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A Real-time Runoff Prediction Method Using a Particle Filter

Yasuto TACHIKAWA

1.

(492km2)
1) (1221km2)

2)

(5108km2) (

)
3) 4)

CommonMP5),6)

2.

7)

8) 9) 10) 11)

( )

9)

( )
12) 12),13)

( )

1),2),3),14),15)

16),17),18) 19),20),21),22)

3.

4. (492km2)

A-3-1



1) 5. 5

(1221km2) 2)

6. (5108km2)

3)

CommonMP5),6)

3.

4) CommonMP
1)

CommonMP I

(1)

re(t)

re(t) =

{
f1r(t− TL) (0 ≤ ss(t) < Rsa )

r(t− TL) (Rsa ≤ ss(t) )
(1)

r(t) t f1 TL

Rsa ss(t)

e(t) ss(t)
dss(t)

dt
= r(t− TL)− e(t) (2)

ds(t)

dt
= re(t)− q(t), s(t) = kq(t)p (3)

s(t) q(t) k p Q(t) q(t)

A Qb(t)

Q(t) = Aq(t) + Qb(t) (4)

dS(t)

dt
= I(t)−Q(t), S(t) = KQ(t)P (5)

S(t) Q(t) I(t) K P

(2)

xt = ft(xt−1,vt) (6)

yt = ht(xt) +wt (7)

t xt t

yt t ft(·)
ht(·)

ft(·) ht(·) vt wt

p(vt) p(wt)

t y1:t = {y1, ...,yt} y1:t

xt ( )
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f1,t kt
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st − st−1
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= g(st−1, t)

st = st−1 + Δtg(st−1, t) fs,t(st−1) st = fs,t(st−1)

ss ss,t f1,t kt

⎡⎢⎢⎢⎢⎣
ss,t

st

f1,t

kt

⎤⎥⎥⎥⎥⎦ =

⎡⎢⎢⎢⎢⎣
fss,t(ss,t−1, vss,t)

fs,t(st−1, vs,t)

f1,t−1 + vf1,t
kt−1 + vk,t

⎤⎥⎥⎥⎥⎦ (11)

ss,t st f1,t kt

vss,t vs,t vf1,t vk,t

f̃t(·)
x̃t = f̃t (x̃t−1, ṽt) (12)

ṽt Qt

ṽt =

⎡⎢⎢⎢⎢⎣
0

vs,t

vf1,t

vk,t
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⎡⎢⎢⎢⎢⎣
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k

⎤⎥⎥⎥⎥⎦ (13)

ss f1
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yt

yt = h(st) + wt (14)
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h(st) = Aqt + Qb(t) = A
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0 0 0
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⎡⎢⎢⎢⎢⎣
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st
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⎤⎥⎥⎥⎥⎦ + wt (16)

(15)
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–1 4)

A f1 Rsa TL k p

(km2) (–) (mm) (hr) (mm-hr ) (–)

1 252.1 0.4 180 1.5 13.5 0.53
2 161.6 0.4 180 1.5 13.5 0.53
3 78.8 0.4 180 1.5 13.5 0.53

–2 Nash

1 2
( ) test1 test2 test3 test1 test2 test3

10 0.92 0.92 0.91 0.76 0.75 0.74
100 0.93 0.93 0.93 0.76 0.76 0.76
300 0.93 0.93 0.93 0.76 0.77 0.76
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(a)A1, A2, A3 f1 (b)A1, A2, A3 k
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f1 k s B

i j m (m = 1, 2, 3)
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⎛⎜⎜⎜⎜⎝
s
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s
m,(j)
t|t−1 + vs,t

0.4

13.5

⎞⎟⎟⎟⎟⎠ , vs,t ∼ N
(
0, (b s

m,(j)
t|t−1 )

2
)

