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A generalized concentration curve (GCC) method for storm

flow hydrograph prediction in a conceptual linear

reservoir-channel cascade
APPENDIX
Determination of the distance of isochronal lines

Plotting isochronal lines by a constant distance will generate

equidistant lines rather than isochronous lines, thus violat-

ing the fundamental basis of the isochronal concept. Based

on the method proposed by Zhang et al. (), which

took the riverbed slope of subareas into consideration to

derive different values for unequal reservoirs, a new

method for plotting isochronal lines was derived as follows.

1. Determination of the isochronal lines for the main

stream:

The travel time in the mainstream from one isochronal

line to the next is always the same. Then the distance

between two isochronal lines can be written as:

ΔL1 ¼ v1Δτ1
ΔL2 ¼ v2Δτ2
� � �
ΔLn ¼ vnΔτn

9>>=
>>;

(A1)

where ΔLi denotes the distance between the ith and iþ 1th

isochronal lines, namely the river length for the ith subarea,

vi is the translation velocity for between the ith and iþ 1th

isochronal lines, Δτi is the translation time for ΔLi, and

1, 2, � � � , n is the number for the area between two

isochronal lines sequentially. As the translation time

between two isochronal lines is constant, we can assume

Δτ1 ¼ Δτ2 ¼ � � � ¼ Δτn ¼ Δt. Equation (A1) then can be trans-

ferred into:

ΔL1 ¼ v1Δt
ΔL2 ¼ v2Δt
� � �
ΔLn ¼ vnΔt

9>>=
>>;

(A2)
If the length of the main channel is L, then:

L ¼ ΔL1 þ ΔL2 þ � � � þ ΔLn (A3)

Substituting Equation (A2) into Equation (A3) yields:

L ¼ Δt(v1 þ v2 þ � � � þ vn) ¼ Δt
Xn
j¼1

vj (A4)

Thus, the translation time can be derived by:

Δt ¼ L
Pn
j¼1

vj
¼ ΔL1

v1
¼ ΔL2

v2
¼ � � � ¼ ΔLn

vn
(A5)

and the distances can be described as:

ΔLk ¼ vk
L

Pn
j¼1

vj
(A6)

According to the Chezy formula (Chow ), flow vel-

ocity is proportional to
ffiffi
i

p
, the water surface slope. Assume

thewater surface slope is equal to riverbed slope, the distance

between isochronal lines is also proportional to riverbed

slope. Then the formula to determine the distance of isochro-

nal lines for the main stream can be written as:

ΔLk ¼
ffiffiffiffi
ik

p L
Pn
j¼1

ffiffiffi
ij

p (A7)

2. Determination of the isochronal lines for tributaries:

Each tributary flows into the main channel within one

of the subareas established for the main stream. As the
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riverbed slope of the tributary will be different to that of the

main stream, Equation (A7) is not suitable to determine the

isochronal lines for the tributary within that subarea.

If the tributary flows into kth subarea, then the river

length above the kth subarea (including the kth) L0 can be

expressed as:

L0 ¼ L�
Xk�1

j¼1

ΔLj (A8)

The average river length can be written as:

Δ�L ¼ L0

n� (k� 1)
(A9)

when k ¼ 1, L0 ¼ L.

Substituting Equation (A8) into Equation (A9) yields:

Δ�L ¼ (L�
Xk�1

j¼1

ΔLj)
L0

n� (k� 1)
(A10)

If the length of the tributary is L0, and the distance from

the junction of tributary and main stream to the k-1th iso-

chronal line is Δl, then the river length of tributary above

that isochronal line is:

L� ¼ L0 þ Δl (A11)

Let α ¼ L�

Δ�L
, then the subareas for the tributaryD0 can be

obtained easily. If the riverbed slope of the main stream

above the isochronal line is less than that of the tributary,

then D0 ¼ int(α); otherwise, D0 ¼ int(α þ 0:5). The pro-

cedure to determine the distance of isochronal lines for

the tributary is the same as the method for the main

stream, but replacing n with D0 and L with L�. Then the for-

mula to determine the distance of isochronal lines for a

tributary can be written as:

ΔL�
k ¼

ffiffiffiffi
ik

p L�

PD0

j¼1

ffiffiffi
ij

p (A12)
3. Determination procedures:
(1) Based on the method by Li et al. (), the number n

of subareas is determined.

(2) The initial values for the distances between the iso-

chronal lines, ΔL, can be obtained by L=n. Thus, the

points of interception of isochronal lines and rivers

can be drawn.

(3) Obtain the elevations of all points of interception, and

then the slope ik of each ΔL can be derived.

(4) Substitute ik and L into Equation (A7) yields relevant

distance ΔLk for isochronal lines.

(5) Mark the points of interception for isochronal lines

and main stream.

(6) Repeat the steps (3)–(5) until the locations of the

points of interception for the main stream stabilize.

(7) Find the subarea number k where the tributary joins.

Obtain the main stream length above the k-1th point

of interception L0 according to Equation (A8). Then

obtain the average river length Δ�L using Equation

(A10).

(8) Obtain the tributary length above the k-1th point of

interception L� according to Equation (A11).

(9) Let α ¼ L�

Δ�L
and compare the riverbed slope of main

stream and tributary above the k-1th point of intercep-

tion. If the former is greater than the latter, then

D0 ¼ int(α); else D0 ¼ int(α þ 0:5).

(10) Calculate the ΔL�
k for tributary isochronal lines and

mark the points of interception.

(11) Connect the points of interception for the same iso-

chrones into a continuous line.

REFERENCES
Chow, V. T.  Open-Channel Hydraulics. McGraw-Hill,
New York.

Li, C. Q., Guo, S. L., Zhang, W. H. & Zhang, J.  Use of Nash’s
IUH and DEMs to identify the parameters of an unequal-
reservoir cascade IUH model. Hydrol. Process. 22,
4073–4082.

Zhang, J. Y.  Review and reflection on China’s hydrological
forecasting techniques. Adv. Water Sci. 21, 435–443
(in Chinese with English abstract).

http://dx.doi.org/10.1002/hyp.7009
http://dx.doi.org/10.1002/hyp.7009
http://dx.doi.org/10.1002/hyp.7009

	A generalized concentration curve (GCC) method for storm flow hydrograph prediction in a conceptual linear reservoir-channel cascade
	APPENDIX
	Determination of the distance of isochronal lines

	REFERENCES


