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ABSTRACT

This studyis concerned with the cold air drainage

Which occurs　and fiows down on the m0untain slope at night．

工n order to make clear the characteristics of the coid air

drainage，thirteen micrometeoroiogical ob8erVations were

Carried out since197う　On the mOuntain siopesin Sugadaira，

NaganO Prefectureandin Engaru，Hokkaido．

エn this studyl neW Parametersたintroducedin order t0

PerCeive the source and the drainage area8　0f cold air．

The one of theseiS Hthe degree8　0finvez－Siontt，and the

Otheris Tlthe verticai difference of cooiingTl．　The study

invoive8tWO kind80f the　analyBeS Of observation data．

Firs七1y，the fo＝一皿ation proces8　0f groundinverSioniayer on

the Siopeis anaiy2；edin detaii by using these new parameterS

in addition to net radiation　and other data，80　that the

SOurCe　and the drainage areas of coid air can be graSPed

accurately・　Secondiyl for the under8tanding of the whole

aspect of cold air drainage，the vertical structure of cold

air drainage on the mountain slopei8describedin terms of

aiZ一七eznperature，horizontal　and verticai wind veiocitieS，

and wind direction．

From the micrometeorological observations，from Which

the generai characteristic nature80f coid air drainage

Were gra8Ped，it was found that the cold air drainageiB
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defined a8　the air fiow having foiiowing characterS；　The

reiation between air temperatuZ・e　and wind veiocityiB

negativeiy correiated，and the wind direction8　COnVerge

within王4500f the mean direction，Which coincide8With the

direction of maximu皿inciination of the Slope．　On the　80urCe

area of coid air drainage，the wind veiocityis found tO be

PO8itiveiy correiated with air temperature and to be

negativeiy correiated with一一七he degrees ofinverSionl一．

From the obBerVations on the siope of班七．0matSu

（1，648．7m），Sugadaira，it waS found that the ground

inversion aZ－eais strongiy forned on the middle part of the

810Pe Of this mountain事　SO that the coid air drainage occurS

Within this area of this siope．At night on Augu8七　20，1976，

the coid air originated near the point whichi81，う20m

a・S・1・and fiowed down toward the downward of the siope●

On the mountain81opein玉ngaru，the downBiope wind

and the anti－downBiope wind we工・e Observed●　A180f for the

air fiow of the Siope of Mt．Omatsu，the detaii structure

Of nocturnai air circuiation waS made clear．From theBe，

it was conciuded that the coid air drainage which originate8

in the groundinverSioniayer on the middie part of the

Siope turnBit8direction tO the upward whenit attain8to

upper　8urface of cold airlake．

Finaliy，On the ba8i8　0f the8e COnClu8ionB，the nodel

Of nocturnai cold air drainage on the mountain　8lope wa8

0btalned．
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CHAPでER l．　エNでRO】〕UCでIOⅣ

1・1・PurpoSe Of This Study

The airiayer near the ground on the siope grows cold

On Clear and caim nights●　When the airiayer t）eCOmeS

COider thanthatin the free atmOSPhere at the same heightI

the coid air on the siope t）eginS to move to a topographicaiiy

iower piace due七〇七he gravity（Schneiie，1956；ShSno，1958；

Baumgartner，196う；Geiger，1961，1965；Munn，1966；Yamamot0，

1976；Yoshino，1975▲，1980）．Thisis caiied coid air drainage，

COid air current，COld air fiow，COid air二run一〇ff or coid

air stream．　The ternS graVity wind or microadvection

（S2；as2；，1964）aisoindicate the same cold air motion

（Yoshino，1980）．

The coid air down flow formed by gathering of the coid

air drainage on the reSPeCtive siopesin upper tributaries

and deveioped moreiargeiyiB Caiied downsiope wind or

Katabatic wind・They become the mountain windin the

middle andiower courses of va11ey and then become the

iand breeze on the coastal region（Yoshino，1975）．

Lawrence（1954）gave the general name，nOCturnai wind，tO

Katabatic wind　and land breeze．

This study deals with the phenomenOn thatis caiied

COid air drainage．The mechanism of the development of the
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COld air drainageiS eXPiained as mentioned above・

The cold air drainagel howeverl has not been defined

accurateiy●　TheZ・efore▼itiS difficuit to deternine that

the obSerVed air fiowiB either the coid air drainage，

Which grow8　COid and flowS down on the　8lope，Or the aiZ．

Stream which co皿e8　0Ver the mOuntain．　It iS COnSidered that

for the definition of the cold air drainage，the drainage

State of cold aiZ－　Should be observed continuousiy at night

and the general natureS for the meteoroiogiCal elements of

COid air drainage Shouid be made clear by the detaii

anaiysi8　0f the re8uits．

The purpo8e Of thi8　8七udyis first to expre88

quantitativeiy the natures of the coid air drainage．　From

thi8　reSuit，the coid air drainage may t）e aCCurateiy

defined．　The second partis to make ciear the source area

and drainage area of coid air from the　anaiysi8　0f formation

PrOCe88　0f gZ－OllndinverSioniayer on the Siope．　ThisiS

eSSentiai to eiucidation of the mechanism of the cold air

drainage・The third partiS to make ciear the whoie aspect

Of cold air drainage from the vertica18truCture Of air

layer on the tnountain slope．　Finaiiy，a mOdel of nocturnai

COid air drainage on the mountain siopeiS drawn．

These az－e main purposes of thiB Study．

1．2．　Literature Review

1・2・1・Radiative Cooiing
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Lake（1956）found that thereis the minimum on the

temperature profiie between1．5　and　6．Oin．heights above

the surface of t）are　80ii，and he thought that direct

radiationioss from the airiayeriSimportant factorin

deterning the temperature distrit）ution from the result．

Zn order to expiain SuCh a cooiing Phenomenon▼　Rikitake

（1962）estimated the amount of radiative cooiingin the

COid airiayerin consideration of the refiectivity on the

ground surface t0　七heiong wave radiation．　As the resultS，

itis found that theiarger the reflectivity on the ground

Burfacei8，theiarger the amount of radiative coolingin

the airiayer near the groundis．

Since radiative cooiing rates are generally found to

be higher thanaCtual ratesl deveiopment of the nocturnal

inverSion near the surfaceis shown to be predominan七1y

CauSed by radiation with eddy cooiing whichis repiaced

in theiowest1ayers by eddy wbrming（Funk，1960）．

Further，from the resuitS Obtained for the nocturnai cooling

in the wheat piants，Sait0（1966）reported that the caicuiated

radiative coolingis about　6　times asiarge as the actual

temperature falling．　工t can be considered that the

Phenomenonis cau8ed by the heat tranSfer t）y turt）uience

at night．

The radiation chart for the radiative heat tranSfer

of atmosphere was shown byEi占aSSer（1942），Robinson（1947），

Yamamoto（1952，1954）and otherinvestigaterS．However，

these chartB are nOt Buitat）ie for the appiication to the
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airiayer near the ground．Therefore，A2；una（1957）

Caiculated the rate80f air temperature variation（dT／dt）

by use of the equation of thermai conduction which has the

gradient of emi88ivity（dE／du）in airiayer a8a Variable．

The emiSSivityin this equation was calcuiatedin detail

in consideration of the effect of CO2．0n radiation which

Deacon（1950）investigated．From the result，itiS found

that the radiative cooiingin the airiayer near the ground

i8　effected hardiy by the airlayer more thaniO m height

above the ground，and thatit mainiy depends on the air

COndition near the ground．Oke（1970）Observed the

temperature profile over grasSI SnOW and bare soil surfaces

at ca1m　and ciear nightS．He pointed out that　もhe height

from the surface　and theintenBity of the minimum

temperature are strongiy correlated with wind velocity，

Surface roughness and stat〉iiity．

1．2．2．　Ground InverSion

工tis conSidered that groundinversionlayer reaches

the height that the action of radiative coolingis

effecting，and that the coid air drainageiB a Part Of

the phenomenainit．

The thickness of theinversioniayerin the basin was

50　－80m，but on the coastit was at）Out　200m，aCCOrding to

the obseZ・Vation results at ach6viliege of Osakishimoコima

Isiandin the Zniand Sea（Setouchi），SW－Japan．The height
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Of theinversion top changeS With the time eiapsed during

the nigh七・The top ofinversionlayer had a height Of

200m at　20h OO m，90m at　2うh40m and80m at　うh OO m

during the night ofI）ecember　う　ー　4，1949，in the vaiiey on

8ch6Isiand（Mano，195う）．Aeroiogicaiobservations ofthe

lower atmosphere were made on the gentie Biope of relative

elevation110min Tsrikovka Viliage，the Aruik－Baiuiksky

regiOn Of Kokchetavska，Razakh SSR，U．S．S．R．in summer，

1955　and1956（Vorontsov，1958）．From the results，the

groundinversion whichis ot）SerVed under the very dry

COnditions at the night Of june19　－20，1955，begins to t）e

formed from theiower part of the siope at19h24m，50

minutes before sunset，anditis forned on the whoie siope

immediateiy after sunset．The groundinversioniayeris

generaliy dissIPatedin a short time after sunrise．

However，MacHattie（1970）＝・ePOrted thataninversion of

うFin daiiy maximum temperature was㌢oundin the first

う00　ft above the vaiiey bottomin Kananaskis vaileyin

Rocky Mountain，Canada．　He thought that thi8is attributed，

With reason，to a differencein evaporation between siope

and vaiiey t）〇七七〇m．

Generaiiylitis said that the occurrence frequencies

Ofinversioniayeris highin winter andiowin summer

（Masatsuka，1949；Baynton et a1．，1965；Yoshino et a1．，

1981，1982）．According to the resuit ot）SerVed at two

Stations havingan　altitude difference of250min the

baBin of Hokkaidol theintensity of groundinversionin
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midwinteriS bigger thanthatin snow－melting Sea80n

（Ishikawa andIShida，197うa，197うb；＝8hikawa，1977）．

1．2．う．　Generai CharacteriStics of Cold AirIrainage

According to the aforementioned Voront80V，8（1958）

Observation，the cold air on the gentle siope began to

fiow down toward theiower part of the slope before40－

50minutes from SunSet．This corZ・eSPOndS t0　the fact that

inver8ioniayeriB formed on theiower part of the　810pe

before about　50minutes from sunSet．After then，COld air

drainage deveiop8　0n the whoie siope，and diSapPearS after

う0－40minutes from sunrise on the SE－facing Siope　and

direct1y after sunrise on the N－NE－facing siope・

FurthernOre事in the Red Butte Canyonin the WasatCh Range

Of Northern Utah，U．S．A．，the thin film of cold airiS

fomed at1－　2　hours before SunSet，the wind direction of

the air streamin the canyOn Clearly8hiftS from upward

to downward within about10　minuteS before　and after SunSet

（℡hompson，1967）．

It waS二rePOrted t）yⅣit2；e（19う6），Mano（195う，1956）

and otherinveStigators that the coid air observed at night

fiows downinternittently・Studying SuCh phenomenonI

K弘ttner（1949）concluded that theinBtability overcomeS

the roughne88because of the rhytb皿icai alternation of the

air－aValanche・MoreoverI from the reSuit Of micro一

meteoroiogical obBerVation on the Hohen VennI Berg
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（1951）reported the fact as foilows：The aiZ・temPerature

