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This paper investigates how to operate existing dams as an adaptation to climate change. In cold, snowy 
regions, climate change is causing temperatures to rise and snowfall to decrease. This is expected to shift 
the snow-melting season earlier, to decrease river discharge and, consequently, to influence water. We 
estimated future changes in hydrologic processes and average annual water levels for dams in the Toyohira 
River catchment area. Using reproductions (1981-2000) and future estimates (2081-2100) provided by the 
Regional Climate Model of the Japan Meteorological Agency (RCM20), we estimated the future 
hydrological cycle of the Toyohira River basin in order to estimate changes in water levels of statistically 
normal dams. The simulation shows that a reduction of snowmelt runoff will cause dam discharge to 
decrease, which may result in water supply shortages. However it also suggests that coordinating the 
discharge operations of two dams can effectively address those water shortages. 
 

Key Words : adaptation to climate change, snowy region, hydrologic processes, dam operation, 
coordination between two dams 

 

 

 

 

- 287 -



 

 

  
2

gggRGvvv lEHTQQTfRf �������� 44)1( ���    (1) 

)()1(2))(1( 44 IElHTfTRf vvvvgv �������� ���  (2) 

(1) (2)
fv R↓

(W/m2) QG (W/m2)
QR (W/m2) Hg

Hv

(W/m2) lEg lEv

(W/m2) lI
(W/m2) Tg Tv

(K) σ Stefan-Boltzmann
(=5.67×10-8W/m2/K4)  

Tg Tv

 

QG=0W/m2

 

BMG QQQ �� (3)

QM (W/m2) QB

(W/m2)
QB 1mm/d (-3.86W/m2)

(3) QM M(mm/d)
M  

fMQM �/400,86�               (4) 

ℓf (=0.334 106J/kg)
 

 
  

0
3
5

4.06.0

4.03.0

�
�
�

�
�
�

x
Q

Bn
Qi

t
Q (5)

Q i n
B (m)

86,400sec i

n B

10km

- 288 -



 

 

 

Dettinger et al. Wood et al.

 
 	 
 	 
� �3211 aazzayyRR ii �
�
�
� (6)

R (mm) R1

(mm) yi zi

y z
a1, a2, a3  

: :RCM

F(
P R

CM
)

F-1F(PRCM) PRCM

- 289 -



	 
 	 
� �3211 bbzzbyySS ii �
�
�
� (7)

S (mm) S1

(mm) yi zi

y z
b1, b2, b3  

 

0 
20 
40 
60 
80 

100 
120 
140 

10/1 11/1 12/1 1/1 2/1 3/1 4/1 5/1 6/1

(c
m
)

(1981-2000) (1981-2000)

0 

20 

40 

60 

80 

100 

120 

140 

10/1 11/1 12/1 1/1 2/1 3/1 4/1 5/1 6/1

(c
m
)

(1981-2000) (2081-2100)

0.0 

5.0 

10.0 

15.0 

20.0 

25.0 

30.0 

1 2 3 4 5 6 7 8 9 10 11 12

r
(m

3 /s
)

(1981-2000) (1993-2000)

0.0 

5.0 

10.0 

15.0 

20.0 

25.0 

30.0 

1 2 3 4 5 6 7 8 9 10 11 12

(m
3 /s
)

(1981-2000) (1993-2000)

0 
20 
40 
60 
80 

100 
120 
140 
160 
180 

10/1 11/1 12/1 1/1 2/1 3/1 4/1 5/1 6/1

(c
m
)

(1990-2000) (1981-2000)

0.0 

5.0 

10.0 

15.0 

20.0 

25.0 

30.0 

1 2 3 4 5 6 7 8 9 10 11 12

(m
3 /s
)

(1981-2000) (2081-2100)

- 290 -



 

0.0 

10.0 

20.0 

30.0 

40.0 

50.0 

60.0 

430.00 

440.00 

450.00 

460.00 

470.00 

480.00 

1/1 2/1 3/1 4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1

(m
3 /s
)

(m
)

(1981-2000)

474.88m

437.80m

2
469.20m

474.88m

437.80m

2
469.20m

1
458.78m

0.0 

10.0 

20.0 

30.0 

40.0 

50.0 

60.0 

430.00 

440.00 

450.00 

460.00 

470.00 

480.00 

1/1 2/1 3/1 4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1

(m
3 /s
)

(m
)

(2081-2100)

474.88m

437.80m

2
469.20m

1
458.78m

0.0 

10.0 

20.0 

30.0 

40.0 

50.0 

60.0 

310.00 

320.00 

330.00 

340.00 

350.00 

360.00 

370.00 

380.00 

390.00 

1/1 2/1 3/1 4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1

(m
3 /s
)

(m
)

(1981-2000)

381.50m

325.30m

0.0 

10.0 

20.0 

30.0 

40.0 

50.0 

60.0 

310.00 

320.00 

330.00 

340.00 

350.00 

360.00 

370.00 

380.00 

390.00 

1/1 2/1 3/1 4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1

(m
3 /s
)

(m
)

(2081-2100)

381.50m

325.30m

- 291 -



 

 

 

 

 

1) 

13 pp.1-6 2005  
2) 

50 pp.367-372 2006. 
3) 

53 pp.475-480 2009. 
4) 

No.588 pp.19-38 2002. 
5) 1994. 
6) 

44 pp.15-25 1985. 
7) 

1998. 
8) 

55
pp.268-271 1999. 

9) 
47 pp.157-162 2003. 

10) Dettinger M.D., Cayan, D.R., Meyer, M.K., and  Jeton, A.E.,: 
Simulated hydrologic responses to climate variations and change 
in the Merced, Carson, and American River basins, Sierra 
Nevada, California, 1900-2099, Climate Change, 62, pp.283-317, 
2004. 

11) Wood, A.W., Leung, L.R., Sridhar, V. and Lettenmaier, D.P.: 
Hydrologic implications of dynamical and statistical approaches 
to downscaling climate model outputs, Climate Change,62, 
pp.189-216, 2004. 

320.00 

330.00 

340.00 

350.00 

360.00 

370.00 

380.00 

390.00 

1/1 2/1 3/1 4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1

(m
)

( ) ( )

381.50m

325.30m

- 292 -


