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Kinematic Wave

(1) (2)
(1), (2) q (3)

v =αhm, q = vh =αhm+1 (1)

∂h
∂t
+
∂q
∂x

= r t( ) (2)

∂q
∂t
+ aqβ

∂q
∂x

= aqβr t( ) (3)

a = m+1( )αβ (4) β =
m

m+1
(5)

v [mm/h] h [mm] q(t)
[mm2/h], r(t) [mm/h], m

, . , 
, m

, (6), (7)
. 

α =
ksi

Dγ−1wγ
(6) γ =m+1   (7)
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Type-A

i , D [mm], ks

[mm/h], w . , 
, (8)

q x, t( ) ≅ xq∗ t( ) (8)

q*(t) [mm/h]. 
L (3)

(9)
dq* t( )
dt

= a0q*
β r t( )− q*( ) (9)

a0 = aL
β−1 = m+1( ) α

L

⎛

⎝
⎜

⎞

⎠
⎟

1
1+m (10)

(9)  

 

n
. n-1 n Vn-1(=bn-1sn-1), n

n+1 Vn(=bnsn)
(11) . 

dsn
dt

=Vn−1 − rnm −Vn   (11)

(12)
sn

hnm . 

rnm = 0

rnm = anm sn − hnm( )
⎧
⎨
⎪

⎩⎪
 (12) 

 
Type-B  

(12) rnm (13)

. 
dqnm
dt

=αnmqnm
βnm rnm − qnm( ) (13)

n: , m: . 
, sn [mm], anm, bn

[1/h], hnm [mm], rnm

[mm/h], Vn [mm/h]
. nm, nm  

a0, , anm, bnm , 
. , 

. 
, 

(13) . 
 

Type-A Type-B

Gauss-Newton
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. Gauss-Newton
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, Gauss-Newton
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5
96 1

Gauss-
Newton

 

a11, a12, 
a21, b1, b2 , a11 0.4 0.7, a12 0.2 0.55, a21 0.1 0.6
b1 0.01 0.14, b2 0.01 0.1, 

11, 12, 21, 11, 12, 21 , 11 0.08 0.23, 

12 0.02 0.25, 21 0.03 0.2, 11 0.45 0.65, 12

0.43 0.63, 21 0.45 0.66 , 
as, s, a0, , 

, 
. Type-A

Type-B
Type-A

b2

Type-B Type-A

Type-B
Type-A

 
Type-A Type-B , 

1 2
.  Type-A ,  Type-B , 

. 

1 , 
2 ,

1 , 

 
2

. 
, 

. 
Type-A , Type-B

, 
.  

Type-B Type-A , 

, 2
. 

, Type-B , 
, 1 2

, 
. , 

, 

. , 
.  

19 Type-A , Type-B
1, 2

. Nush-Sutcliffe (NS
) . NS

, NS 1
. NS Type-A , 

1 NS
0.85,  Type-A , 2  
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Type-A

Type-B
 

NS 0.88, Type-B
, 1
NS 0.91, Type-B , 2

NS 0.93
, , 

. 
, 

, 20
, 

10% , . 
, 
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