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Method of Automatic Calibration of Tank Model (Third Report)
—Automatic Calibration Program for Flood Analysis—
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M. Sugawara, I. Watanabe, E. Ozaki and Y. Katsuyama

National Research Center for Disaster Prevention, Japan

Abstract

An automatic calibration program has been developed for flood analysis, in which
the applied tank model is composed of three tanks as shown in Fig. 1. The runoff
from the top tank is assumed to be proportional to the square of the water head
while for the other two tanks a linear relationship is assumed. The criteria RQ(D)
and RD(I) (I=1,2,3) are defined by comparison of the cumulative distribution
curves of both the calculated and observed discharges for each of the floods.

The applied tank model is composed of only three tanks, i e. there must be
some tanks which can be neglected while the respective runoff components can be
assumed to be constant in eacn of the [loods.

The structure for channel deformation may be added to the tank model, if
necessary, as shown in Fig.5. The automatic calibration method is developed including
the channel storage structure.

The flowchart of the automatic calibration procedure is shown in Fig.7.

The method has been applied to the analysis of floods at the experimental
catchment of Uratsukuba (Makabe-machi, Makabe-gun, Ibaraki-ken ; Public Works
Research Institute, Ministry of Construction). The results obtained are fairly good
as shown in Fig. 16.

The automatic calibration method by means of RQ(I) and RD(1) is especially
effective, if it is applied under good human judgement. In this context, the automa-

tic calibration procedure is an auxiliary method for supplementing the trial and
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error method based on human judgement. An example of the [lood analysis procedures

including the automatic calibration method is shown in Fig. 10.
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Fig.11 Maps of Uratsukuba experimental basin
: Yamaguchi-gawa river gauge
. Sofugamine rain gauge
: Kamihonsha rain gauge
. Dohyoba rain gauge X
: Mt. Tsukuba rain gauge

o oOmE

— 171 —



ST A BB H i = v & —pPRiRE  5E245  19804E10H

£ 1 BREARHIOKE T

Table. 1 Outline of flood data of Uratsukuba experimental basin

BOKEY | PokmRMmSR | Rk | meonm | WEEH

No. FoH-F -8 mm/ 10’ | mm/10 Tﬁ]ﬁé ‘J:Z{XH“. "R o & =

1 1971+ 4-29- 0 0.378 0.011 P O 360=60(h)=214(day)
2 1971+ 8-30- 18 0.642 0.008 O X 360=60(h)=21%(day)
3 1973+ 8+ 412 0.895 0.008 O O 504 =84(h)=35(day)
4 1974+ 6-13-18 0.362 0.011 Q| O 324=54(h) =2V (day)
5 1975 -11- 6-12 0.331 0.013 X O 360=60(h)=214(day)
6 1975+ 11 - 14+ 18 0.286 0.018 N O 380=60(h)=214(day)
7 1976+ 7+18- 0‘ 0.286 0.028 | O ‘ O ’ 360=60(h)=214(day)
8 1977+ 8-13+ 6 | O X 1044=174(h)=714(day)

0.286 0.014

TRy, RO TAT L 25T, FEENE AT Lzt bbb Th 5.

HAW AR (ERELATIERD 13, SELOIAIE, KR SBER Seirich s, +
SO RN (3.12km?) OROEH#175 (M), -oRBRbOERN: X
HBARBHIACTRME R, AR~ IRRIS2T | (RARPIR T ERE14295) & LTHIS
hTW5, BRENOEBELE 1R, SEEROMD x A KAl %R+
REA S 2 Hbhizoik, HRXr%, FEZO2METEE, toBCHL X5, £
BIDRMLTWS Z L%y, #KNo. 8 ¢, LAROMEIZ—MYE: bhTuL 5B,
KE= 7zl KA LT Bms, RAlEZE LTINS 5, NIRXriE Ak 2 S0
12, 10rFiiE, MR, DS, AR E 3, FEcMBEnE<, I rmsiksTuw
D, EDRPABE S &, ~HAPRALONTE, BHELTELEDKREES 20\, &
DY T, HHEOERA - TV B L 2 E0THE, ~Hldfclk 2k % 0 T H
T, ADNOMEE LTHGA:, B0 ClSofin 3T Tt s LTh, 4Emuni:
AR L KA L DL ThA S

Lok, ZO2MADMAUTVEZ L, HRARECH 4 FI+54 @ TlE ik
L, WrlElE, HWNEEH WS L, LEBOMR oo 2EEnt I RoTW3 L5 Th
DL, DMREEHTHE L, SHUEORILI 02 S KE B LTwE 2 280, #Hl
Kyl EARKL2MbNomEE, HEEEE LT, eI Lu X5 ishd,
AEMEEHS L 0.0l mm/10' BE D 4 0%y, Zhiz 0.06mm/h=1.44mm/day =
Wb, ZOFMOMS i beEr bbb s, BEREIATIKREL, Thb
L, BEEOIVRMRTSLELZ A FHERS,

