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A Study on Stochastic Estimation of Monthly Runoff
by Multiple Regression Analysis
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Summary

Most hydrologic phenomena are the complex and organic products of multiple causations
like climatic and hydro-geological factors. A certain significant correlation on the run-off in
river basin would be expected and foreseen in advance, and the effect of each these causual
and associated factors(independant variables; present-month rainfall, previous-month run-off,
evapotranspiration and relative humidity etc.) upon present-month run-off(dependent
variable) may be determined by multiple regression analysis. Functions between independant
and dependant variables should be treated repeatedly until satisfactory and optimal combin-
ation of independant variables can be obtained. Reliability of the estimated function should
be tested according to the result of statistical criterion such as analysis of variance,
«coefficient of determination and significance-test of regression coefficients before {first
-estimated multiple regression model in historical sequence is determined.

But some error between observed and estimated run-off is still there. The error arises
because the model used is an inadequate description of the system and because the data
constituting the record represent only a sample from a population of monthly discharge
.observation, so that estimates of model parameter will be subject to sampling errors. Since
this error which is a deviation from multiple regression plane cannot be explained by first
estimated multiple regression equation, it can be considered as a random error governed by
law of chance in nature. This unexplained variance by multiple regression equation can be
solved by stochastic approach, that is, random error can be stochastically simulated by
multiplying random normal variate to standard error of estimate. Finally hybrid model on
estimation of monthly run-off in nonhistorical sequence can be determined by combining
the determistic component of multiple regression equation and the stochastic component
of random errors.

Monthly run-off in Naju station in Yong-San river basin is estimated by multiple
regression model and hybrid model. And some comparisons between observed and estimated
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run-off and between multiple regression model and already-existing estimation methods

such as Gajiyama formula, tank model and Thomas-Fiering model are done.
The results are as follows.

(1) The optimal function to estimate monthly run-off in historical sequence is multiple
linear regression equation in overall-month unit, that is;

Q,=0. 788P,+0. 130&Q,,-,—0. 273E,—0. 10
About 85% of total variance of monthly runoff can be explained by multiple linear
regression equation and its coefficient of determination (R?) is 0,843,
This means we can estimate monthly runoff in historical sequence highly significantly
with short data of observation by above mentioned equation.

(2) The optimal function to estimate monthly runoff in nonhistorical sequence is hybrid
model combined with multiple linear regression equation in overall-month unit and
stochastic component, that is;

Q,=0.783P,+0. 130Q,_1—0. 273E,—0. 10-+S,-¢
The rest 15% of unexplained variance of monthly runoff can be explained by addition
of stochastic process and a bit more reliable results of statistical characteristics of
monthly runoff in non-historical sequence are derived. This estimated monthly runoff in
non-historical sequence shows up the extraordinary value (maximum, minimum value)
which is not appeared in the observed runoff as a random component.

(3) “Frequency best fit coefficient” (R%) of multiple linear regression equation is 0. 847
which is the same value as Gajiyama’s one. This implies that multiple linear regression
equation and Gajiyama formula are theoretically rather reasonable functions.
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#ezR 2 (Standard error of estimate) 9} {EEIFHEE
(Random Normal Variate) & $F3lo o] (EEZ2ES
BIES HESE4EAD oz M@ 7l T Aol

#RE SEREFRR.E Bitd e WERN Ko
o BEEED (EERES MAEN EOE ARet
of FEEEEFRFIY WA MHES Fitvez #
Edtet

V. ER&Ed ¥ HEFE

1. EREH

7t GRS
WA AS B mHES #ESY] A% ERER
< BT KRS @B EAs.  EEA
2ho] FRMEES 2,060km*o] ] L 126°447, dbik-
35°01' o frEd=
Ll SR
1) EFETE
ERGMES kite Hre —BBez HifF
33y, Tiessen Network, Isohytal map method.
Finite Element method®Zgo] gl o1} 7 #zEe] Al &=
LT FEEPS 15/ WRENEH Fig. D ERER
Z. Tiessen Networke] #Ka}o] #F8 EEE R
3 “BIINT WIRBEE SoBRMEE RCRE wd
#H(970)7 Y EHEETRES 5IAR

Fig. 1. Thiessen Network in Yong San River
Basin
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Fig. 2. Double-Mass Curve(1962—1976)
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Fig. 3. Typical distribution of monthly
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explained by Y o | (P, s(¥,-7)e
on X, X,X, —7)? T | m

1 2 Z(Y ) m V‘(Y Y )2

T N=m—1
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< el

Winterval(a,b)e] AR HHEHHY (EEBH
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A 3 2k
1
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{x)

