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Abstract

The Japanese Alps collectively refer the Hida Mountains, Kiso Mountains, and Akaishi
Mountains, ranging approximately 200 km north to south and 100 km east to west. In terms of
span, the Japanese Alps region includes the Ryohaku Mountains to the west and Mt. Fuji, Mt.
Yatsugatake, and Mikuni Mountains to the east, making the geographical extent of the region
more than 200 km in the east-west direction. The maximum altitude of the Japanese Alps is
around 3000 m; however, climatic conditions vary widely because the region lies at the center of
Honshu, between the Japan Sea coast and the Pacific coast, and the northern area is known to
experience one of the heaviest snowfalls in the world.

It is thought that mountainous areas are particularly sensitive to global-scale environmen-
tal changes, such as warming. When attempting to evaluate the effect of a global-scale warming
event on regional environmental change in the high-altitude Japanese Alps, we note a lack of
high-altitude meteorological observation data. This presents difficulties when evaluating the
effects of warming on ecological systems and water resources in mountainous regions.

In this study, we discuss long-term variations of winter temperature, as well as the amount
of snowfall and depth of snow cover at twelve observational stations in the Japan Alps region. At
eleven sites other than Mt. Fuji, a trend of increasing annual minimum temperature is recog-
nized, which is statistically significant at the 1% significance level. At locations such as Mt. Fuji,
which are located at extremely high altitudes, the annual minimum temperature over the last
several decades has not been seen to increase or decrease. The trend of decreasing annual cumu-
lative snowfall is statistically significant at the 10% level at Takada, Toyama and Kanazawa sta-
tions. At the other eight sites, it is shown that the recent annual cumulative snowfall does not
show either an increasing or decreasing trend. The increasing trend of the annual maximum
snow depth is statistically significant at the 5% level at Mt. Fuji, whereas a decreasing trend of
the annual maximum snow depth is statistically significant at the 10% level at Takada and
Kanazawa. At the other nine sites, annual maximum snow depth has not shown a statistically
significant change in recent decades.

Recent studies report that the amount of snowfall in Japan will decrease as a result of global
warming; however, these studies use data collected at low altitudes. It is, therefore, important to
question whether the same theory can be applied to high-altitude mountainous areas. In high-
altitude areas of the Japanese Alps region, it is reasonable to expect that a cold atmosphere will
be maintained even with global warming, and an increase in evaporated moisture vapor in the
air caused by warming on a global scale will increase the amount of snowfall in the region.
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Fig. 1 Relationship between the latitudes of Japan

Meteorological Agency observation stations and
annual mean air temperature.

& 2 TOEEYRIEOFAEM (1981 ~ 2010)
OBFRERT (F— 7 IZHAHEER (B RKXE
2011) | 1éx,é%&ﬁ¢dt”*fiﬁk EQa
EPHTIRIET T 50 EEomue il
um%%%btﬁMﬁ%% T, R LAETIER
I 2 BB AR IC 2 50 S OBIERIC X U,
FEEH RIS 1ICTEAT 5720121, Fdeic
118km BH L 2T NiE AR S5 % v, LAL, Al
WA 0.65C/100 m &5 1L, FREAETIE 154
m HNIFMIE 1CRR S, 2F D, KmOKF
B 72 ZEALICRT L CRIBEH IO ZE AL 3% 800 5 &
BWTHbZ LD (Suzuki, 2011) . A O 534
BRRBWICREIRICE > THEEN DT, KF
B2 RAE DB D D LS, L L
HIZEBICAIOZAL S 2 (LG Tl BRI T
DRIBET DB X DRAEDOEALIIHIETH S
CEIh b, T2k 2E, RICKImAS BRI AU
%@%m%@&%ﬁ’iﬁﬁéﬁ%i&ﬂ%%ﬁ

2B R L B %o ﬁi#wbhimm®
“ﬁ%ﬁbb DWW KEIEC F TReE
TLAZLIh %, ﬂﬁﬁ@f@%%%%@w’

AIHFRTIIMEICHNL Z L1k 5,

B 11Z7R L7z & 1l oo B0 v AR =A% 8775.1
m T, HAOKLBMNHETIXERDE V. Lo
Lads, BLIUTIED BEBNINTVWED
i, AE, &, BEOATH D, EhIITIE
2004 48 H 24 H F T, &JE - &l - BELC
mz <, JElY - JEGE - 2K H R, BEERICOW
THBHIDAT DT W22s, ANEERD #HZ &
0 &L IEF A EE L S iz, B ILPA T 1
CHi A % e L2 B g, BRI (B 999.1
m), A4 (610.0m), =1l(560.0m), #iH (516.4
m), BT (4182m) ® 5 THY, ThoDH
HIMORBREFICHRTEEI S 2o Tw
Bo ZD72%, HIEIZ X BEIRDOZEIHE S D%
ROMEK SN, FRER» SN TS, 4B,
BhilE &z 6 Hamik, EkilE s A E
LTwa,

