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Evaluation of Watershed Response as a Linear

Time-Invariant System

Takeshi HaTa

I. ®& B

ERM SN AEBRRIIHOVTEOTERMEL & 0 2
BB OOFENE L LB, F—I3 MRS
Db BB REIGEHL 22, REHRT 2 RE
EOBELILPIT B2 LI T2OBREGAN
CHEBHLEIETRI0THY, ETIAMEL L 25E
EZNDORBRTF CHATRBEZFAL, 52N
Y L ITEBMOAER Y 8267 L T ROPEBREE £ 24Ut
STHHELE ) LET2340ThD, 22 TIIEREDIS
25, B¥ELEOKR, L UBAKGHEIZERL CRLELE
EHSOFRE, ZOHhTHEAGRRMED D VLT
B2 O ORHMBOBEEN LR FEIHOVWTELS, 18
L, B, BHIAEL AL LIBARIIOVLTIE, 2he
FERE XD /AT E B H 0, DTFORR Tt
Y THEOTVE,

I. &5, BMTFER

THEA~DOFAK (k) 133 v W, BA, 358 3
HFEHERTTR, &% OIIHEBEEESFEO BIKED %217,
WHINFH LT B, LU, FA, BRHEOBHRIZHL
TV RIIFBUI AR K I 2 @RI RS
ERBZENTE B, FRHEIT 3 BMAIRNES 2 FRZE
FREER DL ) LREALLT, 20h RS EME
DR BRE ZOGERMMTH 5 (BRE) B
BIVLIETEEDOTHE, ZDEIRRIHIT B
A, TUBBHERIL, RNTEAEEH L ORI, —#kC
ROFFEARTERb SN,

a(= [ _r(Dul=ndar (1)

224z, r(r), a(t) WERFR T LUt BROFEA,
THETHY, u (t—7) BRObLYRIHAL ¥ 26
% Yok,
(1) R TEROFEI BN AT TH B AL L,
* BE T AKFEFRE

91

L7Zeh's Tu(t—7)idt, TOENATHRED, Rizd
TEESLENEEZTVE, LL, FBROBEE(L
BREDIDOTH), BEIZIZuE LT T0FHIZE
RBTA2L0% %, 2001358012, ROEBHEZD
YOEERMTEZLEHERETHEH, ZOFETILE
NG5 ORTERE L TORSITRERITBIT 2 MBS ORIk %
S/ BTN

DL RRIBTAREL u (t) ofHIzHoVT,
BETIE BETSON 50 gamma B8z L 3457
HupLow & @ PEARSON [MEIBEMIC & 2 K 4 &
EDSON’ Dt & { URFEA S 3, 2 OMOHEII b %
WG X =L S TROIERFRT A8 T, &R0
FHEBAY RS AT A AREL S5, —F, Bk
AERTHBRIERL H Y, ORI —HEI0 5EH
TAHZLIINEETHAE, 2D Fourier #MIZL - T
Fh1 ks LT, BETIXOVERTON DRFES 5 1y
WIENER-HOPFOHRERIZH L FX HELELTER LD
FE 5% 55, BEORMLIT X - TRoB AT
23R B2 HIE, ACFEIZHOTIESNYDER &Y 12&
IEZAMAREVLE VR B, SNYDER L% BENDER
5™, Newron &' AR ik O BRIE TARY ¥ 3
HAIXOREE1T > T3 A, T2 LAURENSONG, 3
Y LT AL, (1) R r (1), F4bb
AR BEDOHETRF M b 5 NBIRE I BIERIT A X
B2 LR L, MEIRSN TV B,

