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EFFECTS OF GLOBAL WARMING ON THE WATER RESOURCES OF
THE TONE RIVER BASIN
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We assess the effects of global warming on the water resources of the Tone River basin. First, a method
for correcting the bias of regional climate model (RCM) outputs is considered, such that a quantitative
assessment of the effects of global warming can be conducted. As a result, precipitation, temperature, snow
depth, discharge and the necessary dam capacity can be reproduced using the bias correction technique,
which adjusts the probability distribution of RCM outputs to be in agreement with that of the observed
data. Next, we compare the hydrological simulations derived from present (1981-2000) and future (2081-
2100) RCM20 outputs based on the IPCC SRES A2 scenario. Results show that precipitation decreases
for the months February through May and increases during summer, and annual precipitation increases
about 200 mm. The discharge at Kurihashi decreases in April and May and increases for all other months,
and the annual discharge increases by about 160 mm. Despite the increase in the annual discharge, the

necessary dam capacity increases by 200 million m?.

Key Words :

1. O00OOd

gobooooobooboboobooooboooboooo
obobooboboboboooooboooooboooo
gbooboboboooooooooooobobo
obobobOoboooooboobooboboobooonog
gboobooboobobooboboooooboooboobog
oooobooooboobooooobooboooogn

oboooooooooboobobooboooooon
goboobooobooboobooboooobooon
gboobobobooboooooboboooooboobo
goobobooooboooobooobooooboooo
00000000000000o00000 (GCM) O
gbobooboboooooboooboooooboonbo
gboobobobobooboooooboooooboobo
ooboobooooboobooooono

gbooooooooooooobooboobooboon
ooobobobooobooooobooboboobog
O000DO0O0OOOoooOoOoIpCCO SRES A200

global warming, water resources, downscaling, regional climate model

OOoooOoobo RrRCM20000O0D0O0OO0O0OOOO
oboooobooobooooboooboobooo

2. 00ObObOoooobobodao

(1) 000000

00o0oU000oO0oooooUUooooD (Doooo
16,840 km?00000000322km) 0000000
gbobooooboooooooooooog ves00O
gbooboboboboooooobooobooboobo
gbooboobobobooooooooboboobo
0000000000 (000008,588 km?) 000
ooboobooooooooobboobooo-10000

gogoooooboobobooboboboobooobgoon
gobooooooobooooooboooobooooo
oboobobooboooboboboobobooboooog
oobooOooooodoe0bonbooonobooOooboon
gobooooboooobooboooobooooboooo
oobOoooooooboooboooooboooboon

- 367 -



1 Yagisawa Dam 6 Shimokubo Dam
2 Naramata Dam 7 Kusaki Dam
3 Fujiwara Dam 8 Tone Ozeki Barrage
4 Aimata Dam 9 Kurihashi

5 Sonohara Dam

0-1 Douooo (cooo)o
guobobooooboobooobbooobboooobogada
oO0ovr0o009b0ooboOoboobog4,s00000
ggbobooobbooobooobboobooann
gboobooobobOoooooooooooboono
gobooobooboobod

Okm 15 30
Bt

(2) 00000D0DO000O0O0O0D000000
a) 0000000000000
00000000000000000000000
000000000000000000000000
000000000000000000 2kmO0000
0000000000000000000000 2,114
0o0oo00 (0-1)0
00000000000 27000 AMeDASOOOO
000000000000000000000AMeDAS
000000000000000000000000
000000000000000000000000
0000000000000000000000000
00000019810 10100020000 120 310
00020000000
b) 0000000000
000000000Degree Day0 00000000
00 ODegree Day 0000000000000000
0000000000000

M=a) T (1)
T>0
0000MOOO0O (mmh HO0e00000 (mm DO
“lhwhoTooooo (0)0
00000000000000000000000
ooY20o0o0o0oon
ldp o
= (2)
P n
n = 3.44 x 10°exp(0.0253p — 0.0958T,)  (3)

i (@)
p
0000000000 (kgm~3)04100 (s)do00O
00000000 (Pa) 00000000 (Pas)OTs0
0000 (0)oDboOoOOO (m)Wwoooooooo
(kg m~2)0
c) ODO00OOOOO
0doodboooooOoboooooooooooboo
000000000 Hargreaves 2 00000

D:

Ey = 0-001350(Tavg + 170)(TD — 00123P>076 (5)

