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Abstract

Observed discharge data covering the last three decades (1980-2009) at 16 rivers (i.e., rivers
of Ida, Jinzu, Kurobe, Hime, Seki, Sai, Chikuma, Shinano, Uono, Kiso, Tenryu, Keta, Oi, Kama-
nashi, Fuefuki, and Fuji) in the Japanese Alps region are analyzed to clarify the elevation de-
pendence of runoff characteristics during the snowmelt season. In the Hokuriku area, where
large quantities of snow fall, the center time (CT) of snowmelt runoff tends to be delayed more
at rivers with higher catchment-mean-elevations. In addition, the long-term (1980-2009) trend
of a forward shift of snowmelt runoff timing becomes more remarkable at rivers in this area,
with the exception of Hime River, as catchment-mean-elevation increases. However, the correla-
tion between flowering dates of cherry trees and snowmelt runoff timing is stronger at rivers in
the area with a lower catchment-mean-elevation. Consequently, snowmelt runoff at lower eleva-
tions in the Hokuriku area is sensitive to year-to-year fluctuations of spring onset, while progres-
sive warming has greater impacts on snowmelt runoff timing at higher elevations, not only in
winter to early spring but also in winter to late spring or summer. On the other hand, elevation
dependence of snowmelt runoff timing is not detected at rivers in other areas; the runoff charac-
teristics described above are neither clear nor statistically significant at both lower and higher
elevations. Our results prove that the hydrological response to global warming is elevation de-
pendent in a snow-dominated region, providing important knowledge for better water-resource
management and flood control.

Key words : snowmelt runoff, river discharge, climatic change, Japanese Alps region, mountain
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F=FIZX DRI TS (Aguado et al., 1992;
Dettinger and Cayan, 1995; Stewart et al., 2004,
2005; McCabe and Clark, 2005), F7-3—H v
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M - KLETFT VR WIS > TRl s
Tw% (Middelkoop et al., 2001; Etchevers et al.,
2002; Zierl and Bugmann, 2005), <9 L72/KX
PEERDEALIL, LN DLHEFIIPIT TOHKY A
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BitE2sd 5 (Middelkoop et al., 2001) o LT I8
&, RIKROKED %\ T “water tower” (Viviroli
et al.,2007) L HHIZ 5N X HITKIEHIEE L
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FROZALBTFHINTEY, WL O0OHFIWIE
MR ENTE7, Wadaet al. (2004) [ ZHIE 5 L
AT DOEZFREDPLEFLZIRD Lo L & Ik
EHMLTETWAZ L 2 L7z, Shinohara
etal. (2009) \X[F Uil &4 & LT, 4ZFEOh
LSBT REO N E BFRREOWLIEZ D725
T2 EEMBILENIARLET IV EHWTRL
720 9 L7-WI3E% ¥ 2 C, Yamanaka et al.
(2012) & HPEBILE M I o> % 15 )11 & R 412,
TG 7 — & % B CRilvEs i R o fE4E
Bt Lize TORE, HARMmMS LIEZ
OB FEIRE B DM TIELTEZIO L H Ik
I ANF R ORHLAEE TH ), Al & B
JITIE104EH 720 % 5 HON— A TRLE TR
WoELE 7% D HAY (center time; CT) A& ) B
WHIIZY 7 FLTWA 2 EAVREN. BT
IR & AR OHBIARE N R KB 7 L
SR H R PR B OM T b RED /=28, dLi
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WEAETAHIELWSENIEINZ, 29 L2HIE
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LMD, TOMIZOWTIRAEHOE T TH
5o

Z ZCTARGmX T, Yamanaka et al. (2012)
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W32 Cld, Yamanaka et al. (2012) 25505
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2OTHbBH, HnZzF—% by MIFME - HEFE
K7 — 5 RX—=Z (HEMNHS, 2007) B XK
KB T— 4y N—2A (E 124, 2012) TH Y,
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Wr— bbb THEM L,

A7 HIXRGIT O AR & b THEHT
KR % 1981 ~ 2010 £ 30 SEM & 35 D
AR TH 525 2010 SFDRE T — ¥ VA E
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Table 1 Summary of study rivers.

