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SIMULATION OF AREAL RAINFALL AND ITS APPLICATION
TO ESTIMATION OF RUNOFF SYSTEM MODELS

By Shuichi IKEBUCHI and Kougi TANIMOTO

Synopsis

From the data analysis of hourly rainfall at the Kizu River basin, we found that the rainfall
field was isotropic in time and space within some divided periods of time coordinate and at the
same time the time correlation was independent of spatial correlation. Under those conditions
this paper studies the simulation in time and space of areal rainfall based on the isotropic random
field theory. Through the comparison between this theoretical areal rainfall and Thiessen method
we pointed out that Thiessen method was efficient in the small basin in area. Lastly those simu-
lated rainfall were input to the runoff system models, kinematic wave and storage function models.
We estimated the variability of identified parameters and the error between observed and calculated
hydrographs.
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Fig. 1. Rainfall and river discharge stations in the Kizu river.
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Fig. 2. Time and spatial correlation (point; Furuichiba, time; 9).
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Table 1. Statistics of point rainfall.

(A)
No. Name Mean Value Star.lda’rd C Time Correlation
Deviation | 7(1)
Divided Period | 1 | 2 | 1 | 2 [ 1 2
1 Furuichiba | 3.18 | 2.05 | 425 ' 393 0.46 0.25
2 | Oouda 3.40 1.88 4.10 2.42 0.36 0.29
3 | Uchimaki 3.66 199 | 4.39 3.29 044 | 024
4 & Murou 4.09 | 247 4.59 3.44 | 0.5¢ 0.49
5 - Kasama 3.33 1.95 3.58 2.72 0.47 0.61
6 | Sugano 4.17 3.03 5.84 5.66 0.42 0.44
7 | Soni 3.92 2.46 4.89 ‘ 3.84 | 0.6 0.39
8 | Kunitsu 3.76 | 2.31 469 | 3.76 | 0.54 0.24
9 | Ieno 314 | 191 | 341 | 265 | 057 | 050
" Mean of Basin 3.67 2.23 441 |, 352 | 0462 | 0400
(B)
Divided Time Hours Parameter of
Period Space Correlation
1 1~12 12 I 0.066
2 | 13~15 3 0.058
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Fig. 4. Relationship between spatial correlation of areal rainfall and size of area.
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CEBHBE LY 2L~ 200, ZORBEUFERLLZODOEY Iarv—v s YHIMRRE LTH
VAT LBHETHZ, LAL, ABRRBREOVTREHNERNZ VDT, ZOREIHFHRIEET
%\re
T, WETHABREROHATBROMNTHS LELZ L, PLBRERICE> T, BEFAEL L
B ONTHERRREHIFREET S0, Bbh 3, XL, HARRINELOEIRAENE
boTHY, FAERMICHET 2 ICRASKE EELHRE LATWE 2550255, AFRTH
BETBLS RNRBTRAFROH BRI EIKREL %L, +HCRBERMGCHEL R WEZAGN, C
S LBA,S, HHERBROEGBERLIZRORF v 7LBLTY 12— SNBERETHD, £
D BRI H R 5. TRBY B,

4. HHEFIL O

—fiz, FHEEeF OHNEELHENA KRS I 7REMOBOE—ELEV, BBA, KHINIF
RS 576HEMOBELGUN, WEEWUA Pl 7 rEMELEL, HAEOELHREB=T v OREL
kBT LITTBE, COBREOARITI, BROEH «» FMEics T 38%, HleF vBREb-> TWEHR
E NFA-ZRABICBIIREL LD B,

