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Variation of snow, winter precipitation and winter air 
tetnperature during the last century at Nagaoka, Japan 
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ABSTRACT, R rcluceci amoullts or SIlO\I' ill the eight \I'intcrs li 'om 198G 87 to 
1993 9 ~ at ;'\agaoka , J apan, sccm to be due to a winter air-tclllperature ri se, The 
\I'inter air temperature has sho\l'n a cI'( li e I'ariat ion \I'ith a g radual increase in the past 
100 ~'{'ars, The lin ea r rate orrhe temperature ri st' in the past ce ntury \I'as calculated as 
1, 35 C pe r 100 veal'S, Both the maximum SIlO\l' depth a nd \I'intcr prec ipitation sho\l'Cd 
an inn'!'sely positi\'C' co rrt'lation with \I 'inter Ill t'a n air temperature, The sq uare or the 
statistical cor re lation coc/Iic icllt {'2 was calculated as 0,32 1 and 0,107. respccti\'('ly, 
Statistically smoothed curn's or the maximum sno\l' depth and \I'inter prec ipitation 
sllO\I'ecl maximum I'alues in 19+0, Fluctuations in dn'iatioll or th e maximum SIlO \l' 
depth sho\l'Cd smaller nllues than in prccipitation, The minimum \I'inter mean air 
temperature olJtained li'om a 10 year mOl 'ing <J\'Crage runT \I'as fClLlI1d in 19+2, a nd 
the dl'\ 'iation [i'om the climatic Illean changed [i'om negatil'{' to positil ,{, in 1919, The 
changt' in sign or the tempnatU1T dl'l 'iatiotl and the increase or the c\n'iati on mal' be 
attri l)utablc to global \I'arming, 

INTRODUCTION 

Sno\l and ice art' good indicators or the coldness or a 

gin'n \I'inter and area , \ 'ariations or sno\l' and ice 

amounts and acculllulalion arc a measure or local and 

global c limate changes. including \I 'arming, and halT 

been di sc ussecl from a globa l- c h ange point oC\'iel\' (:\I eicr, 

198+: H ough LOn and o t hers, 1990; I-l all a nd others, 1992; 

Barry and others, 1993 In add ilion, apart rrom being a 

\I',lIe r resource. snOll' is important fc)!' th e di sas trou s 

human consequences it ca n ha\T, 

The Hokuriku district or Honshu island, Japan , ha s 

suffered fi 'o l11 ht'al'Y s l lOld~llIs \ "Gose tsu" in.Japanes{' ill 

th e past such as 36. 38, .,)G, 59. 60 and Gl Gose tsu \I 'inlers, 

Ln a Goselsu \I'inter. sno\l' reacht's maximul11 depths or 

more than + 111 on the ground in T okalllachi, a city of" 

50000 people in Hoku rikll district. In ~agaoka ill (he 

1963 winter. the maximum sno\l' drplh on the g round 

reached 3 ,I8m, In thesc eXll'Cmt' winters. hundreds or 

people may be kill ed beca use or hea\'y sno",[itll s, For 

example , in the 1963 \lintel'. 231 perso ns \I'ere kill ed 

\Takahashi and ::\akalllllra, 1986 ), Thererorc, resident s or 

Hokuriku di s trict. as \lTII as of o th er sno\l'-cO\ 'ered areas 

of Japan, need to halT timely and accurate predictions or 
snOld;tll, 

GEOGRAPHIC CHARACTER OF NAGAOKA 

::\agaoka 137 25' ::\,1 38 53' E , 97m a,s,l. is located in the 

northern part of the Hokurikll c1i strin 0[" Honshu island. 

