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(A THEORITICAL STUDY OF LINEAR RESERVOIR MODEL
FOR RAINFALL-RUNOFF)

1.F &R

Remizt wm)llell A fitiel de e Eerte AR S
g Setng oot 2o BRE CRMWOE 4
Frst7l flsted 7] e] EEmi-viibagRlo] &R
oA BHEESo] gt} olgulEl HAS| Sugawara
(15 )(1956) 7} $#2%8 Tank-model{ 5] M-
HHAERTE o83l wHllgddls KXol e i
A Ao vl ol HERS HuRo] LS
22 WmRA BAL sldls 4 o8e ol
ANCH10]. 2Elm EENA BHER iR
(USDHAL, SSARR, STANFORD)&2 nwls
o] R WAkl B ST M-I
Brtek ol Wol EREE Aol EF mEielth
weba AEHAELKEE BRI ERE JBE] ¥
A e Nash7} HRES PSRN MM AR
(Cascade Linear Reservoirs Model: Nash—
model) o] BE&HIR! BRI FAl BFHOZ F
ot afgedt FddA da o]&E JYTH3]. &
3 B =9 B3le] Bk Krh BRI Mg &
BES} Al B -URH ] iR BB M E
s it e S-dhiiEo 2 HEY + As W
A& M3t AS7HA BAT ST Kt B
(11][12][13]9) Hamny HR S #HEo s mik
Seluehe] KoEtilmigel sk WA 8 5 e
S vpEst=d o 2Eln o Yoy} FiEE
Eiflo] ZHA & WABME WERS] ASUEM HE

PESE AHBEAIA SRR M BUKKSCHIR S
FEY 5 UAEE RS

2. Ak #Ble] H¥E®(Impulse Func-

tion of Linear Reservoir Model)

Wity At RS she] AKHURE MY KM=
et WitiES #csts ko R frKR((S)
7F ot (Q) ol LepdTt e BuEshd ohet 2ol
vehd 5 oA

S5=K-Q (1)
o714 K=Rfri@islgeln kel gt 19.29] f7
At AR (O e Qo] #eel wtet
HETEAE dHstE (2)Xe] gd.

IQ:% (2)

whEhA] AR-E MRS KorihER e K (Re-
cession Curve)yt Aztat [=00|o =2

ds

TZ—Q (3)

Aol dot. 714 (DRl ()R] #HHrHE t=
04, Q=Q.E A3t E9 (4) o] dr}.

Q=Q,- e (4)

* BB IREARL G TE N



6 sBUKCRES

gl t=0du gHErKie]l EEMUNME S
(=12 52 (DA A3 Q. =1/ke] = o]
B el HEE R (Impulse function of In-

stantaneous unit hydrograph) &
I[UH=u(0, t)= Q(t)—f Tk (5)

Ko) .
3. Nash—#&#12| HiH

Nash(1957)= #Hr A SRS BEErK (Cas-
cadefb) oz vtgate] RS FEm-Uit ES
frAkiel @i kol pilE FEstacth Bul
o8 HEEatd 4 Fole B Ah(2™.1) €]
RTEIEEE k, ket £ AHA RrKihol A B
M (IE e iR (5) & WSl T iy
Kz Jalleky Ji#e A (Convolution  Integral
Eq) & J#hste mithES Gprstd (6) Aoz

Ehd % 9l

t
U, t)=§
O

Qo) 1 k) g
2

(6)

714 T KOO e BRIEAERTS et
We A kel e e (DAE

(6)Rell fRABHH (8)so] #rt.

QD) =(—) e ¥ -
U, t)= gg _&‘__ e~r/k, —le e(‘(t—r)/k,)dr
(8)
webA LEeE st o 2o
__ 1 (k) (t/k)
VO D=y e e (9)

Te Jjko s WS BRI SRS RETEE
k7b [ --sboka sk A frktnel ol
BRHEVES FgatdE (10)KXe] @t

1 o T/k 1 o

1 1 (-(t-1)/k)
o & K dr

U@, t)=§

1t (-1/k)
=X (5 ” ) e (10)

T s AR ekl e BREIEAIEE Vehd

1 -r/k 1
Kk © k

e(*(t#)/kdr

(O 5 e (11)

&l 1 A cascade of linear reservoirs(Nash-model)



Kol FHa BEA ekt nl 4 Ao miHE Les vepd & doh
frEE (12)Re.z vepd 4= Qi 12 531 i ea{vig] o)

1
k

t  (n-1)

) 1 w0

U(o, t)y= TS

(

(12)