O000E0000000 (mmd H)0S,000000
000000 (mmd")0T,,,000000 (0)07TD0
0000000000000000000 (0)0POO
000 (mm)O
00000000000000000000000
000000000000000000000000
oooooooooo
d) Hydro-BEAM®
O00000000000000Hydro BEAMYO0O
O0000OHydro BEAMOOOOOOOO ADDDO 4
O0000000000000000000Okinematic
wave 0000000000

oh  0Oq
ot %—T (6)
q=ah™ (7)
0000l 0g@oooooggdag

Ubtdr-ggdbgobdlemdnooood
A0DOOOOOOOOO0OODOOCODOOOOOOOn

ds
S =1-0 (8)
O=kS 9)

oooosoooo0o/ogooooooooogokrd
0000000000000 0ODACODOOOODOOA
ooooooooooBOODOODOOOBOOOOO
OooobOchoooooooooooo

0000000000000 000DO0 kinematic wave
oooooooo
e) D0O0O0DUODOOODOODOO

00000000 (20000) 0000000000
oboocooobobooooooboob-20000000
oobooobooooooobobo200000 30000
ooboboooobooobo4b00000 50000000
boboboooooooobooboboboobd
gboobobgobooooooobooobooboobog
boboobooooobboboobobooobonbo
oooooooo

00000000 (20000) 0000000000
ooooboobooooboobo-2000000000
OO0Hydro-BEAMOOOOOOOOO4000 600

- 368 -



—— Rainfal

—— Snow melt

100 - -
4000 — -
O Observed

—— Calculated

Precipitation (mm/d)

l/s)

m

3000

Runoff (

2000

Snow Depth (mm)

100045

0 L L L N
Jan. Feb. Mar. Apr. May Jun.

Observed
Calculated

1
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

0-2 JO000O00O0O0OO (20000)000000000000O000O0CO

gooooooooooobobooooooooo
gboooooobooooboooboooooooogn
gboooooobooboboboooboooooooo
goooooooooooboboooooooon
gboooobooooboboooobo

3. 0Ogo

(1) 0oooO
000000IPCCO SRES A2000000000
00000000000000000 (RCM20) 000
000000000000000000 A200000
0000000000000000 (CGCM2) 000
000000000 CGCM200000000000
000000000000000060kmO00000
000 (RCM60) 00000000000 0RCM600
00000000000000000020km000
00000 (RCM20) 00000000000000
000000000000 1981-2000 0000 100 O
0000000 2081-2100000000000000
OORCM200000000000000000000
00000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000

gbooobooooboobooboooboobooonoo

RCM2000000000000000000O0O0O0OO
oooobooooooooobooboooog 1981-20000
oboboooooboooobooobooboobOooboooog
oooooDoo0o00o0oOooooooDobooRreM20
boboboobooobooboooooooboboonog
obOoboooobooooobooboboooooboonoo
gboooboobooooboooooaoo

(2) UO0OO0O0OOOOOOOOOO
ogbobobooboooooboooooobooboo
bobobOooooooooboobooboboonog

A

Hist. RCM

F(PrCM)

Hist. |Obs.

Nonexceedence Probability

:v
O A
L X
PreMm FH(F(PreM))
Monthly Precipitation (mm)
0-3 obogbooboboboog

»
>

oboobobooboboooooooboobobonoo
bobobobooooooobobobobooog
obobooboboboboooobooooobobo
(00O00)00200000000000000000
obobobooboooooboobobobooboooo
goboooooboooboooooooboobooon
gbobobooboooooobooboboooboaon
gboobobgoboooobobooboboboboono
OO000000D000D0O00OCO0O0O00ODettinger et
al.’’)0Wood et 1.0 000000000000000
obooooOoboooobo-3000o00bo0oo0oo
ubooobobooobobooooboooooon

600

500 = o Observed
o Raw RCM
L ® Bias—corrected RCM -

I
=3
(=1

[}
=3
S

Monthly Precipitation (mm)
{953
S
S
T
|

100 —

i N

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

0O-4 O000O00O0O0O0OODOOOOO (20000)0

- 369 -



6000 T T T T T 1000

O  Cal. with Obs.
Cal with Raw RCM _
—— Cal. with Biascorrected RCM

5000 —

T
|

4000

Snow Depth (mm)
(98]
(=3
(=3
(=}
T
1
3
m/s)

Runoff (

0-5 0000000000 (20000)0000000000000000

1. 0000 (1981-20000) 0000000000
RCM20 000000000000 AMeDASOO OO
00000000000000000000000000

2. RCM2000000000 Preny 00000D00D
00000 RCM20000000000000000
00 Pren 000000 F(Prey) 000000

3.0000000000000000000000
00000 F(Prean) 0000000 F-Y(F(Prowm))
00000000 Prey 0000000000000
00000

000000000000000000000000
0000 O00000000000000007000
000000000000000000000000
0000000000000000000000 110
0000000000000000000000000