On the piateaui8　Warmer than thatin the basin or valiey．

Therefore，itis found that the air fiowing down from the

Piateau or the siope doesnIt form the coid airiake・

However，this air streamis needed to fiow the cold air

that runs over the coid airiake．　工f the store and the

drainage of coid airin the coid airiake occur

PeriodicailyI this can be considered tO be the cause for

theintermittent drainage of coid air．

According　七〇　七he results sunmarized on the occurrence

time of cold air drainage ot）8erVedinJapan，for many

CaSeS，COid air drainage occursin the times between

20h and21h，2うh andi h，Orうhand4h，andit occurs

mostly with the minimum temperaturein the time between

5hand7h（Yoshino，1960）．The frequencies of occurrence

time of coid air drainage on the　皿Ountain slopein

Sugadaira，Nagano PrefectureiS higherin winter andlower

in summer（Tateishi，1961）．

Spectra of the time　8eries of wind veiocities　and

temperature8　0bSerVedin the outflow area on aiarge

drainage regiOnin the GeySerS area Of northern Caiifornia，

U．S．A．were presentedやy Doran and Horst（1981）．Peaks

Were foundin these spectra at frequencies corresponding

to period8　0f osciilation of at）Out1．5　h．

The fiowing types of coid air drainage were reported

by Hiikenbaumer et ai．（1951），MaSOn（1958），SahaShi

（1962）and otherinvestigators．ESPeCially，Hiikenbaumer

7



et al・eXPiained by using SChematiciiiustrations on the

four different fiowing types as foiiows；（1）the cold air

drainage from the plateau　and the　810Pe Of basin and vailey

Walil and the store of cold airin the river and valiey●

（2）coid air drainagein the plantation．（う）drainagein

the meandering vailey．（4）infiow from tributary to main

Stream．

The thickness of coid air drainage differs greatly from

CaSe to caSe●　エn week caSe′itis only1－2ml butin the

Stronger case，it deveiops up t0100　－　200m．　Such a thick

drainage might be caiied a katabatic wind，mOuntain t）reeZe

Or mOuntain wind．　Where the vaiieyis narrow，the coid air

tend to t）e dammed upand t）eCOmeS thicker（Schnelie，1956）．

According七〇　七he ot）SerVation resuit8　0btained on the

HakatajimaIsiandin theJniand Sea（Setouchi），SW－Japan，

the thicknes8　0f coid air drainage was　20　－　うO min the

Vaiiey where thelengthis about　770m　and the depthis

about50這（Imaoka，1964a）．on the otherhand，basing

upon the observation resuit8　0btained by use of piiot

balioons as air parcei trancers on the E－facing siope of

Anderson Creek Vaileyin the Geysers area of northen

California U．S．A．，Nappoand Snodgrass（1981）reported

that the drainagelayer thickne8S grOWS at the rate of

about80zn per kiiometer of fioving diBtanCe・

From the reSult Obtained on HakatajiznaI81and，it wa8

found that the coid air’drainage aiwayS becomeB Weak at

the time when generai wind t）low8　frotnany directionB，and

8



that the relation between the veiocitieB Of cold air

drainage　and general windiB Shovn by one－dimenSional

function vith po8itive Siope（ⅠmaOka，1964b）．

1．2．4．Veiocity of Coid Air Drainage

The theoretical and experimentai equationS for

the veiocity of coid ai工・drainage haB been studied by

many reBearCherB．　The veiocity of cold air drainage

is dynamicaiiy the same as that of the katabatic wind on

mountain siopes（Yoshino，1975）．Heywood（19うう）presented

the equation of the wind veiocity aS a function of the

distance from the seaand the angie of the mountain siopeI

and Reiher（19う6）a1800btained the equation，based on the

aSSumPtion that the coid air fiows down due to gravity．

Assuming七he compressibiiity of cold air，Fieagie

（1950）attempted to express mean fiow veiocity of the

COOling airiayerI theoreticaliy●　From the resuitsIit

is found that the veiocityis proportionai　七〇　七he net

Outgoing radiation andisininverse proportion t0　the

thickness of the coid airiayerand to the angle of the

Slope．

Bergen（1969）studied the coid air drainage on a

forested mountain siopein the Fraser Experimental ForeStI

CoioradoI U・S・A・I and the equation for theiocai mean

Velocity was obtained．

Assuming that the air parcei has compressibiiityand

9



the friction forceis proportionai　七〇　七he failing veiocity

Of the parcel，SahaShi（1974）set up the equation of

motion of cooied air parcei．　The characteristic feature

Of the soiutioniS that the faiiing veiocity a10ng the

S10Pe Wiii chang Periodicaiiy with the diStanCe from　七he

top of the Blope．

Petkov昌ek and Ho岩evar（1971）showed the very simpie

model on the velocity of cold air drainage by uSe

Of only the main four parameter8I Viz・rate Of cooling■

friction coefficientI BteepneBB Of the Siope　and thelapBe

ratein the environment of the cooied airiayer at the

Siope．朗oreover，Ⅳakamura（1980b）expoBed the relation

between fiowing di8tance and veiocity of cold air drainage，

experimentaliy．

The numericai mOdel of katabatic winds was constructed

by Sakamot0andIshida（197う），althoughitis a one－

dimensionai one・Resuits obtained fro皿　this modei agreed

fairiy weii with the observed ones which were obtained by

Imaoka（1964a）on Hakatajimaエsiandin theIniand Sea，

SW－Japan．

A numericai simulation of coid air drainage ot）SerVed

in realistic terrainI Part of the Caiifornia GeyseZ・S areaI

U・S・A・ナ　has t）een Carried out by meanS Of a three－dimenSionai

meso8Cale atmospheric modei（Yamada，1981）．The simulated

resuits agree with the observed ones，but the Simuiated

Wind veiocity near the ground are greateZ・thanthe observed

Value8．
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1．2．5．　Coid Air La血e and NoctuZ－nal Air Circuiation on

the Mountain Siope

The cold airi8　8toredin the topographical hollow，

Valley or basin・Itis called a cold airlake・In other

words，the cold airiakeis caiied a ciearly deveioped

inversionlayer，Whichisintensified t）y the topographicai

situation．　The diameters of thelakeis severai meters

to tens kiiometerS・Wagner（1970）eSPeCially？amed the

Phenomenain relativeiy broad area a coid air Sea，and

thesein smaii hoiiowS SuCh aS dolines a coid air pond．

From the observation resuitS in Hohen Venn and its

SurrOundings nentioned al）OVe，Berg（1951）reported that

the fomation of coid airiakein the basin or vaiieyiS

independent of air fiow from the piateaus or siopes・

FurthernOreI Summarizing the observation reBuitS On the

6iso Hiii，ⅩanagawaPrefecture（工wasaki，1975），in

Sugadaird Basin，Nagano PZ・efecture（Miura，1971），and

On the many mountain siopes（SaitO et a1．1966），the author

COnSidered the mechani8m for the formation of coid airiake

as foiiows；（1）The air temperaturein the t）aSin becomes

iower by radiative cooling．（2）The cold airis kept

easiiyin the ba8in due to weak wind veiocity，and thenit

gradualiyincreaseS the stabiiity．（うJIn thiS Way，COld

airiakeis forned，anditiS neVeZ・formed byinfiow of

COld air from the　8lope・

As for the nocturnai air circulation on the mountain

11



810Pe■　BeVerai modeis have been reported which were ba8ed on

the observation resuits．mano（195うJ showed the modeis

Of the coid airlake and the nocturnai air circulation as

Shownin Fig．1．1，baSed on observation resuitsin the

basin on6ch6viiiage of6sakishimo31maIslandinthe

Iniand Sea・From this figurelitiS found that thereis

a coid airiakein thelowestiayer and the coid air fiows

down on the siope・Moreoverr the warm airinvades from

free atmosphere at a height oflO0　－　250m a．8．1．to the

Places where the coid air ha8　run aWay．

BaSing11POn the Wargner－s mOdei（19う8），Mano（1956）

Pre8ented the mOdel of the nocturnal air circuiation on

the siope of Mt．Bandai，NE－Japan（Fig．1．2）．The thin

advection fog which covers thelake surface ascends over

thelake t）eCauSe this fiows over theinverSioniayer on

theiand toward8　the mOuntain．　Thereis generai wind

OVer’this upwind systemIand thereis cold air drainage

On the slope．

Vorontsov（1958J forned the皿Odei of nocturnai air

Circuiation（Fig．1．うJ from the ot）SerVation resuits

mentioned above．　According to the model，the circuiation

8yBtem related tO COid aiz・drainage develop80Ver the coid air

lake．　The thickness（A）of the coid air drainageiS

expressed by

A＝（0．20′一0．25j H t1J

Where HiB the difference of height between basin or

Valley bottom and the BurrOunding mountain ridges．
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800　m

Fig．1．1　Model of nocturnal air circulation at

6eb8（Mano，195う）．

1う



Fig．1．2　Model of nocturnal air circuiation on the

Slope of Mt．Bandai（Man0，1956）．
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3km

Fig．1．う　Model of nocturnal air circulation on the

gentle　8lope of Kokchetavska，U．S．S．R．

（Vorontsov，1958）．

A8how8　the upperlimit of the cold air

lake　and H the relative height Of the

monntain．
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4－－－

◆一一一

ヾ一一一　　　■一一一

Northern Slope

→：Katabatjc Wind　　　　　　　　－－－＞：Generaf Current

＝⇒：WarmReturn Current　　　；；；三；：Mixing Layer

Fig．1．4　Model of wind circulation on a ciear calm

night on the smallisland，Hakatajima

（Eimura，1961）；
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Eimura（1961）gaveanidealized model（N－S SeCtion）

Of the circuiation SyStem Of cold air drainagel）aSed on

the obseZ－Vation resuits obtainedin HakatajimaIsland，

Setouchi region，SW－Japan（Fig．1．4）．The warmanti－

downSiope windiayeris cieariy seen over the coid

downsiope windiaye工・On the　810Pe．

Su皿marizing these resuits　and schematiciiiustrations

mentioned above，One Can Obtain the foiiowing conciusionS．

（1）The coid airiakei8　forned on the bottom of the

Vailey or basin．（2）Over the mountain810Pe，COid air

flowS down・Over thiB fiowI the ascending air current

Whichi8　COmPenSating current to downSlope wind t）iows．

and the circuiation8yBtem reiated to cold air drainageiB

forned．（う）over thi8Circuiation8y8tem，the general

upper windB are t）lowing．
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CHAPTER　2．　OBSERVAコ〕エON

2・1・PhyBiographic Out1ine of the ObBerVation Area

The topography of Sugadaira，NaganO Prefectuエーe，has

been formed from the voIcanic siope of Mt．Neko（2，21うm）

and Mt．A届uma（2，うう2．9m）and the baSiniocated onもhe

west side of the81ope（Fig．2．1）．

The ot）SerVation pointS diStribute on the WSW－facing

Slope between1，280mandl，550m a．S．1．（Fig．2．2）．

The averageinclination of the siopeiS aPPrOXimately4，

the difference of heighti8　about　270mand the hori2；Ontal

distanCeis about　う，000m．The forest8　0f工・arixleptoiepis

（tree height：10－15m）distributein the area ranging

fro皿1，う90m to1，460m．The pasture continueS tO the

upper part of the8e’forests，the viliaS SurrOunded by the

foreSt8　tO thelower paTt Of the slope to thei，う50mlevei，

and the vegetable fieidS under cuitivation to theiower part

thanthe8e Vilias．　The depth of vaileyi81eSS than　うm on

the upper part than Station N0．8　0n the Biope．　Butit

reaches8　－9m On theiower part than Station No・9・Thi8

8maii valiey fiowSinto Xara8aWa River on thelower part

Of the slope．

The ot）8erVation point8　0n theⅣE－facing Slope of Mt．

6matSu（1，648．7m）1ocating∴in80uth8ide ofthe basin

18
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diBtributein the area ranging from1，250m of baSin

bottOm t01，450皿　a．8．1．0n the slope as Bhownin Fig．

2．う．　℡he averageinciination of the siopeiS aPPrOXimately

7，the difference of heightis at）Out　200m and the

hori2；Ontal di8tanCeiB aboutl，600m．The areain the

higher part of the Siope than1，400m a．8．1．is uBed aS

Skiing groundin winter事　andi8　0Ver8Pread with weedin

Summer・　The vegetables field8　diStributein theiower part

Of the Slope．

血garu，Hokkaido，iS＿8ituatedin the place whichiB

at）Out　20km from OkhotBk coaSt aiong the valley of the

YabetBu River．The ot）BerVation areaiBlocated on the

N－facing81dpe of the small mountain（417．5m）Bituated

near the meeting point of the Yubet8u Riverand the

Zkutawara River（Fig．2．4）．The ol）SerVation pointB

di8tributein the area ranging from150m七〇　う50m a．8．1．，

and the hori2；Ontal diBtance of the areaiB about1，000m．

Thi8　810PeiB u8ed a8　8kiing groundin vinter．The gentle

Siopeiower than190m a．8．1．i8　uSed a8　gOlf courBein

Su皿皿er●

2．2．0bBerVation methods and Weather during the

ObSerVatlonB

The ob8erVationalitemB With8PeCification8are

Summari2；edin℡abie2・1・A180I the weather during the

Ob8erVationiS Bhownin Table　2．2．
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CHAmERう．VELOC＝TY AND TE肥ERATURE OF CO工D AIR

