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Fig. 1 Relationship between the latitudes of meteorological office of
Japan Meteorological Agency and annual mean air temperature.
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Fig. 2 Relationship between longitude and latitudes of Japan
Meteorological Agency observation stations.
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Fig. 3 Relationship between latitudes and altitudes of Japan
Meteorological Agency observation stations where data of
temperature is collected.
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Fig. 4 Relationship between latitudes and altitudes of Japan
Meteorological Agency observation stations where data of
precipitation is collected.
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Fig. 5 Relationship between latitudes and altitudes of Japan
Meteorological Agency observation stations where data of snow
depth is collected.

4




JEFCOMMEEOMELH Y, SFTIEARHN/IDD720
GBI C O R KR OB RS R DT H 5.

REEBLAEROR Yy MEFEICRERERIB S T
WAL ORI L EE O MR E KSISRT. MERBNO
EE TEAY] 01292 mT, [#F] (1253 m), [HE]
(1223 m), TBIERIL] (1143 m), [BIEEE] (1130 m) &
BEE, 1000 mZ B2 A EEOBM I OSHITDOATH
5. LB T, [ & BEFEFED [ 822085 R
D540 mAP IR FHTTH 5. FILTIE, FRVHLEE LTH
Yt TR ] ©890 mSTEERBIMNOREITITH 5. K
FREWMOZENREEILTLOEVEREZ 2V, &
B coRMBIN T — 7 2L, EREEcoOR®EE
B ) DAE O IR COMERES) 7 LI 55
WMATERICL 20D 5T, BURTIEEERE O
DWTikmT A2 L ZWMETH D, B, AHORy MR
GEMAHB SN TS (TR (B 1350 m) Tl
FRIFBRM SN TR,

BB, BT X A2 RERBENOEAZ D 2 R A,
i R E A FERT B KB Sfge L v & —IC ko Th Eh
T2 (Yamaguchi et al., 2011) %%, [t ¥ 7 — O b
1310 mHDEER DR EHTTH 5.

2-3) EBIIFEICH T 5KINXRE

M CTIORLAL ) IC, SiEERc B 5 kRS
REROBMNT =y BHELLARL TV S720, bHEEO
IHEFE TR D 32 - T e X9 R fifg d 34
LTLEYH. FHBHEHEEITDLYEE I OERINCBY
DAERR B A %2 M6IRT. B6IZRLITIZ X 519794
2 520004F F COBIE T — & 12350 & # T 38m A AL
A A )N N F AT AERL L7z (B 28 # A ke
DA RS NN HE T, 2009) % IBIEKL2HOT
b5 (FAR, 2012).

ZNICE B L, WA TRD FEKREOSZ COIVNT-BT
DS ABPH T TOMIBT, FM2600 mmPl E & - T
Wb bRAI, TATAOFM (20134E12H16H £ Tl
AL O BEK R OFAEEIX3049.8 mmTH S, F 7z,
TR O K E TR 1000 mm T & FRENTWw5 E
HA S THITHIC 2T T, 7 A5 A0 L HOAE R Bk R
DOFAEEIZ890.8 mmTH AN SEUTH L. LI LAd
5, BBNFEIROKRIGTH 27 V7 AR HOEHE
JHLIE o Sl 1T & B e HUIB D 4 ] 7K 42532200 mm7» £ 2600
mmTHh 5 ERBEMLIC V., FEHFORMICIZIAE R
D EN, BIZHAF—2RLLIENTESLL, B
TR I ORIN, W, FERICIEH — VIRIEDSE S S h
HAETLHITIC X > T30 mZ B2 2 HFHELBH S
TWwb @R -fEaR, 2012). 72, BWrEZFROO
Lo L5 EEk I OER RS, 3215 mmTH S ($
K, 2017) Z&hH b, HBHEEHITOF KR L2600 mm
ERZ W EEARIEERIZOB2 L2 ETHA. L
Ml B B ARSI OHEEE T, A THI400 mmi
ETHDH AR, 2018) Tk EEETHE FECEH TR

g1 2018—12

#3600 mmAEE DK ENS LT NIE L S5 WI LIl 5B,
HeDdb 7 v 7 AT, AF KR 232200 mmilE & FoR S
NTWVAHIEN O 7 X ¥ 212 X 5 Bk B S e
M (BEES - 1510m) DATH 5. Z 2 TOERBKREIZR
2400 mmTdH 5 H 5, ZF Ol % H v CEAER % fi 1 IX X6
DINTHSEBLEHLE V.
2-4) KINZRICH T 2RFAKXEROBIELOFERE

e b FEARN 2 I o KLU,

Rk = 2T + T (1)

Thb.