(1 ... g, ath
"’_L ) B= 5
oyt= Z (J’I’;_/‘;)z . dy= (bi'za)z

ol LA e Interval & 0~1 % B
(SRS

1
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L
12
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ReEmay BB KT Batte Ad #HE Kb
BRI, HEHEN KOS SRT HeEile HE
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2) S #EEARALS K
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Table—2. EF % o] # &%

Method ’ Function
Gajiyama | Q.= vP L (138.6/F10. 2"
Formula l —138.6f*+E,
Tank Model | “& 17T KIREB"

Thomas-Fiering
Model
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ARHIE T2 BEREE KT 1) 2B (over-all month unit)
’ ‘ 7)) EERLER B ‘
V. 9V U 28 ERFHRE YENS AF KW P, Quesy En

7 Q.9 mEBE REmFELENL: (N—2)=X &,
CQu=b+ b Putb,Quy+b:E0 T, & B A
4 Cross product= o33} 7}, '

1. ETHE B8
7. ZERE EEARERX

Table—3, giego| A LU Cross product

1 ) XD e (X,) (Xs)
n n n-1 En
Q, 11,779 2,315,948 2,893,874 1,311,025 " 1,397,535
P, 19,316 4,175,518 1,774, 654 2,312,572 *
Ques 11,781 : o - 2,315,282 | 1,432,998,
E, 18,316 2,251,359
Biarsted 4R80F Rekw (by Dolittle Solution'), (1) mERES) AERE
b,=—0.10, b,;=0.783, b,=0.130, b,=—0, 273 SRS R (0,) 2 k317 $13le) Cova-
wheb A PO @EEAERE (V—-D=Re] = riance matrixo] & slo] C{HE k3}= Table—49} 7t}
Q.=0.788P,+0. 130Q,-,—0. 273E,—0. 10 (X0 + (X X )0+ (X, X)C =1
sttt sis (T —1) | DEX)Cut+ DX it E (X X,) (Coa=0
1’]’) :\@éfg ?Uﬁ o Z(X1X;)C11+E(X2Xa)Clz"'E(Xaz)Cla:O
Table—4, BERBAKERE
Coeff. ‘I C-Value I a5 ot - Remark
b,=0.788" Cy= 5.76x10-" | 0.028 28.1 (1o, ao8,170= 2- 58
b,=0. 130 Co= 7. 40X 10-7 0.032 AT Highly Significant)
by=0.273 Cpo=11. 905 10-7 0.038 70 ”
(2) & : B Qu=f(Pn, Qn-y, En) 9] ¥ th3 Table—5.

RS BEE, SR MtE, KEEEY & st Zh

Table—5. 5 B 5 W O

Source 1 D.F ’ S.S- M.S t F I Remark
Eyplained by [ (>F,, ¢ 3.78) Highly
YonXaxe X, | 3 1, 302, 985 434,328 315.7 | St

|
Unexplained by
Yot X X, I 176 242,158 1,376 ‘ [

Total ] 179 | 1,545,143 I ‘

@ 9@{%@1 o R”f=l——lzgi’5°(l)i3 =0, 847, Rs=0.920
. Explained Variance=(§—7¥)*=b,2y+b,> %5+ » 049, .
() (Rs ; Frequency best fit Coefficient)
B35,y +b 3y — y) L St

AN A W) #elEs) s

Total Variance= (y—3)*=Xy*— SON)LIN Sy=S; v 1—R*=93. 16 +/1—0. 843=37. 03
- :

: , S.— /2315048 (11,779 \'_ga 16

Rzz%zo. 843, R=0.918 : 176 ( e )

‘ (Highly Significant) LIRS BEEthY M A 2T W SERE =
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< FERAKEE, HERE, BE, BHE 4 —K

BIQl BEBRGRS slche BSE st old FAH

BEE Binstd ke HEY SERUMFE IR
@n=0.754P,+0. 144Q,-,—0. 275E,

RIERRE
BE) oz AT B #mstyl Astd KEEHE

—0.357RH,+29. 30

:-0131 v o] 9 FUERERDE 0.7962 24 lﬁgc

HBER(V-DRa A8tkel Ek=. ol& #*E
B HBEREE —Xmd WEOU go
2z ET, % E.& #EEIAE £ BT vt
e ez BHdH

2) Z=HEij| Bz (Seasonal Unit)

COMHS FEEME BORET~9 D) FERIUKE

(10~69) = EHsty ZL Aoz KT HEKX
2 g3 2

B 5]

) B 5 B R [ R
g P # Q,=0.854P,+0. 113Q,_,—~0. 234E,,—12. 47 » ' 0.779
JFE OB Kk B Q,=0.671P,-0. 155Q,_,—0. 436E,4-21.78 0.810
ZABEY FER(V—D=Re] o &k &4 E=Excess coeff=G,—3=3, 10
22 veged, o 2AMLY BRAEEHER _ GAE+6)? 116