DRA工NAGE

う・1・Generai CharacteriStic80f Veiocity and

Temperature of Coid Air Drainage

It was tried first t0　0bserve the drainage　8tates of

COid air on the sIope at night COntinuou81yandin detaii

and to make clear their generai feature8．　Secondiy，by

u8e Of theSe reSuit81it WaS tried tO eXPreBS quantitativeiy

COld air drainage and aiso to make ciear the generai

reiation8　between the meteorologicai element8　0f coid air

drainage．From these reBuit8，the coid air drainageiB

defined．

The discu88ionin thiB Sectioniei baBed upon the

resuit8　Which wa8　0btained from the ob8erVation on the

WSW－facing gent1e　810Pe Of Mt．封eko（Fig．う．1）in AuguSt

197う，December197う　and May1974．

ぅ．1．1．Relation between AirTe皿Peratureand Wind

Velocity at Clearl Caim Night

Fig．う●28howS the air temperature VariationS With

time at a height ofi・O mand the wind veiocity variationS

with time at a height of2・O m above the ground of Station

う4



Fig．う．1　Location map of the obBerVed Stations

On thelower part Of the slope of Mt．

Ⅳeko during the period from AuguBt

197うto September1975．

うう
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WIND VELOCITY

17　19　　21　23　1　　3　　5　　7h

Fig．う．2　Variations of air temperature and wind

Velocity observed at height8　0fl．O m

and　2．0m above the ground at a8tation

（Station No．6）iocated on thelower part

Of the Blope of Mt．Ⅳeko on August19－

20，197う．

う6



23h15m－00hLOm

1　　　　　2り；

AT

Fig．う．う　Relation t）etween air temperature falling

（AT）and wind velocity（U）at a Btation

（Station No．6）located on theiower part

Of the Blope of Mt．Neko on＿AuguBt19－

20，197う．

う7



No・6at night on AuguSt19－20I197う・Air temperature

and wind veiocity haveinverSe reiation；nameiy，Wind

Veiocityincrea8eS aS air temperature decreases．In oz．der

to expre88this reiationin detaiiI the decrea8ing amountB

Of air temperature to the vaiue8　0f wind veiocity were

Obtained from air temperature variation curve expresBed

in Fig．う．2，and then the8e Were COrrelated・Fig・う・う

Shows the Z－eiation between theSe Vaiue8　during the time

2う　h15　皿　七0　00　h　40m．　The coefficient Of the correiation

i8－　0．90and the significanceieveii8beiow〇・05・

AS the reSuit，itiB found that the decreasing

amount Of air temperature due to coid air drainage shows

high negative correlation with wind veiocity．In the

anaiySiS mentioned above，itis poStuiated that the

decreaSing amount of air temperaturei8　8hown by the

deviation from　8traightiine which joinS the peak8　0f air

tempeZ－ature variation curve，Since air temperature at

Ciear night haS a tendency tO decrease gradually untii

immediateiy before sunrise．

う．1．2．　Wind Direction and Verticai Distribution of

Wind Veiocity

Since coid air fiows down on the　8lope aB a

denSity current，it mu8t fiow down to the direction of

皿aXimuminclination of the siope，if there are no other

factorB forit●　エn the factI howeverI aS the coid air

う8



drainageis affected by upper windI grOund state and SO On，

itS direction may be varied within a certain range・Fig・う・4

is the wind roses which a＝・eiiiustrated from obSerVation

reSuit8　0btained at Stations N0．1to No．1うduring the

time from21h Oi皿七024h OO m On May2911974・A8the

cold air drainage appears aimost every－time，the data

Obtained aZ・e mOSt suitat）1e for theinvestigation on the

direction of cold air drainage．

If the average vaiues of direction8　0f coid

air drainage with respect to aii Stations are takeninto

accoun七，90．う　艶　fraction of the wind directions diStributes

within the王22●50angular‥range Centering the mOSt PrObable

Wind direction，thatiS aPPrOXimately玉：ⅣE．　Otherwise，97

％fraction of theselaiis within the±450angular range

from ENEI The most probat）ie direction of the coid

air drainage coincides with the皿ean direction of maximu皿

inclination on whoie obSerVation area．

Consequently，it can be　8aid that the direction

Of coid air drainage range8Within土450from the axis of

direction of maXimuminclination of the siope・

加extIin order to capture the microchanges of wind

Velocity every minute during the period from the start七〇

七he end of cold air drainageI the verticai distribution80f

Wind veiocity were‾obtained・Some eXamPles of the resultsI

Which were ot）tained during the timeS from19　h Oうm to19h

il m on May　29　and from　0うh　25　m t0　0う　h57m on朗ay　う0，

1974，are Shownin Fig．う．5．Fro皿this figure，itiS found

う9



．
寸
卜
か
「
．
票
∵
穿
云
已
0
6
0
0
月
　
寸
N
 
O
や
　
6
0
0
月
　
L
N
　
∈
O
h
J
　
む
G
T
や
　
む
月
半
切
已
可
h
n
p

O
刃
む
拓
．
P
E
 
J
O
 
a
O
l
の
　
む
l
P
百
品
　
む
月
中
百
〇
　
む
u
d
已
T
d
h
p
 
h
T
d
 
p
1
0
0
　
叫
0
　
の
り
の
O
h
 
p
已
T
き
　
寸
．
爪
．
空
岩

40



May29．19％
St．11

り19：03

m　325

5

1
ま
。
ト
日
比
0
2

1

．

」

l

‥

L

i
」

㌣
．
「
」

1

－

≡

！

一

」

l

㌢

ト

ト

L

l

＝

－

」

May30．19％

3：35

二＿一二一一」二

二」二一一＿二

二二＿＿＿二
3：57

330

Fig．う．5　Tran8ition8　0f vertical di8tribution of wind

Velocity from the on8et to the fini8h of cold

air drainage on the　810Pe Of Mt．Ⅳeko during

the time8　from19　h Oう　m t019　hll m on May

29　and from Oうh　25　m t0　0うh57m on May　う0，

1974．

Each profilei8　eXPre88edin every minute．
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that tha profiies of cold air drainage are aB foliow8；

FirSt1yIincreaSing graduaiiy the veiocity and the

thickneB8I COld air drainage fiows down on the　81ope・After

thiB，the8e VaiueS reaCh maximum ones　and then decrease．

Finaily，the cold air drainage diminishes．On May29，

because theiayer of the drainage was thin，it wa8POBSible

to capture the wholeimage of the cold air drainage・The

thickneSS Of thi81ayer waS about　5m．　Then maximum wind

Veiocityin thi81ayer waB about O．5m／S．

う．1．う．Definition of Coid Air工rainage　and

Its Occurrence Frequency

From the anaiytical reSuit8　0f the reiation between

air temperature　and wind velocity，and of the wind

direction，the characteriBtic natures exhit）iting t）etween

these eiement8　Can be expressed quantitativeiy・In this

Study，the air fiow which has the foiiowing two characters

can be defined as coid air drainage（Naka皿ura，1976）・

（1）The air temperature correiates negativeiy with the

Vind veloeity．

（2）The wind directions are within the range Of

土4ヂ　from the center axiB Of direction of皿aXimum

inciination of the　8lope．

In accordance with this definition，the OCCurrenCe

time Of coid air drainage was caicuiated from the

Observation resuits obtained at the caim　and ciear nights
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Fig．う．6　Frequency of cold air drainage on clear，Calm

nights obtained at a Station（StationⅣ0．6）

located on thelower part Of the Slope of Mt．

Ⅳekoin Augu．St197う．
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Of Augustii to14，18　to　20，197う，December　25　to　27，

197う，and May　28　七〇　う0，1974．　From these resuits，the

frequencies of the occurrenCe Of coid air drainage were

Obtained every　うO minute between17h OO m and　9h OO m・

工n the caBe Of AugustI the maJOr three peakS aPPeared at

21h　う0皿tO　2うh OO m，24h OO m t01hうO mand4h OO

m tO　6　h　うO m as　8hownin Fig．う．6．エn aii cases tested，

Other peak appeared at19　h　うO m t0　21h OO min addition

七〇七hese timesI SO that there were4peaksin ail・The

Peak values of the frequencie8increaBed with the time

eiapsed，and the vaiue8　0f finai peak became about　709も．

う・1・4・Occurrence Period80f Coid AirI）rainge

The periods are found on七he variations of the

temperature　and the velocity of cold air drainage・

エt was tried to make ciear the dependency of time and

iocation on the siope of M七・Neko on the period・The

Period was caicuiated from the data obtained every

minute by using the method of periodgra皿　anaiySis．

Fig．う．7　8hows thelocai differences of the periods

Of air temperature（0．5m height）and wind veiocity（1．2

m height）along the siope which were observed during the

three hours fro皿　21h OO m to　24　h OO m of May　29，1974

in the area of Stations No．1to No．1う　Where grOund

Surface coverageis relativeiy uniform．TheSe PeriodB

Showiarge vaiueS Within the deep vaiiey on theiower

part ofthe Slope than StationNo・6・AS the rea80n for
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Fig．う．7　Regional difference8　0f the period80f the

七emperatureand the velocity of cold air

drainage on the　810Pe Of Mt．Neko during the

time from　21h OO m t0　24　h OO m on May29，

1974．
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Table　う．1　Seasonal variation8　0f the periodand the

range of fluctuation of cold air drainage

On tbe Slope of Mt．yeko．

SeaBOn 0bBerVation day pe二・iod
Range　Of

fluetuation

Winter

Dee．25－26，197う 295　min 5．0　0C

26－27， 450 7．5

Aveエーage う7う 6．う

Spring

May　28－29，1974 17う う．5

29「う0，． 1う0 1．6

Average 152
＿2．6

Summer

Au・g．11－12，197う 112 1．9

1うー14， 84 2．う

18－19， 98 2．0

19－20， 88 う．0

Average 96 2．う
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Fig．う．8　Relation between the peak value of the velocity

Of coid air drainage and the time after8un8et

at a8tation（Station No．6）located on、the

lower part of the Slope of Mt．Neko on August

12　－1う，197う．
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thiB，itis con8idered that cold air drainage within Bhaliow