M. FHCERED—Ti*

TSR E 4 AREMHIL & 2 FNHEHR TH -
TL2E 5L I AMBMILEARIE 222 0,(1)R
HABEMA ¢ T& SA, TERLF TSRS L

Qi= > RjUi—j+1 (2)
j=—w

THbENA, R, Q LU (1) LRI 21 ¥
oA, TutE, HLUHENA Lo BE (T, ¥



R REET RS

ML IER) THY, ZhFNHEAEERHEIETEDL
T3, HAmERHE S OBHE Y & 2548 AU
#7447 R i—jE LB,

(2)YRTH, BEOTRTIOFARYEETLZ &I
%A, ERZIEENEIRTTRETH 5000, Y 2T
L LD, ZNnL W UHIORABORELIY KR
FAUE R 5 v, SRITHER & B L IR e ED
FADBEHINE L B, ZHHEL UBAILRA,
FHOEFI LREEAREMT A2 E12E > T2DR
\ZH ) SRR ACRE AR B UELH B, £ 2 TH
Wiz BHA, FHEREASL L, PRYVVRENIHS
7N (k) BRI IERBIsaY /s < 4 A i
BH LY Lo, BkseT oy nsi & 4
AL SRATHRR BB & L, 2 OBFOFHEERQo &
FThid, KX

Qt=Qo e~ "' (3)

THE b SN 3B L ETERhOEFHE, G2 LTI
AL 5 THIDBKRDBELR 2 LN TE S,
HIEAR KD BB L RO B R H 12 Qi LT L

()
lfoA. N.M, L, Qo, C J

%ﬁ%@(ni&ﬁﬁ)KWUT,M%@#%(ZSK

V2T TROFEAAP B LS,

Ql | Rl () eovvnreaninnncanns 0 1T U] ]

QZ R2 Rl O ............ 0 LI2

Q53 _ Rs Rz Ry 0« 0 [.'Ia W
_Qn ] R" Rn an ......... Rl_ i Un |

R;& L THBMAT (2 0BEOAEMEARSRIHT
KA b En TamiE Ve 22) ¥ v bw
2R E LT,

[

> Up=1

=1

DR EBET 5o

UDMEIZ BRI (—HodvNitgTld 2 ~ 3 HALD
BB EE 2 LN DA, BIIKORE L FRHE
BN e A B L5z, R FRIZHONT
LA B L) IIH ARERIRE%IE (3) N FERLRED
ik &5 EATLRELREIALZVEEZ LN,
LA 5T, M)Kﬁmﬁ(m&ﬂ@*ﬁi
Uk — KRR E AR5, Th
iOﬂEﬁQt%mﬁﬁﬁQwﬂmﬂ%%i
HENE DL ) BEEDRD2 FEIZL T

(5)

R(I) Q(1), UG(T}

l‘:r Re(I)—=array RR(LJ) 41

FEBUOEREE ¥ RouL, ZOBREOR

Towl Q normal eq. A(LJ)
m about unknown UG
calculation of opt. UG

by sweep out method
’ Q(I) (net runoff) ‘,_I_JE_(_II;S_(;
area of UG NA, Total R L
u"“y UG Total Q ! area of UG
\1{“‘:{‘ UG~ fQ cnl;\;T.‘]
— ! ' S
UK1)-—~= array RR(LY) | QD - Q-eale. @ }
- L CE
B normal eq. A(LJ) @VI-UT;]
about unknown Re
calculation of opt. Re. rCE, UG-area
E by sweep out method . J uG

\

0<Re() =R

Q-calcu.

Q(I)-Q-caleu. (D)

CE,Re(l),
Total Re.

(_sToOP

Fig. 1. Flow chart for deriving optimum unit-impulse

response and series of effective inflow.
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Fig. 2. Recession states of coefficient

of error by iteration.
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Fig. 4.Example of analysis (hourly routing).
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Fig. 5.Example of analysis (daily routing).
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Summary

This paper deals with a method of how to get the series of effective inflow and the unit-impulse

response (unit-graph) of linear time-invariant system which has inflow loss, taking the raw data about

inflow as initial value and making necessary iteration. The response is not expressed by a function,

but is represented by the discrete values during the early changeable period and after the period by

an exponential function.

response.

inflow are obtained after iteration by taking the graph ordinates as initial values.

the estimation of outflow is evaluated by equation 7.

Therefore it is able to apply the method to the system with complicated

In case the rough unit-graph is assumed, the actual values and the series of effective

The accuracy of

Figure 1 is the flow chart of above calculation.

The writer analyzes the data of rainfall and runoff in the experimental watershed (4.39ha in area)

by this method and finds it useful. It is difficult in a sense that the rainfall and runoff system is time

-invariant, but especially for the purpose of water-utilization

the unit-graph which shows the mean

response of a watershed to rainfall for a long period of time is important. It is valuable to ana lyze

the data in various areas.
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