=~

LA (n-1) Ao Gamma(l'(n)) K=
RiEste] & 5 A

1
k

1
I(n)

t . (n1)

t (-t/k)
P ©

U0, t)y=+ ( (13)

4, BTk Kk ith (Parallel Linear Reservoir :
PLR )#RY

Mmi-wib g e EALE el R
fe kit (Single Linear Reservoir : SLR) (¥
2)2 Azsta A AR e IR MIRERY
17254 (Convolution Integral) & S-hig (2%.3)
o w§stA

(14)

S(W=5- s: u-(0, )-dt

Ordinates

H26%k BA 1993% 128 7

o7 BBfiEERsEE P=

R(t)
|

1) / o NI O

218l 2 Single linear reservoir model(SLR)

Sy -s(t-D
Limit __()__..(__.._)
Ordinate D—0 D

St - D) —_— o S0
/ dt
L
Time —Jwe—

8| 3 Instantaneous unit hydrograph as the derivative of the S—curve



8 WEKICRGHS

1

UH=UO, 0= e (14)2oll fLABHA
t

Kol = Medifgingi D o Al S(t-D)
thiggel el (16)50e] €t

S(LAD)=%~ (1—e~ D%y (=D (16)

upebA Bl S w(D, v uD, H=5(t)-
S(t-D) 2 FE =

u(D, L):%. (1-e"v%) _%. (1—e= ™)
:le'e’“"-(e”’*vl) 4D a7

Koz vepd 4 ook [adalellAl k fifis I¥hilo]
pil R BERERACl et D=1 /lista

0<t<19} fEftellA

u(D, t)=S()=1-e""* (18)
t>1d A%
u(D, t) =e Yk (e'*1) (19)

Lol Ak agjxr (18), (19),02 B P A
#(SLR) #ifle] Bl #HE +-sl7] At #
Koz FHE3H t=14 Ze¢e (18)e& HH
(20)& +& + Ut

DUH(SLR) = § '

t-1

u(D, t)-dt

=1 (Q-ev)-dt=k-eV~(k-1) (20)
8T t=2, 3, 4, e oA e Lidet #ol
(19)Le =2 ¥ CHAS #8588 7 Ut

DUH(SLR)= §'

(B

e (e 1)-dt

=k-e e (e-1)? (21)

¥ o|E FHe] P ritr KRl (2-Parallel Lin-
ear Reservoir)(18 4)d] thgt -gploz el
il

DUH(2-PLR) :—;—- [k -e " —(k,-1)]

+%-[kz-e'"k'-(krl)];tzl

:%k-,-e "’k‘-(e"'k‘fl)zﬁ-%-kz-e’”k" (22)
-(e“"‘—l)z;tzz, 3’ 4’ ......

Ho| sjm N7He) MM kit (18.5) 8 K
R A9 B S

N
DUH(N-PLR)= 3} %I*
i=1
(ke "—(K-1)] ;t=1

% (ke " (e7"-1)?] (23)

Aol "ok & 29 PRI KL £UIA
WASE BN 7L EonsElA %1 o7 F
ELEE B, F Al e<1E& 1H% 2-
PLR, (Unequal distributed Rainfall of 2-PLR)
BR(E 6)& Hules vehld

DUH(2-PLR,) = (@) -[k,;-e""*=(k-1)]
+(1-a)-[kre (k1] St=1
=(a)-[k-e “k(e'/’*’—1)3]+(1_a).k;§‘(24)
[K.e (e *-1)"]

Aoz FEd 4 gk of7]4 DUHE= Distrib-
uted Unit Hydrograph} 2fx}o]t}.



B26% A% 19935 128 o

Q1)
== ==

Q) = Qu(t) + Q2(1)

28 4 Conceptual 2-PLR Model(2-Parallel Linear Reservoir)
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H-1 Characteristics of the selected catchment basin

’7Project name A-san Sae-man—keum Young—san
Station name Yu-cheun Hoei-hwa Dae—cheun Sin—tae—in Na—ju
Catchment area(kni) 491.7 367.3 856.9 222.9 2063.0
Main river length(km) 40.0 34.5 435 26.5 69.0
Slope of river x {107%) 2.1370 3.0769 2.0000 4.2918 1.8182
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18] 10 Calibration of DUH in displayed SLR—model
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-2 Ending presentation of parameter optimization for the each models