ValieyiSinfiuenced by upper generai wind more than

that within deep vaiiey・

The periodicai fiuctuation of veiocity　and temPerature

Of coid air drainage and the range of the fiuctuation are

different SeaSOnaliy．　Of the data of air temperature and

Wind veiocity obtained every minute at Station No．6in

winteZ・（Decemt）er197う），in spring（May1974）andin8ummer

（August197う），eight exa皿Ples，from which the period can

be found cieaZ．1y，Were Selected t0　0btaine the average

Vaiues of the periods　and the range Of fluctuation．　These

are summarizedin Table　う．1．　＝tis found from thi8　Table

that the periods and the range of fiuctuation decrease

according to season8，thatiS，Winter to summer．　Furthermore，

iti8　found that the range of fiuctuation for the wind

Veiocity have a tendency toincrease with respect t0　time

eiapsedよfter sunset．Fig．う．8showB the typicai example

Of these on AuguSt12　－1う，197う．　工n this figure the

ab8CiSSa repreBentS the time eiap8ed after BtmSet and the

Ordinate the value8　0f five minute8mean Wind veiocity at

each peak of wind veiocity variation cuZ・Ve．　The relation

between themis expreSSed t）y a PO8itiveiinear二reiation・

う．1・5．　Change Of HoriヱOntai　エ）i8tribution of Air

Temperaturein A880Ciation with Coid AiエーDrainage

The coid air on the slope of Mt．Neko started to flow
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down800n after sun8et On May　29，1974．Frozn the data of

air teEnPerature，Wind velocityand direction observed every

minute during time from　21h OO m to　24h OO min the area

ranging from Station8No．l tO No．1う，the horizontal

diStribution8　0f these eiementB Were drawn every minute．

ItiS found from the8e diagramS that air temperature

diBtribution aiong the slopei8　CO皿Plexand warm areas

appear at vaZ．iou8Piacesin this observation regiOn．

Therefore，Warm area8　Were Ciassifiedint0　5　type8，thatiS，

foiiowing three typeS　and twointermediate type8　0f these，

according to the appearance Site80f the wam area（Nakamura，

1976）．

、　　Type A；The center of warm areaisiocated near

Station　Ⅳ0．2．

Type B：The center of warm areaislocated near

Station No．4（ぎig．う．9）．

Type C；The center of warm areaislocated near

Station No．1う．

The tranSition8　0f appearance time of each type

are Shown for the time duration from　21h OO m to　24　h

OO min Fig．う．10．In thiB figure，eaCh type arrangeS

alphabeticaiiy from the upper par七七0theiower part of

the slope．The di8七anCe between thelocations of Type

Aand Type Ci8　about　900皿．ItiB found that the

appearance time of each type beco皿eS tO belate aiong

the direction from theiocation of Type C tOit of Type

Al namelyp waェ・m areaS traVei tOWard fro皿10Wer part t0
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Fig・う．9　AppearanCe Of wam area on the8lope

Of mt．Ⅳeko on May29　－　う0，1974．

I・OWer diagram show8　the air temperature

（T），the wind veiocity（U）‾and theitS

direction on the X－Y SeCtion of upper

diagram．　SoiidlineiS air temperature

and brokenline wind velocity．
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Fig．う．10　℡ran8formationB Of the whoie appearance type of

Warm area8　With time on the　810Pe Of Mt．Ⅳeko

On May　29，1974．

A，AB，B，BC，and C　8howing thelocation of

Warm area are arrangedin thi8　0rder from upper

Part t0lower part along the Blope．　The di8七anCe

from A to CiB about　900m．　Right　8ide of the

figure　8how8　the wind velocity at10m height

above the ground at Station No．15．
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upper paZ一t Of the siope．20七0　60minutes are neededin

One CyCle of them，SO that the warn　areaS mOVe tOWard the

upper slope with the veiocity of about0．う　ー0．8m／S．

The wind veiocities at a height OfiO m at Station N0・

15shown at right Sidein this figure give O．O m／s during

55minutes equivaient tO about One　一七hird of aii

ObBerVation time．　However，七he temperature distrit）ution

Of each type aiso appears during this time．　The moving

rangeB Of war皿area don，t reachlower siop？in thelatter

haif time When upper wind veiocityincZ－eaSeS gentiy．

工tis con8idered that the appearance of these warm

areaSis cau8ed byinfiow of wam air from upper airlayer

as compensating Stream of cold air drainage．

う・2・Relation between Fiowing Distance　and

Veiocity of Coid AirI）＝・ainage

AS Seenin ChapteZ・1，the veiocity of cold air

drainage has been8tudied by manyinve8tigatorEi●

Reiher（19う6）Set uP the equation for the veiocity of

COld air drainage baBed on the asSumPtion that COld air

fiow8down on the　810Pe by gravity・Taking account of the

COmPreSSibiiity of cold air，Fleagie（1950J and SahaShi

（1974）expre88ed theoreticaliy the vind ve10City of cold

air drainage．　エntroducing the radiative cooiing effect

Of airiayerand the effect of heat advection with fiow－

downinto PrEmdti・8theory（1942），Ⅹoresava（1961）tried
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the accommOdation of thiB theory to the　8maii BCale

down81ope wind（coid air drainage）．Sakamot0　andIshida

（197う）constmcted the one dinensional modei of down81ope

Wind，COnSidering the heat balanCe On the ground surface

Of the Slope．

Aithough Znany Of the8e theorieS are Very COmPiicate，

they donlt predict the velocity of coid air drainage

accurately．　Therefore，in thi8　Section，itiS tried to

expoBe the reiation between fiowing distanCe　and

Velocity of coid air drainage，eXPerimentally．

う．2．1．　At the Snow Fieid

MicrometeorologiCai ob8erVations on the snow8urface

（al）Out　50cm　8nOW depth）on the Slope of Mt・Neko，Were

Carried out at nightS during the period from December25

七027，197う．The obSerVation80f air temperature（by

th■e工ⅦiStOr thermometer）and windveiocity（byphoto－

eiectronic anetnometer）were conducted at O．5，1．0，and

2・O m height8above the　8nOW Surface at StationB A toI）

（Fig．う．1）．However，8ince the condition of obBerVation

Wa8　80WrOng that a fewinBtrument8did not work compieteiyf

Only StationB B　and C were avaiiable for the observation8．

For theinveBtigation on the reiation between flowing

diBtance and wind veiocity of cold air drainage，itis

neceSSary that theinciination of the　81ope，VegetationS

and other ground conditionB On the　810Pe are uniform・

うう



Station8　B　and C were Sati8fied with these conditions，

approximately．　The wind veiocitiesinveStigated were

that at　2．0m height above the surface．

The cold air drainage which Btarted due to a8udden

fa118in temperature（about60C）ati hうO m December27，

COntinued during7hours unti18hうO m（Fig．う．11）．

The veiocity of coid air drainage decreased graduaiiy

during one hour from　7　h　う0m tO　8　h　うO m，Which was

Suitabie to use for evaiuating the fiowing distance of

COid air drainage．

Fig．う．12iS drawnin order tO Caicuiate the ratios

（u）of5minutes mean wind veiocity at Station C（No．4）

to this（Ut））at Station B（No．6）．Ⅸis expresSed by

foilowing equation．

併ニー0・うOUい0．98Ub＋0．05　　　　（2）

工t is assumed that as the distanCe from Stations

B to Cis　200m，the wind veiocity at　any POint distanced

200m from the base pointis calcuiated by use of the仇．

Nameiy，foliowing equationiS aSBumed to t）e uSed t0　0btain

the wind velocity at　any POint．

U馴＝仇Un，（n＝1，2，う……・）　　　　　（う）

Where Uis wind veiocity and suffix n repreSents Station・

The reiation between fiowing distance（L）and wind ve10City

（U）obtained by thiS methodis shovn by biack circle8in

Fig・う・1うland thisiS aiso expressed by foiiowing equation・

U言1．48もI・即　　　　　　　　　　　　　　（4）
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Fig．う．11Variation8　0f air temperature and wind velocity

at a8tation（Station C）located on thelower

Part of the Slope of Mt．Neko onI）ecember26－

27，197う．
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鋏

Fig．う．12　‾Relation between咲andlJb at a station（Station

B）located on thelower part of the uniform

Slope of Mt．Ⅳeko during the time from7h　うO

m t0　8　h　うO m on December　27，197う．

以＝Uc／Ub，Ub＝Velocity at Station B，

Uc＝Veiocity at Station C・
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Fig．う．1う　Reiation between the flowing distance　and the

Wind velocity of cold air drainage on the

Blope of Mt．Neko onI）ecember27，197う　and

May　29，1974．
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う．2．2．　At the Cuitivated Field

The cuitivated fieid in the obBerVation area was in

the state of bare soii on飢ay28　－う0，1974．The main

PurPOSe Of thi8　0bservation waS tO graSP the hori2；Ontai

distribution of coid air drainage・HoweverIin this

Section，the obSerVation resuits only at Stations No．6

（B）and No．4（nearest c）are used for the comparison of

the reiation t）etween fiowing distance　and wind velocity on

the snow fieid with that on the cuitivated fieid．

Coid air fiowed down almost COntinuousiy during the

うhours from21h OO m t024h OO m May29（Fig．う．14）．

TherefoZ－e，the observation resuits during this time was

anaiyzed by use of same method as previous one・The

reiation between fiowing diStanCe（L）and wind veiocity

（U）on the cuitivated fieidis shown by biack squareSin

Fig．う．1う，and aiso expressed by foiiowing equation．

U＝1．う01冊

う．2．う．　Compari80n With the Other Enpiricai Equation

（5）

When the reiation between fiowing distanCe　and wind

Velocity on the snow fieid was compared with that On the

Cuitivated fieid，the difference between the both was so

Bmaii that Qne COuld not detectit to the firest　う00m Of

flowing distanCe（Fig．う．1う）

However，the difference begantO8Pread fromう00n．
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Fig．う．14　VariationB Of air temperature and wind velocity

at a Station（Station No．6）located on the

iower part of the Slope of Mt．Ⅳeko on May

29　－　う0，1974．
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For example，fiowing di8taLnCe Of coid air on the cultivated

field which needB t00btain wind veiocity1．0m／8WaS

700m．ItisiOO mlonger thanthat on the snow fieid・

Next，itis tried to compare the observed reSuits

With that caicuiated by the Reiher－8（19う6）equation．

Hi8　equationiS；

指　r　如し

℡I （6）

Where UiB the veiocity of cold air drainage●　hi8

difference of heightl Tis the at）801ute temperature of

COid airl TIis the absoiute te皿Perature of air around

the coid air，and gis the acceieration of gravity．　The

reiation between fiowing di8七anCe and wind veiocity

Caicuiated t）y the Reiherts equationis shownin Fig．う．1う．

The vaiues of T and TI are calculated from the top and

t）0七tOm Of temperature curve by meanB Of the same method

With Tateishi（1961），＝・eSPeCtiveiy．

According・tO the resuit8　0bserved，the wind velocitie8

0n the snow and cultivated fieid per fiowing di8七anCe　500

m Show O．84m／Sand O．78皿／日，reSPeCtively．On the other

handl the veiocities caiculated by the ReiherI8　equation

give2．05m／Sand1．55m／S，reSPeCtiveiy．These are2．0

七0　2・4timesiarger thanthe ob8erVed values・エtis

COn8idered that the discrepancyiS CauSed by the use of

Reiher18equationin which friction termi8nOt COntained・

The factorS affecting the veiocity of coid air

drainage on the siope may be a8　foiiowS；

（1）The veiocityand direction of generai windin
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the upper airiayer．

（2）Theintensity ofinversionin the　8urface airiayer．

（う）The friction effect of the ground Burface．

（4）The angie ofinciination of the slope．

As the both ob8erVationB Were Carried out on the same siope，

the coid air drainage8　0n the both fieids have equal

COndition with respect to（4）．　ThiS WaS also same with

respect t0（1），because the wind veiocities　and directionS

at the850ml）1eveiin Wajima at　9hI）ecember27，197う　and

21h May29，1974were WSW8m／s and WSW10m／8，reSPeCtiveiy．

The meanVaiue80f the difference（AT）between air

temPerature（T2．。）at　2．O m heightand that（To．S）at0．5m

height at StationB（0．6）showed O．うOc at night onI）ecember

27and O・20c on May29，reSPeCtiveiy・This signifies that

theintensities ofinversion on the both days were aiso

neariy equa1．　Therefore，it Canbe considered that the

difference between the rates of wind veiocity to the flowing

diStance on the SnOW fieid　and on the cultivated fieid iS

due to the difference of the friction effectS under the

COndition8　0f these fieldS．

う・う・Synoptic Condition8for Coid Air工rainage

Cold air fiows down on the810Pe at ciear and caim

night covered withanticycione（Lawrence，1954），and then

a Sudden riSe Of nocturnal teLnPerature OCCurS．The cold

air drainage appearBintemittent1y（Nitze，19う6；Kuttner，
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1949；Mano，195う，1956）．According to unpubiished data

