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EVALUATION OF RUNOFF MODELS BY AN
INFORMATION CRITERION

By Zakuma TaKASAO, Michiharu SHIBA and Kaoru TAKARA

Synopsis

Phisically-based runoff models are generally classified into two groupes : distributed parameter
model (DPM) and lumped parameter model (LPM). In this paper, we present a framework to
evaluate LPM’s, while a DPM is regarded as a prototype and used to simulate discharge data
containing only random errors.

Akaike’s information criterion (AIC) is incorporated into the evaluation framework ; so that
our method can be used to determine the order of a hierarchical model and to compare various
types of models.

Tank cascade model (TC), Sugawara-type tank model (TANK) and Kimura’s storage function
model (KSFM) are evaluated for several storm-flood data simulated. Though KSFM gives
minimum AIC values for each data, the values of the model parameters vary with the flood.

The framework presented here is important to evaluate LPM’s and establish a proper LPM.
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Characteristics of the basin
Geomorphological, geological conditions;)
Vegetation; Climate; Land use etc.

Actual runoff process in the basin

A
This relation

Approximation is clear to
some extent.

Extreme \
approximation . .

or Distributed parameter model
Extreme ( DPM )

Tumping

This relation

Lumping is not clear.

g - ——

Lumped parameter model
( LPM)

Various LPM's exist.
Which one is appropriate ?

Fig. 1 Relation among actual runoff process, distributed parameter model and
lumped parameter model
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Fig. 2 Stochastic aspect of the observed and computed data
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Discription of the basin
by a distributed parameter model
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Stochastic rainfall-runoff simulation

#INPUT ... Design or supposed storm
#OUTPUT ... (Output of DPM)+(Random variation)

\ 4

Maximum likelijhood identification
of several LPM's

\

Computation of AIC's

!

Comparison of AIC's

y

Adoption of the minimum AIC model

Fig. 3 Procedure of evaluating lumped parameter models
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D26 HDOF—4%2YIalb—bT 5, e OFEAE T TGTAL RAINFALL
%R, ¥3av—hUlnd Kars7m REEL E”/\
FERKEHLZVEBEDOHELE LT, 0=05mm/hr & °
%%
EfTHiE (PAL) T No. 01~03 DREFiZ AL LTHE
CNAHET—4 $%%]% PALO1~PAL 03, JPR#EK
(FEA) TRIKLTHELON S 0% FEAOL~FEAO03

0 {mm/hr)

o 2804, A
EMEST &LiTT B, Fig. 5 jc PALO01~PAL 03 %2531 ° = so € Tiwe (hr) 100
2o Fig. 5 Simulated rainfall-runoff data which

are used to optimize parameters of
lumped parameter models (in the case
of PAL)
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5. HAKRLEER

MBI TORET, EFNVEMOBEMIIT TR/, KBTI, W2DDEFEFVERLEICL -
THEEL, AIC OEE « FHEEITIE . #97 2 2REIAVAERBLFERZ 2 ¥ 7L v 7 28 (RESHIN
KUTOSEHIEREBROBRRKBOBEREERE) Witd -7,

5.1 #20AR— FREFIVOFH

1 >OHBIEFIE LT, Fig. 6 LS E v 2 ARy — FEODEF L (TCOV) EFNEFATEL
N: 2V 78 OFEBERDNTEL S, TOTFARNDYIRFELKILE FVOERT, &5 ¥ 7 IKE5H
CERSHAIh, BEEEILLZRINTV S, 2 V7 OEREEALEAERT L ENTEE LI ER
THBNBEEZLDEFAVTHDL, CCTHHELLIET S0, 2V I/ BN ENL SICT 200825,
ENHTETH 5B,

TCO(N) =FndDs8F A 2803 2N HTH S, HHEOLDEBBRELLOREII—E Bi=-=By=p

ELT, B V+1 D5 2 2 BEDDE LT
r/N N=1, 5 OBLEFNLEF—4 PALO3 2o\
Tk, TH5DL\ETFRM (sum of square errors,