Storms, \I 'hich product' hea\'Y snowra lls. de\Tlop O\'Cr the 

13G 

Sea of .Japan, \I'hi c h is the \I 'ater-\ 'apor so urce li)l' winter 

s torm sys tems, In Hokuriku dis trict , there is usually no 

\I' ind \I 'hen heal '), snowfitll s occ ur, The distance rrom the 

near{'st coast to ::\agaoka 20 kill ,l\\'ay to mainland .\ sia 

is abollt 1000 km. llie longes t or a1l\ part or th e Sea or 

J apan ('oast. In thi s space specific SIlO\l' clouds de\ 'C lop 

O\Tr th e Sea nf Japan ' H OZL1 1l1i and "fago no, 198+ ) , 

~agaoka is located close to 1000 m hi g h mo untains. in the 

northcrJIll1ost area or th e hea\'\ -snOld;l11 di s tri ct. The 

winter air temperature is the co lel est in the di s tri('[ , and 

sno\l' as a perce nta ge of"the total precipitation in \I'inter is 

the highest in the di s tri c t. Thererore , :\agao ka olfers one 

uf' th e best loca tion s to inl 'Cs ti ga te snO\l amount as an 

indica tor or global c hange, Fig ure I sho\l's annual and 

daily changes or sno\l' COH'!' meas ured on the g;round at 

:'\agaoka het\l'('en the lI'inters or 1935 36 and 1993 9+, 

Data li'o ll1 t\l 'O \I'int ers ",ere added to tliosc fi'om the 

::\agaoka City Oflicc 1992, Each pattern co rresponds 

to one \I'inter sea so n, The arf'a under th e ('unT indi ca tes 

th e amount ()f"snO\d~!I1 in a gin' ll \I 'inter. Th e maxilllum 

SIlO\l depth is also a m eas ure o f th e amoullt or SIlO\l' as 

seen in the fig-ure. The maximulll sno\l' cl epth occurs 

;\I'ound Fellruary exce pt in the 191,5 and 198+ \I 'inters, In 

thi s papn th e maximum sno\l' depth on the g round is 

used as an indicato r o f' the snow amount. 

DATA SOURCE 

Data fClr the maxilllum snoll' d ep th a nah-zed in this paper 

were taken rrom the paper hI' lkarashi ancl others I 1992 ), 

in which th e maximum snO\I -depth data ill i\'agaoka 
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, \ 'akalllllra all d Sllillli ~ lI : ,, 'illler S II Oll ', /Jl'ec i/Jila lio}{ alld air II'III/Je ralltrl' ({I , \ (Ig ({oka 

F ig , I, , I //IlI/a/ alld dai£ ), c!/{/ lIgl',1 of SilO I(' COI'f}" 011 1111' 

g r o/llld al , \ 'agakoa , llokll rikll di.l/ricl ( 1935 3610 1,993 
9+ i l 'illler.I) , I ,'ar /i / ){{ l/ l' rtI (O ITl'.I/ Jll llr/.1 10 (j Il t' wi'ller, 

ri 'olll 19a9 to 1992 \ \'('I'C co mpiled, FOI- th e present s t ueh ' 

o n" th e sn o\\' da ta se t ri 'o m 190:> to 199-+ \\'a s a nah-zed , , 

du e to th c lac k of' a ir- te lllpera ture da ta [i 'o lll 19a9 to 

1 90 · ~, P rec ip ita ti o n a nci a ir- tc lllpe ra t Ll I'l' ci a ta ro r \I 'int e rs 

li'o lll D ecc llliJl'I' to F c iJru <l n 1905 9+ \\ 'C IT co llecteci a t 

the J apa n ese :\l eteurologica l ,\ gc ncy in .'\ iig-a ta \\ hi c ll h a s 

ga th ereci a nd compiled th e m, 

SNOW AND WINTER AIR TEMPERATURE, 1982-94 

Fi g ure 2 sho\l's the o iJse rn 'cl m <J:-; illl ulll s n o \\ ' ek pth O il th e 

grou nd , prec ip ita ti o n in \\' int CT ( D cce lllher Fehru a r )') 

