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Evaluating the adequateness of kinematic-wave routing
for ﬂood forecasting in midstream channel reaches
of Taiwan
Kwan Tun Lee and Pin-Chun Huang

ABSTRACT
An efﬁcient ﬂood forecasting system can provide useful advance information for evacuating people
in order to mitigate potential disaster. In Taiwan, a kinematic-wave approximation of the full
dynamic-wave equations is usually adopted in upstream and midstream steep channel reaches to
avoid numerical instability when performing a ﬂood forecast. Although the kinematic-wave
approximation does provide a convenient simulation, questions arise with respect to its applicability
and accuracy. In this study, numerical algorithms were developed to investigate the deviations of the
hydrograph peak discharge and the time to peak discharge using the dynamic- and kinematic-wave
methods. A series of numerical experiments were performed to investigate the hydrograph
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deviations using these two methods. Numerical results show that the ﬂood-peak attenuation
generated using the dynamic-wave method is more signiﬁcant than that using the kinematic-wave
approximation, and also that ﬂow hydrographs generated using the dynamic-wave method always
precede those using the kinematic-wave approximation. Regression results demonstrate that
channel slope and roughness dominate the ﬂood hydrograph attenuation and translation.
Nevertheless, hydrograph deviations between these two methods were found to be small for a
channel slope larger than 0.001, which can therefore be recognized as a criterion for ensuring the
precision of the kinematic-wave approximation.
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INTRODUCTION
The average annual rainfall in Taiwan is about 2,500 mm.

adopted to perform the ﬂood routing using a particular

Hydrological records show that high rainfall intensity

numerical method, denoted as the dynamic-wave method

caused by typhoons and thunderstorms occurs mainly

(Fread ; Price ; Cunge et al. ; Fread ; Jin

between May and October. There are an average of 3.6

& Fread ; Ying et al. ). In performing dynamic-

typhoons per year that cause severe ﬂooding and conse-

wave routing, the ﬂood wave translation is controlled by

quent loss of life and property. Taking into consideration

resistance, gravity, pressure, and inertial forces. When iner-

the limited protection provided by engineering structures,

tial forces are neglected, the ﬂood simulation is denoted as

an efﬁcient ﬂood warning system may be able to provide

a non-inertia wave approximation (Price ; Ponce et al.

authorities useful advance information for evacuating

; Akan & Yen ; Cappelaere ; Yen & Tsai ;

people to mitigate casualties in the event of disaster.

Huang & Lee ), and the component of pressure force

The advent of high-speed computing permits the simu-

due to the difference between the bed slope and the

lation of temporal and spatial ﬂow on overland areas and

water-depth gradient in the momentum equation can be

in channels. The full Saint-Venant equations are usually

further omitted to create the kinematic-wave approximation,
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which is usually adopted for channel-ﬂow routing in steep

however, the Muskingum–Cunge method suffers from a

channels or in simulating overland ﬂow in upstream water-

loss of mass, especially for mild bed slope (Ponce & Yevje-

;

vich ; Tang et al. ). More recently, a modiﬁed

Henderson & Wooding ; Wooding ; Cundy &

version of the Muskingum–Cunge method has been devel-

sheds

(Lighthill

&

Whitham

;

Iwagaki

Tento ; Lee & Yen ; Jaber & Mohtar ; Tseng

oped to preserve mass conservation in performing ﬂood

).

routing (Todini ; Price ).

In performing an unsteady-ﬂow simulation, the Preiss-

Since the physical and numerical diffusion are both pre-

mann scheme (Preissmann ), an efﬁcient implicit

sented in the dynamic-wave algorithm, an appreciable

ﬁnite-difference method, is widely used to generate approxi-

difference in the predicted ﬂow hydrographs may emerge

mate solutions of the dynamic wave. The scheme is

between the dynamic- and kinematic-wave routing methods

unconditionally stable for subcritical ﬂow and possesses

under speciﬁed conditions. Moreover, in addition to phys-

considerable ﬂexibility in the selection of spatial increments

ical diffusion, two more accelerating factors, inertial forces

and time steps. However, the stability of the Preissmann

and pressure force, included in the dynamic-wave method

scheme is not maintained in transcritical ﬂow conditions.