(25)

vs,t s b , b = 0.1

B1

5%

5%

B2

ŝ
m,(j)
t|t−1 = ats

m,(j)
t|t−1 , j = 1, · · · , N (26)

at t N Q
(j)
t|t−1 j

at =
(
Qobs

t /Qav
t|t−1

)p

, Qav
t|t−1 =

1

N

N∑
j=1

Q
(j)
t|t−1 (27)

at M

1

N

N∑
j=1

M∑
m=1

(
ŝ
m,(j)
t|t−1/k

)1/p
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t (28)
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: 1 2

–6 C Nash

1 2

C (bs = bk = 0.05) 0.92 0.77
C (bs = bk = 0.1) 0.91 0.80
C (bs = bk = 0.2) 0.92 0.80

k
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–9

–7 4)

f1 TL k p
(–) (hr) (mm-hr ) (–)

1 0.6 0.5 29.519 0.428 1
2 4 0.6 0.66 18.623 0.572 4
3 0.6 1 10.765 0.68 2

5 9 0.6 0.66 18.623 0.572 5
6 7 8 0.6 0.66 18.623 0.572 3

C C A3 ( –6(c) )
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” “ ”

5. – –
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–8

5

1982 9 9/12 0:00 9/13 10:00 3078.79 m3/s

1998 9 9/16 0:00 9/16 14:00 4950.26 m3/s

1999 8 8/14 0:00 8/15 10:00 4284.45 m3/s

2001 9 9/9 7:00 9/11 3:00 4592.49 m3/s

2007 9 9/5 15:00 9/7 14:00 4406.31 m3/s

–10 b 0.06 ∼ 0.2 1 Nash

(4)

a)

–8 5 A B C 1 –10(a)

(e) (e) 1 Nash

b (f) (37)

( )

1 4 1 Nash B C A

5 A B C Nash 0.9 –10(e)

5 B C Nash 5 A

–11 –12 5 3 6 Nash –10 (e)

3 6 Nash 1 Nash A B C

Nash C B A b

b –10(f)

b 0.1 b Nash 0.16 Nash

( –10(b)) Nash b 0.16

b = 0.1 ∼ 0.16
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–11 b 0.06 ∼ 0.2 1 3 5 3 Nash (
–10(e) )

–12 b 0.06 ∼ 0.2 1 3 5 6 Nash (
–10(e) )

b) B C

C B Nash 3 6

C Nash B

C B C

C
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6. – –
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–13 39 18

11 1998 9 4)
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5. B C

50
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2)

• β Sl vSl,t ∼ N(0, (bSn
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2)

• γ s S

b 0.05, 0.1, 0.15, 0.2 4

d)

10 1

(2)

1998 9 2007 9 2007

9 5 0 9 8 11 8126m3/s 11

6

a)

γ 10 B C

–14 11 (122km2)

(557km2) (552km2) (5150km2) 4
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Nash Nash

b 0 Nash Nash

C B
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–17 CommonMP

CommonMP version 1.5 1.6

CommonMP CommonMP

I CommonMP

CommonMP

CommonMP GUI(Graphical User Intereface) CUI(console user interface)

GUI

CommonMP

CUI CommonMP

CommonMP

•

•
•

4. CommonMP CUI -p

C# –17

CommonMP

CommonMP CommonMP

–18

CommonMP version 1.6 -z C#

-p

-z -p CommonMP -z

CommonMP

-z -p -z

5. 6. -z

–19 CommonMP CUI

1 ( 6 )

CommonMP -p -z
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1) CUI CommonMP hymco.exe

CommonMP/Execute/bin

2) CommonMP

3)
4)
5) CommonMP CommonMP -p

N
HymcoCUI i.cfg, i = 1, · · · , N
ProjectFile i.xml, i = 1, · · · , N

CommonMP
for (i=0; i++; i<N) {

hymco -p ProjectFile i.xml HymcoCUI i.cfg
}

6) CommonMP/Execute/SystemData/db/callotinfo

7) CommonMP

–18 CommonMP

–19 CommonMP 3
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