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A STOCHASTIC METHOD OF EVALUATING SHORT-TERM
RAINFALL-RUNOFF MODELS

By Takuma TAKASAO, Kaoru TAKARA
and Yasuhiro KUSUHASHI

Synopsis

Since various kinds of rainfall-runoff models have been developed, the evaluation of them
has become one of the most important problems. What kind of model should be used for
a specific hydrological problem? In this paper, a stochastic method of evalualing rainfall-
runoff models is presented. First, the properties of stochastic input-output transformation
of hypothetical slope and slope-channel systems are studied by using the kinematic wave
model and the Monte Carlo simulation technique. Second, the so-called storage function
models, which are regarded as ones obtained by simplifying the kinematic wave model,
are evaluated by the method considering whether the models preserve the stochatic proper-
ties of the system or not. Since rainfall-runoff phenomenon is physical and stochatic,
the method presented here is appropriate and useful.
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Triangular(0. 8) 0.625 0.6 0. 03643 0.10441 0.3586

._.4_.



Fat e 5« AR K = T v O REERIBIZA M ICEE T AT 225

3.3 MEREYIAL~Y gy .
BT AAER— AR TSR b5, A alb—— | — kW e
LofihAs Manning JBlicfES & LT, BORMIC y
R « ZERIRSE BN b D ET B, T, ¥
&M, MELCHABSEBNET S, TR,
A=A, Hy=H, T, ~Ric BT,
A: m=5/3
Hy: Kinematic Wave & 35v
H(X, 0)=0, W(X, 0)=0
rEBERE T S0)=0, Q=0
L9 %,

LORMICmAT, BRERANELIC—FIZES SO
LT3, chicky, CCTRET AHERERAIIC
HEET AR & 13, BHOKMNERDA LS
[AG=F (-3

T, BREERMIENE 47 CLickgL, 4T
WTHEH—EELT B, LT, {&¢ & ATZED%
T, FNOANR AR} ={R}+1{} THAONABLE
T35

ARETIE, (R & LTHEMBRESATRNEE
Ab. ZAMBROEARY -/ BAEEL 2T LT
LOREE IR, thite—s &, BEe—r O3
BOEROED . TbB, BEEEREZZ0LLT,
R -7 B5%E T, BRKTHNZ T, E Lol x,
T./T,=0.2, 0.5, 0.8 O3WHTH3, TDLSIC
B e 5 v 2L ODER L0, BN/x v 0.8 ‘
ICE FNOFMERER IR Z M bl &0 S K AN

7
Ik B0 h 1.0 2.0 3.0 Y
. e T N
{11, 4T ZTEOW/IRFZFIT, _Eﬁf}ﬁ’ N, Fig.2 Hydrographs by the kinematic
0 KD ET Do 1L, o, RESEDRTRE mave model and the storage
7 ?0.1, 0.5, LOKED 3BORFET 5, function models

D& BEHRDPZECHRRIUR G, RICBNBRANO TR 2RI R e L, 4T T
ICRAESEIERAMORINS 2HMT 2 C LIK K DAERT B, 772U, R(DK0 15514, R(T)=0
EEL,

3.4 Kinematic Wave £\ DR RS

{Ry#AS1&9 % Kinematic Wave &7 DM {Q iz Fig.2 IKBICR Lic, {RYic{s it - 7238
A COEPFEREL > THA{QHCD b XD U B b b, RRIKEREBRASEETE, L7
bRERLEBHETHRTTHS. AMTIR Kinematic Wave =700z 5 LiclEREREE (& 10T 3
O DFFRE) 2V iab—Ya vtk DENG,

Fig.2 L[FRfkic, BERMEIE T,=2, YUK 7,=4, SERME 47=0.05 & LCTgH 0, &1
A% 0. OEREBAEMMUCBREROTHRBAZI0EY I 2L —t L, 4T CEicid2k®, 2hico
WTaLrassateR b5 L85 <, 12120, Tr=4 T8 L, 4T=0.05 TH I35 12D, Fa s