can result in a difference in ﬂood-wave propagation when

Using Fourier stability analysis, Samuels & Skeels ()

compared to results obtained using the kinematic-wave

showed that the Preissmann scheme must be forward

approximation. This study is designed to investigate the

weighted, θ  0.5 and that the Vedernikov number should

differences between ﬂood hydrographs generated using

be less than unity. Meselhe & Holly () further reported

these two methods. First, numerical algorithms for these

that the Preissmann scheme is marginally stable if critical

two methods were developed. Dimensional analysis was

ﬂow is encountered. Although artiﬁcial viscosity can be

then applied to obtain the independent variables to be

used to offer some damping, it may compromise compu-

used as control factors in performing a series of numerical

tational efﬁciency. Hence, the unconditional stability of

experiments. As shown in Figure 1, deviations of hydro-

the Preissmann scheme is invalidated for critical ﬂows. In

graph peak discharge (ΔQp) and time to peak discharge

practical ﬂood routing, the conversion of subcritical to

(ΔTp) using these two ﬂood-routing methods were investi-

supercritical can be encountered as the channel bed gradu-

gated in detail. The results of the numerical experiments

ally becomes steeper from the estuary to the upstream

presented herein are intended to provide information for

channel head. Consequently, some upstream channel

engineers in determining adequate hydrodynamic routing

reaches may require the simulation of transcritical ﬂow.

methods for practical ﬂood forecasting in channel reaches

Although the kinematic-wave approximation seems to be a

with different geometries.

good alternative, its applicability and accuracy may be
questioned.
From a mathematical standpoint, the kinematic-wave
approximation leads to a considerable simpliﬁcation of the
momentum equation through the assumption of uniform
ﬂow. The kinematic-wave cannot describe authentic physical diffusion due to the assumed omission of inertial
forces and pressure (Ponce ); but solutions of certain
forms of the ﬁnite-difference scheme for the kinematicwave are shown to possess intrinsic amounts of numerical
diffusion which can modify the peak and shape of the hydrograph (Abbott ). Cunge () extended the Muskingum
method to time variable parameters and recognized that the
original Muskingum approach could be viewed as a ﬁrstorder kinematic approximation of a diffusion-wave model;
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unavailable. Numerical solutions can be obtained if appropriate initial and boundary conditions are properly
prescribed. In this study, a four-point Preissmann implicit

The continuity and momentum equations for one-dimen-

ﬁnite-difference approximation was used, which can be

sional unsteady open-channel ﬂow, also known as the

expressed as

Saint-Venant equations, are:
@A @Q
þ
¼ ql
@t
@x
@Q @(βQV)
@y
þ
þ gA
¼ gA(So  Sf ) þ βql Vx
@t
@x
@x

(1)

i
@f
1 h
jþ1
jþ1
j
j
¼
θ( fiþ1  fi ) þ (1  θ)( fiþ1  fi )
@x Δx

(5)

(2)

i
@f
1 h jþ1
j
jþ1
j
¼
( fiþ1  fiþ1 ) þ ( fi  fi )
@t 2Δt

(6)

in which A ¼ cross-sectional area of ﬂow; Q ¼ ﬂow dis-

and

charge; ql ¼ lateral ﬂow; β ¼ momentum coefﬁcient; V ¼
ﬂow velocity; g ¼ gravity acceleration; y ¼ water depth;

jþ1

jþ1

f(x, t) ¼ θ( fiþ1 þ fi

j

j

) þ (1  θ)( fiþ1 þ fi )

(7)

So ¼ channel slope; Sf ¼ friction slope; t ¼ time; and x ¼ distance along the channel. Neglecting the inﬂuence of lateral

in which f ¼ a variable represents discharge or water depth;

ﬂow, the non-conservation form of the momentum equation

i ¼ space coordinate; j ¼ time coordinate; θ ¼ weighting

for a unit channel width is:

coefﬁcient. In the discretization processes, two adjacent
channel cross-sections can be organized to provide two