LZAT, HBHBEFVOBRIEBCTRBAEBLURBEIZNAO DTHD, ELLEFHE - FlZhTHn
BLEEZBL, 72— bR OPOFETRBENAEZINE LRELTRE, LEW-T, ChH0%
Bz 3hhid, REEF L vOBRZRZOEF L HBBKBRAORS Y REREBE L Ehinwl itk 3
BEOHERYD, ChBEFTAFEMORNRLELS, LPL, ERICEALAKRE « HESERICGTAISHT
b, TOFMOBRBTHRENEGThIEL, T 722 b0 T LRBEE L > TV DIL, Th
SOOI HUENBHMICEE LE> TNT, EFAVKROBELT2AMFMT I LB TE LN,
DI ZEREBRLTC, AMETREFNVOBREMIEL NS A —2DRELTETLTITICT LT S,
Lirl, RUBEMORRDHIK, ZOEFTRIPERE « M TEENLOLELSN DS, €T TH
EXCRKBHELAERRED viav~va VEEPEALT, EF -2 LABKOKIRE RELLEOY
1ab—-YaVYHABRRIIZAEVHL, ChEERBEFAVANDANET R LK TRF 2 -2 OREES
FUHMBEFTVOBREMTIETES LT3bDTHB, TOFREEPEDLITH 5,

Y, W{ODDEFNICONWTEIUOKN « HRERDPS 5 2 -2 kRAET 2, COREHTI1LH
KT LTS HETTERL, FEPOBERET LD TANLTERSOKELOHEBL, ThEhD, 5 4 —
2DREMETBRILEAFAEER S kv ZNEFMOREHELSDVTRAN RHERERELFESWOH
BEINTHL?, Thor@EEROhE, BohiEHNBRHOBANTIRIRIZRESR T * — 2 HHKD
SNBTHAD, Lth-T, COBETEIKENS Fry 5 7 0RZBZRETOET M OBEREHKIC
BETZDLATENTHAI,

DKL, COREINTF*—2DREELZOZREEL BT, Yialb—¥ a3 VRBRIIZA
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NTB, COLEMBLEZORMET AHBRIBFELENENITETHS, COMBORBHOD
i, $THEANA For 7 70BRRBERELDTEWEEeT v EBRL, Chikviav—vaYBW
FHEANLTCHBONBRKREAA Fu s 5 72 EELRET I LI TENELSND, CORMEDPER
Tl h3ThsrH =T L LT, Kinematic wave JICER T B EHOOHRHEFv2RATACL
»EZ %, COEFIE Table2 IGRTL S KHBEREDO I MO 25 » —2 LHKZ LIcRE 3 3EONMM

Table 2. Parameters contained in the kinematic wave model.

Parameter | Unit | Explanation
' ‘7&%&3”"“"“';&3nﬂ/a " Roughness Coefficient of Gully
SM mm Maximum Probable Storage Depth
ATFC mm/h Final Infiltration Rate
Cl1 I/h Constant Contained in Infiltration Equation
ALPH Kinematic Constant of River Channel
ANA sec/m!/3 Roughness Coefficient of A Layer
AD mm Apparent Depth of A Layer
AK m/h Velocity of Subsurface Flow
ARA Rate in Area of A Layer
ALOSS T mm T il Less T T
SOG mm Initial Storage Depth of Gully
SOA mm Initial Storage Depth of A Layer

RERFRETACLICEZY, EFVOFMRILHRY 2BBIhtv, Chitkdvyiav—va YRR
ZIILRBRFBBONZC LAY, BBHHEFAVOHANTHEN A F S 37 2 COHRBRIIL g
TELE, BRUHLITASTI A -2 AEAREPVET LR ERL ST, N5 A -2 ORELEDIET
NEROFMATELABTHA9,

5. REFHTOEARWA> 3ab—2a >

51 F—&0¥iE

AETIE, 2. TR LABNKEREGRE LCHEREZ Y 2L - 195, CCTRER 4 37~
TRAR LT 5,

FF, AMBENSOXMEREUTORMLTEIRVBEETELI KRAT 2. T%bE, ) Ka
INEEABRINTAATHS, 2) MEENBEARRAShEARORLIKIMLET S, 3) Ra3hi
EBAROLEGREE A FREBEL, POZOEEOBMIKHRERE IC—HT 5.