__5_



226 HKBEKFRETESR 285 B-2 (F 60. 4)

Table 3 Statistics of the output residuals

Rectangular Rainfall Triangular (7,/7,=0.5)
7, Model
5 L] é L]
Kw 0. 000282 0. 02153 —0. 000007 0. 02185
0.1 F 0. 015608 0.09177 0. 024161 0.12684
P —0. 005325 0. 05952 0. 005862 0. 06501
H ~0. 005964 0.04477 | 0. 001983 0. 03567
K.W. —0. 004090 0.10319 —0. 018760 0.10090
0.5 F 0.011119 0. 14387 0. 004688 0. 16226
P —0.009703 0.12194 —0.012802 0.11804
H -0. 010188 0.11602 ~0.017197 0.10774
K.Ww. —0. 068590 0.19134 —0.092123 0. 20157
L0 F —0.051834 0. 21686 —0. 069251 0. 24445
P —0. 075397 0.20197 —0. 088143 0.21112
H —0.074789 0.20629 —0. 091630 0. 21208
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Table 4 Statistics of the output residuals at some
points of the time horizon

) Time 'K,W. Storage Function Models
T Model F P H

0.5 Mean |—0.0099|—0. 1705—0. 0864/ —0. 0057
. S.D. 0.0770) 0.1028 0.0848 0.0895

1.0 Mean | 0.0131] 0.1538] 0.1318 0.0593
. S.D. | 0.1498 0.1289 0.1274] 0.1373

0.5 L5 Mean |—0.0267| 0.0145(—0.0244|—0. 4258
: : S.D. 0.1229, 0.1299] 0.1293 0.1287
2.0 Mean |—0.0136/ 0.0087|—0.0232—0.0197
. S.D. 0.1330, 0.1453 0.1354 0.1356

25 Mean | 0.0020 0.0738 0.0639 0.0329
y S.D. 0.0477) 0.0327| 0.0468 0.0446

0.5 Mean |—0.0409|—0. 1986/—0. 1275 0. 0506
. S.D. 0.1285 0.1718 0.1361] 0.1445

-0.6] 9% C:Le 0e=1.0 Lo | Mean |-0.0778 0.0671 0.0394—0.0398
%] S.D. | 0.2700 0.2603 0.2330 0.2503

-1.0 T T Y T

1 2 3 4 Lol 15 Mean |—0.0916/—0. 0411/—0.1016|—0. 1100
time tag k (4t=0.05-) S.D. 0.2459| 0.2410 0.2713/ 0. 2661

F 2.0 Mean |--0.0782—0. 0661 —0. 0846 —0. 0820
—— K.N. R . S.D. 0.2319) 0.2426) 0.2429 0.2467

- P --tb-- H 25 Mean |—0.0147| 0.0591) 0.0489] 0.0180
Fig.3 Correlograms of the output residuals S.D. 0.0743) 0.0524) 0.0753 0.0697
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Fig.4 Histograms of the output residuals
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Fig. 5 Examples of the hydrographs with the stochastic inputs
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Table 5 Area of the partial basins (in km?)
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0] 6 14 42
@ 18 42 126
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|
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Fig. 6 Hypothetical basin Fig.7 Idealization of the hypothetical basin

Table 6 Conditions of the slope and channel systems

Constants of the Constants of the Propagation time
llérasin é{re?) LSelr?gteh Cfﬁ;‘gteﬁ Slope System Channel System ty(hr)
ame m a a, 7= 7=
m (m) (mm~#%/hr) m (m'#3/sec) "s | 4mm/hr | 8mm/hr

A4 42 1000 3000 0. 04020 5/3 0.39 1.45 3.95 2.99
A98 98 1528 4583 0.02634 5/3 0.36 1.45 5.09 3.86
A294 294 2646 7937 0.01521 5/3 0.32 1.45 7.08 5.36

BHEEOELOBRTERHT 2 LEER LTV 5, Fig.6 OFEHEE Fig.7 0k 5 CBRLT 5. T
bbb, K74V FEIRIHBTRTHA—T, 2OMMICEA—OERMTEE bSO ET S, 74 ¥ MR
CAEEOHRETOSOBACH LTSI KEEL, £noORIZTBEBICSCTEDLSLSDEL
7z (Table 6),