£+ s Y3 FEIBEY BHe B 4~5E
(ERE ; 48~6073) 9 BHIERZE MREYT Aoz
s e, 3 e Fo] FHBEBNES #
& A% BHY FERE Aoz Ex€),
Ll ZEFRE EREHESR
1) B #i
7b) EHE

R FERERS Cubic root, H# = sl X*—test
3 R ERSmGHE Aoz deht o5 ¥P, 4
InPE Bsriggi= s, '

' W) MEE

Pea_rson series®] SYAFREN S HEEA A
G,=Skewness=1. 94

G,=Ku;_tois=6. 10

T 4GE=3G,H UE—3GF1%)

(Beta or Gamma distribution)

K FFEA AT FHHPY Pk whel Skewness

€ EEstd AT WAzl Gamma 53779} log-
normal 37 & A &34l

o) HEE

HEEBE LS 2 H7F FEEE S original data,

log transformed data & {FREsAY oG/ FiEeE

Ste] frEStE R o & BH P, 2 RESH @

EARAE BRSYL

2) ZEFRE BFELEX HE
LE e Kot & BUBHE #Mictd 4
G BR et 2 ERE EEAEXE 49
o 29 BEES K

Table—é. i ABEFER
Function ’ - Transformation ‘ R? [ Remark
Q,=1.102P, %80 . @ _ 0218 . p —o0.308 i log transformed |[ 0. 630 poorly significant

Q,=0.318P,9% . Q. . 0.992Ex

Q _O 394P 0. BZﬁQ . 0 253

log & original combined
Q,=1.235P,*—0.516Q’,_,40.367P,_,+5.3] skewed-data transformed| 0.615

0.672 significant
poorly significant

log transformed 0.618 "
log @,=0. 640P ‘+0 243logQ,_,~0. 19 ‘ log & cubic combined 0. 698

significant

A BB RERNE BT nﬁﬂﬂrﬁﬁm Ri=
0.843nc+ F2 FERE YEn HHIEKM &
BmEot o ST A= #lgd

Lk 2H8Ae} FERM, HE EE FEED
M5, B ARNe AR S A8 Es
B AERR Kk3tel 2A8M HE OB EF

HERC A FLS ERHo 2 zEfd. wetA
Historical Sequential FHH &S #HTET A$E
—o)ste @A ST BHRY BE ER-

C(V=D=e] "=t A

Q,=0. 788P,4-0. 130R,-,—0. 274E,—0. 10,
- EEARRC K #EET A %Y AR
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BEBETEac 224 & 3% 19804 95

Rew, olde A(-)9 MRS A HE
+ #T F BRMozE A()Y #e ez
B s

2. HEEHBAY B

HETE(E RMERE € Table—73 o] {8 ERM
®O< & fFEd BE"14 Resd

Table—1. RA #EE BERE
T~JA 1 2| s a5 |6 |7 EREERE R
Si 10,3 19.9] 38.8 34 61 55.4f 765 152.7| 102.7| 107.6] 107.¢ 4.9 13.5
Sy 40 7.9 s 4| 13.7) 22,00 46.00 60.6 40.7| 40.7 427, 5.9 5.3
3. waER 4. BE2| & g5

AR RS HAEY A s ORY HEK
Ao (V—2xolw, ol JEEE®ME BTl BRK
& HBRAD MHRkE #ET A5 AReld

©,=0. 788P,+0. 130Q,-,~0. 273E,
—0.10+Sy - t(v._z)

EFEHBERY kXHER] EERES CERE
o BT e, HERSRENED AEs e
REE HESA S, £ R A+ BEFHER
ez RY MEMERC BEEEAN 20 FL S
RE, FHEAAE A 2L A34E el i,
KIBERS BHRESE BE2A & 3l HE
i RIS EABAC] EE T Aclh

R BRI HARE kT #HTEEY #R
wtES) ARt (Fis. 0 ExHEFig. 5), B
Tt (Fig. 6) B3l BErefRzxFig. NE KK
Wabatg o] €9 B #EEHR KT HEE
o} BTG R (Table—8) A% Rz (Table—
9)E& WIR ®af 33+,