Obse工・Ved（by Kanamaru）in the Nasu region，Tochigi

Prefecture，Japan，the rise of temperaturein this regiOn

OCCurred when the wind velocity at the1，000mbievel at

Tateno，Zbaraki Prefectureisiess thaniO KTS andie8S

than half of the wind veiocity at the800mblevei・工t

mayl）e neCeSSary for the coid air drainage that pressllre

gradientis smail and wind veiocity at theiower airiayer

iB Weak，SO that the coid air fiows down at night when the

groundinversion due to radiative coolingis formed

activeiy・Thelow humidity of atmoSphereis also

necessary，SO that thelatent heatis soiess that the

radiative coolingis forced（Lawrence，1954）．

Therefore，an attemPt WaS皿ade to study the reiation

between theSe　8ynOPtic conditionS and cold air drainage．

う．う．1．　Reiation between Me80－8Caie PreSSure Conditions

and Coid Air Drainage

After the daily ot）SerVation data ofJapan♪ieteoroioglCai

Agency，the daiiy charts ofiocal weather for the Central

Japan were obtained・These are charts for the times of

21handうh at which the observations of coid air drainage

were carried out on the siope of Mt・Neko during the period

from AuguSt197うto Sep七ember1976・Tableう・2shows the

11exampies of pressure pattern for the case80f21h and

うh．エn this table L denotes theiocai anticycione，H the
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Table　う．2　0ccurZ・enCe frequency of presSure

Pattern8in CentralJapanduring the

nightS When cold air flowS down on

the Blope of Mt．Ⅳeko．

Type　 Tim e 21 h 3　h

L

m ‘ ％

55

7 ％

100C 2 2

t 0 2

H 5 45 0 0

T　o　t　o l 11 100 11 100

L denoteS thelocal　anticycione，

H the　anticyclone withoutlocai

anticyclone，m the maritime

anticyclone，C the continental

anticyclone and t the travelling

anticyclone．
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an七icyclone withoutiocai　anticycione，m the maritime

anticyclone，C the continental　anticycione，and t the

traveiiinganticyclone．　Locai　anticyciones are found on

the ali exampies at　うh，although they are found on the

Only55％ofii exampleSin ali at21h．

SubSequentiy，iti8　tried toinvestigate the relation

betveen the pre88ure gradientin SugadairaanditB Vicinity

and the drainage time of coid airin there．　The method used

is a8　foiiow：fir8七1y，meanValueB Of deviations of Sea

ievei preSSuZ．e between Nagano and Takadaand betweenⅣagano

and Mat8umOto at　21h　and　う　h are calcuiated．　The drainage

time of coid air is determined from the reiation t）etWeen

air temperature and wind veiocity．　The reiation between the

meanVaiues of deviation80f Seaievel pressure　and the

drainage time of coid airis caicuiated（Fig．う．15）．By uSe

Of thiB methodIiti8found that the smalier the preSBure

deviationi8f namely the8mailer the presSure gradienti8p

theionger the drainage timei8●　Since the di8tanCe8from

Nagano to Takada and t0朗at8umOto are about50km，

fespectiveiyI the drainage timeis about6hourB Vhen the

PreSSuZ．e gradientisi．O mb／100km，andis about4．5hourS

When thi8　2．O mb／100km．

う．う．2．　Reiation between Verticai Air Conditions　and Coid

Air Drainage

エn order to make ciear the effect of the vertical
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Fig．う。15　Relation between the deviation of Seaievei

Pre88ure and the drainage time of cold ai工一．

in Sugadai工・a．

The deviation iS the mean value of the Bea

ievei pre88ure difference8　Which were

Obtained between Nagan0　and Takada，and

between Nagano　and MatSumOto at　21hand　うh

Augu8tand December197う，and May1974．
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COndition8　0f pre88ure gradient，Veiocity，temPerature　and

relative humidity on cold air drainage，the diagra皿8　0f

theSe Were Obtained to the　500皿bievei by uBe Of Aeroiogical

Data．Fig．う．16－aand　う．16－b show typic畠1example80f the8e．

The formeri8　that for the ca8ein which the drainage time

Of coid air iS mOre than　6　hours．　The iatter iB that for

the ca8e in which the time iB ie8S than　2　hours．　The

ObSerVation areain SugadairaiBlocated at a height of the

850to　900mbievel at the central portion of the di8tanCe

betweenJWajimaand Tateno．The distanCe8from the centrai

POrtion to the8e are about150km．

The drainage time of coid airisiong when the difference

Ofisobaric surface height at the850－900mbievei between

Wajima　and Tatenoi81ess than18m（6m／100km）or，in other

WOrds，When the wind veiocityin the airlayerlower than

the850mbieveliSiesSthan10m／S・EBPeCiaiiy，fhiS

Wind veiocityiSlesS than5m／S at the1，000mbievei．

工n this time，the atmosphere at the850－900皿blevei

indicates stabiiity or conditionaiinStabiiity．AisoI the

Vaiue80f the reiative humidity decrea8e WithincreaSing

height up to the500mblevei，and thoSe areiess than50

％at the800皿bieveland14－449もat the500mbievei．

On the other handI the drainage time of cold airiB

ie8S than2hour8When the difference ofisobaric Surface

height reacheS mOre than20m（7m／100km）at the850－

900mbievei and when the wind veiocitie8　8how more than

iO皿／s at thisievei，and more than5m／8at the1，000mb
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Upper diagram；801idlinei8　the wind

Velocity at Wajimaand brokenline the pre88ure

gTadient baSed on the presSureB at Wajimaand

℡ateno．

Lower diagram：BOlidlinei8　the air

temperature at Wajima，brokenline the relative

humidity at Wajima，and thin t）rOkenline the

dryand wet adiabaticlap8e rate8．

67



A u 9 ． 19 －2 0 ， 19 76

2 1 h ． 9　 h

0　　　　　　 3 0 0　　　　　　 3 0

l －

l
ヽ

　　 l　′

W ／′　 T

ヽ
　ヽヽ －

l
I

l

l
＼
＼

、　、 ヽ

、　ヽ ＿ 　 ＼
t　　　　 l

0　　　10　　　20

10　　　0

0　　　　　50 100　0

H oL　　 29 －3 0 ． 19 7‘

2 1 h 9　h

0　　　　　　 30
‾0　　　　 30 m

l　　　 ′ I　 l　l　I

／
／
J
l
l
l

l
J
／
ノ

＼
／
l

＼
、　、＿l l

Fig．う．16－b Vertical condition80f preBSure gradient，

Vind velocity，air temperatureand relative

hunidity for the ca8e Of　8horter drainagB tine

Of eold air．

Upper diagram；80lidlineiB the wind
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ievel．　The attnoBPhere at the850　－900mbieve18howB

COnditionalinstability，mO8tly．In contraSt with the

Ca8e that the drainage time of coid airisiong，the

relative hu皿idity up t0　the　500mbievei tendS toincrease

WithincreaSing height．　餌rther，it　8hows the vaiue8mOre

than50％and　70，‘at the airlayer higher than the800Tnb

ievel and at the　500mbievel，reSpeCtively．The relation

between the drainage tiⅢe Of coid airand the mean values

Of reiative humidity at　21h and at　9h on the　700mblevel

negativeiy correlateSin Fig．う．17．In this figure，the

drainage timeB：reaCh　7　hourB，4　hour8　and O hour when relative

humidities are the values ofう0％，50％and80％，reSPeCtively．

う・4．Summaz－y for Chapterう

Zt was tried to observe continuously the cold air

drainage on the siope of Mt．Neko，and tO make clear the

generai reiation between the meteorologlCal element8　0f

thiS drainage．　The definition of cold air drainage based

On these reBuitS and the characteriStics of cold air

d工■ainage can t）e Su皿mari21ed aB follows：

1．The air flow which haS foliowing characteri8tic

natures will be defined aS COid air drainage．（1）The

air temperature correlateB negatively with the wind

Veiocity．（2）The wind directionB are Within the range Of

土450from the center axiS。f directi。n。fmaximⅧ

inciination of the Blope●
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2．From the frequency of the occurrence of coid air

drainage based on thiB definition，iti8　found thatin the

CaSe Of AuguSt，maJOr three peakS aPPear at time duration，

21h　うO m t0　2う　h OO m，24　h OO m t01h　うO m　and　4　h OO m

t0　6hうO m，re8PeCtiveiy．The absolute values of theSe

Peaksincrease with time eiapsed，and finai peakis about

70　％．

う．Coid air drainage has the periodicity whichiS

Changeabie due tolocation・The drainage has the tendency

that the period shows a smaii vaiue within the shailow

Valiey on the upper part Of the　810Pe　and alarge one

Within the deep valiey on theiower par七　°of the siope．

The seasonai differenceiB a180　detected on the period and

On the range Of fiuctuation of coid air drainage．　These

ValueB decreaSe aCCOrding to BeaSOnBI thatiS to say winter

to　8ummer．　Further，the range Of fiuctuation on the

Velocity of coid air drainageincreaseBlinearly with the

time eiapsed fromJuSt time after SunSet．

4．During the time When coid air fiowes down on the

Siope at caimand ciear nightIitS air temperature

Varies aiong the siopeI　and wa工・m areaS aPPear at various

Piace8　0n the siope●　The warm area8mOVe fro皿thelower

Part to the upper part of the Biope with O．う－0．8m／B

Wind velocity．

Furthermore reiation between fioving diBtanCe and

Velocity of coid air drainage on the slope of M七・Neko

and　8ynOPtic dondition8for coid air drainage are
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Summari2；ed a8　follow8：

1．The reiation between the flowing diBtanCe（L）

and wind veiocity（U）on the BnOW fieidand on the

Cuitivated fieid are expre88ed by following equationsI

reSpeCtively．

U＝1．48己・即

U三1．う0上川

2．It iS COn8idered that the difference between the

rate of the wind veiocity on the　8nOW fieid　and that on

the cultivated fieid to the fiowing distance expre88eS

the difference of the friction effect on each fieid．

う．The drainage times of coid air at Sugadaira

COrreiate negativeiy with the meanVaiue8　0f the gradient

Of Seaievel preSSure between Nagano　and Zqat8umOtO，and

between Nagan0　and Takada．　The timeB：reaCh about　6　hours

and4．5hour8When pz・eSSure gradient8how81．O mb／100k皿

and2．O mb／100km，reSPeCtively．

4●　The drainage time80f coid air on the Slope of Mt・

Neko（2，21うm）reach more than6hour8，When the atm08PhereB

at the850－900mbievel（the sameievel with the

Ot）SerVation areaJ at Wajima and Tateno have stabiiity or

conditionalinstabiiity・Wind velocity Bhows the vaiue

iess than10m／S at the850mblevei，andie8B than5m／s

at theiIOOO mbievei．Further＊　the relative humidity

decrea8eS Withincrea8ing heightI and the vaiueB arele88

than50％at thelevei higher thanthe800mbleveiand

14　－　44％　at the　500mt）1evei．
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5．The drainage tiTne80f cold air canIt reach2hourS，

When the atmosphereB at the850七0　900mblevel have

COnditionalinStat）iiity．　The wind velocity shows the

VaiueS mOre thaniO m／S at the airiayer higher thanthe

850mbievel，and mOre than5m／s at the1，000mbievei．

The reiative humidity tends tOincrease withincreasing

height，anditS Values Show more than　509も　at the air

iayer higher than the800mblevel，and more than70％

at　500　mbleve1．

6．The relative humidity at the700皿bievei has

negative correiation with the drainage time of coid air・
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CHAPTER　4．　SOURCE AREA AND工RAINAGE OF COID AIR

4．1．Source　and Drainage of Coid Air on the Slope of

Ht．OmatBu

The SurVey Of the source area of cold air drainage

i8Veryimportant to eiucidate the mechani8m Of the

development of coid aiZ・drainage（Nakamura，1978）．

The reBuit8　0f an ot）SerVation carried out on the gentle

Siopein Xokchetavska of Xa2；akh SSR，U．S．S．R．，8how that

COld air drainage beginS fromiower part of the siope

before about50minutes of sunSet（Vorontsov，1958）．

工n thiS Part Of the present studyI the author tried to

find the areas where coid airis originated　and fiows down，

PurSuing the move皿ent Of the distribution of ground

inversion on the slope of Mt．OmatSu after BunSet．　Since

the SCaie of the coid air drainageiB BO Smaii after sunset

thatit can be grasped easiiyr the author eBPeCiaiiy cho8e

these times aS the obBerVation time．

4．1．1．　Air Temperature and Ground　エnversion

The mean Wind veiocities at a height ofl m above

the ground were2．7m／8，1．8皿／s and O．うm／s at station

No・7during the ti皿e Of observation（sunset；about17h
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55m）on AuguSt18，19and20，1976，re8PeCtively・