%I i A TR R
HuplIEA i B T A5 i it B 8L A %

BT (km?) (m) (4F)
FEHI ARG &l 250 726 27
s 1 KR KAG i 2065 1043 30
B FHEA &l 637 1707 25
Ll A R 698 1093 25
BN = H = H 703 698 30
BEI# P 916 (AT 2335 1231 30
T-dhn# A H R 2036 1184 30
fFin# =ik R 8129 1036 30
| WZM 155 H 1408 631 30
ENI PNl ik B 4684 976 29
Kl B o Wi 5 2224 1258 27
el N A 317 701 24
KIEN A i i 1160 1223 24
I i LLAG s 482 1227 27
i oM AG Ot 916 927 29
wme JeAn o s 3540 1022 28

®w

P

MR ROfEE, LM OFEMRELD SR 5
N7 & s DRI E VT, Ko HEhE]
WELVERIND, 200, WikET—7%
DF|FA L LTIE, ARSI ORAEITMZ T, X
o7~ 2 B A 0D P R0 AN A PR V2 I 9 B R
ENEEND, TOMEOREITRICEHMIT &
WS, KRG SR RO AT Ma L
e ), FEHEEEEZ R U 5 BIIGRA  28
FECIIWEEZOND,

2) RMERLIEE

HitET—4%b &, H¥EHHRlEs I
CT#%M L7 CTRIERTMEREYINH
fF2RL, KX TEHHESNS (Stewart et al.,
2004, 2005) o

CT=X(t0:)/20; (1)

ZZT, IRKEQRI LT ~LOMBEHE, O
i HHOWETH 5. AWf%ETlX, Yamanaka

151 o Fi 3 BT e 3 & T~ #h )13 & & &,
B o B A M i & 5 W B & 1
Shinano basin includes Sai and Chikuma basins.
Fuji basin includes Kamanashi and Fuefuki basins.

et al. (2012) LFBRICKEDIZILEVZ1H 1
HEL, MERRAEREICX 2 mel b0z i
J27-05H31HEFTCHOF—FIZHELTCT
EHM L7 Zo¥E, CTOMIZ1IH1HERS
DWEAE D720, Wb DOY (day of
year) & L TEIHINS,

LG O 2 R HRE & L TiXiERIg,
HEFERAOMEBB AN FOERATSH S
“spring pulse onset date” 7 &A% 5 A%, it
NVADREIZL 2 S OPBRPOBRENEEL Y
GNH BT ERBMEN ERNHR LA IR T
wWekWwos R EE b o, —J, CTIEMFito
BAAGRHE T & W IR L T s, MBS
ERITB SN WRBES S 2kt o
720, BAELLOMHNIHEL T 5D (Stewart et
al., 2005) .
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Fig. 1 Location map of study rivers.
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WK N AN 2 A THRLE, 2 A
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AT - BRI & RSN S WD, BRIZALS
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DWEPRRRKREVHINNEH L, ThbL, Ih
L OHIR TR KOFG X1 b BN OFHFLGHK
EWVWZ L EIRIET S,

BB, TRTOMINIIE L5 E LT, £
MEBLTEAFA2~2 H) OiEI RO /NE L,
EXICTHIEFEADEF /NS WE W) %
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Fig. 2 Box-Whisker plot of monthly mean daily runoff.
a) Ida River, b) Jinzu River, ¢) Kurobe River, d) Hime River, e) Seki River, f) Sai River, g) Chikuma River, h) Shinano
River, i) Uono River, j) Kiso River, k) Tenryu River, 1) Keta River, m) Oi River, n) Kamanashi River, o) Fuefuki River,
and p) Fuji River. The caps of the vertical bars indicate maximum and minimum, and the line at the center of the box is
the median. The box is defined by lower and upper quartiles.
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Fig. 3 Relationship between long-term (1980-2009)
mean CT and mean elevation of catchment. Solid
triangle denotes rivers in the Hokuriku area,
and open square denotes other rivers.
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B, LK 2HOREEA ML Y Figxg e L
72T RCOBHM I THRETICE R TH 5 (K4).
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#2 APHEMEOES ML > F (1980 ~ 2009).
Table 2 Long-term trend of monthly mean daily runoff (1980-2009).

% 1H 2 H 3H 4 5H
FHJI 0.02 0.33 —0.51 —3.00%* —0.87
a1 0.72%* 0.987* 0.95 -0.21 -0.14
AR 0.12 0.20° —-0.16 —1.43* —5.03% %
ERll| 0.75%* 0.31 0.26 0.28 3.97%*
BN 0.06 0.14 —0.65 —2.96%* —0.98
RN 0.03 0.06 0.08 0.16 0.48
Tl —0.01 —0.02 -0.13 —0.24 —0.26
(=23l 0.08 0.177 0.08 —0.64 —0.49
g igll| 0.46 0.87%* 0.92 -2.12* -1.05
ENCI 0.00 0.06 -0.38 —0.72 —0.38
Kl —-0.01 0.00 0.05 -0.19 0.13
SH 0.04 0.13 0.18 —1.18" -0.88"
KIEN 0.05 —0.46 —-0.30 —1.53 —1.44
kX9l 0.10 0.06 0.05 —-0.07 0.20
W 0.11 0.09 —-0.01 0.01 0.03
RN 0.08 0.05 0.02 —0.57 -0.28

AL (mm/H/10 4E)
A EKEE: Tp<0.05, *p < 0.01 (Mann-Kendall trend test), *p<0.05, **»<0.01,
< 0.001 (¢-test).