1-2) MERREBABS X7 LOBE LES

W7 A 5 A (AMeDAS) LIFEN 5, ABT
O [ MRS > A5 24 | (Automated Meteo-
rological Data Acquisition System) %, £[E®
¥1800 TSR BEENT WD, €09 H, 1
Ry MRGED (BoKE, iR, JBUn, B, HE
ﬁ%)tﬁ%ﬁ%(ﬁﬁ@%%ﬂﬁﬁ%ﬁﬂ%%
) PRI N TV 5 b AR Bl % B
ﬂﬁwﬁﬁt— @%%%lzumTOWQ®

X9, BifET , AR, (RO A DS EAE B
Mfééﬁ,mimwmwlmﬁaﬁ%f%éo
PR THE R O WL L 3 P 111 o) 1350.0 m
Thhbo B, WHINTIIEBERI BN S NLTY
T\ MIRHIE T OSIRZE B O BT 2B
% EEZ LN LHERILERIFIZB VT, 1850 m
I LEHOEH VA TIE, KBTI L BEED
BRI TN TV 0,

TATADH L, BEKREDOAZBIL T2 H
HEEOK 13D 440 Hidb b, AR EFL
L ClBEKEoBII SR L <, FHTHLE
F)17km BROHBIICRE SN TWD, i
FHZEMICL > THARL EWANZ LS %
ii’,%ﬁiﬁ B AR ATRICSEE L

WEERIITRD, TOEMEZANELTS

— 555 —



4000

r——— | bt @775 m
I (%KEXMHHHIBEERHW)I REEE
| o prssmIsEGREENR) | g
3000 ' | f
pg 2000 i i e R
L ' ’ : i
: | BR0WL (1350 m) |
. | =9 :
{FTBRLL (1142 m) o Biti(1292m)
1000 " :
0
BE (N
B2 GBIk 2 MR, SR, B, R, F R o B A o A o B AR

Fig. 2 Relationship between latitudes and altitudes of Japan Meteorological Agency observation stations where data of
precipitation, temperature, wind speed and direction, and actual sunshine duration are collected.
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Fig. 3 Relationship between latitudes and altitudes of Japan Meteorological Agency observation stations for
precipitation measurements.
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Fig. 4 Relationship between latitudes and altitudes of Japan Meteorological Agency observation stations for snow depth
measurements.
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Table 2 Locations and observational components of observation sites developed by the Institute of Mountain Science,

Shinshu University.
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Fig. 7 Variations of monthly mean air temperature in January (gray circle) and annual minimum air temperature (open
circle) at Japan Meteorological Agency observation stations. Bold solid line indicates 1% significance level. Thin
solid line indicates 5% significance level. The dashed line indicates that the trend of variations of temperature is

not statistically significant (p > 0.1).

L, WTFROHEIZBWTY, ERIESIRDO A
1 Ao ¥R L Y b mEo B 2582 <
H5bo

BEE 999.1 m OFEFIIRD HEEE 3775.1m OF
LIFEFCOMOERBICKLEEN iz, B
FIC X B EEHMOERIZERT 503X
NN, Ll L ERLTIELIHOTEHE
i & AF R AR AIR O Z B I ET IS I A BT
E v, &I, FREAIRIZO VT, Mann-
Kendall REIC X 5 T DOfiid3 0.047 TH Y, T
MCIEDEZRT LTV R, 1TE A EBED 2
EMLTL I X ZE)TH D, TAFADTERY
MAZFOT =513, KEEHEOT—5 L) LA
HATEZHMPE N0, FEICHERT A &1

TERWA, T A Y AP T O S OBl
(1350.0m) Ti&, 20114 F To 33 4EM T, 4
I A i @ Mann-Kendall ¥ %E O #5813, © fii
770.063, pfHAS0.613 £ 7210, 1T& A LMD
HTWEWR D, TNHDOZ IS, EEIEL %
B IO WA RO B MBI HREIC R 5 & %
Abhb,

B, gl (1944.8 m), kil (1375.8 m),
FrgRl (1142.3 m), %Pkl (868.0 m) % ILfFis &
L CHUIm O ZE B 1) % i L 72 {HER 13 A (2006)
TH, WIHRCTOELIYLRIRO A1 BT
HICHRT U3 RETH L LMEINTVE, &
B, @, Pk, S ILOBEIIE 2001 4ETH
37z, B, HEsIiIH (2011) &, FEI