@y V @V 1 @V
Sf ¼ So 


@x g @x g @t

(3)

equations with four unknown variables containing discharge and water depth at the advance time level. On the

This equation represents the ﬂood transport in dynamic-

other hand, because of the non-linearity, the solution

wave form, sequentially taking into account the force terms

needs to be obtained using an iterative procedure. A

shown on the right-hand side of the equal sign, including

Taylor expansion for solving the nonlinear system used

gravity, pressure, convective inertia, and local inertia

herein can convert the original differential equations to

forces. When the inertial forces are omitted, the equation

linear forms.

describes the non-inertia wave approximation, and it is

In

applying

an

implicit-difference

scheme,

the

known as the kinematic-wave approximation when both

unknown values are derived simultaneously; inefﬁciency

the inertial forces and the pressure force due to the differ-

can occur when solving a large matrix with respect to a

ence between the bed slope and water-depth gradient are

large number of channel cross-sections. A double-sweep

omitted. Consequently, the simpliﬁed momentum equation

method

for the kinematic-wave approximation is:

efﬁciency. By appropriate elimination and substitution

was

adopted

to

improve

computational

in the matrix, unknown values at each cross-section
Sf ¼ So

(4)

along

the

stream

can

be

obtained

in

sequence

starting from the upstream section and moving to the
The kinematic wave method has been shown to provide
good simulation results for runoff analysis in steep overland

downstream outlet of the channel with given boundary
conditions.

areas and steep channels.
Kinematic wave algorithm
Dynamic-wave algorithm
The simplest hydrodynamic model therefore is the kinEquations (1) and (2) are nonlinear hyperbolic partial differ-

ematic-wave approximation. The simpliﬁed momentum

ential

equation shown in Equation (4) can be transformed into a

equations

for

which

analytical
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Hence, the question arises as to the appropriate location
of a demarcation point to connect these two ﬂood-routing

A ¼ αc Q

m

(8)

methods in a river from downstream to upstream. This
demarcation point should vary with different channel geo-

where αc and m are constants. The constant αc can be recogpﬃﬃﬃ
nized as (nP2=3 = S)3=5 and m as 3/5 from Manning’s

metries, bed slopes, and ﬂow conditions.

equation, in which n is the roughness coefﬁcient and P is

Taiwan, was used as an example to highlight the dilemma of

the wetted perimeter. Differentiating Equation (8) and sub-

deﬁning the demarcation point to link the dynamic-wave

stituting into Equation (1) gives:

and the kinematic-wave routing algorithms. The watershed

In this study, the Chung-Kang River, located in northern

area of Chung-Kang River is 448 km2 with an average
αc mQm1

@Q @Q
þ
¼ ql
@t
@x

(9)

slope of 0.28. The main stream length is 57 km with a channel width of 300 m at the estuary narrowing to 120 m at
30 km upstream from the estuary. Data for 89 channel

A linear explicit backward-difference method can be

cross-sections were collected for the unsteady channel-ﬂow

used to discretize Equation (9) to obtain the unknown

routing, which explicitly showed a very mild slope channel

jþ1

Qiþ1 as (Chow et al. ):

in the downstream reach near the estuary, turning to a
steep slope of more than 0.005 m m–1 within only a distance

jþ1

jþ1

Qiþ1 ¼

(Δt=Δx)Qi

j

j

jþ1

j

jþ1

þ αc mQiþ1 [(Qiþ1 þ Qi

(Δt=Δx) þ αc m[(Qiþ1 þ Qi

jþ1

=2)]m1 þ Δtql

=2)]

of 8.8 km. The topography of the Chung-Kang River is basically similar to the general channel-bed proﬁles observed in

m1

(10)
where Δx is the spatial increment, and Δt is the temporal

Taiwan.
In performing the numerical tests, different ﬂow discharges were assigned. As shown in Figure 2, for a 100-yr

increment. This explicit numerical scheme is necessary to

return period the discharge is 8,694 m3 s–1; to avoid numeri-

satisfy the Courant–Friedrichs–Lewy criterion (Courant

cal instability, the dynamic-wave routing algorithm can only

et al. ) which restricts the ratio of spatial and temporal

be applied to channel reaches from the estuary to a point

increments in the calculation.