a n ci w in ter m ea n a ir te lllp l'l'a ture li 'o lll J9a2 to 199-1" I t 

shOl\ s th a t ill th c las t 13 \\' in ters, prec ipit a t io l1 inc luding 

bo th rain a nd sno \l' h a s n o t \'a ri ecl g r ea th', th o ug h th e 

lll a~ i lllulll Sl1 o\\' de pth h a s d C'c reased dra st ica llY , Th is 

d ra s ti c ci cc lTa,c S[,C Ill S to 1)(' du e to a \ \'inter lll C' a n ,1I r 

tC' m pe r a ture ri se a s , h O\\ 'n in th e li g ure , 

SNOW AND WINTER AIR TEMPERATURE IN 
THE LAST CENTURY 

Fi g ure 3 shO\\'s a nnu a l \ 'a ri a tio ll 0 [' th e Ill a~ i m um sn O\ \' 

ci epth m easurecl o n th e g ro un d fro lll 1905 to I 99·f, I n t h e 

pas t ce ntury th e l11a~il11ulll d e pt h or 3,1 8 III \\'as o bsc n 'Cd 

in th e \\' int er 01' 1963 (38 C ose tsu yea r ) \I' ith a l11 ea n 

1982 1 ~83 1981 1985 1986 1987 1988 1989 1990 1991 1992 1993 1991 

~ ~la:\ ~now depth (c:nl Precipitation (mCll 

F ig , 2, I Clllj)orai Nlrialioll ill Ift e IIIIIIill711117 .l lIml' de/Jilt 

(rill ) , jJreClpil({lioll ( 1I1177 ) allll III ea 11 ({ir lellljJeralllre ( C ) 

of It' illler.1 ( J) ((,f ll/O l' r F euI'I/alJ ) , 1982- 94 , 

1 r 

I[J05 1915 IH25 1~35 19 1:J lH5:J 1965 1975 1985 

Year 

Fig , :J. 'j l' lII/IOUt! I'II r ialioll Of Ift e 1II (IIillllllll ,1 11 011' rie/Jlft 

( Ill ) , 1C)()j W, , I .lIlIoolit r /l !l'e i ,l a f/ llned i'll/li e desig ll l'll 

10 .\ ft l/i l ' t/f(({ rilll ({ lid /(j llga l i ll ll' - ,I{'({lc Irfllds !IIor t r/erllh , 

d ept h 01' 1,27 m a nd <L s ta n da l'd de\ 'iat io ll o f' O,G2ll1 , ,\ 
sJll uo th e c! l' U I'\'C shUl\ S a 10 yea r 1ll00 'in,Q; aI'C ra ,l!;e an d \\'a s 

co nstruct cd to sho\\' " deca cla l ;lIl d lo ngc r t il11 e -, caic t rend 

1I 10re c lea r ly, T hese 10 \'Ca r aI'CTages \\T r e calc ul ated 

li 'olll \'a lu cs in th e ICHlr pn'\ 'IOUS ITa rs, th e p rese nt year 
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]ollmal 0/ (;Iauolog)' 

\ 'a riati o n of th e lI"intlT Dcccmbrr Feb ruan' preClpIl
ation. Thc maximum \ 'a luc of 1516.5mm \\'as ['ound in 

1945. \\ 'ith a mean of 95 1.8 mm a nd s ta nd a rd \'a ri a ti o ns 

or2 '~ 3 . 5 mm . A smoothed cunT is a lso dC\Tloped fo r to ta l 
\\ 'inter precipitation. Figure 5 shows annua l \'a riati o n of 

th c \\·inter IDecembcr February ) mean air tem peraturc. 
Th e maximum a nd minimum mcan a ir temperatures 

\lT IT o bse rnxl in 1949 a nd 191-5. rcs pelliy{'h-. 

-2 
1905 1915 1925 1935 1915 19J5 1965 1975 1985 

Year 

Fig. 5. TCIII/Jorulmrialioll o/lIIeall air lellljJerulllre ( C) 
ill ll'illler ( Decelllber Febmrll),) , 1905 94 .. 1 SlI100l ll 
clln'!' i.) a ./illered l'alll!' desiglled 10 SltO II' decadal alld 
10llger lime-scale Irl'llds 11101"1' clear[J' . 