L /N SSE) & AIC Lx > o¥ N OBEERL 2D

Fig. 7 Thd, TFNVRE (35 4 250 20T &
l BEAER X >TWL GEEZFRONELA-T
W) A AIC i3 V=3 THR/ME%EL%. T13hD,

/N TCO@B) =57 ahs PALO3 It LTHRETH 5,

. l TCO =7FvD Rk 2y BNBREHDL V)
Bz ORFFHHADAE &% Fig. 8(a), (b) DL HICE
L BHLT, zhzh, TCUN), TC2AN) =F L& &2
o LT B, EREFAROREHNTAHS L, Fig. 9
— D& 3, TCLS3), TC24) higsh AIC =7

THbo

Fig. 6 Tank cascade model (TCO(N) model) DS BEBHRBEE L ODEFVORKEEDE

FicT 0LV IR, R RBUEULEHESSR
100 THAHD, AIC BZDLIBPEAC—DOEELS
—e— AIC [
as8 T EiRoRe SauARe r/N r/N
L
(=) L
< @
L o L ‘2‘1
L QN
2s6 N 1 a = 3 N1
I 92 r_’—' Y r—J_ Y,
[ T
---- £ B Bn
234 - T T e8
1 2 3 4 5
N, Number of tanks TCl (N) TCZ(N)
Fig. 7 Relation among AIC, SSE and N Fig. 8 Modification of the N-th tank of
(TCO(N) model. PAL 03) TCO(N)

— 11 —



286

TR SHFRTER H275B-2 (F50.4)

220 219 12
—o— AIC | 4e —o— AIC
“~Ae- SUM OF SGQUARE --%-- SUM OF SQUARE
ERRORS 1 3 ERRORS
E E 38
d
. @ 48 o ® | w
=< < %
200 1 190 4 34
- 40
E E - 30
&-—-“_‘0_’——"
180 T T 32 170 T Y T 26
1 2 3 4 S 1 2 3 4 S

12

1 TC0(3) —— Observed
] ~===-=  Computed
8 -
4
o :#*6’ 18 LB T 1] 1] 13 RS [3 1 L rA?'K?A r\ —‘7‘1‘\ A A
129 TC2(4) —— Observed
T i 3 Computed
8 -
4

N, Number of tanks

N, Number of tanks
Fig. 9 Relation among AIC, SSE and N (a: TCKN), PAL 03; b: TC2(N), PAL 03)

} S S |

AN
2S So v

Fig. 10 Comparison between TCO(3) and TC2(4)
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AT NBENBHRETHBLEL LD,

T r
XC, PAL 03 0igsic ot TCO@B), TC1(3), TC l l
24 O3MDEFAERKLTHEL S, AIC DR, L .
TNEN.0, 1883, 173.2THY, TCAY e, + @ v ==
Fb L3 Eics, Fig 10 TCO® & ¢ TG eIl
Al ORBMER L £, TCO 27w 21 Kl TANK1 (1) TANKZ (1)

7O 5 EROROBEIRTATHY, i OIERE
WRBEETEL, TC2 =73 TCO T FARELE

LikbDOTHBY, ZOEFAOEML (95 4 2BD L' ],'
WD EVSFAY v MR, EAEOHLEENS A Y ¥ L [_
FTHZBT LN AICICLDHEILRTH %, § LL o Y'}EL x:z‘:

5.2 %22 EFNOFE S il Il

1

BEOHRE L5 v 7 T 70 E, EWH S - I_ \_
K HHEBSICH AL SN, EARMICRIIEDE Y;'L a, T ay
AREF 4B, BEOBEAREIISREINZ T ENS T I'e—zr 8,
WAL, BBICIGUTEADN) 2 —v a vyEZONT TANK1 (2) TANK2(2)
W,

Fig. 11 Sugawara-type tank models consid-
AHETE, 2V 7 EFNDN5 2 ZEBBILFET ered in this research