For the underStanding of the dependency of the wind

Strength on the air temperature variation8　0n the Biope

after sunset，thei80Pieth8　0f the air temPeratre at

a height of O．うm aiong the810Pe Were皿ade for the cases

Of August18，19　and　20．TheisopiethS at August19　and

20are shownin Fig．4．1．The temperature distribution

Pattern at August18is very similar七〇　七hat at August

19，80　thatitsisopiethsis omitted．

On August19，When the mean wind velocity showedl．8

m／s at station No．7，theisotherma11ines are aimost

distrit）uted verticaiiy from StationB封0．う　to No．7　0n this

figure，and the air temperature decreaSeS Withincreasing

height．　However，Oniy at the Stations between No．2　and

No．う，the temPeratureincreases withincreasing height．

On the other hand，On August　20，When the meanWind

Velocity showed O．うm／s at Station No．7，theisothernai

iines diStribute horiZOntaiiy●　Thisindicates that the

air temperature changeB are mOreiargeiy depended on the

time rather than on the height of the siope・

エtis pre8umed that the cold air drainagei8

0riginated on the aZ・ea Where the air above the groundi8

COOied by nocturnai radiationand then groundinver8ion

OCCurB　8trongiy・The difference（AT）between air temperature

（T，．3）ati．うm heightand that（To．3）at0．うn height was

used to expreBS theinten8ity of groundinverSion●

HereinafterI thi8i8二referred tollthe degrees ofinver8ionll
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in this study．The positive value of H七he degrees of

inversion－l meanS the occurrence of the groundinversion

On the siope．

エn order to show the air temperature distrit）utions

along the siope on AuguBt18，19　and　20．theisopieth8

0flIthe degrees ofinver8ionH were preparedin Fig．4．2．

According to Fig．4．2，at the area from Stations N0．う　七〇

封0．5　0n August18，the groundinversionis found butit

is weak．　On the upper andiower partS Of this slope，the

negativeinversions appear．Theinversion on August19

is foundin the area from Stations No．う　to No．5　as Same

as that on August18　and the area spreadB toward the upper

andlower directions on the siope．　After18h15　m，the

inversion of whichIlthe degrees ofinverSiontIiS mOre than

＋0・50c appear8frequentlyin thiS area．Smaii BCale

inverSionS aPPear at Station No・うanditS Vicinity，and

large one at the area from Station8Ⅳ0．うto No．5．

On August　20，theinversion areais aiso SPread to

Station N0．7．．．The degrees ofinversionT．showslarger

Vaiue than that of18　thand19th，and the vaiue of＋1．5

0ciB Obtained at Station No．5．Further，neWinversion

area aiso appears at Station No・1andits vicinityI　and

”the degree8　0finversionH at this areais about＋　0．50C．

NevertheiessI theinversion ha8nOt been appeared at

Station N0．2．

BecauBeIlthe degrees ofinverSionM definedin thi8

8tudyis the air t切Perature diffeZ・enCe betweeni・うm and
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0．うm height，theinverSion muSt be aiso forned when warn

air fiowSinto above the airiayer near the ground．

Therefore，for the deternination of the area exhit）iting

the groundinversion caused by air cooiing on the ground

Burface，11the deg工・eeS OfinverBion－t　and the air temPerature

near the ground Shouid be takenintO aCCOun七．　On the ground

inverSion area，the formeri8POSitive　and theiatter faiiS・

HoweverP　8ince the air temperature may beincrease aS the

groundinverBion graduaiiy diminiShesl the area wherellthe

degree8　0finverSion一■is positive and air temperatureis

iow on thei80PiethiS determined as groundinverSion area．

エn oエーder to expre8S the variation of groundinversion with

time on the siope on August　20，theisopleths of air

temperature at　0．うm height　and of t一七he degrees ofinversion．．

Were BuPerimPOSed mutuaiiy，and the areas wheZ－e air

temperatureisieSS than19．00Cand rlthe degrees of

inversion一一is more than＋0．50c were defined aS the strong

groundinversion area，for convenience．　These are Bhownin

Fig．4．う．Iti8COnBidered thatin these areasI COld airis

Originated and flowS down．

4．1．2．Source and工rainage Area8　0f Coid Air

Iti8　aSSumed that coid air drainagei8　0riginated on

the area where groundinversionis formed8trongiy and Mthe

degree8　0finversionlI correiateS negativeiy with wind

Veiocity．On the other hand，itiS COnSidered that air
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一・・；詫 i；；三：：：… ．‥

St．1　　　　2　　　3　　　　　5　　　　7

Fig．4．う　Tran8ition of groundinverBion on the8lope

Of Mt．OmatBu at night on Augu8七　20，1976．

ThiS figurei8　0btained from Fig．4．1and

Fig．4．2for August20，1976．Deep Bhadow

8how8　the　8trOnginverBion that air temperature

i81e88than18．50c at o．ぅm height．
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temperature has a negative correlation with wind veiocity

On the drainage area of coid airand that the cold air

fiows down on the siope．

℡herefore，the areas which have following

Characteristics can be defined to be the　80urCe area Or

dz・ainage area of coid air on the　8lope at nigh七・

Source area；The area where（1）一一七he degree80f

inversion一一has poSitive vaiue，（2）the air temperature at a

height Of O．うm correlateB POSitiveiy with the wind velocity

at a height of1．0m，（う）一一七he degree80finverSion一，

COrreiateB negativeiy with the wind veiocity at a height of

1．0m，and（4）A drainage area of coid air exists on the

iower part of the siope●

Drainage area；the area where（1）t一七he degreeB Of

inver8ion－t haS pO8itive value，（2）the air tempez・atuZ・eS at

a height of O．うm correlate negatively with the wind

Velo牢tieB at aheight ofi・Om，（う）the wind velocitieS at

aheight ofl．O m aZ・eles8thanう．O m／8，md（4）a fail－Wind

is obSerVed．

In these definitionB，the moBt remarkable difference

between the source area and the drainage area of cold airiB

in the point whether air temperature correiateB PO8itiveiy

Or negativeiy with wind veiocity．　From Fig．4．う，itiS

COnSidered that the　80urCe　and drainage area80f coid air

Observed on AugllSt　20are ranging from Stations No．うtO No．

5where groundinve工・Sion develops most strongiy．In order

to understand the source　and drainage area80f the cold airI
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the variations of the air temPerature and wind veiocity

On the whole StationB（except Station8No．4and No．6

for observation miss）With time during the time from17h

うO m t0　20h OO m are Shownin Fig．4．4．　According to

thiS figure，the negative correlation8　between air

temperature　and wind veiocity are found during the

following times；（1）from the Starting time of the

Ot椅erVation t018h19m at Station No．1，（2）from19h

26m to19h41m at Station No．1，and（う）from19h14

m to19　h　27　m at StationⅣ0．5．

The time of（う）corre8POndS t0the time when the

gZ－Oundinvez－Sion area waB forned strongiyin the area

ranging f＝－Om Stations No．う　tO No．7in Fig．4．う．　The

Wind was direct from SSE to SSW，nameiy from the upper

Part of the siope t0theiower one．　From the8e factS，it

i8　COn8idered that the cold aiェ・0＝・iginated by Strong ground

inver8ion fiowed down during the time from19h O5m　七019

h27m，eSPeCialiy19h14m t019h27m．At StationⅣ0．

う10Cated on the uppeT Part Of the　810Pe than Station No．5，

a vell of the ai三・七emperature variation curves with timeis

during the time from19　h OO m t019　h　20m．IIThe degrees

OfinverBionn during thiS time Bhows the values more than

＋0・5　C．However，the air temperatureS at a height of O．う

m have positive correlAtion with the wind veiocitieB at a

height ofi・O m・ThereforeIitiS found that coid air

drainage didn，t exist at Station No．う　during the time from

19　h OO m to19　h　20皿．　From the fact that there waS the
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20　h

Fig・4・4　Variation80f air temperatureand wind velocity

On the　8lope of Mt．OmatSu at night on Augu8t

20，1976．

Solidlinei8the wind velocity atl．O m heightand

brokenline the air temperature at0．うm height．
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drainage area of cold air on‾thelower part of the　810Pe

than Station No．う，itiS COnSidered that the　80urCe

area of coid air drainage Bhouid be at Station No．うr・and

its vicinity．

On the other hand，for the ca8e Of（1），iti8

1ikly from the Bhape ofi80thermalline of19．0℃in Fig．

4．1，thatinthe direction from StationS No．l to No．5，

nameiy from upper part t010wer part On the siope，COid

air f10WS down．　However，air temperatuZ－eS don．t correiate

negativeiy with wind veiocities at Stations No．2，No．う

and No．5．　A few greater vaiues of t一七he degrees of

inversion－1（nameiy more than＋0．50C）are found hereand

there around StationS No．1，No．う　and No．5，and TIthe

degrees ofinversionIt at Station No．2　8hows aiways

negative vaiues after17　h　う4　m．　On this time，七he black

Cloud which wa8　COnSiered to be due tOinfiow of the air

from OPPOSite siope of Mt．Omatsu SPread over this

mountainr　and the air stream from mountain top was observed・

エt iS COnCluded from these fact8　that the air stream observed

during the timeis different from the coid air drainage

Originated on the　810Pe．

The time of（2）seemslikly to correSPOnd t0　the ti皿e

When the groundinversion appears Strongiyin the area

ranging from Stations No．う　to No．5　during the time19　h

う2m to19hうO min Fig．4．う．However，air temperatures

COrreiate positiveiy with wind velocities at StationS

No．うand封0．5，and the cold air drainagei8nOt detected・
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Furhter，at whoie Stations fro皿No．l tO No．7，air

temperatures decrease at the approximateiy same time・

Nevertheiess，the wind velocitieB at all StationB areiess

than1．0m／8at this time．Aithough－lthe degree80f

inversion一・at Station No．1is somewhat OVer＋0．50C，that

at station No．2have been－0．4－0．00c yet●　From these

facts，it canbe clear that the air stream obSerVed during

thiS timeis a180　different from the coid air drainage

Whichis formedl）y COOling of the air near the ground　and

fiows down from the upper part of the Slope・

FLurthermore，in order to make ciear the cooiing state

of the air near the ground（0．うm height above the ground），

the variation curves of air temperature which standardize

the vaiues at19　h OO m are traced from the results of

Observation during the time from19h OO m t019hう0m

at whoie stations（Fig．4．5）．Aithough the vaiues at

Station N0－2vary within the range of＋0・lOcI at Stations

N0．う　andⅣ0．5，eSpeCiaiiy at Station封0．5，the vaiues

Show extremely sharp decrease rate．

From these facts，itis concluded that the air near

the ground was cooied at Station No．うandits vicinity

and that the cold air flowed downward to Station No．5　0n

the siope．　エn this manner，the　80urCe and drainage areas

Of coid air after sunset on the　8lope of Mt●　Omatsu was

found．　工n next Section，from the direct observation of

net radiation on the slopelitis tried to make clear the

Cau8e that radiative cooiing progreSSeS Strongiyin these
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19：00　　　　　：10　　　　　：20　　　　：30

Fig・4．5　Compari80n Of air temperature at the

three StationS On the slope of Mt●

Omatsu at night on August　20，1976．
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areaS．

