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Abstract  

Mt．Chanbaiisthemountainthatri＄eStOtheborderofChinaandNorthKorea，andislocatedto  
thewindwardof Hokuriku and TohokudistrictJapanwherealo†ofsnow fa‖sunder thewinter  
monsooncondition．SnowsampleswerecollectedatthreepointsofthenorthslopeofMt．Chanbaion  
the12th of March，1996．Snowfallisし）bserved from7th to9th of March when snow clouds are  
associatedwiththecyclone．Thisnewsnowlayerisdistinguishedclearlyonthe12thofMarchateach  
point，Depthofsnowcoveratahighaltitudesiteismorethanthatatalowersite．Amountofsnowfa11  
atahighaltitudesiteisalsomorethanthatataloYerSite・Lowerlayeratbothhighersiteshas  
metamorphosedtodepthhoar．SOヰ2－andNO3Marethemajoranionsforallsnowsamples．Ca2＋and  
NH。十arethemajorcationsforailsamplesexceptonesample．Ca2＋andNH．＋netltralizetheacidic  
ions；i．e．SO．2‾andNO，－，andpHofsnowsamplesindicatesnotsolowvalue．Amutualrelationship  
betweenthe61BOvalueofthesurfaeelayeraIldthealtitudeofsamplingpointisrecognized．  

1．lntroduction  

The seasonalwindi．e．the winter monsoon that  
blowsfromChinaandSiberia，playsanimportantrole  
inthecontroIoftheweatherofJapaninwinter．AIso．  
itisconceivablethatacidsubstancesarecarriedfrom  
China and Korea by the winter monsoon．Nevertlle，  
1ess，1ittleresearchregardingthechemistryofsnowon  
thewindwardsideofthewintermonsoonthatblows  
toJapanhasbeenreported．Mt．Chanbai（2，749m）is  
the mountain that rises to the border of China and 
North Korea，andislocated to thewindward of  
HokurikuandTohokudistrict，JapanWherealotof  
snow falls under the winter monsoon condition．The  
aimofthispaperistodescribethechemicalcharacter・  
istics of snow on the windward side of the winter  
monsoonthatblowstoJapan．   

2．Experimせntalm¢thods  

Snowsampleswerecollectedatthreepoints（A．B  
and Cin Fig．1）of the northslope of Mt．Chanbai，   

China onthe12thofMarch，1996．At each point，a  
SnOW treneh wasdugthroughthe sn（〕W COVer tO the  
ground surface．The wallfacing north was made  
Verticalandsmooth，fo1lowingwhichthesnowstrati－  
graphywasobserved．Snowsamplesweretakenfrom  
eachlayerwithacleanplasticscoop．Eachcollected  
SnOWSamPlewasfilteredthroughaO．45mieronpore  
Sizemembranefilter．ConductivityandpHoffiltered  
Samplesweremeasuredwithaconductivityrneterand  
pHmeter，reSpeCtively．Theconcentrationsofma30r  
io‡lS（Na＋，NH∴K＋，Mg2＋，Ca鈷，F‾，Cl‾，NOヱ■，NOき‾，  
SO42‾）were determined byion chromatography  
（DionexDX－500，2020i／SP）．Theisotopiccomposition  
Of ox）Tgen－18（6180）was determined by a mass  
SpeCtrOmeter（FinniganMAT：deltaS）onCO2equili－  
bratedwithsamples．  

3．Results and discussion  

3．J．C劾牝頭上α偶成簸川  
The Research Station of ChanbaiMountain For－  

estEcosystemsisestablishedbytheChineseAcademy   
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Fig．1．Locationofstudysite．  
RS：ResearchStationofChanbaiMountainForestEcosystems，ChineseAcad・  
emyofScience．  

OfScienceatthenorthslopeofMt．Chanbai（Fig．1）．  
Thereis a meteorologicalobservationfield，and air  
temperature，preCipitationandsnowdepthareobser～  
Vedeveryday．Monthlymeanairtemperattlre（from  
1990 to1995）．monthly precipitation and montl11）ナ  
maximum snow depth（from1982to1995）at the  
Research Station of ChanbaiMountain Forest Eco－  
SyStemS are Shownin Fig．2．As forthese several  
years，thereisnotaremarkabledifferenceinaseか  
SOnalchange of a tel11perature．MiIlimllm Of the  
montl11yIlleanairtemperatureisobservedonJanuary  
everyyear．Daily minimumair temperature usually  
reaches－20℃orless．Maximum ofthe monthly  
meanairtemperatureisusuallyobservedinJuly，and  
isabout20℃．Annualmeanairtemperatureis3．7℃  
forthisperi（1d．Annualpeakofpreぐipitationisrecord・  
edinsllmmer．MeanmonthlyprecipitationinJulyis  
177mm．Annualamountofprecipitationis739mm．  
Thereislittleprecipitationinwinter．Meanmonthly  
precipitationinJanuaryis only8 mm．However，  
montblymaximtlmdep也ofsnowcoveris22cmon  
ぎebrlユary．T量IeResearcbStationofChanbaiMountaまn  
ForestEcosystemsisinapiedmontofMt．Chanbai．At  
ahigheraltitude，itisexpectedthatmoresnowfalls  
anditis colder thanthestationinwinter．  
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Fig．2．Monthlymeanairternperature，mOnthlyprecipita－  
tionandmonthlymaximumsnowdepthattheResearch  
StationofChanbaiMountainForestEcosystems．  