FTTRDRPES B0, KH - AR, Blrcok

I RRAEITIE > T B, XERI7)TIE, Powell OIBHMEZHOT 1~3km? DL H/NZ VTR
Bk 2 v 2 e FAREBELL LTV S, XIS TIE, BIIHHAZ v/ =FvOED/ 95 2 2EZIR
EBLTYIab—Va vyF—22REIETHBVIET, E5O Powell 4 Davidon iz & 3 3LBEEHE:
LY, Bles £ 2 DEREITIE->TB, 2 V7 EFVOEEIIZ, WThOBADRTFLLSTH
%o XBRIB)DMI7, 18ITIEHINTNBLDIT, /85 # A DA EDEI—BICEEZ SBDTH B, T
Wi, &t c AEOHEIKEENS 2D TR, 2 V7 EFVOBESUTICRNS & 5 KE#ELTHEIC
RUERVBDTH B Lick b,

ARAETE, Fig. 11 04BOs v 7 =7 VvORBLERS 50, QFRBANS2 U LESZH4, L0
D oDFEBINA Fus's TESTENCEL>T/8T * 2EBKELEDL-TL %3, B%1E, Fig. 11
@ TANK1(2) 7 VDB4, LEs v/ ho0RBEE LTI B ODEENI LT a1 OEEKEL
ThEENL, TR2 VI hOORHMESETHIE By a2 2REL LTPNE LD TH B,

DT EMBYBEIT, &2V 7EFNMZ, /95 2 2 DB 0L, QHKHEALSERES 270, /°5 %
S HEEDIRERIERN SN S BEEARL > THWBEDTH B, CDTEN, 27 EFVOFIETEHOKR
RTOHELEABDTH-T, LUK EORBUFHECRIELEIBOEFLVTHELER S,

L7cisoT, 795 A 2 Il S ORI ER G TRELETEI 2L ET 2, 7, ROXSIKHL 200
N5 A EEELT, HE/S5 A 2 BERLTS

TANK (1) £ F - FETE/¢5 x 213 L

TANK 2(1) &5 bereeeyy=15.0

TANK 1(2) £ 5 beeeey2=15.0, B2=0.003

TANK 2(2) & F-rey1=10.0, y2=15.0, B=0.003
zhick v, Bl ¥5 # 2 %2 TANK I(1) £ 74T 3, TANK 2(1), TANK 1(2) € 2T 4 fil, TANK 2
(2) ®EFATS5MENLD, T, BHNSA2D55 v i3, BENLEEZEZ6DEL,

TANK I(N) €510 » {3, 30.0, 40.0, 50.0
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TANK 2(N) £F»®D v 13, 20.0, 30.0, 40.0
onThhi sz &L (¥V=12),

OO, BESSHAFRE S v 7 e FVOERRTEERRTEIbDOEBEICLTRELIOD
T, BHEOKEDL v 7 EFAOWEERESBIBRETRE, SBEDZ V7 2ER LB 1O
BT, EELSEN L 3BROBUKEREZ v 7 2740 3BE 2 v 7 OREREFLOFRRIBD TRE L
A F¥RT 5 7 \OBE5REETE2, T1bb, 2RBROEFVTHATHEEELTL,

D& i LTHEE LS PALO3 OBADE £ v 740 AIC i3, TANK (1) $35220.7, TANK
2(1) £5203.8, TANK 1(2) $5197.8, TANK 2(2) 43169. 1TH »720 TN DD B TR, TANK 2(2) SRR
Thb, HIED TC24) =71 (AIC=173.2) XH BRI,

5.3 KPREBMEOFE

AT iR U - R R BA%E (Kimura's storage function method, KSFM) {3, BEbLHETESLLH
WohBYKKHEF AV TH 2, HFHENEOERRIZ

s=KgP
T T, rele): BEH ¢ OFFFERBRE (mm/hr), ¢ EERHE (mm/hn), s FERARKEES £ 2:
E¥. HRRENII,

o) = {/v(z) (BIRE S Rs0)

7(2) (IR > Rsa)

ZTIC, fii —IRFHER (0<fi<]), Rya: MIFINE (mm); H30L
T, fr HASE 0</<);
T, QORDPEIROELSHHBANENEY, AFETE, WMELRA LI, COBE, ~F7421 £
P, Ty, Rso) fr DE5AEIE B0

avFUy s REIE DBEEFAERSD, AIC 2BELIc&LT A, PALO3 04, AIC=157.0 TH
otre THUL, BIETTR®I: TANK2(2) £FALD &/AXMEEE>TWH S, MiD AJGMH: (PALOL,
PAL 02) DAL RKTH - 72 (Table 1), FRFRDHASEANGFM FEA0I~03) DFRTIRBNT,
KSFM = F g/ AIC 7V E78-7,