4・2・Radiative Coolingand GroundInversion on the

Slope of Mt．Omatsu

＝tis considered that the cold air drainage originates

in the area where groundinversionis forned strongiyl）y

radiative cooling on the slope．　＝n accordance with this

COnSideration，in Section4．1，the author tZ－ied to graBP the

area where groundinversionis formed strongly on七he Slope

Of Mt．Omatsu，and to divide this areainto the　80urCe　and

the drainage areas of cold air．In order tO understand the

groundinversion area conSideredin the previous sections

more accurately，the groundinverSion formed by radiative

COOiing on the siope must be confirmed by the direct

ObSerVation of net radiation（Nakamura，1980）．Therefore，

from the detailed anaiyse8　for the reiation between net

radiation　and flthe degree8　0finversionItl　and forIIthe

Verticai difference of cooiingltIitis triedin this part

Of study to grasp more accurateiy the areas where the

fornation of groundinversion occurs strongiy．　The radiative

COOlingin this paper meanS the temperature faiiing with the

COOiing of ground surface．

4．2．1．　Economical Net radiometer

The poiyethylene－Shielded net radiometer haS a Simple
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Structure，anditis posible to construct easiiy S〇七hat

it can be convenientiy used for the fieidinvestigation

Of the distribution of net radiation（Suomiand Xuhn，

1958；Tanner et a1．，1960；Sait0，1964）．However，the

POlyethylene fiim covering the SenSer Surface becomeS Wet

With dew at nightf and thi8　CauBe8the error on the

Ob8erVation●　In order to decrea白e the error due to the

PaZ一七ialinfiuence on the SurfaceI the economical net

radiometers which have extremeiy wind surface of SenSer

（10×20cm）weremade without the covering ofpoiyethyiene

fiim，and the8e Were uSed for the observation at Stations

No．1，封0．2，No．う，No．5　and No．7．　The Structure of

thiB net radiometeris Shownin Fig．4．6．

For the examination of the economicai net radiometers，

the comparative observationS With standard net radiometer

（by Funk一七ype）were conducted at Station No．うWhich was

Situatedin the center of the ot）SerVation area．　According

to the reSuit，itis found that the high accuiacy couid not

be pbtained by mean80f the economicai net radiometer at nights

OfJuiyう1and Augu畠ti，Since the dews put on the surface

Of SenSer Of this radio皿eter．　However，On the ot〉SerVations

Carried out during the time from17hうO m to　20h OO m，

July　う0，dewS Were nOt Put on the　8urface of the　8en8er Of the

economical net radiometer at every Station．　So extremeiy

high accuracy that the coefficient of correlationi8　0．9う0

and the standard errori80．0121y／min was confirmed at

Station No．う，When the net radiation obBerVed by u8ing
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Fig．4．6　ConStmCtion of economical net radiometer．
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Fig．4．7　Compari80n Of the accuracy of economical net

radiometer uSed at a＄taion（Station No．う）

10Cated on　七he middle part of the ob8erVation

8lope of the Mt．OmatBu With that of standard

net radiometer．、
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the　8七andard net radiometer Showed negative vaiueS（Fig．

4．7）．　TheinBtrumentai error80f economical net radiometers

at each Station compared with that at Station No・うWere

＋0．02う1y／min（＋0．20C）弧d－0．0121y／min（一0．lOe）at

Station8No．2and No．7，reSPeCtiveiy，and O．0001y／min

（0．00C）at the other Station8．

From the facts mentioned above，the anaiySisin this

StudyiS COnducted oniy on the observation reSult Obtained

during the time from17hう0m七0　20h OO m onJuiyう0，

1978．

4．2．2．　Reiation between Net Radiation　and Air Temperature

Fig．4．8　8hows the difference depending upon the

location for the variation8　0f net radiation with time on

the siope．In this figure，the net radiation decreaseS

rapidly untii about18　hうO m，and reacheS COnStant

VaiueS after　40　七0　70minutes from the time when the value

Changes to negative．After then，the net radiation on the

Slope BhowS the minimum vaiue at Station No．710Cated on

theiowest place，and the secondariiy smail value appearS

at Station No．1before this Stationisinfluenced by air

Strea皿COming over the mountain．Theiarge values appear

at Stations No．う　to No．5　which areiocatedin the middie

Of the obSerVation area■　eSPeCiaily the maximum value

aPPearS at Station No．う．

AiT temperature falis rapidly with prompt decreaSe Of
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Fig．4．8　Variation of net radiation on the8lope

Of Mt．Omatsu onJulyう0，1978．
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net radiation unti12　0rうhourS after8un8et．　エn order to

inve8tigate the relation8　betveen the net radiation　and

air temperature at height80f O．うmandi．うm at every

Station during the ob8erVation time from Bun8et tO　20

h OO m（sun8et；about17h50m），Fig．4．9i8made．On

this figure，although Station No．710Cat8　0n theloweBt

Part of the siope，七he air temperatures at O．うm height

at thiB Station Bhow Bma11eェ・Value than that at StationB

No．う　and No．5　until the net radiation reache8

－0．161y／min．After the time that the net radiation

decrea8e8七01esS than－0．161y／min，the air temperature

at StationⅣ0．78hows the highest value of thesein evez・y

Station．The air temperature at　0．うm height at Station

No●　うgives the highest value amOng the Station8until

the net radiation：reaChe8－0．151y／min．The net

radiation at StationS No．1and No．2　have the minimum

VaiueS■When they reach－0．211y／minand－0．201y／min，

reSPeCtiveiy，andincrea8e after then．Zt8tendencyiB

more remarkable at Station No．i than　at Station No．2．

Then，On the reiation t）etween the net radiation　and the

air temperature at a height ofi．うm，the air temperaure

at Station No．うa180tendB tO　8how the high vaユuein

COmPari80n Of height until the net radiation reache8

－0．151y／min．The air temperatureS at the other StationS

diBtribute according t0　the height80f the siope・℡he net

radiation at Station8No．う　and No．5　reacheB minimu皿

Value8aも　ー0．161y／min and－0．181y／min，reBPeCtively．
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That at StationS No．1and No．2　8howB the minimum vaiue8

0f－0．211y／minand－0．201y／min．respectively，and

increase after then・These phenomena show the same

tendency with the caBe Of the reiation between the net

radiationand the air temperature at a height of O．う皿．

4・2・う・Relation between Net Radiation and nThe Degree80f

エnverSionll

Fig・4・10i8given for making clear fhe area where

the formation of groundinversioniS PrOgreSSing from the

reiation between net radiation　and　一．the degree8　0finverSion．一．

According to thiB figure，Bame tendencyis found at Stations

No・う　and No．5．　一一The degrees ofinversion－l decreaSeS

With theincrea8e Of the net radiation・　ffThe degree8　0f

inver8ionll at Station No●l decreaSe80nly with theincrea8e

Of the net radiation．　On the other hand，at Station No．

7where一一七he degree80finverBion71show8the extremeiy

iarge positive vaiueIIlthe degrees ofinversionIlincreases

With theincrease of the net radiation．　Namely，itis

found from thi8　fact that the groundinversion becomes

Weak with theincrea8e Of outgoing radiation at Station

No・7．　一一The degree8　0finverBionn at StationⅣ0．2　8howS

the positive vaiueI and the variation ofit with the

increase of net radiationiS hardiy found●

lIThe degrees ofinverSionI－　decreaSe8　With theincrease

Of net radiationin the area where the formation of ground
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inver8ioni8PrOgreB8ing・Therefore，iti8COn8idered

that the fomation of groundinversion with radiative

cooiingiB PrOgre88ing onlyin the area ranging from

StationB No．う　to No．5．

4．2．4．MThe Verticai Difference of Cooling一，

It waS aSSumed from the conSideration on the previou8

8eCtion that the formation of groundinverSion with

Z－adiative cooiing deveiopes especiaiiy atもhe area ranging

from StationB No・う　to No．5．AS　一一the degree8　0finversionlI

is caiculated from the temperature difference betweenl・う

m and O．うm al〕OVe the ground，iti8POSBible thatit Shovs

the positive value not only when groundinversion occur8，

but a180When the air temperatureinc＝・ea8e80nly at a

height ofl．うm．E8Sentially，When the groundinverSion

is for皿ed，the ground　8urfaceis cooled fir8tiy，and then

the cooiing effect8　reaCh the higheriayer．ThatiS，the

CloSer the airlayer near the ground surfaceiB，the faster

itis cooied，in othe工・WOrds，its cooiing rate　8houid

increaSe mOre than that of upper airiayer・ThereforeI

itis necessary to confirm thi8　for the recognition of the

groundinversion．

エn order toinvestigate more exactiy on thiS COOling

COndition，thi8i8　analyzed by uBing Hthe vertical difference

Of cooiingT，（C）given by foliowing equation：

Ct墓　△空一△℡I
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Where Cti8Ilthe verticai difference of coolingtI at time

t，AT the difference betveen air temperatures（Oc）at time

t　一　Atand time t at a height Of O．うmand ATl the　8a皿e

temperature difference at a height ofi．うm．

一一The verticai diffe工一enCe Of cooiing一．at everyうO

minutes during the two and haif hours from17hうO m t0

20h OO mi8　Caiculated at every Station．　Fig．4．118how8

the diBtribution of thi8　0n the Slope．

The t0tai vaiue8　0fllthe vertical difference of

COOlingII at Station8No．う　and No．5　which arelocated on

the center portion of the observation area have the

POSitive greater vaiue，Whcih repreSent8　that the　8urface

airiS COOied fromlowe工・1ayer during the obSerVation time・

The maximunValue of this at Station封0．うShowS＋0．4Oc

at18h OO m and that at No．うShow8＋0．うOc at18hうO

m．　After then，the8e Value8　decreaSe，andIlthe vertical

difference of cooiingtl reache8－0●10Cand O●00c at stations

No．う　and No．5　at19h OO m，reBPeCtively．Nameiy，it

iS COnCluded that the rapid cooling from theiover air

layer∵prOgreSBeB untii at）Out One hour after8unSet（sunSe・t

time；17h50m）．

At Station8No．1and No．2located at the upper

Part Of the obBerVation area，the value8　Change・Within the

range from－0・20c t00・00c except the fact that＋0・lOc

appearS at19　h OO m and19　h　うO m at Station No．2．　The

t0tal vaiue8　0f tIthe vertical difference of cooiingII at

stationB∬0●1and No●2give－0・20c and－0・lOcp re8PeCtiveiy・
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On the other handIIIthe verticai difference of cooiingII

at station No．7showB＋0．うOc at18h OO m．Howeve工・，the

value decreaSeB t0－0．1Oc at18hうO m，and decreaseS t0

－0．60c at19h OO m．After then，一．the vertical difference

of cooiing”beginB tOincreaseI andit reache8－0・20c

at19hうO mand＋0．50c at20h OO m．The皿aXimum and

minimum value8　0f all of theSe apPear at Station No．7，

and the difference between the maximum and the minimum

vaiueS amOunt8tO＋1．1Oc．＝tiS COnSidered that the cau8e

Of such drastic changeiS aS foliow8：（1）The air near the

ground at Station封0．7is cooied fromiowerlayer due tO

theiargeSt Outgoing radiation of the ail Stations．（2）

However，Since thi8　StationiBiocated at thelowest part

On the Biope，the advection air from the out　8ide of the

Biope destroyB theinverBioniayerI andincreaBeS the

teTnPerature oflower airiayer．

These con8iderationslead t0　the folloving conciu8ion：

In the area ranging from Station8No．うthroughNo・5，the

10Ver Part of the slope of M七・OmatsuI the groundinverSion

developed strikingiy during the time frotn17hうO m t020h

OO m．

4．う．Su皿mary for Chapter4

ェn order t0make cieaz・the mechaniSm Of deveiopment Of

coid air drainage▼it was tried toinvestigate the80urCe

and drainage areas Of coid airbyunder8tanding the variation
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Of the di8tribution80f air temperature　andllthe degree80f

inversionII with time along the slope of Mt・OznatBu diz・ing

the time from17hうO m to　20h OO m onAmguBt18　－　20，1976．

Furthermore●　from the detailed　analyses on the relation

between net radiationandllthe degrees ofinverBionHI　and

On fTthe vertical difference of cooiingII on the Biope of Mt●

Omatsu during the time from17hうO m t0　20h OO m onJuly

う0，1978，the area where the formation of groundinverBion

iS being progreBSed Btrongly by radiative cooling waB

inveStigated．

The z．esult8　are Sunmari2；ed as foliow8：

1・Air temperature at O．うm height on the　8lope of Mt．

6matsu during the time from17hうO m t020h OO m fa118

WithincreaBing height when the wind velocityiS about　2　－

うtn／8at Station No．7（1，250m）．This，however，iB nOt

found at a calm night or a night withiight wind．

2・The value80fllthe－degree80finverSionII are alway8

po81tlve at Station8Ⅳ0．う（1，う20m）andⅣ0．5（1，275m）

When the general wind velocitie8areie88than about　うm／8．

The weaker the general windisI the more theincreaBe Of

I，the degree8　0finver8ion，，is．　So far as the observation8

during thiB Period are concernedl the extreme value ofIIthe

degree80finversion－t runBint0十1．50C．

う・Around the Station No．2（1，う70m），the air

temperature at0．うm height showS relativeiy high valueand

lIthe degrees ofinversionlI give8alwayS negative values●

Theiowe8t air temperatuTeiS found around the Station No．
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l（1，450m）．ItiS，however，POinted out that一．the degree8