- I 

-2 

Th e a nnua l winte r mean ai r tcmperature in th e past 
ce lllur\' \\'as 1.6 C \\'ith a s tane!ard dC\'iat ion of 1.0 C. i\ 
smooth eun'e is a lso c1 c\T lo pcd fo r m ca n \\·inter a ir 
tcm pe ra ture as for maximum snO\\' depth and p rec ipit

ation. Th e minimum or the smoothed c Ur\'e of mea n a ir 
tC'mperature occurred in 1942 as sho\\'n in Fig urc 5. 

Fig ure G sho\l's annual variation of th e e!eeadal filt c recl 

\ 'aluc ( 10 yea r mO\'ing il\'t'rage ) o r til e winter mean a ir 

temperature \\'ith a reg ressio n lin e or th e filtered \ 'a lu es 
ob ta in ed from 1905 to 1994. The an nu a l \'ariation of 

10 yea r m O\'ing a\'e rage sho\l's a period ic pattern simil ar 

to a pattern in the :\o rth e rn H em isph ere produced by 
H o ugh to n a nd others 11990. Tile equ ation of the 

reg ression lin e \I'ith a correlat ion coefficient ,. \I'as 

ex pressed as : 

f-

E 
~ 

! 
" 
~ 
;:;: 

2. 5 

1.5 

O. 5 

I. ~ 

T = 1.35 x 10-' I - 24.8 
r' = 0.3964 

1.92 I. 91 I. 96 1.98 

Fig. 6. , 'arialion 0./ /Ileal! air Ifln/Jemlu1'(' ( December 
Febmalj) jiliered wilh decadeJ ll'ill! a lI1onolonic trend 
line. 
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T = 1.35 x 10 2t - 2..1..8 

)'2 = 0.3964, (1) 

where T is \I-inter mean a ll' temperatu re ill vC a ne! t is 

\'Cars .\D . Th c increase in \\'inter mea n air te ll1pe rature o f' 
1.35 C in the past century is rather large . An a ir

temperature ri se calcu lated b\' using o nl), t\\'o means 

a\'Crage data ) , of the decades 1 905~ 1 '1· a nd 1985 9+, was 

ob tai ned as 0.79 C. 
Correl ation bctwee n th e maximum sno\\' depth and 

th e wi nt e r mcan air tempe rat urc mcasured o n th c ground 
a t .\agaoka is ShO\\'ll in Fi gu re 7. Th e fi g ure sho \l 's that 

th ere is a n il1\'C rsc nega ti\'C correlat io n be tween th e 

maximum sno\\' depth and th e mean air tcm pera lure. 
Th e regression equ a ti o n with a co rrelati o n coe ffi cient ,. 

was ex p resscd as : 

5 = - 0.335P + 1.80 
.) 

T- = 0.3212 . (2) 

\\ 'here 5 is rhe maxilllulll S Il O\\ ' clepth in cm , and T \I'inter 

1l1 ean air l cmpera lLltT in C:. 

35 ,---------------------------------------------, 

A 

s - - 3.35 x 10-1 T + 1.80 
r' = 0.3212 

g 2.5 
~ g 

0.5 J 
M CiHl ~lir temperature (C) T 

Fig . 7. Correlalioll bellI 'eel! 11/ (11 illl 11 III SIlO/(' de/JIII ( Ill) alld 
meall al/' lelll/Jeralllre ( C) ill ll' illler ( D ecember 
Fe/Jlum)'). 1905 9-/-. 