0000000000000 RCM20000000
0000000000000000000000000
000 RCM2000000000000000000
0000000000000000000000000
0 RCM2000000 P}, 00000000000
RCM200000000000000P),, 00000
0 F(P}.,,)000000000000000000
000000000000000000 F(PLyy,) O
000000 F-Y(F(Ple,,))00000000 Py,
000000000000000000

00000000000000000000000
0000000000000000000000000
000000000000000000000000
0000000000000000000000 (00
000)0RCM200000000000000000
000000000000000000 (00000)
00000000000000

(3) 0OOOOODOOOOO0

0000 (1981-20000) 2000000000000
0000000000-400000000000RCM20
000000000000000000000000
0000000000000000000 RCM20 00
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000

100

S

e} Cal. with Obs.
Cal. with Raw RCM
——— Cal. with Biascorrected RCM

L1l

11 lHHM

|

111

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

x10"]
0

o  Cal. with Obs.

Necessary Dam Capacity (ms)

Cal. with Raw RCM
Cal. with Biascorrected RCM

> an. Feb. Mar Apr. May Jun. Jul. Aug. Sep. OcL‘Nov, Dec.
0-6 DOUOO0OOsS00000000000 (20000)0
oo guooooooo
Jooooboboboooooooo
JgjddddddddgdUgggg g
doboOo0000b00booboobooo-500
oooDoooooOoRrRCM20000000000O00CO00
goobooboooooobobooboboooouoo
gjddddooooooooooooooooooo
0000 RCM20000000DOO0O00DOOO00OOO
Jdddddddddddgooooooooooo
gooooooooooad
doddddoooodoooooob 200000
0ooooooobooooog-s0b0ooooooo
OORCM200 0000000000000 ODOOOO
00o0oooooooboobooooobooooon
gdjddjdddddddgogguggoogo
gooooooo
oooooood2000b0oo0oooooooo
(0-e) 000000000 0DO0ODO0ODO0ODOOOODOO

600

500 -
0 1981-2000

| = 2081-2100

300 — 3

200 —

Monthly Precipitation (mm)

100 —

1 [

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

0-7 JO000oO0oOoUooOooOooD (20000)0

- 370 -



4000 T T T T T

O 1981-2000
—— 2081-2100

r ) 1981-2000 7
L 2081-2100 g

3000

T

1000 |-

3

Runoff (m/s)

2000

Snow Depth (mm)

1000

Apr.

0-8 DO0OoOoUOoOoooO (20000

100

T T T T T T T T T T T

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
)DDDDDDDDDDDDDDDD

0-1 D000000000000000000000 (20000)0

Precipitation (mm)

Evapotranspiration (mm)

Runoff (mm) Runoff ratio

1981-2000
2081-2100

1610.8
1817.0

502.7
546.2

0.69
0.70

1119.1
1281.6

000000Q,0000000Q.000000Q,00
0ooO0vOooooo
00000000Qs=Qk— Q2> 0.0
00000000Qs=Qs— Q> 0.0
00000000Qs =Q;
00000000Qs = min(Q4,Q1) 0
000000V =VB+(Qs—Qg) >00
0000VBOODOOOOOOOOODOODOOOOO
000000000000000000000000
0000000000000 500 (00000000
00000000)0000000000000000
000000000000000000000086,400
D000 000000000000000000
000000000000000000000000
0000000000000000000000000
0-6J000O0RCM200000000000000
00000000000000O0m300000000
000000000000000000000000
0000000000000000000000000
00000000000000000000000
000000000000000000000000
000000000000 000000000000
0000000000000

4. OJgoooOboOooobobobooan

(1) UoOoOoOoUoOOoUOooOOoOOoOoooo
O0O0DO0OO0ORCM2000000 (1981-20000) OO
000 (2081-21000)0000000000OOOO
gooooooboboobobobooooooooo
ooboooooobooooooobooooooooon
gooo2000000000000D00-700000
00000oo0oO00o0oooo (250)000oooo
000000 10 mm/month000000000O0O
obooboboobooooboobooooooooo
gsubobob 1oommiOOO0OOonOOoOOOOn0

ooboooooboOoobo0oooboboboOonob 250
ooooboooobooon
gobooooboobobooooboooboooon 200
oboboooo-s0obobooboboboobon 4
gboboobobobobobobobo 40000
oooooooobo 3,40000000000000
oooobooooboo2,3000000o0o0o0ao
OO0 1lmdO0OO0OO0OODOOOODOO
gooboobooooooooobobobooboo
02000000000000000-8000000
oboobobob 1 3000obooboooooooDg
m3/s0000000000000000000000
o0s000000000000D40000000
b0 l1ooooobooooobooboooooon
oboooobooooboooooooboon 20
ggoooobooboooooou-s00oooooooooono
ob 4, 5000000000000000DO0DOO
gbooooboooobooogon
2000000000000DO0O0DOO00DO0OODOO0
obobooooobob-10bo0o0ooooboboo
gbooooodbo200mmO00000000O 40 mm
oboobooboooobobD le0ommOOoOoooOOoO
goooog

