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Abstract

A sertes of numerical experiments is performed to compare the characteristics of outflow
hydrograph using linear and nonlinear Muskingum-Cunge methods for two cases: (a) sinusoidal
inflow hydrographs and (b) rainfall inputs. The nonlinear method shows the steepening of the rising
limb, coupled with a corresponding flattening of the receding limb. The linear method conserves mass
exactly. In contrast, the nonlinear method is subject to a gain and a loss of mass. The loss of mass
and the subsidence of peak outflow increases with a mild slope, a small baseflow q, and a large

peak inflow to baseflow ratio q,/qy,. A shock wave and associated numerical instability results in
the increase of mass for a steep slope and a large q,/q, ratio. While the linear method depends on
the reference flow per unit-width, the nonlinear method depends on a baseflow and the q,/q, ratio.

It is found that, unlike for the sinusoidal inflow, the outflow for the rainfall inputs conserves mass
fairly exactly in the nonlinear method.

Keywords: linear Muskingum-Cunge method, nonlinear Muskingum-Cunge method, mass conservation, kinematic
shock
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Table 1. Test Series

) reference
roughness |hed slope | baseflow rainfall peak flow per
RUN coefficient \ intensity ﬂov;z ap/ ap unit
N So a,(m*°/s) | Rtmm/h) | q,(m?/s) width (m?/s)
RUN 1H 04 0.02 1.0 20 20 10.5
RUN 1L 04 0.02 1.0 2 2 15
RUN 2H 04 0.02 0.01 0.20 20 0.105
sinusoidal | RUN 2L 0.4 0.02 0.01 0.02 2 0.015
inflow RUN 31 04 0.003 1.0 20 20 105
@=0 | RuN 3L 04 0.003 10 2 2 15
RUN 4H 04 0.003 0.01 0.20 20 0.105
RUN 4L 04 0.003 0.01 0.02 2 0.015
RUN 5L 04 0.02 0.07 0.14 2 0.106
RUN 6H 04 0.02 0.01 100 1000 100,000
rainfall 1"roNeL | 04 002 10 100 1000° 1,000
(21?118) RUN 7H 04 0.003 0.01 100 10007 100,000
RUN 7L 04 0.003 1.0 100 10007 1,000
* possible peak flow
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Table 2. Comparison of Mass Conservation for the Muskingum—Cunge Methods

RUN @ | G/a | dt/dx ¢ 1\20?‘;; MV(?%) va%)
RUN 1H 1 20 300/400 1.72 100 97.2 98.7
RUN 1L 1 2 300/200 1.26 100 96.9 98.5
* the Courant number of the linear method(Const)
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Table 3. Summary of Mass Conservation(M) of the Nonlinear Method for a Varying A4x

RUN bed slope baseflow a0/ At ] dx Ax 5,000m 10,000m

: So an (s/m) (m) M(%) M(9%)

400 98.8 93.7

RUN 11 0.02 1 20 3/4 200 974 95.2
100 96.1 92.4

200 99.1 93.5

RUN 1L 0.02 1 2 32 100 99.4 98.7
50 99,5 93.9

50 110.7 1141

RUN 2H 0.02 0.01 20 6/1 25 102.1 102.0
125 92.4 39.8

50 98.9 98.4

RUN 2L 0.02 0.01 2 6/1 25 98.2 97.4
125 979 97.2

250 82.1 789

RUN 3H 0.003 1 20 6/5 125 81.7 78.4
72.5 81.5 78.3

200 95.6 95.1

RUN 3I. 0.003 1 2 3/2 100 959 95.5
50 96.1 95.6

50 77.1 75.1

RUN 411 0.003 0.01 20 6/1 25 6.5 74.5
125 76.3 74.3

. 50 %.4 9.2

RUN 4L 0.003 0.01 2 6/1 25 9.7 NH
125 9.7 95.4

qE324% A4k 19991F 8] 423



AERe w3 s artstAl € v
At Mol o3 Aol ah= ApAEAVY AEaE,
fastel vt 298 A yehded, vlddEol
Aol st AMukdEe o a FFREe A4
9k (Fig. 6(b)). o7 WA st
o] wzb & A9, FAS VIAREe AuEeE st
T A0 e 995g daagl & 9%s v
H Ao wsled dy A2 AgEeE xYsp]
wE-olekal AhE

(4) dgREE

ARzl #ARlel AFRIEM)Ol 79

1009010, el ujagHelAe] ABRFFE A
2A(EEAS, AR, FEED D AR 5o
Aoro] oo Auas kil 29 wt
g Ao 27k8 AT Bk 7t ASelMe A
Ak Wsjo] W ARUERLS Table 334 2ok

0.08
_J 100 mm/h

0.06

—Const ==~VA
0.04

[ 200 400 600 800
TIME (m:n}

DISCHARGE {cms/m)

(a) a large q,/ap ratic (RUN 6H)