11,564 m upstream (point X1), while the kinematic-wave
routing algorithm is used for ﬂood routing in the upstream

Practical approaches for ﬂood forecasting in Taiwan

channel above point X1. Nevertheless, the demarcation
shifts from X1 to X2 (16,623 m upstream from the estuary)

Taiwan is located between Japan and the Philippines in the

when

Western Paciﬁc and has a total area of 36,000 km2. The

3,059 m3 s–1 for channel-ﬂow routing. For a discharge of

using

the

10-yr

return

period

discharge

of

island is 400 km long with a maximum width of 140 km,

987 m3 s–1, corresponding to a 2-yr return period, the point

and the Central Mountain ranges in the middle of the

separating the dynamic-wave and kinematic-wave methods

island. The mountainous area with elevations higher than

moves to X3 (25,654 m upstream from the estuary). In con-

1,000 m occupies 32% of the island, which results in steep

sidering public safety during high return-period ﬂoods,

upstream and midstream channel reaches with rapid

point X1 should be chosen as the demarcation to separate

stream ﬂow; but the steep channels adjust abruptly to mild

the two routing methods in order to meet the stringent

slopes within a short distance and then ﬂow into the

requirements of numerical stability in performing real-time

ocean. Consequently, in developing a ﬂood forecasting

ﬂood forecasting. It is therefore worth investigating whether

system, the dynamic-wave method is adopted to account

the kinematic-wave approximation can adequately describe

for the tidal effect in the downstream mild channel reaches,

the ﬂood wave propagation in the channel reaches between

and the kinematic-wave approximation is usually applied to

X1 and X3. Consequently, further numerical experiments

the steep midstream channel reaches to avoid numerical

should be conducted to quantify the deviation in the hydro-

instability

in

performing

real-time

ﬂood
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Numerical instability points of dynamic-wave routing for the Chung-Kang River corresponding to different ﬂow discharges.

(Tp )K  (Tp )D
(Tp )D

VARIABLE DETERMINATION FOR NUMERICAL
EXPERIMENTS

DTp ¼

The accuracy of a ﬂood-wave simulation using the kin-

where DQp ¼ peak-discharge deviation; (QP)K ¼ outﬂow

(12)

ematic-wave approximation should be examined because

peak discharge by using kinematic-wave method; (QP)D ¼

two acceleration terms have been omitted in the momentum

outﬂow

equation of the dynamic-wave method. Consequently, the

method; DTp ¼ time to peak discharge deviation; (TP)K ¼

applicability of the kinematic-wave method under various

time to peak discharge using the kinematic-wave method;

ﬂow and channel geometry conditions needs to be investi-

(TP)D ¼ time to peak discharge using the dynamic-wave

gated. As shown in Figure 1, if a triangular hydrograph is

method.

peak

discharge

by

using

dynamic-wave

adopted as the upstream inﬂow boundary, it is easy to

The deviations are expected to be inﬂuenced by the ﬂow

explore the differences in peak discharge and time to peak

and the channel geometry. If a rectangular channel shape is

discharge between the downstream outﬂow hydrographs

applied to simplify the problem, factors affecting the peak

generated using the dynamic- and kinematic-wave methods.

discharge deviation and time to peak discharge deviation

The investigation for the deviations of peak discharge and

can be expressed as:

time to peak discharge aims at evaluating the effects of omitting the physical diffusion and delay of ﬂood-wave

DQP , DTP ¼ f(S, n, B, g, VIP , yIP , ρ, μ, L)