S¥T, 35 T kST, BERET — 2 e #MER L TERM LT 5, ZOERE,

Y1 (X 4h@)  coveemee oo (5-1)
I Lizdio TIT, EH a BABRERBEOEMIHRBTFEELTRORELSHRICE S L 5 tihod 54,
AWMELHMOFT -2 2 —E L THELLER, a=064 OEXHE, ZOL3 KCHBERI N BERRE
F—2 &b, KMEOTHME, EEFRELLCENREN 1 TORMBBRELRY, BEMBBERRICOWT
BEMEHCL YRR FEHEERD I,
BRI, Ny e BHBERE (2-2) RO0F 2 — 2 b DHEEMII,

M-1 M
=", B {ralis D=raciy ji B} MR (5-2)

ERMCT B by L LTEZ 2o LTI, (i, ) A ¢, 7 HOMBABBEERL LTF—2hokDohH
TRhBEDTHY, r0c(i, j1bo) 1Z%F 2 =l b TH-7c L&D 4, ] HOMBHEBEEROERE, M
BHEHTHY, CZTR M=9TdH3,
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52, ¥Ial—YavERORE

WHTRDHEH BB L URBOELETANT, (3-40), 341 XX VifRoLHEKblz> TEOE
HSHESOERTERES, HATFRRILYI1ar— 195, TTTROF—RDYalb— i,
BoRENSTRTEFEFRL TV Iar—va VIRBRAE L, COLEFTAOBREHRE L2,
ERED DR FE DD B D, MRCHERENEHKLTI<TOoE LT,

Table 3(1). Statistics of rainfall (simulated point rainfall).

&)
No. Name Mean Value Stax?da..rd Time Correlation
Deviation (1)
Divided Period | 1 | 2 | 1 | 2 | 1 | 2
I T Furuichiba 344 | 200 @ 536 | 208 | 04l @ 035
2 Oouda 3.62 1.95 ‘l 4.65 2.08 0.39 0.30
3 Uchimaki 3.92 { 2.03 : 5.27 2.57 0.45 0.35
4 | Murou 410 J‘ 245 | 479 | 302 | 049 | 042
5 Kasama 3.07 1.93 3.76 2.54 0.53 0.51
6 Sugano 4.25 2.94 5.51 5.09 0.40 0.26
7 Soni 4.00 229 4.81 3.10 0.42 0.41
8 Kunitsu 3.69 2.09 4.13 2.40 0.50 0.56
9 Ieno 3.02 l 2.00 4.13 2.60 0.49 0.60
Mean of Basin 3.68 | 219 | 471 | 2.89 | 0453 | 0421
(B)
Divided Time Hours Parameter of
Period Space Correlation
1 1~12 12 0.089
2 13~15 3 0.068
Table 3(2). Statistics of rainfall (simulated areal rainfall).
(A)
No. Name Mean Value Star.lda:rd Time Correlation
Deviation r1(l)
Divided Period | | | 2 1 2 ]z
1 Furuichiba | 3.17 1.95 | 448 ° 244 | 045 | 034
2 Oouda 3.47 1.90 4.23 1.98 0.38 0.30
3 Uchimaki 3.67 2.00 4.66 242 0.48 0.37
4 Murou 3.94 2.37 4.40 2.39 0.51 0.41
5 Kasama 3.01 192 ¢ 3.53 2.44 0.53 0.50
6 Sugano 3.97 2.73 4.84 4.35 0.41 0.28
7 Soni 3.79 2.20 4.05 2.82 0.46 0.40
8 Kunitsu 3.62 2.08 3.93 2.32 0.52 0.53
9 Ieno 2.93 1.95 | 3.71 2.52 0.50 0.59
Mean of Basin | 3.50 | 2.2 | 420 | 269 | 0470 | 0413
(B)
Divided Time Hours Parameter of
Period Space Correlation
1 1~12 12 0.077
2 13~15 3 0.060
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DL LTHBONMATRRRFLHBESABRELC oy b L, EOF—F EHRLLLS,
LRI V—HER Lo D&, Yialb— bW BAHE BHAERFIZHEZLIKOWT, ¥
i, YRS, BSROMHED, MM LRD b D2 Table 3(1), (2) TH 5, ché Tablel ¥y 5L
DEDEMBETMTES, ThbD, 1) ¥, HARBTOWTIIHBHBD /T 2 ~ 2 PP BKL % -
Tnaili, Tl EREE BEABOVThEL-Th, BMATLIKP LORSDERH S0,
DPEDEISBHEINTBIRFAERLE VA B, 2) —F, ARFRRICOWTH B L, P, HRREER
LHICHET LIS DENKENY, ChHBRTEHOET A5E, +HREINTABELEYE B,
3) BN, BRABIKOVnTR, —HETAMRRIKOVWTIOLDOTHY, it EARRICONTOd
DTHIPE, BEUBTICLERTEENEY, BEWETRELE-TRRLPPHLLT, Yi1alb-
FIhAEERHROMBOES RO TFPRENMELRLTEY, Z0X) 2/MERTOOTPEHSERO
HEBREINTHWELITH S,