Mt．ChanbaihasaL：aldビraOnthesummit．andthe  
CalderahasaprominentlakecalledTian－Chi．Thereis  
ameteorologicalstation（2，623．5m）neartheTian－Chi．  
Annualamountofprecipitationisl，332．6mm．Mean   
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monthlyprecipitationinJulyandAugustismorethan  
300mm．Mean amotlnt Of precipitation血rirlg a  
winter（from December to March）is only81，5mm．  
MeanI11Onthlyairtemt把ratureOfeoldestmon止（Jan－  
uary）is柵23．2℃．   

J．ユ鮎イ（－（けりム融（1ノ／…〃（ノ／／んけJ毎／乙け（・謹7川仲〃g  
Daily maxhlum and minimum air temperatures  

anddailyprecipitationfromlstto14thofMarch，1996  
aモモわe Researcb Station ofCba王IbaiMountain Forest  
EcosystemsareshowninFig．3．Snowfaliisobserved  
from 7th to 9th of March when snow clouds are  
associatedwiththecycIone．TotalamotlntOfprecipト  
tation for tbree daysisll．アm aとtbe Researcb  
Station of ChanbaiMountain Forest Ecosystems．  
Dailyl11aXimulllail‾temPeratureSfromさthtollthof  

March arebelow O℃，andthisnew snowlayeris  
retnined without sl10＼＼rllelt until12th of March when  
SnOWlayeris samp主ed．This snowlayeris distin・  
糾1ishedclearlyol－tj－elコthofMarchateaehpoint．   

ヱヱCゐg椚加gか1砂β埴・〆㍊〃砂ゐdぶ乃0紺COぴeγ   
Thestratigraphyofsnowcoverateachsampling  

pointis shownin Fig．4．Chemicalproperty of each  
SnOWiayeris aiso shownin Fig．4．Depth of snow  
CO＼▼eratr）Oin仁Athビlowestsite．isollly13cm．011the  
Otherband，depthofsnoⅥrCOVeratpOints←BandwCis  
52cmand97cm，reSpeCtively．Itisclearthatdepthof  
SnOWCOVeratahighaltittldesiteismorethanthatat  
aiowersite．The11pper SnOWlayerisconsidered to  
havebeen accumulatedfrom7tbto9th of Ma‡・Cb at  
eachpoint．A111Oullt〔一fsnol＼・fallduriIlgthisperiodata  
highaltitudesiteisalsomorethanthatatalowersite．  
StratificationofsnowcoveratbothpointTBand≠Cis  
Similar．Lowerlayers at botb sites have metamor－  
phosedtodepthhoar andmiddlelayersatbothare  
COmpaCtedsnow．Upperlayersatbothpoints－B and  
－・・CareIlelVSIlOlV＼＼うtlllightl〉・C川11paCteds11州▼WIlicb  
is accumulated from7th to9th of March．Points－B  
and叩Carelocatedatrelativelyhighaltitudeanddaily  
minim11111air temperこ1ture atbothsitesiseonsidered  
tobeaboutN20℃orless．Anddepthofsnowcover  
atbotbsitesisseveraま短nscentimeter，SOtemperatⅥre  
gradientin the snoⅥr COVer becomes considerably  
Steep，Snowcoverhasmetamorphosedtodepthhoar  
underthesecondition．  

（
崇
p
＼
∈
∈
）
已
0
1
－
1
眉
d
叫
冨
よ
 
 

▲
4
 
 

′
も
 
 

▲
ヱ
 
 

爪
V
 
 
 

n
V
 
 
 

（
P
）
巴
n
｝
空
鼠
∈
む
↑
 
 

199b／Oユ  ニ   4   b   8  1（l l：  ト暮  

Fig．3．Daily maximum～andminimum－air temperature  
and daily precipitation at the Research Station of  
CムaIlbaiMolユ雨ainyorestEcosystems．  
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haverelativelyhighconcentrationsofchemicalcon－  
Stituents．   