4.2 BEITIEM~ IV

ARSI I240 hr & L, BoKHRDIRERIBEG S 80hr &35, MEFEOKEMRE 4=1hr T,
BROBEER S 4t CLKERT B, BROEONEHD <4 v RERSIC=ZAK (hRe—s8) ©
20 AED T\, FHIREMRE 7 138 mm/hr (40 hr < & 320mm), 4 mm/hr (F U< 160 mm) ©
2BOERT %o

AH, DHENORKHEICET ZHERTOKEHERI~ABERE NS {, HEKHA
km? BEOFIETI00ERROFIRTY 2 HRRIR300~400mm fTHEC &, ki, BTOBERKEHS
1 hr BEOBERMKEIIRE NS —A BB N Ehb, BRECALLBEELOIEKRT, COXITRE
&Ll

4.3 FERELRETN
MR EO~10X0 Kinematic Wave &7 TiB L, Manning fh2BEd 5. HEIE i B
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XURNEHEE 1 WEBORr —Mic kST —EE L, EEMIEE LT i=0.2, n=0.4m™" sec &L
oo SVERE a=Vi/n, m=5/3 L0, HEHROBIEMER tx= A"/ )V BEr —ATLIEE B0 T
AEODE% Table 6 IKRLTH B,

1.4 FEREEFN
FEOKNL, HEkHEFOBEICERE <, B3R Kinematic Wave = F Ttk L, ik ¢
EEANERE k. ORIC

q,:a‘h:" ...................................................................................................... o2}
5 BEBENHBEDET B, L,

B S ST )

k==0.402 A-014

My 1o A e

THEo CTIC, it FEAR, n: FREOBERE (™ wsec), & KFABITEORARICET 2HHTHY,
H %, R 2BEE UL &EH m ZH0T,

HR23=pHme
LEbENE. ORRINOEIINC BT LR 2RI b EHEEH AGm?) OBERTHB. i &
5FA0 1 HHENEROTERITR (73km?) TRDSHIES OfF .=0.015 ZRAL, n=0.1&
92

4.5 PEHTERCHITBHRBEREMHE

1A d TRAT LS BEEOSET, HEHAERICEY 7 HREREEEH 5, 3ETRRHY
Lal—vavE1o0r —RCDE100ERE LAY, T, MERHOFRCOHEZET 50T,
REERESE & 5. 2hlsM, S HOFKILHILLTHOT, WHRETEEERFIIL DT —
AL D E2B00EEE D0

Table 7 ic, 7=8mm/hr OEHHERT, BROEBOERERE . =4B5LU8 mm/hr DL ORFHER
BB, MRS L oEes 1 1L I Tol@RlE, mm/hr HAD OEB RO IERETRT o

SEAEGRHOESOECHERME (Theoretical) EHZDiF, 3. 4DRIERHL {, Kinematic Wave &
FACHERIEYT 2BMMNEL N & SOHIOEFE LTUTOX S I LTRHIODTH S0 @,
@BRL D, HERBOKEODIE of i3,

Table 7 Standard deviation of the residuals in the slope-channel systems
(Rectangular rainfall, 7==8mm/hr)

Non %-1 mension- Standard . Standard Deviation of the Output (mm/hr)
Basi li Compu- Deviation o
Ngrsrlng ?altzign Timg th(le Ilnput Slope System Channel System
Interval 4T ¢, (mm/hr) X )
Theoretical | Simulated I I hi's
A2 0.3344 4 2.5223 2.1621 1.9935 1.9531] 1.9384
8 5. 0447 4.0786 3.6766| 3.5755| 3.5428
A98 0.2591 4 2.2219 1. 9466 1.7656] 1.7408| 1.7304
8 4.4438 3.5008 3,2217| 3.1673| 3.1543
A 294 0.1866 4 1.8844 1. 6503 1.5211 1.5039 1.4862
8 3.7688 2.9533 2.7755 2.7460. 2.7121
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o= (F/a) "o At/ {#¥(2m —1)}
THZbh, EEREC ST 3NTRHEOHBBOSE o2 11, OREEEREOKE & O by THE
kdscEicky,