— 562 —



‘ToAS] 90UBIYTUSIS 04 (T :OI[€IT "[9AJ] douedYTUSIS 04T :plog
*150) [[ePUSS[-UUR] JO an[eA d :J "1S0} [[ePUS3[-UURA[ JO ON[BA 1 NBJ, 'SIBIK JO Ioqunu :N

TH O %0T HNCE Y YR

CEED 9T HE Y

H) d & F D12 [ePUSS[-UURIN 1 d CH) 2 ¢ F 2} 3 [[BPUSH-UURIY : NBL, Wy 1 N

0000 TPE€0— TS GI0G G961 | 600°0 065°0— @GS G00¢ ¥S6T | 000°0 6%7¢'0 LGT GI0%G 988T | 000°0 €S€°0 TI9 T102 1961 |€996T 699¢ LG ME
L8T°0 LGT'0— TS GI0Z G961 | #60°0 091°0— &GS S00G ¥96T | ¥00°0 0€20 VL GI0% 6€61 | 0000 2LEO T9 TTI0G T96T |[0G'LET TL9E 98 me
I60°0 €91°0— 1S ¢CI0G G961 | 8800 €9T10— <9 G002 %961 | 000°0 TS0 68 G10¢ €¢6T | 1000 €660 19 T102 T96T |G2'8ET TIT'LE 63T &
G890 ¥900— 6% GI0g G961 | 8LS'0 €900— G9 G003 F¥Y6T | 0000 LGS0 8IT GI0G S68T | 000°0 0€¥'0 99 TI10% 9961 |G9'S8ST L9'GE 8'GLT Mk
€880 ¥I00— TG GI0C 2961 | 0€9°0 9%0°0 144 G002 %961 | TO0'0 961°0 %31 <SI0G 688T | 000°0 ¥0S'0 I8 T10¢ 0€6T |6T'8ET 99'9¢ 8TV {53
I¥€°0 2600 TG ¢I02 G961 | 60%'0 6L0°0 ¢S G00% ¥96T1 | €00°0 6810 SIT GI0G 8681 | 0000 32LEO I8 TI0% TE6T |CG8LET GS'SE ¥'919 FH X
%c6'0 6000— TS CIOG G961 | €68°0 €100 %S¢ G900 96T | 1000 600 ESIT GI0Z 0061 | 0000 ¥9%'0 T9 TI0G T96T |SG'LET 9T'9¢ 0°09¢ e
6960 S000— 0S¢ @QI0G G961 | #¥6L°0 GE00— @9 G00¢ ¥S6T | 000°0 €660 ¥IT <GI0G 868T | 000°0 T0S0 ¥8 T10¢ 8G6T |L6°LET S2'9¢ 0019 A
9T€'0 T0T'0— L¥ GI0G G961 | €820 90T 0 67 900c ¥96T | LOO'0 €320 89 ¢I10g S¥61 | T00°0 82E€'0 09 TTI0% T96T |[TI'8ST S09¢ T09L Ve
LLGO $SG00— TG GI0G ©¢96T | €96'0 9000— TG G002 %961 | TO0'0 0920 08 G10¢ €661 | 000°0 0050 09 1102 T96T |9L'8ET 09°9E 9698 11 fuak
g8%'0 LS00— 98 CIOG 9261 | 88T'0 8ET0 ¥¥ G00¢ Q96T | #G0°0 V910 88 GI0% S%6T | 000°0 9920 L8 TTI0G SG61 |[99'8ET ¥E€'9¢ T1°666 M T
G80°0 6820 68 7002 9961 6IT°'0 6IT0 08 210 €€6T | €990 L¥V0'0 GL TTI0% €€6T |EL'8ET 9¢€°GE T'GLLE| ITITTHE
d el N Sa bWl| d 0 meL N hUs¢ bWH| d 0 neL N bSak bWl| 4 meL N S burnd| @ |
S L o TG0 ff T WO W gy | W
"UOTJB)S UOTJBAIOSCO UoEd Je Y3dop MOUS WNWIXEW
[ENUUE pUE [[BJMOUS dATJR[NWND [enuue ‘Arenuef Ur ainjersdure) Ire ueow Ajuow ‘@injerodue) WNWIUIW [eNUUE I0J 1S9} [[BPUSS[-UUBIY JO S}NSY] € d[qR],