(13)

propagation when using the kinematic-wave approximation.
Two dimensionless parameters are used to evaluate the

in which S ¼ channel slope; n ¼ channel roughness; B ¼

differences of the hydrograph with respect to peak discharge

channel width; g ¼ gravity acceleration; VIP ¼ velocity of

and time to peak discharge, which can be expressed as:

the upstream inﬂow hydrograph at peak, yIP ¼ depth of the

(Qp )K  (Qp )D
DQp ¼
(Qp )D

ﬂuid viscosity; L ¼ channel length. By selecting VIP, yIP

upstream inﬂow hydrograph at peak; ρ ¼ ﬂuid density; μ ¼

Downloaded from https://iwaponline.com/jh/article-pdf/14/4/1075/386782/1075.pdf
by guest

(11)

and ρ as redundant variables, the independent variables

1080

K. T. Lee & P.-C. Huang

|

Evaluating the adequateness of kinematic-wave routing

can be rearranged into the following dimensionless form:

DQp , DTp ¼ f S, n,

B
VIP ρyIP VIP L
, pﬃﬃﬃﬃﬃﬃﬃﬃﬃ ,
,
yIP
yIP
gyIP
μ

Journal of Hydroinformatics

|

14.4

|

2012

Adopting a triangular hydrograph as the upstream inﬂow
boundary makes it simple in exploring the differences of


(14)

the downstream outﬂow hydrographs generated using the
two methods. Furthermore, due to the topographic characteristics of Taiwan, the concerned channel reaches for

The inﬂuences of ﬂuid viscosity in rough turbulent open-

kinematic-wave routing (for example, from X1 to X3 in the

channel ﬂow can be ignored; hence, the Reynolds number

Chung-Kang River as shown in Figure 2) are usually not

(the ﬁfth term) can be omitted from Equation (14). For a

affected by the tide (from the estuary to X0 in Figure 2). Con-

speciﬁed channel reach, the last term in Equation (14) can

sequently, a normal-ﬂow depth estimated from Manning’s

also be omitted. Moreover, because the main consideration

equation was used as the downstream boundary condition

of this work is the attenuation of ﬂood peak discharge, the

in the numerical experiments.

ﬂow velocity in the fourth term of Equation (14) should be
converted to ﬂow discharge. Consequently, the revised

Inﬂuences of slope and roughness on ﬂood wave

form of the dimensional analysis can be expressed as:

propagation

B
QIP
DQp , DTp ¼ f S, n,
,
yIP g1=2 By3=2
IP

!
(15)

Figure 3 shows the triangular hydrographs used in the
numerical experiments as upstream inﬂow conditions for
different channel slopes. In these tests, the base time of

in which, QIP ¼ peak discharge of the upstream inﬂow

the hydrograph was 20 h and the time to peak discharge

hydrograph.

was designed as 10 h. The channel length was 25 km and

Based on the results obtained from the dimensional

other parameters were set as n ¼ 0.02, B ¼ 125 m, and

analysis, the deviations of hydrographs generated using the

QIP ¼ 1,500 m3 s–1. The deviation in the hydrographs

dynamic- and kinematic-wave methods depend on the chan-

using different ﬂood-routing methods is signiﬁcant for the

nel slope, channel roughness, ratio of channel width to

case of S ¼ 0.0001 and decreases as the channel slope

water depth, and Froude number. The parameters can

increases. As shown in Figure 3(a), ﬂood attenuation can

then be examined through a series of numerical tests to

be easily observed for both methods, and the dynamic-

identify the importance of the independent variables on

wave (DW) routing shows a more signiﬁcant peak

hydrograph deviation when using different ﬂood-routing

reduction in the outﬂow hydrograph than that for the kin-

methods.

ematic-wave (KW) routing. This is because the kinematicwave method has no explicit physical diffusion due to the
omission of inertial and pressure forces, although the

RESULTS AND DISCUSSION

ﬁnite-difference solution induces numerical diffusion to
reproduce an attenuation of the ﬂood peak. Moreover,