2= (amh™1)2.42

LB,

Table 7 &V, ROLSRTEMEZ B,

(1) FHR~NOAS (BF) OhEFNIEBRI M GiR) OLEBE LTELLEY, BAOEH
DR EXIL, FEFEEDIBEEEEZ I > TR TS B ->TWL, THbDb, FEtihz,

@) SEBILOEAR, MELD IHHIBOTAREL, FEENEVERELS,

(B EEMSELORGHE (A 420, A%, A24Q) OTHBEELOHNDEHOK X IEHET 2
&, BlaE, 0.=8 M& %, 2hFh 3.5428, 3.1673, 2.7755 &18-TW %, §Hbb, 42km? @
WHEENE+AERATEFMET B &, SKMETTEELUIES A420) OHRADEEDHHS
BDOHELID bR&L1L3, cnid, FHEEZHEPTRTIREMEEMNEL NI LK S,

Table 8 12i3, ZHHRROHE OHRETRT . Table 7 L2 FRDZ LNEL 2,

Fig.8 i, 7=8mm/hr DREHERT o, =4 mm/hr OELDEERFID 3L 12 5 LkRT, KIKE
BhEKECE (FTbb, HEENELLS) K2h, 853744 ACBF 3EECHBEEROAELS
T EBb9G, i, FABMESBLEN>TN-THILa s 3 20BRIZIITZEASED ST,

UEDz &ho, FE+HAEROMEERIC SO THEORTRIIAZBICHRTEBD TR T &5
bf»én

(a) Ag2 (b) Ags (c) A294
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Fig.8 Correlograms of the output residuals in the slope-channel systems
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Table 8 Standard deviation of the residuals in the slope-channel
systems (Triangular rainfall, #=8mm/hr)

Standard Standard Deviation of the output (mm/hr)
Basin | Deviation of.
Name the Input - Channe! System
@, (mm/hr) Slope System —
I I m

A2 4 2.1366 1.9330 1.8830 1.8778

8 4.1206 3.7234 3.6031 3.5783
A98 4 1.8542 1.7119 1.6882 1.6816

8 3.5782 3.2961 3.2483 3.2303
A 204 4 1.5788 1. 4876 1.4744 1.4617

8 3. 0655 2.8748 2.8475 2.8232

4.6 REROWRLICDONT
HHH +HITERICBOT, flERHE 1% Kinematic Wave =570 T, 3BT - irBEK
EFNTEOLESICOOTRIT 2. fEKHEF vEFAEReFAF, P, H KE&BRAT (HER
i3 Kinematic Wave = GiEly), EERBOHHY I 2L —va v EET LR,
B, BEEMEICBOVTESNIIBERFIOKIE (FHE&EERS) % 7=8mm/hr OFIEMR
MOBESIC DT Table 9 (TR LT A URHT o, =4mm/hr DBAD LS F 413, Fig.8 Ofic

RLTH5Bo
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Fig.8 282 &, fEKEoHiozrves 54 (OWHIZALOR) 13, =7» F 43 Kinematic Wave
EFNESURE-TVS (57 1 OB CHBRENED) 8, AEZRET s> TREN KD
BB ERT L DICIS B, Table 9 2H 3 &, Kinematic Wave & F O OEBICENHEREZEAT

Table 9 Statistics of the output residuals (Triangular rainfall, #=8mm/hr, 4¢=1hr)