TP b 72 5 SNzBEKIE, ZFRRIC X - TRERE
LTt & M THF < 2, IR & 7 o T St g
LEROVTNNTHLIEERLTVD, HEIZE 2T
HWFICEE L THTAE LTREBAMNII T HAR, I
HaRFMT ZHHATOLEKRRBTRE L TOFEED
ZALG ORI Z BRETH LD, EmD LD 720
(2, RIS DM INIAERETE LIRS OAE T S.

Bk U7z, EEHAEEINC B 2 AN EoFIE L, i
Nt D AERE S % FEIBH AR T L TR b 7z 4E i E
LRI L Bk S FI L7285 e ORI, ERFEK
HEREL EHoTWAZ ETHAH. BT ED

Be. BIRNNEIBIC BT 2 4P O 54 (8R, 2012).
Fig. 6 Distribution of annual precipitation (mm) in the Shinano River
catchment.



o 1

LOTINTY FERLTWLDT, HEllErzEbA L
o2 Licky, brBEORECHBEEHNTLI L
BTEL. LM LBAS, 2-3)Tiliam L72BEKEL, FHik
NOFE TR ETHESNA D TH S, Fido X
AN e SRR T 5 2 LG s hT
WA XS, RERLHBBEKEEZFET 520121, ¥t
BHNOHEE L O CTRoKEZ BT 2 LES D 5. BRE
Wokke GikEK) oxThhuL, Bz LdHET
MWTHEMNICBIIEETIE D 5. 72785, EROE VT
1, FIELWAH DS KE R EBENORKE (AR
) MBI BENT B 2 23R THEETH 5.

B (2018) DSRAE D - -2 FE B b RSN O IR Tl
DS TOHEMTH 5. LEbiElifgo X 912, &
ARBRFE L D DB AT W R F AT 03 5 BT T,
T EM & ) D ARHEIILEVIETTH A, HIHNO
2% < OHETHIGLIC B D LB & m4E THEMT UL,
FORER R ZHETE L)%, MokBEER U X)W
Tld 2.

3. EEBROHHA

3-1) EMKZIC & B hEBILEHIE CORREE
INFTHBRNRTEL LI, IHFHIRIC BT 2 K5 EBH
MBS Thh T ARw20, BNKREHAIIEE TR
IR IR B TR GBHIEE B L C& . ohE
TIZERH 21T > TV AL, BI7ISRT L), T 5]
(BEw5: 3070 m), [l L] (2798 m), [F1E] (2740
m), [#&fF | (2710 m), [+ %] (2660 m), 7 V7 X [F
5 (2630 m), [TEREEE | (2355 m), [ sk delmin | (1940
m), [HL ] (1870 m), [§% 7 & (1682 m), [7EHE )5 (1620
m), [FEBAREA ] (1590 m), [ Besdh] (1530 m), [3fE#%
R (1450 m) ©14 HFTH 5. 13L& A LB D
7R, ESEAR, WA ARICIEE SN, R
Sl - BENIRAR S TH DY, E5HITE, L EAMK

I DREGIK BN O BLIK & G 5

PICHELTWD. 20720, B ZRET 572012
i, BREA, WY, BT OZNEN oS ERBICE
HEEITbRITIE R SR BAK - 4K, 2019).
F7, ABUIH S ORES, W RRE, BUIIR, 8L
HHZ R NWIRT. sl Bas L7z ok [k
K1 T, 20024E11AISH 2 SEII 247> T B, [Tk
B | TORSEBIN, 15282 2AThHbH. [F
L RE] T, FoBED20034E10H 15H 2581 %
ToTwb. 7B, [HEE] ToO/, 2017410H1H
THT L7z F72, (8] TOBMZ2017411H7H 2
SR L 72 AR, REE, R e, S0E, HEE (A
FTARTOH RN THAETBMEZIT> T

Bl k<) 3,

AP A I ed P2 1385E i
B17. fZMARFEC LB/ L BN S OE (35K - 4R, 2019).
Fig. 7 Location map of the meteorological observation sites of Shinshu

University.

F1 R X 2 GBI OB A E, BN B X OBRIHE (85 - 4K, 2019).

Table 1. Location, observation period, and observational items of each observation site of Shinshu University.