Figure 8 sho\\', a positi\'(' correlatio n b e twee n the 

winter precipitat ion a nd th c maximum snow cl epth . Th e 
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Fig. 8. Correlalion between /JlmjJilalion ( mm ) ill willter 
( Decell1ber Februal)'J and 1II(IIil1lll111 snow de/Jlh ( Ill ) . 
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· \ '({kllllll/m alld Sllilll/~/I: " ';1111'1' .\I/I)ll', /m't l/IIlallulI alld all' 1C'III/JI'mllll'l' al . \ 'lIgaoka 

rcglTss lOIl lille with a correlatioll coenicil'llt ,. \\ as 
expressed as: 

P = 221.88 + 669,7 

,.2 = 0,3160. (3) 

\I ·here P is the precipitation ill mill and S' is rh e maximum 
SIlO\\' dcpth ill CIII. As sho ll'n ill Figure 9, \\'inter 
precipitation decreases as tlte lI'inter mean air temper
ature increasrs , The regress ion linc \\'ith a correlation 
coelliciellt ,. was ob tained as: 

p = - 7U.2T + 1071.2 

,.1 = 0.1065, (-1 ) 

lI'hcre P is pn,Tlpltatioll In Illlll. and T Illcan ,Ill' 
temperature in C. Figure 10 SIt OIl ' S anllua l I'a riati on or 
three decadalh- filtered ,",l lu cs or' maximulll snoll' depth, 
winter mean air tcmperature andll'illtcr precipitation. ,\ s 
sholl'n in Figurc 10 , both the maxilllulll SilO\\' depth 
11.8m ) and maxilllulll winler prccipitatioll 1200ml11 ) 
liTre r()ulld ill 1910 lI'itlt tlte I11l1llmUIll mean all' 
tcmperature 01'0,1 C occl1l'nng III 19 ~~2, 

a.. 

E 
g 

~ 
'c, 
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x !I)' 
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I.:l 
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L 
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lI,n P = - 76.2T + 1071.2 

11,., " = 0.1065 

0,1 

\\ eall air l.:mrcraturc ( C) T 

F/~t;. 9. ( :111'1'1'111111111 !il'lIl '!'C'1I /JI'{'cI/IIlalillll ( 11111/ J ({1I//'IINlII 

all' 11'1I1/N' l'IIllIrl' ( C ) III Il 'I lIler ( /) I't l'lli/Il'/' /'I'limIIlJ J 
1905 9-1, 

~I r 
l2 

:~ I 
16 

11 

--- ----- ------
,I \l a.\ '1111\\ depth 
h. 1I.l call ilil tcmpcralllfo.: 
..: I'rl'cipilalilln 

I~JJ 

---l 

Fig , 10, 1/11 '1'/'.\(' jJo .I IIIl'!' tllne/alloll !iel l('I' l'II III({\IIIIIIII! 

SilO/(' dl'/IIII 1111 1111' grolllld (a) alld IIll'all all' 11'I1I/)(l'IIll1re 

( b ) III 1111' /a,11 (mlllr), .. /1.10 Imw.le /)(n/IIN cnrre/alloll 

bcllt'tell /ilcr i/IIlallrJII ( t ) ( IJcCf /llber F e/J/'Ir({IT) alld 1111' 

ICllllJelf/lllre, 

T C1l1pnatuIT dlOps li'om 1909 to 192 1 anci ['rom 1927 
10 19 ~2 arc relatrd to an increase in maximum snoll 
depth. On the other hand , the telllplTaturc rise ['rulll 191,2 
to 19G2 re/leets a eircreasc in maximum SIlOII ' depth anci 
lI'illter prec ipitatioll , Small peaks in the air-tcmpnature 
rrcorci correspond 10 troughs in the maximum snoll' 
ciepth anci prccipitat ion rrom 19 ' ~9 to 1989. 

F'i,2;UI'l' II sholl's anllual \'ariatioll o['lhe thrce \'alucs 01' 
maximulll S IlOIl depth. lI'intCl' precipitat ioll andlllean air 
temperalure cxpresseci in dn'iatioll s ri 'o lll the 100\Tar 
c1imale means , 

The maximulll SIlOIl' ciepth has a Illean \'a lu l' or 1,27m 
lI'ith a s tandard dn'iat ion or 0.62 m, The prccip itat ioll 
l11eall is 9;) I ,8 III III lI'ith a sta ndard cil'l 'iatioll 01'243 .. ) III III , 
The annual n](';]n air telllpl'rature lI'as + I.b C 11 ith a 
sl<Illdare l cie\ 'iati()1I or 1.0 C. 