B, CholiEZ OIS EDOFAELTR, 1) bLOF -2 HRACIABRERSI A L Tiw
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Fig. 5. Comparison among theoretical, estimated areal rainfalls and Thiessen method
(at Murou basin).
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TL, 2 HEBROIZDBRENNUERBIUCHEROBRTHERT I WEENSHZL L, 3) RKopsdhi
EHRHRECBERATEL, FLFERNESLTLLZORL LA TnENT E, 2EHEI LN,
UEOT oM LT, AV Iab—vaYiER, WSOPORERHZ2OO+F4EMICHAS DD
LHERET B,
53. F4—ErikEDLE

ba(u, )= (t WE A2 (wy)}v2/ N- g}lcos Wy w4 0)8(E)+ mE)orvememvnnenens (5-3)

EBICE, 3-41) ROALEHEHRE LTEHSNTRE25, Chib du(u, &) bTABETE B,

nE, ZO du(u, ) OMBEBITFBRERDB L, ThEh m@), ON-AOERL(wy)} £k
D, (3-43), 3-44) RE—HT 3. 22T, (5-3) RCHALSN BB da(u, 1) THEFRL VKBS NB
HETHTREEL S,

3T, AUEEZA T (3-40), (3-41), (5-3) R& W AMWE (W), MAHE, HEHAMEELY
tav—tLl, ZRAZHOXEARLAC THREELHOBTES KER L bDOO—H % Fig.5 TRT,
BREBEE LTI, SAELAKER (136km®), FHEE S Ak (100km?) O 2o%EX 20, HOKELD
LhETERT L, AERBERINS HERZIREL TN, 71 — 2 v FHEORMAEH b T
PICKEL, REORFERCITOEHHFBANS TS, LoL, chbaBErRcld%l, #Briht
ANETEHRBEFAOREL L LS ELAbEME, COL) Z/NERTIET « — ¢ VBT T 258
bBLLEbID,

6. EFRFTOFMEE T I ERE
6.1 BARBELETN
EF, HRERE L CRIB L SE S A RERE

FUHEE L BB LD BT B T HEEED Table 4. Identified parameters of storage
HBERBEFARADBELTHENE, T function model

TREME P L OREME b0 & LT BMBE .| Morou | Shorengi
i . . ) . Parameter Unit Basin Basin

B, BEOOEF N EOLBFMEEITI &F, 7 : 07 07
Table4 RCHSWRTT TICRD SN TR Ry, . mm . 1333 137.3
BMEED T 2 —2THBY, Qs l m3/sec/km? | 0.03 0.03
s o 4 e L o p ' 03333 | 0.3333