R

WYY EPUSY-UUCN ) (FF B E WY My REH WD WYWEAHOH T MWEMWML 7 O NN ORM L d € ¥

— 563 —



300

150

MR (GE100m) 7 (2728 m) °
200 ° 100
@ [} o
° o o o0 o & ° °®
° o o
100 %-E-S’i&-c"b-- a0 mgangm0® | SOf 0® 0 o o
oo 9 © A o 000000 o .6......56..-..02’....(,..15...&..(2)...‘5§>
° RN % ©
0 0 o o °
300 800
. EEHR(999.1 m) AL (5600m) @ 15001 =77 (7129m) o2
= o ° 600 °
) ©
200 ® o 00, %oq ° e e 1000f © w, ©°
by @ © ° - 400 R o og, ° o o
N Bego =BG S ey RS 0m e oo o2, %e° o
100 o %o © o © P ow? ° oo %o 20 0
© 3 & 500 ° o
] . & o o o 200 © . . o, Lo, P R ooooooo °
°
0 0 0
30 200 800 s
- JET# (859.6m) B (5164 m) =1 (Hfgm) af
[}
S ° °
) °
EKZOO R 0oo ooo ° s o0 oc ° 4 . o o
BK °
i ° oo © ° o @ ° 100 @ o ° 9 & %o 400 w
% 100} ===== o--b-—-mo—-o--oo--o--- @ o © o o ©@ o & %% o
o % o ) o® oo- -%9..0.--0--"&5 T=T=s el ° @
s o ° ° = ° 0 ©
23 % ° 4 o o e @09 00 0 0% ° ° o ®©
0 0 2 0
300 400 800 —
= e (760.1 m) ~E(4182m) e o R (B.7m) °
8 200 ° 300 ° °o 4 o
Bk o o ° ° o o, © o © ° o %o
Py (=]
'Eé" ° 200 :;----O-Q---@D-@-s-----ap-o-.oio 4001 °© . % o
°© o %0 © ® o © o
g1 w oo ‘2-‘3’ -°1>'°'°"o'°"0° wf ©, ° ° 0% @ @ Fo T < 4
B "’%oo o & Fo o °© o © °6 @ o oom“b%ooo
<
0 - 0 0
1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1990 2000 2010
B8 MHELEHEHIBOALEZEIIBT 2 RAMETEROLE). KRERIAEARELIWLT THE, MERIAHEK

EERUTTHETHL I L2 Y. BMEIZHMASRIAMICHETEIEVI EERT.

Fig. 8 Variations of the annual cumulative snowfall at Japan Meteorological Agency observation stations. Bold solid line
indicates 1% significance level. Thin solid line indicates 5% significance level. The dashed line indicates that the
trend of variations of temperature is not statistically significant (p > 0.1).
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Fig. 9 Variations of the annual maximum snow depth at Japan Meteorological Agency observation stations. Bold solid
line indicates 1% significance level. Thin solid line indicates 5% significance level. The dashed line indicates that
the trend of variations of temperature is not statistically significant (p > 0.1).
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annual maximum snow depth. open circle: statistically significant at 1% significance level. triangle: statistically
significant at 5% significance level. x: statistically not significant.
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Table 4 Results of a correlation analysis between monthly mean air temperature
in January and annual cumulative snowfall at each observation station.

B 11 05l & R
wew | N W & —
W% #TH# N R P
AU | 999.1  36.34 13855 1962 2005 44 —0.128  0.409
R 859.6  35.50 138.76 1954 2005 51 —0.114  0.427
A 760.1 36.05 138.11 1954 2005 49 —0.354 0.013
[AES 610.0 36.25 137.97 1954 2005 52 —0.194 0.169
Al 560.0 36.16 137.25 1954 2005 52 —0.450  0.001
A 516.4 3552 137.82 1954 2005 52 —0.362  0.008
R 4182 36.66 138.19 1954 2005 52 —0.503  0.000
HURF 272.8 3567 13855 1954 2005 52 —0.370  0.007
&5 H 129 37.11 13825 1954 2005 52 —0.750  0.000
il 8.6 36.71 137.20 1954 2005 52 —0.815  0.000
EIN 5.7 36.59 136.63 1954 2005 52 —0.783  0.000

N %L R:AHBIRE. P AHBISGHTIC L 5 p fili.

KT AHBAKREL1%THE. FHE HEKESS THE.

N: number of years. R: correlation coefficient. P: p value of correlation analysis.
Bold: 1% significance level. italic: 5% significance level.
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Fig. 11 Relationship between altitudes of the obser-
vation stations and correlation coefficient for
the monthly mean air temperature in January
and annual cumulative snowfall. open circle:
statistically significant at 1% significance
level. triangle: statistically significant at
5% significance level. x: statistically not
significant.
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