Various values of the independent variables shown in

the omission of inertial forces and the component of

Equation (15) were assigned to investigate the deviation of

pressure force reduces the propagation speed of the ﬂood

the downstream outﬂow hydrographs using different

wave in the kinematic-wave routing, which causes a delay

methods. The ranges of the assigned values for the indepen-

in the time to peak discharge compared with that observed

dent variables were selected according to the ﬂow and

in the dynamic-wave routing. Nevertheless, the deviation in

channel geometry conditions collected from the down-

the hydrographs using these two methods is almost imper-

stream and midstream channel reaches of many rivers in

ceptible when the channel slope is equal to 0.001. As

Taiwan. A rectangular channel with different widths was

shown in Figure 3(d), the difference of peak discharge

adopted in the current study to simplify the problem. The

(DQp) between these two methods is only 0.0057 and the

design of the numerical experiments was based on the geo-

deviation of the time to peak discharge (DTp) is zero in

morphologic and hydrological conditions of Taiwan.

this test case.
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Comparison of hydrograph deviations by using dynamic- and kinematic-wave methods for different channel slopes (B ¼ 125 m, n ¼ 0.02, L ¼ 25 km, QIP ¼ 1,500 m3 s–1).

As shown in Figure 4, the hydrographs generated using

ﬂood wave was generated by more physical and numerical

the dynamic- and kinematic-wave algorithms were further

diffusion in the dynamic-wave routing than that observed

grouped for convenient comparison to investigate the

in the kinematic-wave routing. Moreover, the inﬂuences of

ﬂood wave propagation in different channel-slope con-

channel roughness on hydrographs generated using the

ditions. The ﬁgure demonstrates that the attenuation of the

two methods are shown in Figure 5 for comparison.

Figure 4

|

Hydrographs generated by using (a) dynamic- and (b) kinematic-wave methods for different channel slopes (B ¼ 125 m, n ¼ 0.02, L ¼ 25 km).
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Hydrographs generated by using (a) dynamic- and (b) kinematic-wave methods for different channel roughnesses (B ¼ 125 m, S ¼ 0.0005, L ¼ 25 km).

A delay in the hydrograph can clearly be observed in line

deviation DQp is only 0.0014 and the time to peak discharge

with increasing channel roughness for both methods, and

deviation DTp is under 0.0009.

more attenuation of the peak discharge can be found using
the dynamic-wave method in high channel roughness cases.

To investigate the inﬂuences of inﬂow hydrograph shape
on ﬂood wave propagation, a new set of inﬂow hydrograph
following Pearson type-III distribution (Perumal & Sahoo

Inﬂuences of inﬂow hydrograph shape on ﬂood wave
propagation

) was performed in the numerical tests for comparison.
As shown in Figure 6, the peak discharge and time to peak
discharge of the new hydrograph were set approximately to

As shown in Figures 3 and 4, the base time of the inﬂow
hydrograph was set as 20 h in order to study peak unsteadiness in typhoon hydrographs of Taiwan. For comparison,
different values of hydrograph base time were further performed to investigate the effect of hydrograph unsteadiness
on the deviation in the hydrograph using these two methods.
As shown in Table 1, a higher inﬂow unsteadiness results in
a larger hydrograph deviation, especially for the peak-discharge deviation. For a channel slope larger than 0.001,

those in the original triangular inﬂow hydrograph. Figure 7
shows the comparison of outﬂow hydrograph deviations
using the inﬂow hydrographs following Pearson type-III distribution. The numerical results in Table 2 reveal that the
hydrograph deviation between these two methods in using
the triangular inﬂow hydrograph is more obvious than that
in using the Pearson type-III distribution hydrograph. It
means that the criterion for ensuring the precision of the
kinematic-wave approximation obtained in the numerical

even though the hydrograph duration is shortened to 10 h
and the time to peak is shortened to 5 h, the peak discharge

Table 1

|

Hydrograph deviation between the dynamic- and kinematic-wave methods
using different values of hydrograph base time

Hydrograph deviation in
the numerical experiments
Base time of the inﬂow hydrograph (h)

DQP

DTP

10

0.0014

0.0009

20

0.0007

0.0008

40

0.0004

0.0008

Note: S ¼ 0.001, B ¼ 125 m, n ¼ 0.02, L ¼ 25 km, QIP ¼ 1,500 m3 s–1.
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Comparison of hydrograph deviations by using dynamic- and kinematic-wave methods for different channel slopes (B ¼ 125 m, n ¼ 0.02, L ¼ 25 km, QIP ¼ 1,500 m3 s–1 and using

|

Figure 7

|

a Pearson type-III distribution inﬂow hydrograph).