Fzbhic 8RR AFEERR 0.895 mm/10" =&, Zhiz 5.4mm/h %475, 4
DO EVHIEHOBKIC LT E LD TR, o, HERECH 100 mm, 1045
ETHIOmmA, o 200 TwS (FRILETE, HRE2 S LT ods0
TTEotoB L), 525 OFfiER ThHivE D mm/10'~10 mm/10 FEE o E KAV T 4 350
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VWO S, 555 DL D 1L LANE 2 £ T A1=0.,0001 =l
& Lie

| booz

CDL5IZFEL, ThfiKoREENAE - EEELT, HI2% 1
HME=FLELTHEMEZ v 75 2 %8 L T4, A, XU uluos
DHBiL, YRYFAF o, 270E KL S D, K Noo 1, ok Hi2 HAEEGH
No. 2 Zid&HEE LTHEB YT/, COFr 75 AT, 28 iﬁ/aﬂ:‘%{“‘f
H 3BH® RO, RQM) it r b, HRE¥HicLTs Figl2 Inital model
st 1PAORHETE, 1BERZ2 v 7/ e 7500 AHREE L&S;%z
L, 2EHORF TR RQE), RD(B), 0BEROT » 77 21 perimental

asin

bR ahiz, JNEBEORETII Y » vy 7 AITITB YIRS fr o /s
BLuwy, HB=HC=15 pikE+¥2 5 L2 ealoie, 2 Tila)lo kst e
BB LI 2 ThAD, Soi)lobki, fRoRsLE SRR Lo KUK BE T, &
b TEREEN XL, #oCik HB, HC #0121 C, IVWHENA BB, FhsdEmn
gl E 5 b Is RIS ES), Eda HB, HC2/hE T2 kit Lic,
2) LoFETETRISTA T2 POEMEL, 1207400
HB=0, HC=b ofgll#/mz izt o&iFE=7F v e LABEY = 7 205
5 ARBIITC LI L, ChERE No. 1 595, < DELGME 2}3%
T, Bohhgfizrmy, 2BA, 3BEAOzvsiewl, RQ | B
(D, RO oshBEAaEse Lo L fruv b Ly,
3) #E No. 213, #% No. 1 R UH#E=F A2, RAD o3 —
RD), (I=2,3) oA o Lisw Tt X 83Kz No.

1, No. 2 2+, {DELIRSETES, HEL WIdPLEL | eooz
(I e - l
LI EETH T, 0005
4) 3 No 3ix No. 2 #oFF T, < hE LAk LTH B13 DY el i
] , ADHFE=7
fo. < DELIOMITREL, GRIHED LA, i

5) A No. 4 ©wit, HB=HC=5 r%%, %53k % No. 1~ Fig.13 Initial model
(2) for Ura-

No. 7 ® 721z L7z, #kK No. 8 2BV BEIE Lic Lz, ¢ hik ks Exe
L5Ee, SEAARRETSHS (L DRELUEHEEE, Ihicklkd ﬁﬁmwml
2811

TR LTWS), kLD JWERT, ST ichks
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B SERERAT £ v 2 —BFREE BB245 19804E10H

THFr, B No. 3 £CHL, 7essa-F2aF 05k
o T, WEHKE 2l LTwied, FRdEnao0Th
HE5, WAVCAEDTOREGATTANTAZEN KXY T

Al 4.

A0 -01

A0 AI=005  ap 6) No. 4" X No. 4 LR LT, < DiEL%20MC Lz 20

a) b
[HH A EROERES 2, Gy a] THOT
B4 B Ao hR EROGEREYS5 2, th fUR ik et F
=FAD1EBREy o ZORST, KAz o2 - 2F oo HEMEE—IERD L

7 ] 3
T E AT L
Figld Exsmples of the =0 DS TEW,
first tank of the 70 No. 4 O#RAH5 &, K No. 3 o C— raikx<

initial model for

b Bl 2 g T = W
Uratsukuba exper- HyETed, ik, 1EH=Z v os, REE e 2 T HA
imental basin THHWASEL TN BHEEEL, M8 c) Ol d

b il BE No b1z, Moo= veliss1

L, < DELZ20IE L, 12EESAREOMERE 2, FOiERZAE No. 4 R

LD Idef, Nod ofifii—LiELTELVWaDT, Yesysakffinrnitho

i fohy, EEREO R, CoRE No. 5 wcdEL, Wkiga®ts =
77 ADRTEEES L,

8 #H No. b ofslE L LT, No. 5, No. 5 #2447k, No. b cEAoh & &

HE, WKoWBSOR T, #EREIAE S HT ¥ 5HEES LB ZhEELET

* 2 FENEABHIAKC RS AEE (52)