Ionconcentration andionbalanceforeachsnow  
layerisshowninFig．6．ConcentrationofH＋iscalcu－  
1atedfrompHvalue．SO42‾and NO。▲arethemajor  
anionsforallsamples．Theseanionbalanceissimi1ar  
at Quebec，Canada（Suzukiet al．，1993）whereis  
situated at the east end of continent same as Mt．  
Chanbai．Ontheotherhand，Cllsthemajoranionof  
snow at theJapan sea side area ofJapanIslands  
（Suzuki，1983；Suzukiand Endo，1994）．SO42▼and  
NO3T arethemajor anions ofsnowsamples on Mt．  
Chanbai，neVerthelesspHofsnowindicatenotsolow  
value．Ca2＋and NH。＋are the major cations for all  
SamplesexceptsampleofC2．Ca2＋and NH4＋which  
arescavengedbysnowparticlesareconsideredtobe  
originated fromloess and fertilizer．These cations  
neutralizetheacidicions；i．e．SO42－andNO3．，andpH  
ofsnowindicatesnot solowvalue．  
Arelationshipbetweenthe altitude ofsampling  

site and the6180value of each surface snowlayer  
whichis accumulatedfrom7th to 9th of Marchis  
shownFig．7．Amutualrelationshipbetweenthe6180  
valueofthesurfacelayerandthealtitudeofsampling  
pointis recognized．The condensation and freezing  
temperatures areimportant factors determiningthe  
6180valueofprecipitationsamples（Dansgaard，1964）．  
Agoodcorrelationisobservedbetweenthetempera－  
tureswheretheprecipitationisformedandthe61800f  
winterprecipitation（SuzukiandEndo，1995）．Itiswell  
known that the cyclone system firstly precipitates  

Figure5shows arelationshipbetween thetotal  
concentrationofcationsandthetotalconcentrationof  
anions of each snowlayer．Concentration of H＋is  
calculated from pH value．Totalconcentration of  
anions which are analyzedindicate nearly equalto  
totalconcentrationofcationsfortheallsnowlayers．  
Thereisawidevariationofthetotalconcentrationof  
cations of snowlayers，ranging from69．4JLeq／1at  
layer－A2to242．6／Jeq／1atlayerLC2．AsshowninFig．  
5，neW SnOW Which accumulated from7th to9th of  
March haslow concentrations of chemicalconstitu－  
ents．Onthe otherhand，01d snowlayers at point－C  

100  150  200  250   
Cation（peq／1）  

50  

Fig．5．Therelationshipbetweenthetotalconcentrationof  
cations and the totalconcentration of anions of each  
snowlayer．SymblesofeachlayerareshowninFig．4．  

0
 
0
 
0
 
0
 
0
 
0
 
 
 

5
 
 

2
 
2
 

5
 
（
 
 

（
t
、
b
む
j
．
冨
O
U
 
 

（
ゞ
）
○
竿
頭
鋸
 
 
 

A2 BI B3 CI C2 C3  A2  BI B3 CI C2  C3  

Fig．6．Ionconcentrationand王onbalanceforeachsnowlayer．  
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Altitude（m）  

Fig．7．Tbereiadonsbipbetweentheaititudeofsampliヨg  
Siteandthe♂lSOvaiueof（∋aCbsurfacesnowiayer．  

heavyisotopicparticles◆Nortb－WeSteriy windis ob－  
SerVedd11ri喝血eaccumulatio‡10f洩esurねcel野er．It  
isnotclearvhytherelationshowninFig．7isobseト  
Ved．However，tbeso－Ca11ed“a王titudeefねctof♂1き0”  
is observed．  

4．Conclusion  

Sno＼V Samples＼＼Tt）re CO‖ビCted on the12rh of  
Marcぬ，1996atthreepointsoftbenor払slopeofMt．  
Chanbai that rises to the border of China and North 
Korea，andislocatedtothewindwardof Hokuriku  
and Tohoklldistriet．Jap；lllWhere a tいt Ofsnowfalls  
under the winter monsoon condition．Snowfallis ob－  
servedfrom7tbto9thofMarcbwheriSnOⅥ7Cま0㍑dsare  
associatedwiththecyclone．Thisnewsnowlayeris  
distinguished clearly on the 12th of March at each 
point．Depthofsnowcoveratahighaltitudesiteis  
nlOreth；lnthat at alol＼・erSite．Amuunt ofsno＼＼イatlat  
ahighaltitudesiteisaisomorethanthatatalower  
site．Lowerlayer at も0汰 points－B and －C has  
metamorphosed to depthhoar．SO42N and NO3‾are  
themajoranionsforallsnowsamples．Ca2＋andNH4＋  
are the major cations for all samples except one 
Sample．Ca2＋andNH4＋whicharescavengedbysnow  
particies areconsideredぬbe originated fromloess  
and短托il主zer．Ca2十and N壬i4十neutralize tbe acidic  
ions；i．e．SO42－andNO√1andpH ofsnowsamples  
indicates not solow value．A mutualrelationship  
betweentあeがさ0valueof魚esuだaceiayerandtbe  
altitudeofsampiingpointisrecognized．Theso－Caiied  
“aはtudeeffect of♂180”is observed．  


