksT 2E0RE L EE L o= o, £ & EAKRIOmm B
ELTRYUZ S -EL ¥ RebeT, BEAKEYEDS, bLaREXY LT, FHEHLE
Tl 2 Lo,

KEHHAERKELESLONEL v b, Thr AFe R 2 AKX L AE
ThoHn, FlOBA»LER DD EBLRL ., KIFMNEBERKEIKFINEE S EEGT
HBH, PR KoBGHEILhERVCRCTADOTHE, Licti>T, ThBEHBH
Mz L aRfTERcEnbh b b, Lo BEELYHB T, ANETES. Litti-
T, KIFORERKRUKRY BENCEDS 7 e 5 avFL Z &3, EREERE FO
LEbR S,

TR AR ELHTHETHS, iz, 02mmHHARE, 0226 LOmm /HE T
DAY DEERKLEEL, FoFhFhc2wTRQD, RDIDETEF AL FHE
Ray, ToOFMEEANETLIBEHKERONE IV, Thicd, FHEERZGREL LT 7=
v b L, Thibo CiHiisr &/ T RBERKEYEHNIE, 001~002mm/ B BE O
ETEHLILATELTHAH, ok, BEAKRKUEME, EREA Fr 77 %
RTUHEGC L TESHIT I u,

F2EyO)IIMBECHH LR T, BEPR® s A16 20 9108 £ T L, BE
K% 045 1.0 (mm/B) ¥$TO02H%cdtew, thiho Byttt sk,
BIVEFOWEXYTRLELLOTHSE, ChErRTR LM% Ro L, HiELRE R L
Coh, BELBEEFRCO > TWE, ZhhabEERAAEIR020mm /B ETh.

ERdooBs, BERAIEIKERF—EL LTw3, BFEol, REHcKED K
BKEshaZ g, hotATHRE R AIIAEE @ LI &2, REHKCS
T EARE L, s BEFER0.5mm H, 6 A1 EAH8ANBETL 0.15mm AL
VHEXBThS, CoFHER02mm/ BT, ks I{—HLTW2

BEMKENFFRC L o CH T2 L%, ThEilBERc I > TROBTEREDNS, &
T hito b chAMER—F L EE LEIKBEY Kb, TO—FEoERAEORED
b CRELc#ERREE, BARREOEO WL RO 5, TolR, #E, ERAHE

£ 12 BERARARZLATHEGHAFMES LU oML By A5)I@BE)

Table 12 Criteria obtained under various intake of irrigation
water and their differences

(mm/H)

0.0 0.2 0.4 0.6 0.8 L0
BERK )
7 i | 01834 0.1746 0.1818 0.1993 0.2264 0.2672
it # — 88 72 175 271 408
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(o]
0.254-0,10
(0]
0.2 40,05 0
+
(1] o 3 DRERKEZEALBECHETS
o + FAS LU ORE
=+ o FR{HifE +HE =

201 4+ ansaay TFi8 3 Criteria corresponding to
0.15 i ' i | 1 the intake of irrigation

0 0.2 O 0.6 0.8 1.0 water and their difference

+ © criteria + difference

ELEHBHME, Lok 2F2mm/ /B LY PEVBELETEOWTTEERDS. @RS X
ERREVYBRNTHLHTH L, BROBEOHE, BRKOLE i TEROEMH D,
WFHOPICEFEEEOE VIO L HTKDY, ThaR LA, 0¥y 77712
fntHns L, BERAKORENEOS I FoMAR L2 EhE, thi, KFlEQCR
KEEH REHET, KIEMMKBYEDLZ LA TE S,
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2)

3)

4)

5)

6)
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