PIFo#EE, AFE TR LEGEEFADS bTR, Fig. 4 02 MORMHERICY LT3 KSFM
EFAHBRBTH S, KSFM (3,95 2 2% L1, TC, TANK e 7 mick UTHHEE S HETSH
3F, BAELENTG, BIE, bOEOIEFICEL DRET KSFM 20 5T 65 s, —IiSHE
BTEZRTHB,

L Lahss, MEMBEORTIREL, 55013, KSFM OBAR—HEBEHTH - Td, ANZMF
PEDDLE (Fbb, BKEI) BE/ T A FEBRESEHTIOTHE™, ZHRFEHEFVICL -

Table 1 SSE and AIC values of some models

TC 2(4) TANK 2(2) KSFM
BASIN-RAINFALL e —
SSE AIC SSE AIC | SSE AIC
PAL 01 25.1  159.6 30.3 1763 | 241  153.3
PAL 02 3.6  186.6 38.7  200.8 22.8  148.1
PAL 03 27.7  173.2 282 1601 | 20 1570
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TRPAIRCETHBDT, ZNERETEHATEFAVZER L TOHRITIL SN,
ZOEHBEFAUPBHELINTHRVERICENTE, FIZE, ROLHE2BEOFIHICE>T,
LTS RBERHA Do
© FEEHETH B Ro7—22¥ikT>HELTE &, BrxoRERKIKOWTEFVEE
BAKICL?) 2EfTT5, thZhd AIC 2R AIC D/PNEDNLDPDEFVITONT, 7
5 * EOEBMORN P, £hBHNIKEZ 2 ZEEOREATHIBRIZTIE T, ANRFCEES
iz e F R EREE S,
@ TFH 8D AF—4 20T, OTBAREFVOTFRMELLEEL, BEOLDERT S,

6. #& B

B (ERHE km? 2R 150 580kl & F O EEEIR Uice ATHROBEEETS &,

O HFeFvEEhEFALERIIL, HHeFvEMNLTYERBICET ZREBO%E = FLERNZ

2ETE; Lo TEUF— 2 BRETHS;

@ |EHEHE (AIC) ZHALLDT, EFVOBERELGTEL, EF VORI ZLHMTES;
BETH 5,

ARAR TR, BBIUEEEZLDEFVORBRBORR, BUIEEEOOEFVEEOELOLELD
- IR T 2 EAAER Ui, WEBEBEOEFV—HOARNF— 2 ICHT 2 @a%NE N 88
¥ 7cDT, Prasad® PEPORHABEM =T VOFELSBRATRELVEEZ TS,

ERRCAFEEEHT2RICBELLI0R, AHFEFVCLZFBORBTHA S, +BETE
BTENE, WEEEHEMLLTS, TS CTARET VD5 X 2 2 AENCERT ST ENTES
RITTHE05, BAF -2 OERETEHLTCEDCHFRETOREEFANRDONE L LITILE, R
ELOohEEATETEFVOMAE  FIBIIMBESNTEH, O LEERTOAHETVREETH
D, XDIOBMETVORFER > TOLBEDD 5,

BHEFNVOBEICOVWT—ENIMATEL &, itk RFNUHERERRICESHTE N EheT
WENEBDEOERICER LD, AHAF—2DAICETOT black box 7 7o —Fick » TESR
ETNEBRLIOT B EMBEDL LI THB. —HMOAHMABRICHLTIE, ZOXHIBFHFETEL
EFNTH->TH/%5 A 2 EEBLREHEE, »ROOHESEMELNI L ERBETH L, LrLIgds
5, ZOXIMEFNVRAT UL —HEE 727, 5. 30BBICR~I & S5 ICHAEBIC €5 2 F MK XL
EHT L L0880, BEDEFAOFMIEFTIEL, HllEREF v BERINEAKD, COBED
MBI T 2F = v 7 OFBEE LT, BETRULICKIBIV—L T BEBETHEEEZ S,
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