6.2. NSA-FRELBEDN i k 56.4 : 28.0
2. TR 32y —ROUTERDS b, B4, # T, hr 06 | 1.0

HEML LFRICOVTHBEEVRHBL T3 b

DDOEIPHPS, WBEHBEEOKEWSHKELDSY, ZhOoRDNTRI A —2ORBILET- . &5
K, AHEEBZBROFMICOVTIE 5-3) RTCEAOhAHEEHRHNRB L UTF 4 — ¢ VHEOWHE
KON THEETo70 7T A —2ORERETH B0, HL DK LICH,7 2 — 2 OREE
BEFN, s HKEEEH A T—BIBEELIN T 2 -2 HLOUB RS /2o HEFEO—H % Table 5
CHRTo 2d, ~HOHBEREBAERMHES M-190) tHVTEY, AEOFMMEL IRAELIH
EORTHRELB®RL T nE, MOMRLOADETERTEL, UTOCLPERTES, T4b
B, 1) DT A=213, HKTLRKRELSEHTEb0H 54, BROE I HEVBBETI%RL,
HEOERE, 74—t YBEHOAThERAVCHEERAKOMICHKT 2, 2) 5HKkEF LD TREL
L7t 20 FHKT LOMBRERIZ 1 HKZ &L KRHLLZBEDHEEDLED L —HERT, THhidk
BEI N8 F 2 — 2 EOFBRLEMNTIZ 6D TH B, 3) 5HKEHALLEED,T 2 — 2 BEHEI,
BFELE1IBAT LORBEOFENEZLDO LR E > TVAEV, ThidE 7 2 — 2 B HERO R CHE
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Table 5. Identified parameters of kinematic wave model (based
on the estimated areal rainfall).

Flood NO.
R 1 2 3 4 5
Parameter
ANG 0.1 1.0 0.1 0.1 0.2083
SM 92.5 37.50 200.0 47.50 40.0
AIFC 4.0 4.250 5.0 3.25 4.292
Cl 1.0 0.01 0.01 0.9366 0.01
ALPH 0.1196 0.08383 0.1898 0.1119 0.2274
ANA 0.1 0.5 0.6212 0.5 0.5
AD 200.0 200.0 248.5 105.0 200.0
AK 50.0 200.0 50.0 87.5 50.0
ARA 1.0 1.0 0.7 0.7 0.7
ALOSS 11.68 001 | 14.72 2.822 5.031
SOG 0.1 17.24 0.1 27.20 0.1
SOA 2.680 11.09 7.826 0.05 10.0
Error 2.822 12.4 2.334 40.53 7.06

KB H>TWnBZLIKRET 26D THY, —HARIT LD 2~ AEH BB ZOHEMTHRAET
1395 A -2 DRBHERBONENT LEDDS, 4) NAFu s 7OBERBEQCETAD L, HREH
élﬁmrkoﬂﬁf—ﬂﬁﬁmﬁ%w,&Um%mﬁﬁ%%&&%#,5&*?&%&Lk%%€%%ﬁ
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§"4an§7mm&b@fh#&6%%ﬁéécLf%@&kiim,Cnm%FWEwméﬁﬁﬁt
X oNB, COLPTHOENOZ LA AEFAEHCT, ¥1al—a YBRARFIKHIET 2 HER
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SEMEROBMBHEDERRTL L EEASS > L EFEHL TH <,
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Calibration BT\ { HE7F A& < kb Validation BHTRERMEMETT5-HTdH 2, %,
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APFRTR, BATRO SO - BEAMGHEICER L, KRATOFME, BRESLEOZMH—R
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Fig. 6. Comparison between observed and calculated hydrographs. ( hour )
Table 6. Error estimation between kinematic wave and storage function models.
Basin Murou | Shorengi
Rainfall Estimated Areal ‘ Estimated Areal
Estimation Rainfall | Thiessen Method Rainfall Thiessen Method
Runoff kinematic ' storége i kinematic E stora..gs kinematic stora.ge kincmatic storage
Model function . function : function function
Flood 1 | 3.612 12.834 4.685 12.26 6228 | 8410 4.801 10.468
No.2 | 14.58 30.827 | 1146 20.915 17.128 | 31.713 18.839 26.643
3 11.45 15.100 11.90 | 14.205 1.574 ‘ 7.321 1.48 7.322
4 41.63 70.084 47.2 64.209 37.08 | 27.818 27.54 70.311
5 8.545 10.661 7.713 9.704 | 16.05 | 39.127 12.74 39.325
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