Station Models Starting Fitted Finat Depth of F RMS
Parameters LAG(1) Parameters IUH(cm)
Na—ju SLR 14.87 5 14,356 0.9975 5.742 0.00235
2-PLR 14.87,36.68 5 14.353,14.354 0.9776 6.742 0.00235
3-PLR 14.5,14.5,14.5 5 14.354,14.354,14.354 0.9766 5.742 0.00235
4-PLR 14.5,14.5,14.5,145 5 14.356,14.354,14.354,14.354 0.9776 5.742 0.00235
5-PLR 14.5,14.5,14.5,14.5,14.5 5 14.364,14.351,14.353,14.351,14.353 0.9774 5.742 0.00235
2-PLR, 14.0.14.0,0.5 5 14,355,14,353,0.509 0.9776 5.742 0.00235
J ‘model 14.0,14.0,0.5 7 16.130,16.135,0.361 0.9685 11.67 0.00335
Nash 2,648,6,131 0 2.251,7.675 0.9943 1,195 0.00107
Dae—chen SLR 103 4 9.377 0.9816 3.060 0.00328
2-PLR 10.3,10.9 4 9.376,9.376 0.9817 3.060 0.00328
3-PLR 9.5.9.5,9.5 4 9.377,9.374,9.377 0.9817 3.060 0.00328
4-PLR 9.5,9.5,9.5,9.5 4 9.371,9.378,9.380,9.374 0.9817 3.060 0.00328
5-PLR 9.5,9.5.9.59.59.5 4 9.375,9.382,9.374,9.372,9.376 0.9817 3.060 0.00328
2-PLR. 9.0,9.0,0.5 5 0.028,8.738,0.036 0.9842 2.831 0.00316
J-model 9.5,9.5.9.5 6 10.330,10.330,0.471 0.9737 10.37 0.00605
Nash 1.829,4.989 3 1.606,5.859 0.9947 i.140 0.00200
Sin-tae-in SLR 7.1,7.1 9 5.678 0.9981 1453 0.00467
2-PLR 51,34 9 5.678,5.678 0.9981 1453 0.00467
3-PLR 5.6,5.6,5.6 9 5.678.,5.678,5.678 0.9981 14.53 0.00467
4 PLR 5.6,5.6,5.6,5.6 9 5.886,5.593,5.612,5.626 0.9981 14.53 0.00467
5-PLR 5.6,5.6,5.6,5.6,5.6 9 5.897,5.607.5.602,5.598,5.598 0.9980 1453 0.00467
2-PLR, 5.6,5.6,0.5 9 5.686,5.670,5.598,5.598 0.9981 14.53 0.00467
J--model 5.6,5.6,0.5 10 7.220,5.250,0.507 0.9957 26.66 0.00633
Nash 2.029,5.737 2 1.671,6.834 0.9993 4.894 0.00271
Hae-hwa SLR 10.02 1 9.422 0.9958 7.581 0.00278
2-PLR 10.02,19.14 1 9.422,9.422 0.9958 7.581 0.00278
3-PLR 9.5,9.5,9.5 1 9.426,9.425.9.413 0.9958 7.582 0.00278
4+-PLR 9.5,9.5,9.5,9.5 1 9.459,9.408,9.401,9.421 0.9958 7.582 0.00278
5-PLR 9.5,9.5,9.5,9.5,9.5 1 9.443,9.424,9.403,9.419,9.410 0.9958 7.582 0.00278
2-PLR. 9.5,9.5,0.5 1 9.422,9.420,0.501 0.9958 7.582 0.00278
J-model 9.5,9.5,0.5 2 10.908,10.906,0.489 0.9919 18.68 0.00436
Nash 1.279,6.683 Q 1.385,7.133 0.9984 5.022 0.00226
Yu-chen SLR 14.85 3 10.680 0.9672 5.943 0.00427
2-PLR 14.85,27.05 3 10.680,10.680 0.9672 5.943 0.00427
3-PLR 10.5,10.5,10.5 3 10.680,10.680,10.680 0.9672 5.943 0.00427
4-PLR 10.5,10.5,10.5,10.5 3 10.683,10.683,10.672,10.679 0.9672 5.943 0.00427
5-PLR 10.5,10.5,10.5,10.5,10.5 3 10.682,10.680,10.672,10.684,10.673 0.9672 5.943 0.00427
2-PLR, 10.5.10.5,0.5 3 10.681,10.677,0.454 0.9672 5.943 0.00427
J-model 10.5,10.5,0.5 4 13.220,13.219,0.445 0.9446 17.40 0.00731
Nash 2.412,4.711 0 2.020,5.862 0.9906 0.514 0.00126
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