Table 2

|

Hydrograph deviations between the dynamic- and kinematic-wave methods using different shapes of the inﬂow hydrograph
S ¼ 0.0001

S ¼ 0.0003

S ¼ 0.0005

S ¼ 0.001

Inﬂow hydrograph

DQP

DTP

DQP

DTP

DQP

DTP

DQP

DTP

Triangle

0.076

0.052

0.035

0.022

0.016

0.008

0.0007

0.0008

Pearson type-III

0.043

0.007

0.013

0.007

0.004

0.006

0.0004

0.0001

Note: B ¼ 125 m, n ¼ 0.02, L ¼ 25 km, QIP ¼ 1,500 m3 s–1.

tests can be treated as a more stringent standard for further

Integrated analysis for hydrograph deviations by

practical applications.

using two methods

In fact, Figure 8 shows a typical ﬂood hydrograph
measured in the midstream of the Chung-Kang River. The

A series of numerical experiments were conducted to inves-

steep topography and high rainfall intensity in Taiwan

tigate the correlation between the four independent

result in a short hydrological response time. The ﬂood

variables and the hydrograph deviations. In the numerical

hydrograph looks like a triangular shape rather than a Pear-

experiments, the range of the independent variables was

son type-III distribution. Hence, the adoption of a triangular

channel slope S ¼ 0.0001–0.005, channel roughness n ¼

shape for the inﬂow hydrograph tests in this study should be

0.015–0.05, channel width B ¼ 100–300 m, and discharge

considered reasonable to represent the geomorphologic and

in unit width q ¼ 5–50 m3 s–1. More than 640 runs were per-

hydrological characteristics of Taiwan.

formed in the course of the test. Since the kinematic-wave
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A regression analysis was further provided to examine
the interrelation between the hydrograph deviations and
the four independent variables in this study. A Tobit
regression method was adopted to create a more realistic
model for left-censored dependent variables. For a test channel length of 25 km, the regression results for the peak
discharge deviation and time to peak-discharge deviation
are:

Figure 8

|

Flow record for a storm event occurred on July 30, 2001 at Yung-Hsing Bridge
in the Chung-Kang River Basin.

5 2:129 2:449

DQp ¼ 5:123 × 10 S



n

B
yIP

0:102

QIP
0:5
By1:5
IP g

!1:256

(16)
approximation leads to a considerable simpliﬁcation of the
momentum equation, and is considered adequate for application only to channels with steep slope, concern should

4 1:850 2:163

DTp ¼ 1:083 × 10 S

focus on the variation of hydrograph deviations with differ-

n



B
yIP

0:003

QIP
0:5
By1:5
IP g

!1:665

(17)

ent channel slopes. As shown in Figure 9, the inﬂuences of
the four independent variables on peak discharge deviation
were evaluated. Different symbols are used in the ﬁgures

In performing the regression analysis, a signiﬁcant

for various channel-slope conditions to clarify the inﬂu-

level is usually used to evaluate the degree of inﬂuence

ences of slope and the other three independent variables

of the independent variables on the dependent variables.