(2) DOOODODOOOOO
000000000000000000000000
0000000000000000005000000
000000000000000000000000
200000000000000-1000000000
000000000000000000000000
0000000000000000000000 5,6
000000000000000000000000
000000000000000000000000
0000000000000000000000000
5,600000000000500000000000
0000000000060000000000000

-371-



r ) 1981-2000 7
2081-2100 Bl

1000

Runoff (m/s)

100

|

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

0-9 D0U00O000ooooooo (20000)0

goooooobooooobobooboooboooboooo
gboooobob2c0b0o0oboobooboooogon
0000000000000040 m®000000
000000060 m*0000000D00D0O00
gooooooboooboobobooooooooo
gboooooooooboboboboboooonoo
gboooooobooooooooobooboboono
obooooobooooooboobooboboooooo
gboooobooocooooo
gbooooooooooobooboboobooon
oooboooobobooboooboobooboboooo
gbooboooooooooboboooooobooo
gboooobooooooboo

5. g

oopoOoogIpcCO SRES A2000000000
RCM200O0O0O0O0O0OOOOOODOOOOOOOOOO
gooooooobooboboboooooooooo
gboooooobooooooo

1. RCM20O0 00000000000 00O00DOO
oo00oOooooOoooooooooOorCcM20000
gobooboooooboboobooooobooooboon
gboooobooboooooboooooon

2. 00000000D000O00DO0OO0O0DO 10
mmO0O00000000000000O000000A0
gbooogoooobob200mmO0d0oooooon
gbooooboooooobo2sb000000

. 00b0b00oobooboooobo 400000000
gboboboboobo 4000000000000
000000 1-30000000000 m3/s0000
gooboooogibobobb 40000000000
4. 0000000000 4,500000000000
gbobobobooobooooobooboobobooonog
gboooboobolecommOdnooooOg

5. obOobooobooboooooboooooboan
0000s0000000000020m*000000

000 0o0oo0o0oo0oo0oo0ooOoooOo/ooooo
obobOobOobooboooooooboobOobonoo
00000 (@0Oo000 Doooooooooo)oo
oboboboboooboooooooooboobobo
goooboooobooooobbooooobooooo

10" SPTTRIS
\ \(,l/.ﬂe

3

Necessary Dam Capacity (m)

T
] VI8

I

AN
74\ iS4
YA

\1;31 ’/,/’ X
%7 5

5
6
7L 1981-2000 -
8

1 1
Jan. Feb. Mar. Apr. May Jun.

1 1 1 1 1
Jul. Aug. Sep. Oct. Nov. Dec.

(a) 1981-2000

v

+8

X
S

1 0z

Necessary Dam Capacity (m‘)

- 2081-2100

e - T I T )
T

1 1 1 1 1 1 1 1 1 1 1
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

(b) 2081-2100

0-10 OO0O0O0OO0OoOoOoooo
000000000000 Uoo0obo0oo0 0oooo
0000O000)0000oo0oooooooooooo

gogd

1) 0000: 0o0ooooooOo, 0000000, 1e,
pp-167-196, 1957.

2) oUooOo0ooO00: boooooooooooog, o
O, 50-2, pp.80-86, 1988.

3) Droogers, P. and Allen, R.G.: Estimating Reference
Evapotranspiration under inaccurate data conditions,
Irrigation and Drainage Systems, 16, pp.33-45, 2002.

4) D00000O00O0O0O0O0O0OO0:0000DOOODO
oooooooooooooo,0opoooooooog
O, 41B-2, pp.119-134, 1998.

5) Dettinger, M.D., Cayan, D.R., Meyer, M.K., and Je-
ton, A.E.:

mate variations and change in the Merced, Carson,

Simulated hydrologic responses to cli-

and American River basins, Sierra Nevada, California,
1900-2099, Climatic Change, 62, pp. 283-317, 2004.

6) Wood, A.W., Leung, L.R., Sridhar, V. and Let-
tenmaier, D.P.: Hydrologic implications of dynam-
ical and statistical approaches to downscaling cli-
mate model outputs, Climatic Change, 62, pp.189-
216, 2004.

7) 0O0O0000: 000000000 ODOOOUOOooOoO
ooO0oo,0000000, 393/0-9, pp-151-160, 1988.

(2005. 9. 3000)

-372 -



	NextPage367: - 367 -
	NextPage368: - 368 -
	NextPage369: - 369 -
	NextPage370: - 370 -
	NextPage371: - 371 -
	NextPage372: - 372 -