} -~-
- 1~llIJ 1~lj IY!; I~JJ l!H5 IYSj 

lcar 

Ild\ Silt)' .. rtt'pth j'Il't"lplt<t tirJII ·· .. IIe-all <Ill" tL'rrp. 

Fig , 11, 'j l'III/JllrtI/ i'll/illllOIl.1 I!I !lalllllOIl.1 ./i-Olll 1111' 

dllllllll( 1111'1/1111/ 111111/11111111 .IIIO/(' !l1'/ilII, /ilcclllllalloll alll/ 

1111 11'1II/JI' ro III 1'1' III Ihe //(/ .1 1 I'mllllJ, 

DISCUSSION AND CONCLUSIONS 

J 

SIlOII :tIllOlll11S ill :\agaoka \ ',11'1 11 id ch rrOI1l 11 illtn to 

lI'illtn as , 1J(11I 1l ill Fi g'urc I, 1)1,(,1,(,<1 S(, or the lllaXlnllllll 
SIlOII ekpth Oil the g roulld ill lhe rcc(,llt 8 \cars ill 
l'IlInparisoll 11 itlt the plT\ 'ious three lI'illtl'l''' 0[' he,I\ '\' 
S1HJII lilil , (;OSI'tS U in 19B I to 19H() ;It :\ a ,gaoka appears 
to 1)(' clue 10 lhe hil)lTllal ri se ill air telllperalure shOlI'll in 
Figure 2. dcspite the rilet thal precipilalioll ill IT(,('llt 
lIilltlT' has dcnt';"cd slight!> , The maximulll SIlOIl depth 
\'arics lI' icieh' rrom \car to >'l'ar, but ill(' peak o i'max illlulll 
SIlOIl ciepth. eicril'('ci rrom a stati , ticalh snl()othed CllnT 
cOITring the Iaq lOO I·ears. was rCHIlld to ha\'(' OCCUITl'ci ill 
IlJHl. Thc st,lli ..,tical l\ ()ilt<l incclmaxi1l1ulll \ 'aluc oi'lIilltl'l' 
precipitation 11 as al,o rc)uJlci in I~)I(), '1\1'() \ ears latl'!' , till' 
sla ti sticalh- obtaillcd lllill inllllll air telllpcraturl' lIas 
r(Jullcl Figs:".l .\ s sholl'n in 1''i,l!;UIT b. \ 'ariat ioll ill till' 
11 ill ter Dcu'llllnT FeiJr uary , meall tl'lllplTatu lT or' till' 
dccad;t/ly fi ltt'l'ccl \·; t/ues shOlll'ci;l gradual ('\cl ic illlTc;lse 
ill tile past ('('ntul'l' lI'it il S() 1l1l' pe:\ks :\nci trough ..,. Tili s 
gl'll('J';t/ trcnci is thl' sa lllc as reportcd hy l-/oug'htoll :\Ilcl 
othl'rs 1990 , oiJtaineci hell\'l'C'1l 20 anci .')0 :\ ill till' 
:\()rtilcrn H Cllli"'pltl' lT, SOllle o['lhc cieta il s ill the prl'sl'llt 
paptT. i.c. a tClllperature ri se sincl' 1980. t\\O lroughs in 
1981 a llci 1972, 111' 0 peaks arouncl 1960 anci 192 7, a 
trou gil arou nci I ~)20 and a cieClTi]"C ri 'om 19:)2 to 19 H), 
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] Ollllla/ of C:/(lci%gy 

co rrespond to tile [o ll o\\' ing specifics (i'om H ough ton and 

others 1990 1: a tempera ture ri se since 1985. t\\"o trough s 
in 1977 a nd 1989, t\\"o peaks in 1960 and 1927, a tro ug h 