Significance level: "for p < 0.05, *for p < 0.01 in Mann-Kendall trend test, and
*for p < 0.05, **for p < 0.01, **for p < 0.001 in ¢-test.

# 3 HARAREORE ML F (1980 ~ 2009).
Table 3 Long-term trend of monthly precipitation (1980-2009).

BT 44 11 2 J 3/ 47 5H
&l -12.6 -39 11.2 48 2.8
1| 14.0 3.2 2.0 -13.2 -10.9
R 9.9 2.2 1.7 -25 -6.9
&5 H —40.8 —15.3 9.8 1.4 -13.2
LA 10.6 -0.6 -6.1 -3.8 5.2
i 5 7.7 0.6 -13.3 —24.3 -7.7
I 9.5 10.4 -24 —42 12.2
i I 10.8 2.1 -11.9 -27.6 1.6
HF 13.2 1.1 —15.4"* -22 6.3

YAy (mm/H/10 48)
A #EKHE: Tp<0.05, *p < 0.01 (Mann-Kendall trend test), *p<0.05, **p<0.01,
*¥y < 0.001 (t-test).

Significance level: Tfor p < 0.05, *for p < 0.01 in Mann-Kendall trend test, and
*for p < 0.05, **for p < 0.01, ***for p < 0.001 in ¢-test.
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#£ 4 AFHRIFEOEM ML Y F (1980 ~ 2009).

Table 4 Long-term trend of monthly mean air temperature (1980-2009).

BLTT 44 1H 2H 3H 4 H 5H
B 0.6* 1.07** 0.8%%* 05" 0.57*
i 0.4 0.7* 0.4 0.3 0.5
R 0.4 0.77* 0.5* 0.2 0.3
T H 0.5 0.77* 0.6** 0.4 0.3
(AN 0.3 0.87* 0.67* 0.3 0.3
g . 0.4 0.77* 0.4 0.4 0.3*
i FH 0.3 0.87* 0.3 0.3 0.4*
i ] 0.4 0.77 0.4 0.4 0.3
T ff 0.5 0.9%** 0.67* 0.4 0.3

HAZ (mm/H/10 4F)

AHiEkHE: Tp <0.05, *p < 0.01 (Mann-Kendall trend test), *p <0.05, **p<0.01,

*%p < 0.001 (¢-test).

Significance level: "for p < 0.05, *for p < 0.01 in Mann-Kendall trend test, and
*for p < 0.05, **for p < 0.01, ***for p < 0.001 in ¢-test.

L) ST L BANTH 505, HF
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HTHOWRET -7 IITRATLATRODDOT
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F1k 2158 m & 500m L € H e L7225 T,
SRS C I ENE O BRI AT W 72 O IR L
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OFNTIWA b L ¥ FERRTDS, Wil ZHRHEN b
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WEICHEHTLZEM ML Y FIZERSEZ L2 20
5, WENZREWTCTOEM ML ¥ F &
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L7285 T, JuBed )i ClIEED W il
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Fig. 4 Relationship between long-term (1980-2009)
trend of CT and mean elevation of catchment.
Solid triangle denotes rivers in the Hokuriku
area, and open square denotes other rivers.
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Fig. 5 Inter-annual variations of center time (CT) of snowmelt runoff (solid circle) and flowering date of cherry trees
(gray circle). a) to p) represents the same rivers as in Fig. 2.
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£ 5 MBEMEHOEM L Y F (1980 ~ 2009).

Table 5 Long-term trend of flowering date of
cherry (1980-2009).

- FEBAAE H
BT 44 LR
&l —3.2%%*
F=atl —2.6*
R —257*
= H —3.17*
AR —3.47*
i B2 —2.87*
S -1.9
i) —3.6%%
Hff —3.6%%

HAL (H/10 4F)
HEAKEE: Tp < 0.05, Fp < 0.01 (Mann-Kendall
trend test), *p < 0.05, *p < 0.01, *p <
0.001 (t-test).

Significance level: "for p < 0.05, *for p < 0.01
in Mann-Kendall trend test, and *for p < 0.05,
**for p < 0.01, ***for p < 0.001 in ¢-test.
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Fig. 6 Relationship of correlation coefficient between
CT and flowering date of cherry trees with mean
elevation of catchment. Solid triangle denotes
rivers in the Hokuriku area, and open square
denotes other rivers.
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