on the deviation of peak discharge. In addition, Figure 3

An independent variable can be recognized as a dominant

demonstrates that a large hydrograph deviation can be

term to the dependent variable if the value of the

observed in mild channels, and the scattering of the data

signiﬁcant level is less than 0.1. Based on the Tobit

points shown in Figure 9 further reveals three notable fea-

regression analysis, the values of the signiﬁcant level for

tures. The ﬁrst is that the grouping of the data points is

the last two independent variables shown in Equations

mainly according to the variation of channel slope in

(16) and (17) are larger than 0.1; they are less than 0.1

spite of the changes in the other three variables. The

for channel roughness n and less than 0.01 for the chan-

second is that in considering the inﬂuences of the other

nel slope S. It can therefore be concluded that channel

three variables, the scatter range of the peak discharge

slope has the most signiﬁcant inﬂuence on the hydrograph

deviation for a steep channel is smaller compared with

deviations, while channel roughness also plays an impor-

that for a mild channel. Moreover, a value of DQp larger

tant role in affecting the deviation of the outﬂow

than 0.07 can only result from a channel slope smaller

hydrographs, which has been shown explicitly in Figures 9

than 0.0005, and a deviation smaller than 0.025 can only

and 10.

occur in the case of a channel slope larger than 0.001.

Although the Tobit regression analysis has revealed the

An evaluation of the inﬂuences of the independent

dominance of channel slope on the hydrograph deviations

variables on the time to peak discharge deviation (DTp)

compared to the other three independent variables, the

was conducted, and the results are shown in Figure 10.

amount of hydrograph deviation should increase as the

Basically, the same tendency for the scattering of

channel length increases. Consequently, as shown in

data points can be observed in both Figures 9 and 10.

Figure 11, numerical tests with an experimental channel

Therefore, the ﬁrst two notable features of Figure 9

length of 50 km were added to compare with the results

described above are also applicable to the data points

from the 25 km channel as shown in Figure 3. For a channel

shown in Figure 10.

length of 25 km, the deviation of peak discharge between
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Variation of peak discharge deviation with independent variables.

the dynamic- and kinematic-wave methods is 0.074 for a

a channel slope larger than 0.001, even if the ﬂood-wave

channel slope of 0.0001 (Figure 3(a)), and is 0.0057 for a

routing is performed in a channel 50 km long.

channel slope of 0.001 (Figure 3(d)). When routing the
inﬂow hydrograph in a channel of 50 km, although the
peak discharge deviation reaches 0.0162 for a channel

CONCLUSIONS

slope of 0.0001 (Figure 11(a)), it is only 0.0098 for a channel
slope of 0.001 (Figure 11(b)), which is almost imperceptible.

The deviation of hydrographs between the kinematic- and

The results demonstrate that the hydrograph deviation

dynamic-wave methods arises from the omission of inertial

between these two ﬂood-routing methods is negligible for

forces and the component of the pressure force in the

Downloaded from https://iwaponline.com/jh/article-pdf/14/4/1075/386782/1075.pdf
by guest

1086

Figure 10

K. T. Lee & P.-C. Huang

|

|

Evaluating the adequateness of kinematic-wave routing

Journal of Hydroinformatics

|

14.4

|

2012

Variation of time to peak discharge deviation with independent variables.

kinematic-wave approximation. The omission of these two

numerical simulation reveal that channel slope dominates

terms decreases the propagation speed of the ﬂood wave

the deviation of the hydrographs. Nevertheless, the peak dis-

and also reduces ﬂood peak attenuation. In this study,

charge deviation DQp is within 0.025 and the time to peak

hydrograph deviations between these two routing methods

discharge deviation DTp is within 0.007 for a channel

were evaluated quantitatively on the basis of peak discharge

slope larger than 0.001 in a channel length of 50 km.

and time to peak discharge using two dimensionless par-

Since the slopes of the channel reaches in Taiwan to

ameters. The numerical tests were performed in a

which the kinematic-wave approximation applies are

rectangular channel using triangular hydrograph as the

usually larger than 0.001 and the channel lengths are shorter

upstream inﬂow boundary conditions. The results of the

than 50 km, it is considered acceptable to employ the
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Comparison of hydrograph attenuation in channels with different slopes by using dynamic- and kinematic-wave methods (B ¼ 125 m, n ¼ 0.02, L ¼ 50 km).

kinematic-wave method in developing a real-time ﬂood forecasting system, using the dynamic-wave routing in the
downstream tidal reaches and the kinematic-wave approximation in the upper channel reaches whose slopes are
larger than 0.001. This effectively alleviates the numerical
instability problems induced by transcritical ﬂow conditions.
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