Table. 2 Daily precipitation at the time of floods at the Uratsukuba experimental basin

It E
4 S H M & B .0 A8 =
No. HBAC | E A HEBFE117E No. \%Ji’)tb-w%l EAAE S LT
1 71- 4-28 | 145 | 80 ~~_| 16 6 |75-11-13| 2.0 & 2.0 ~ 2
29 | 100.0 ‘112.0 \‘ 78 14 | 105 | 11.0 ™~ 10
30| 4.0 | 9.5(>~"| 10 15| 68.0 |67.5 | 41
‘ it 118 |129.5‘\‘ 104 16| 5.0 | 5.0 "~ 5
\ __I_\ — {156) | 8.5 85.5‘\ (58)
2 |71- 8-30| 98.5 ‘ 79 ] 87
}_ 7_,_%?1 112.5 ‘\Q\\\. 757 |76+ 7}2 gg ég \Q 1
| 5[ 211.0 ' 154 . )
| ‘ | ] (231) 18| 49.0  40.0 | ™| ™~
3 (.73 8+ 4[105.0 102.0 s 38 %3 3?? 2?-(5) \Q \\\
5| — — | — ) i ~
6| 38.0 49.0‘\\\ 18 7 97.0 | 75.5 \‘ ~
70 5.0 25|~ 1 | | ] |
it 148.0 [153.5 T~_| 57 8 77+ 8-+13 99.0 |72.,5/101.5] 44
o | \ (85.5) | 14 15.5 | 9.0 16.5 8
TITe T 0 128 O 8 1850 |~ 80
13| 55.0 |48.0 ™. 33 17 | 56.0 | ™~_[73.0| 40
14| 13.5 |14.5 ~~_| 7 18 | 45.5 | ™~_ 57.5| 48
810 | 76.0 | ~. | 49 18] 95 |~ 125] 2
| R I | 3. Al 1298.5 \‘342.0| 186
5 |'75+11+ 6| 64.5 ‘63.[] \‘ 52 , | (279)
71325 [34.0 ~_ | 20
i | 97.0 | 97.0 | ~ 72
| \ | (108)
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9 No. 5" No. 8" BHMREETH-T, 2HCEEMLEBFALETED EFLE
hz, No b tELBhHERESZ2S L, YK No. 1, No. 6 T — 7m0 bills T &5
T, EEmcETEESDE L, K No 3 CliemcBERmegsnkas<d 50 Th
B, COLEERHEER, £y - =FLOBETIIRBE TS, ¥iK No. 1, No. 6
TR EE A r & Ao ARE L 9 kEL, YK No. 3 Tiriosi =i
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DL, HEINATELE OHBESCURV D TESD, 505 b A r gk 7 &
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D, TORFFEAB T, FIRITEORNTE, R MG A 1E, AR ik s
ANCPEVRER LTV, CoEREAREL, HE VWAL GHIK TS, Wizg
DR, bR GCTRSENF > TELO, BFEARMITEL LOEI L by
DI, HEDRAELL G SR TE S, £5 VI MKckFr BL D, Sk
RWHREFRHEDO L L ThHAH S, FLTEI ©I8A, SN ERE B X 0w
NemTtHaA L L0 sz d
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Table. 3 Precipitation b, BE No. b LoERYE: ST, E3SORBEFGE
correction fac-

tors for floods %ﬁz L;'LC. ‘?7”\:7]( No. 6 W:iﬂ- LVC; Fﬁ%l-zﬁ%?éﬁiﬁ!i, ‘!ﬂi/)}:
atc the Ura- oy [AHRRE, REUEREO 1.5 & 0B BILET

tsukuba exper- ' ]
imental basin /sl LaL, 33 No. b w X 5HETEH &L 35 &,

FOFRFOFMNEIT R Eh o7 LvE s bhite, E2oitk

K

_ No. | BERE N s ommwaRsE, WXL, HEIEO L5 EGEE
1 1.2 EEETHLH, LESOMILAE KT, BEN D, Pk
i ;; I%.GT#%%@WMLTV%.%%ﬁﬁw:@iﬁﬂ#%mﬁ
i 1.0 EbEAL, ok Nob oL ¥, FEFERES ML E
2 13 AL D DI DR E Do EHET DL ERASRLTHS S,
7 1.0 T3 OMBBEREE M, £ofiis No. 5 LR U4&H €7

DITZDHFFE No. 6 T, Zhix No. 5, No. b, No. 5" =<
LT, EhhTIWHERLRLL,

10) AE No. 6 2 & TERyE 2ol o AT, Skors B €, HELEE L
hRELINARBIZHTLEMNME F2RA R e Lie, o, 1BH2 2%
WFE% 52 5 HNc X - TCikied, AEFHET A2 N2 5 2 L8 X TEETN
ETHDLMFELL. MEFEe 7 & LT, MR LAcborHV5. iEEHC L2
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