Ad2 A98 A 294
g, |Model -
1 [ | m T | m | om 1 I m

K7 —0- 25041 ~0. 2427 | ~0. 2455 | ~0.2407 | ~0.2383 | 0. 2410 |~0.2334 |~0.2330 | ~0.2410
~W. 1.9330% 1.8830 | 1.8778 | 1.7119 | 1.6882 | 1.6816 | 1.4876 | 1.4744 | 1.4617
§ | —0.2439 |—0.2320 | —0.2371 |~0.2268 | —0.2252 |~0.2251 |—0.2034 |~0.2028 |-0.2010
. 19141 | 1.8415  1.8403 | 1.7051 | 1.6730 | 1.6603 | 1.5015 | 1.4801 | 1.4580
p | —0.2449 |-0.2355 | —0.2408 |- 0.2303 | 0.2289 |-0.2288 |—0.2124 | 0. 2120 [—0.2108
L9711 . 1.0104 1.9151 | 1.7674 | 1.7449 | 1.7305 | 1.5579 | 1.5408 | 1.5236
H | —0.2319 | ~0.2251 |~0.2260 |~0.2198 |~0.2163 |0.2199 |—0.2112 | 0. 2106 |—0.2106
16600 | 1.9080 | 1.9001 | 1.7505 | 1.7313 | 1.7221 | 1.5502 | 1.5322 | 1.5146
K. V7| —0.8906 |~0.8692 | —0.8664 |~0.8628 |—0.8567 |0.8612 |~0.8452 | ~0.8436 |-0.8432
-W. "5 7234 | 3.6031 | 3.5783 | 3.2961 | 3.2483 | 3.2303 | 2.8748 | 2.8475 | 2.8232
o | —0.8902 | —0.8594 | —0.8608 | —0.8572 | ~0.8424 |—0.8588 |—0.8144 |—0.8147 [~0.8147
. 3.6852 | 3.5320 | 3.5028 | 3.2785 | 3.1989 | 3.1920 | 2.8731 | 2.8207 | 2.7941
p | -0.8232 —0.8072 |~0.8051 |~0.8231 |~0.8146 |~0.8214 | ~0.8066 —0.8043 |~ 0.8048
3.7626 | 3.6627 | 3.6354 | 3.3008 | 3.3407 | 3.3187 | 2.9913 | 2.9559 | 2.9274
H | —-0.8609 —0.8339 |-0.8321 | ~0.8226 |—0.8198 | —0.8200 | —0.8105 |—0.8094 |—0.8078
37799 | 3.6482 | 3.6234 | 3.3766 | 3.3268 | 3.2968 | 2.9872 | 2.9534 | 2.9180

7 t denotes the mean and * the standard deviation.
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WADIE, BT TRBE, EFv P 2 H J0beLAEFv F OFTHD. Licdi-T, CZTH
ELXISHE+AERTHREEEOREMESL 1hr & LA, AEROEBILeFvELT, &b
e F L F 2ZROTHELEIBNEELL S, 1220, CORERR, ME+HABROBEICHDL
BHTEZ2DTRREV, COHRCDVTRERBNTI OB ERHAZMITA S,

4.7 FRETEHBEESEREESBRICOOT

BRI T3, BB EEUNE 4i=1 hr, BRI Lr & Uiz, A42, A9, A24DKHBOMED
BOKBLGEEERNIE 7=8 mm/hr O L x2h2h 2.99hr, 3.86hr, 5.36hr T#H -7z (Table 6) »d, dt=
1hr Z22h SOETH L THEIRTILT B & 47=0.334, 0.259, 0.187 &785%, IRTLIL X N7 REriRkiH:
W1, 7,=404T=13.4, 10.4, 7.5 £123, —F, 3FETIL, 4T=0.05, T,=2Th -7, b5, K
D> TARLBEIS B o

22T, RETRBELAEHAIBROLERZ0E FICLTENT, HEEEHRIRIRE & Bids
M% 3 LB 4T=0.05, T,=2 S LTAHLSo A42, A98, A204 DEFHIICENT 4¢=0.150 hr,
0.193 hr, 0.268 hr, MERERkEAEIA5.98hr, 7.72hr, 10.72hr & 2 hZ B XETDOTH 3 (7=8mm/hr
DEE)e COXINEBEOHETDY I 2L —Y 3 vO§EES Table10 IKRT o 2413, 4.6 @ Table9
CHIET 56D TH 5.

Table 10 [z 2 1id, FlEH% Kinematic Wave £ F UV THNIESDOEFIN « KRESOKEBOEE)
2L BRETIOREFNV H ThH3. $7, =70 F 07 viclhk"TH 3, ChiZ S EOERE
—~HT 3,

L7c8~> T, 3TEPARAT4.7 DX 5 KBGO LLEHIENES, Tbb, 2UUkEMic LT
A KR 5705 EBDEPBERBOY = 4 PEREOXHIWEHEAIRE, MEKEeF vOlEE e 7y
ELT, ®EF Vv H BEFLVEEL B0

4.6 TOL I BRMICBOTE, AERHLOHAEFL F ToEFL P H EREBNENSE
FH-T, FEILOHAHBPRVEFVE khdeFr P © H OFME,

Table 10 Statistics of the output residuals (Triangular rainfall, »=8mm/hr, 4T=0.05)