Observatory Elevation North East Observation Observation Item
(m) Latitude Longitude Period Ta Hm Wind Ap Sr Pr Sd
Yarigadake 3070 36.340 137.646  2008/10/22~ o 0o (0] (0] (o] w
Fujimi 2798 36.121 137.558 2003/10/15~ o (6] o (8] o w
Shirouma 2740 36.752 137.753  2010/09/26~2017/10/01 (0] o (0] (0] w
Tsubakuro 2710 36.399 137.715 2008/11/14~ o 0o (0] (0] (o] w
Chou 2660 36.283 137.717 2017/11/07~ (0] (0] (0] (0] (0] w
Senjyojiki 2630 35.778 137.814 2006/11/08~ (0] (0] (0] (0] (0] (0]
Nishihodaka 2355 36.265 137.617 2008/10/15~ o [0) o (0] [0 w [0
Meotomatsu 1940 36.167 137.517 2015/10/15~ (0] (0] (0] (0] (0] w (0]
Kurumayama 1870 36.102 138.202 2013/09/12~ (0] (0] (0] (0] (0] w
Kirigamine 1682 36.095 138.164 2013/11/12~ 0] (0] 0] (6] [0 w [0}
Shiga 1620 36.711 138.495 2007/11/21~ (0] (0] (0] (0] (0] (0] (0]
Kyukamura 1590 36.114 137.613 2002/11/18~ (0] (0] (0] (0] (0] w (0]
Kamikochi 1530 36.253 137.669  2008/09/08~ 0] (0] 0] (6] [0 (6] [0}
Norikura 1450 36.122 137.630 2006/03/16~ [0] 0] [0 (o] (0] 0]

Ta: Air temperature, Hm: Humidity, Wind: Wind direction and speed, Ap: Air pressure, Sr: Solar radiation, Pr: Precipitation, Sd: Snow depth
w: Warm season only
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Fig. 11 Relationship between the altitude of the observational station
and the amount of precipitation for the period from June to
September.

Fig. 10 Distribution of snow depth in the Kamikochi-Azusa river
catchment using an airborne laser scanning.
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Review article

Importance of Hydro-Meteorological Observation in the Mountanious Area

Keisuke SUZUKI

The air temperature change due to altitude variation is
approximately 800 times greater than that due to horizontal
variation. Therefore, in the mountains, the temperature rapidly
changes with altitude and changes in vegetation are particularly
sensitive to the influence of global temperature changes. In
other words, the influence of environmental change on the
global scale will appear clearly in mountainous areas. However,
temperature observations by the Japan Meteorological Agency
are at Nobeyama (1350 m a.s.l.), which is the highest altitude
used for such measurements except for those at Mount Fuji (3775
m a.s.l.). Mountain ranges of 2000m to 3000m are continuous
in the central range mountains of Japan, so without observations
at these altitudes it is not possible to discuss the long-range
fluctuation of the temperature in Japan.

Flooding and landslides caused by a large amount of rainfall
can directly affect human life with disastrous results, so the
Japan Meteorological Agency has more observation sites of
precipitation than temperature. However, there are only six such
sites with higher altitude than Nobeyama. Significant snowfall
plays an important role as a water resource in Japan and snow
cover provides a moderate habitat for plants and animals during
cold and windy winter seasons. Therefore, fluctuation in the
amount of snowfall is one of the most important environmental
factors. However, the highest point of observation of snow depth
by the Japan Meteorological Agency is Okunikko with only
an altitude of 1292m. To accurately discuss the response in the
mountainous areas to climate change on a global scale based
on the observed data, it is necessary to carry out meteorological

observation in higher-altitude mountainous areas. Therefore,
Shinshu University has installed meteorological observation
equipment at 14 sites in the Japanese Alps at altitudes between
that of Nobeyama and Mt. Fuji, to maintain results from these
previously blank areas of meteorological observation.

Since rainfall and snowfall are not observed in high altitude
areas, it is also contradictory to the water balance. The runoff
calculated by dividing the discharge by the catchment area
basically can be extrapolated to the value of the entire basin
depending on the accuracy of discharge observation. However,
precipitation and evapotranspiration data are obtained for each
point with large variation in value, and are also scarce in spatial
representation. There are also various problems when calculating
catchment unit. Because meteorological observation data itself
is deficient in high altitude areas it is difficult to calculate
catchment precipitation and catchment evapotranspiration
accurately from observed values.

In an attempt to overcome these problems, we attempted to
calculate winter precipitation using the snow chemical method
and tried to calculate the average water equivalent of snow in
the entire river catchment from a snow depth distribution survey
using airborne laser scanning.

While overcoming various difficulties and continuing
meteorological observation in the mountainous area, it is
necessary to develop various new methods to calculate the
hydrological quantity in catchment units for discussion and

evaluation.

Key words: Japanese Alps, meteorological observation, water balance, snow chemical method, airborne laser scanning
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