in 1918 ancl a ckcrease fi'om 1952 to 1940, a lthough it 

sho uld be not eclthat a minimum \'a lue found a t.:\ agao ka 

arou nd 19+0 is not fc) und in H o ughton a nd o th ers report. 
In our \\'ork , the rate of lin ea r increase in a ir tempera ture 

was calcula ted. using 90 yea rs' clata . as 1.35 e..: per 
cen tun·. Th e large rate 0[' tcmperature ri se mi ght include 

th e tempera ture rise due to city elTeCl, because it was 

fOLlnd in a smaller c it y, Shinjo. about 250 km fi 'om 

.:\ agaoka, that the ra te of temperature ri sc obsen"Ccl \\'as 
0.58 C per 100 yea rs (i'\akamura and !\ be, 1995 ). The 

rate seems to be ra ther la rge e\"(' n if th e n eg<lti\ 'C a lbrdo 

Ce ecl-bac k m ec ha ni sm in the .:\o rrh ertl H emi sphere 
, \I a nabr and SwulTcr, 1980) \\'as ill\·oh-ed. T empel'a
ture rise in th e .\To rthern Hem isphere sho uld a lso b e 

cli sc ussrd from thl' point 0[' \·ie\\· of the e m'ct of the la tent 

hea t releasecl \\ 'hl' n sno\\' crystals a re formecl in the 

at mosphere. 

[ t was found that th ere \\ 'as an In\ 'e rse positi\' e 
cor re lation he t\\"('en th e \\'ill ter precipitation or th e 
ma:umum sno\\' d e pth and the mean \\"inter air 

temperature, i.c .. ir the air temperature d ec reased, th e 

prec ipita ti on or max imum snO\\' depth increased. 

Stat is ti ca ll y it is found th at th e m a ximum precipit
at ion in th e las t 90),ears occurred in 1940. The dev iati o n 

of the precipitatio n fi 'om th e 90 year climatic mean had 

posi t i\"C \ 'a l ues from 1932 to 1974. but n ega ti\'C \'a l ues 
fi'om 1903 to 1932 and from 197+ to 1994. 

The s tati stic a l maximum \'alue of the a nnual 

maximum snO\\' depth \\'a s found in 19+0, thus corres
ponding- to the stati s tical max imum in precipitation. 

Flu ctuat ion or th e c!C\ 'ia tion of' tlte maximum sno\\" depth 

from the climatic m ea n did no t sho\\' va lues as large a s 
those assoc ia ted with the OUClua ti on of' th e prccipit at ion. 

Thc minimum \\·inte r mean ai r tempcrature, obse rvcd 

in a 10 year mO\'ing a\'erag-e cun'e, was fo und in 1942. 
\\ 'ith th e dC\'iati on about thi s m ea n c hanging ['rom 

nega ti\'c to positi\"(' in 19+9. This change in sign ma y be 
due to g loba l warming. 

If the g lobal temperature ri se con tinues. it ma y be 

ex pected th a t sno\\' in :'\agaoka \\'ill decrease further , 
bccause th ere is an inwTse positi\'e co rre lat ion between 

max imum snO\\' depth o n tlt e gro und a nd winte r air 
temperature in ;\ agaoka. But th ere must bc a mcehani sm 
o ther than th e usua l co ldn ess of' th e a tmospherc \\·hen 
snow fall s hC<l\·ih·. Fo r example, as sce n in Figure 7, a 

point marked as :\ correspond s to a It ea \'y snowfall. The 
mechani sm 0[' hean' sno\\"['a ll must be a nalyzed from a 

mctcrologica l point of \·iew . In add ili on , it has beC'n 

shown stat is ti ca ll y th a t SI1 0 \\ ' in .\Tagao ka is correlated 
\\'ith th e "La :,\iiia" Ferguso n and othe rs. 1994 ). But not 

all hea\'\ '-snowfa ll yea rs necessarih- co rres ponci to the La 
Nilla yea rs. Further in\ 'es ti gation is necessary to predin 
th e dependence of snowfall in .'\agaoki\ on many 1~l c t ors. 

including the Asian mOl1Soon . 
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