%
°

ro
~

FHZASRIA fFaste] ¥ q,/q,)7F &
B4t Z& Sl njsle] Aol I HEHRA ofE
). AFRZEM)o| 100%4 BRItk AAPL
e ApA(s, 7k 0.003%0 AFH)eiME RUN 3H$
RUN 4H$} #Zo] fahisle] v)7t & Afel §&=
Mo} Hfago] ZA 7HEE(Fig. 6(b) 32, ©l
] ASREFEL | = o)RAL dx 9 9 A
o] Wix] ek=t) BAPE 2 AFA(s, 7 0.028]1 AFE)el
A& RUN 2H9} Zo] 7|Af#o] Aar f=baste]
B7} & 7499 kinematic shock &4} 44 A
Fo] Yehb=d(Fig. 333), o we e TVE
7EAeth ey dx 7h Holgle wEt ofe|gk 4
2 %8 AR dEEEES 7] 100%0)s8)
2 AR} £33, AURESES A7k A F {3
o} g Wsled, 5,000m Aol 100% 5t 2R A,
10,000 mA|H2 o 748l "ok

N
-

A

1.6
l 100 mm/h

E
@
o
g — Const ==y
g
o
@«
=}
0.96
[} 100 200 300 400 500

TIME {min)

(b) a small q,/q, ratio (RUN 6L)

Fig. 7. Outflow Hydrographs for a Rainfall Input and a Steep Slope (s, =0.02)

0.08
J 100 mm/h

0.06

DISCHARGE (cmsim)}
o
(=]
4

\ e Const  =—v4
o0z \
0
[ 500 1000 1500 2000 2500
TIME {min)

(a) a large q,/a; ratio (RUN 7H)

1.18 -
] 100 mm/th

112

E
£
@
§ 1.08 |
o —Const  ==—V4
E
T 1.04
Q
@
o
1
0.96 e e N
o 200 400 600 800 1000
TWVE {min)

(b) a small q,/q, ratio (RUN 7L)

Fig. 8. Outflow Hydrographs for a Rainfall Input and a Mild Slope (s, =0.003)

424

BEKERBPGRE



F5Rol i A HFRES A @) 7
PsRTserom ogiFlgck webd 7R REe] 22
e AeREIY AA A, B9AEI 2 A

N\AGege] Holxw shpaTHPel A Hof %
wisle] N|(=7} 1T/ 7IAFP = 24 Fch
Fig. 79 8& z17} 71440] 0.0Im™/sst 1m7/s

¢l Aol glojM 7974 R = 100 mm/hel F3¢
e FE=rg veRlch Fig. 7(a)9h 8(a)¢h #tol
fraaste] w7k 2 Aol HARdel sl B
vl R, HAEH(V4A)E A5 Const)oll HIsl
HEFE 20 Ha sigo] Shkshs Ado] e,
ol AL MY EF vjEFo]l 2 499
FHalol sfweith Fig. 7(b)ek 8(b)ek #ol fidst
o] uj7} =& Aol F ovbHol g Aol xRk

Hoban} nMEEe Aol valo] Wr-Rae] o
2 7bl) 5 e & o Sk

332 Aatp ==

Table 4= 3fSle] e 722 Bl &3
frEAe] APREEMS Yehllet, B A9l
A, Z Axe) At samste) el @7glel

uEgol 99%$ W Atk Dadel [ Aol
AR} APH A GEle) Bt £ rpdakol
PAEI - PAN-R

oiaaE

745l

g, Phddel U B A3

2 delAe dislol Yl AsinesAe)
3 f5hsh Bhklel AE BHA FME W
A3} w48 Muskingum-Cungeoll ©Jg Tl Z
Apol| A €] %‘1%“1"*94 E4E vl - HESKIE <7
A Qe Fo% AZS aokhd o 2tk

(1) 2& BA4& z2te AP 235, FErde A
ool wye] BgkE AP dFD7IET
ol »HQ‘/P IR R R B b e i it
o] wl(=fsl=Ae) AFRE/ 71 ATl ek

(2) FERNE APHeIME Stasel olaix 7
o] AR ks, WM vl ETe}
stgale] guabgel et At wdkl s
S ehlehA ek

(3) Fguste] H7h 22 73%"“% el H

She u)adtel AFMuch ok Wel ek,
Gerasel Bk 2 Aol ZAGae] 248, Al
WAL R, el SR vl §
Sade] WikEr A4 Al Ha Age o
o] Aelohs 2 W A e

rf o
lo

3ts] HEshd, By
~‘% %aﬂm REECR
2 7% dAAlA
ghe e, 87
= kinematic qhockg} =2 AZo] WRAlEh
w, of o WAl 74 bden

) B9 f0el 2 ARl MuEe
2

Bt opizbA| 2 ARl 7ie) firt Aol ulale] TGRS ol a g shalky)
oldel AEFH 1°%‘%d°ﬂ lola HMEHLS ) gasle) npyl 2 s 893o] g e
M% of A WFRWEL AWl AN K sk we) dge] £ Aol ekl o=y
wste] n7h & gl AFHs & Aolg o
o] w7} -0 _ ?HJ«L ’ e ] Ztalel =
BE 1 549 z‘ﬂsl slelgl ol ALRE Ao= A
ERI BT 96-'979E grrlehdete] sl o
TH(FAAE 961-0610-088-2)0l 2]3le] F3=| 0
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RUN bed slope baseflow rainfall intensity mass conservation
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RUN 7H 0.003 0.01 100 99.9
RUN 7L 0.003 1.0 100 99.9
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