A42 A98 A 294

g, |Model
A - @ 1 I I I I b

g 1—0.16471/—0.1636 |—0.1628 | —0.1643 | —0.1630 :—0.1620 —0.1637 |—0.1622 |—0.1608
0.8171% 0.8168 | 0.8181 | 0.8166 | 0.8172 0.8185 | 0.8163 | 0.8172 | 0.8179

F{—0.0215 {—0.0214 | —0.0212 |—0.0215 |—0.0213 —0.0211 |—0.0214 |—0.0210 |—0. 0206
4 1.2539 | 1.2602 | 1.2636 | 1.2590 | 1.2616 = 1.2648 | 1.2592 | 1.2625| 1.2651

p |—0.1221 |—0.1242 |—0.1259 {—0.1229 —0.1255 :—0.1276 | —0.1242 |—0.1275 |~0.1304
0.9564 | 0.9571 | 0.9584 | 0.9565 & 0.9576 ' 0.9590 | 0.9566 | 0.9577 | 0.9587

H |—0.1560 |—1.1566 |—0.1579 |—0.1562 |—0.1570 —0.1576 |—0.1565 |—0.1575 |—0.1583
0.8718 | 0.8723 | 0.8734 | 0.8712 | 0.8727 0.8733 | 0.8719 | 0.8729 | 0.8736
K |—0.6988 |—0.6958 | —0.6932 |—0.6975 |—0.6938 '—0.6909 |—0.6959 ' —0.6913 |—0.6872
1.5646 | 1.5648 | 1.5681 | 1.5640 | 1.5662 | 1.5700 | 1.5639 | 1.5673 | 1.5701

F |—0.5170 |~0.5148 1—0.5139 |—0.5163 |—0.5144 |—0.5133 |—0.5154 |—0.5133 |—0.5114
1.8382 | 1.8377  1.8433 | 1.8366 | 1.8397 | 1.8450 | 1.8358 | 1.8402 | 1.8433

p | —0.6735—0.6740 \—0.6741 |—0.6737 | —0.6741 | —0.6744 |—-0.6740 | —0.6745 | —0. 6749
1.6634 | 1.6655 | 1.6684 | 1.6639 | 1.6669 | 1.6703 | 1.6647 | 1.6683 | 1.6717

g |—0.6985 |—0.6973 |—0.6962 |—0.6979 |—0.6963 |—0.6949 | —0.6971 |—0.6949 |—0.6929
1.6510 | 1.6528 | 1.6556 | 1.6514 | 1.6542 | 1.6573 | 1.6522 | 1.6555| 1.6584

7"1 denotes the mean and * the standard deviation.
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B, HNEROEEEREFLELT, BAICEEF L H B8&e LBLIEHD, 4.6 QX3 8EME
(Fe2L, ThidDRDEBNEERETHEH) TR, =7V F ZRAVTOELIALL.

5 #% B
PARHBR BN S OERGRNSERTSH 5 L0 S BEND, MwkklE 7 villioERNE LT
s HHRER LI

ARRTIE, HEFROLLEZE UERATEZEEL, MERERS XORE+EERERICBNT,
RIS 5 R ER D DM ORI B J DEA DR OBREREEEREERICL VAL LIL
foo X5k, HEROEMLEFAVTHS Kinematic Wave 71 2@iltLcb0E LT, ZEOIFH
Bge # 2R L, HEEENESE DS OFMEETIE -7

FERICBOTIE, MWETMKZ O TEL PRIKRSE SER LS HEE S RVEGEE D20 OT,
LBES VBRI DO THRIEMA LV EZEL TV 3,

ZOFBOWER, REEFCONZRZHPDTHD, UTOXIBEZHELLICLTY SRS, KD IV
HEeF v OBELEN > TOBENHL S,

(1) BELEALUTENE « AN ORERZERIR 5 —v
(@) 3 AT« FISMED b DRERM AR
) AHF—2icEEh3EL2OREETEROERL

ARFEED BIcHch, BMABHHE VRO EBRETFBEEAREMCHBERT 5. 70, ¥
HERFERERRHER Y 4 — FACOM M-382Ick->72bDTH B & 2L THL,
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