ARl e H#EECFE e 7924 8
#E Beolm Qo 289 AeA: HEDN HE
3tz sivh

FERHESY A$dEe REEE(1964, 1967, 19684F)
o %7 BMEE volx o I FIAAE WE
3 ERE A o

Table—s. § F # % B B (mm)
wEHE B 1’2]3|4l5|6j7|8|9[1o[n|12’¢
w om (E 15.6 24.9; 33.3} 54.3| 64.0 59.8i 218.6] 126.7}119.8 33.3’ 19.6i 15.8| 785.2
,21:3% l\,%:ég;ggﬁ' 20. 23.9] 27.5 66.9] s2.2 88.6| 190.3) 150.0] 101 34.3] 31.2| 16. 5| 803. 1
2@ }1\1/13::%?1‘1 I 20.7 24.7| 32.1{ 67.61 54.1] 82.6J 204.4! 146.6, 92.2\ 32.5; 32.8] 17.6’ 809. 9
B Gajiyama. F.| 18.6[ 21.4] 32.3' 73.1| 56.3| 84.7 218.6[ 149.9| 109.6| 32.5[ 30.1‘ 17.1|844.4
| Tank Modell 13.6I 19.9] 27.4] 45.3) 39.7[ 55.1] 144.2| 107.5] 107.6] 46.1| 24.7‘ 15.21 643.1
o] i | V7.5 24.4] 68| 56.1] eaof 880 2604 136.¢ 95.9f 27.8 24.8 20.2] e41.9

Table—9; A B 8 % R £ (mm)
e H E,l‘ZISJA’SIé 71 8 9]10]11 12'1«13
B oW (E | 109 19.9’ 38.81 34.6] 55.4]116.5 152.7| 102.7 107.61 24.2] 14.9] 13.5 325.9
'ZI% lﬁd:éﬁéslé?fsr) 19.6] 17.0 35, 8\ 37.5] 47.2[ 106.5! 127.6J 87.3| 1010 30.0] 35.6 13.2] 276.4
2;; Hybrid i 18.1] 17.3] 3.9 41.7) 4.2 ‘HO.EITQB.Q! 87.2 99.o| 2.9 39.1‘ 13.9] 290, 2
| Gajiyama. F.| 11.0 10.9' 30.3 30.7] 41.8‘ 119.6‘ 143.4] 92.9 98.91 18.4[ 29.0 5.6 260.5
R ok Model] 2.8 10.8( 26.5J 20.2 25.1] 1044 116.3 67.5[ 96.0] 20.1 14.8’ 9. 5] 236.2
E;:ﬁ?’&fgﬁ“‘ 1.9 150) 58.1| 33.8 45.6[ 177.0 123. 6 103.8[ 84.9) 23.3\ 18.8] 19.1| 323.0
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BEHfitig (Fig.6) 9] A& 6, 119 #730% 27} 8% 2.3~3.1% 2 10.8~15.1% =4 Table—
o] BT Bolvt 299 HeAL ofF HEstA, 1014 5 AFol BES Sk XALE &
Rl RRE (Fig. N A$lE 1,7,11730€ & ERE Ygde < & Qo
REE Holv 299 BoAde A —FHIL ¢ DlEY HBE beatisRer o] KW HiEd #
4 Ak, JESH B A e A EFT A2
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V. % &

Multiple Linear Regression Model o] {&k&F H]
HRAF ols HEEEM HAE &K% Hybrid
Model o]l kgt B HHE HEEFES KT MK
FEMubEES) BA st ¢ G 22 HRE 4
Ak,

1. FEsi: AMHE AR5 EES 9% REaE
e &0 Efre VEERI mETRR] o

@,=0.788 P,+0.130 @,-,—0.273 E,—0.10

——Multiple Linear Regression Model of {%3}¢]
£ BARHE M%) 19 85% 74 @RHT RIgEst
], o] WIS ERB R L 0.8430°] ¢}, ole LR
MEEARE FBHY Fe HEHERE Y8 AE
3 Y BEES MR BRlE ARILERIE #
EFE T AT BRI

2. FRRwiE RLE A7 HEE
) HEEEE g 2

Q,=0. 788P, 40, 130Q,-,—0. 273E,—0. 10+Sy+¢

¢ AT Hae

BFE A S 1 15%9 A EERER 3,
HetEBp e B BRI Esle e BIMES A o
+ REHEGEKE SMOE HEHEAZ & A&$
Bt REMY mE HUERE it

3. ZABBAERB(R)E0 84724 (Gajiyama.
Fol Ao = 0.847)¢]& Multi-Linear Regression
5} Gajiyama. F &= #Hipye 2 %3 AEEEW
g+ =3+

4. BIRMES #EMEe SRLE A 2 EEE

£ sl &3 Multi-Linear Regression Model=}
Hybrid Modelef] {3 8287t BLEES #EE AR &
& HE T A4 eber] Table—103 zet,

Table—10. &HEH%E0 Kot FFHRE Y

# o B ow L meEs
Multi-Linear Regression 2.3 %(\! 15.1%
Hybrid Model 3.1 %& 10.8%
Gajiyama. Formula 7.59% 20.0%
Tank Model 18. 0%I 27.5%
Thomas-Fiering Model 7.2%| 19.0%
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