0finverBionlIiB negative at thiS Station when the geneZ－ai

Windi8　8trong and，On the contrary，iS POSitive whenitis

Weak．

4．ItiS COnCiuded that during the time from17　h　う0皿

to　20h OO m on Augu8t　20，1976，a COid air waS fomed

around Station No．うduring the time from19h OO m to19

h20m and spread downward to Station No・5during19h14

m　七019　h　27　m．

5．I－The degree8　0finversionlf on the Blope of Zqt．

OmatSu during the time from17　h　うO m to　20h OO m decreaSeS

With theincrea8e Of net radiation at Station8Nd．う（1，う20

m）and No．5（1，275m），namely，thelarger the outgoing

radiationiS，theiarger tlthe degreeB OfinverSion－tiS．　On

the other hand，tlthe degree8　0finver8iontl at Station No．7

（1，250m）whichiBlocated at theiowest part of the siope

increa8eS With the increa8e Of net radiation．

6．刀uring the time from17hうO m to2O h OO m，thも

七0七al　Values of tlthe verticl difference of coolingn

indicate the high positive vaiue（Max．＋0．50C）at the

area ranging from Station8　No．う　to No．う．　ZtiS thought

from this that the surface airlayerin thi8　areai8　COOled

fromloweriayer by radiative cooling・On the other handI

the totai vaiues of Hthe vertical difference of cooling－l

indicate negative at Stations No．1，No．2（upper part of

the observation area），and No．7（iower part Of that）．

rモーiS COnSidered from this fact that the cooiing from the
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lower airiayeriS being prevented by advection air from

the out8ide of the　810Pe．
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CHAP℡ER　5．　VERTICAI．STRUCTURE OF CO工．I）AIR】〕RAINAGE

In Chapter4，the　80urCe　and drainage area80f cold

air on thi　810Pe Of Mt．OmatSu Were made ciear．Thi8

inveBtigation waB COnducted by micrometeorologiCai

ObSerVation up toi・うm height above the ground・Therefore，

in order to grasp the whoie aspect of coid air drainage，

itiS neCeB8ary t0　0bBerVe by uSing captive bailoon the

meteoroiogiCai elementsin the further upper airiayer．

A8　mentionedin Section1．2．5，the SeVerai kind8　0f

mOdeis of nocturnai air circuiation on the m0untain siope

have been reported based on the observation reSuit8in the

basin of6ch6village of6saki－ShimoJimaIsiandin the

Znland Sea，SW－Japan（Man0，195う，Fig．1．1），On the slope

of Zqt．Bandai，XE－Japan（Man0，1956，Fig．1．2），On the gentie

Siope of reiative elevation110min Tsrikovka Viiiage of

Kokchetavska，Ka2iakh SSR，U．S．S．R．（VorontSOV，1958，Fig．

1．う），On EakatajimaISiand，Setouchi region，SW－Japan（

Kimura，1961，Fig．1．4）and so on．

From theSe rePOrtsIitis concluded that the circulation

SyStem related to cold air drainage certainiy exiBt8　0n the

Slope，although there are some probiems with respect to

Observation accuracyand the number o■f the Station for

Ot）SerVation（Nakaznura，1982）．

Therefore，in thiB Chapter，elucidation on the
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whoie aspect of cold air drainageiS tried byanaiyzing the

verticai structure of airiaye＝・On the mountain slopein

detaii．

5．1．Verticai Structure of Coid Air Drainage on the

朗ountain Slope▲in Engaru

The meteOrOiogiCai obSerVation8　Were Carried out at

four8tation8　0n the N－facing mollntain Biopein助garu，

Hokkaido，at the ciearand calm night from　22　h O5mJuly

21through OO h12mJuiy22，1979．　The mobile obSerVation8

0f the air temperature　and the wind velocity and direction

at　5，10，20，う0，40，50，60，70，80　and85　m height8

were conductedin Berie8from Staion封0．4（150m）to No．1

（ううO m）by u8e Of themi8tOr themometer with fan，the

micro－anemOmeterand vinyl string for the detecting the

Wind directionioaded on the capもive baiioon．

The wind veiocity on the Biope couldnIt t）e meaSured by

micro－anemOmeter becauBe Of very weak wind．・Therefore，

Oniy the ob8erVation二re8ult of wind directioni8　8hownin

Fig．5．1．AB the Biope faceS封，the air8tream from the

direction within the range Of SE to SW canbe caiied

downSlope wind・Similarlyl　an　OPPOSed air stream wili

be cailed anti－down810Pe Wind．The downBiope wind

developsin the fir8七15m above the ground at Stations

No．1and封0．4，in the fiZ・8七■5　m at Station No．2　andin

the firstlO m at Station No．う，reSPeCtively．In the
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N

1～00　m

Fig・5．1Wind direction profileand circulation8y8tem

On the mountain slopein Engaz－u at night on

July21－　22，1979。
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1500　m

Fig・5．2　Air七emperature profile on the mountain810pe

in Engaru at night onJuly21－22，1979．
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upper airlayer above thatI theanti－down810pe windis

foundin thelayer ofl0　－　20m above the ground at

Station No．2，25　－　45　m at Station No．う　and　50　－100m

at Station N0．4，reBPeCtiveiy．　Ztis conSidered that

the8e Stream may make the circuiation　8yStem whichi8

8hown by brokenlinein Fig．5．1・

The vertical diStribution of air temPerature On the

8lope during thi8　0b8erVation timei8　givenin Fig．5．2．

The aiZ一　七emperatureS diStributein the range of14．0　－

14・50cin′七he airlauer with about180m depth ranging

from150m t0　ううO m on theiower part of the Siope，that

iBI the variation of temPeratureiS found haZ・dlyin this

iayer．However，theinverSion of about1．50C／うO m appearB

nearう50m height．The warm airiayeris observed　81ightiy

near the ground at Station No．2．　From the factB that

the thickne880f down810Pe Windis vez・y thin near Station

封0・2　and that the height of anti－down810pe wind above

the Blopei8theloweBt among all StationS，iti8　aSBumed

that thiS Wam airlayeri8　formed by the way that　anti－

downsiope wind turn8tO downSlope wind near Station No・2・

From the resuitB mentioned above，iti8pOBSible to

draw a model of the circulation system reiated to coid air

drainage on the mountain810pein Engaml thoughiti8

imperfect．

5．2・Vertical Structure of Coid Air工rainage on the

Slope of Mt．Omatsu
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5・2・1・The Case ofAugust25，1980

Four ob8erVation points（StationS C，F，G，andI）

Were Set uP On the BIope（Fig．2．う）．The mobiie

ObSerVation8Were Carried out with8ame manner aS the

ObSerVationBin Enganl de8Cribedin Section5．1．The

Observations at2，5，10，15，20，う0，40，50I60I70I80，90

and100m height8Were COnductedin serieS from StationS C

（1，う70m）to Z（1，250m）during the time from2h5う皿

七0　5　h　う8m．　The wind veiocity wa8　0btained a8　0ne

minute mean values at each height．

The three diLnenSionai wind veiocities in the firBt

iOO m above the ground waS Caiculated by compoSing the

hori2iOntai　and the verticai wind veiocitieB and the wind

directions at each observation height measured t）y uSe Of

the same method as Section　5．1．　The verticai wind

Veiocitie8Were Observed by vertically8et　aneLnOmeter．

The diBtribution of the compOnent8　0f the vind along the

Siopei8　8hownin Fig．5．う．In thiB Section，the air

Stream which ha8　the wind direction within the range of

SSE to WNW■centering SW wiil t）e Cailed downsiope wind

becauBe the　810Pe faceB二ⅣE．　Similariyp opoBed air StZ・eam

Wiii be calied　anti－downBlope wind・

At Station　工，uPWard motion developsin the fir8t

lOO m above the ground（80，100m：Wind directionS are

indi8tinct）．At Station G（1，275m）located on the upper

Bide of Stationエ■　uPWard motionis foundin the first
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10mand at　40m above the ground，and downward motion

at　20m height　and above　60m height．The airin the

iayer above40m height fiowB aCrOSS the siope with right

angle．At Station F（1，う00m）downward m〇七ioniS found

in thelayer beiow50m height except10m height，and

upward mOtionin theiayer above　50m height．At Station

C，downvaZ－d motionis found oniyin the firSt　5　m above

the ground，and upward皿0tionin the whoieiayer above

iO m height．　The veiocities of verticai air Btream are

in the range Of O．21－1．10m／8With the average of O．うう

m／S．

These fiows皿ight be expre88ed by streamline a8　8hown

in Fig．5．4．　エn this figure，the shaded part shows the

area of downslope wind．　ThiS areais expanded from the

Vicinity of Station C toit Of Station G along the　810Pe．

Moreover，downvard motion from the upper airiayer appearS

at Station G andit8Vicinity・The down810Pe Wind change8

to upward motion on the area ranglng from StationS G t0　ェ．

Itis con8idered from the8e fact8　that thiS uPWard motion

formS the circulation sy8tem whichi8　8hown by brokenline

in Fig．5．4．It Canbe　8aid from the wind directionS at

iOO m height above StationS C and F that　もhereiB the fiow

toward the direction from StationS F to C aS a Part of thi8

Circulation SyStem．

Fig．5．5　8howB the verticai diBtribution of air

teJnPerature．　Coid airiakei8　foundin the area of the

i80thernaiiine of＋14．00c orle880n the ba8in bottom，
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and ha8　the depth of about　20m．Theiow temperature area

beiow＋14．00c exi8七8al80near Station F on the middle

Par七of the siopel and the groundinversionlayeris fomed

Strongiyin thi8　area．JtS thickneSS amOuntS t015　m a8　a

maximum．　At Station Glocated between theBe tWOlow

temperature areas，the weak warm area（warmer than＋14．5

0C）is fomedin the first40m above the ground．

ThenIin order to Btudy the reiation between the air

temperature distributionand the circuiation　8y8teml Fig・

5．6is drawn up．The groundinversion area forned on the

Siope correspond8nearly with the downBlope wind area・

Moreover，itis conBidered that the piace，Where downward

motion from the upper airiayeriS found strikingiyI

COrreSPOndB tO the warm area near Station G．

う．2．2．　The Case of AuguSt　28，1980

The mobiie ob8erVations were cazTied out by Sa皿e

method as AuguSt　25　during the time from　2　h40m to　5h

OO m・The distribution of the component80f wind along the

BiopeiB Shownin Fig．5．7．　At Station　＝located on Lthe

iowe8t part of the slopeI the upward motions are foundin

the whoie airlayer except　20m and80m heights・The

upward motion8　at Station G are found aisoin the　all air

layer except　うO mand　40m heights．At Station F，the

downward motionis foundin the firSt　50m above the

ground，and the upward motioniS follndin the airiayer
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above60m height．At Station C，the downward motionis

foundin the firSt10m and at　80m height above the

ground，and the upward motioniB foundin the airiayer

at）OVe　20m height except　80m height．The veiocitieB Of

Vertica18tream arein the range of O．00－0．う6m／S With

the average of O．2うm／S．

These fiowS might be expres8ed by the Btreamline8　aS

Shownin Fig．5．8．　The downSlope wind aiong the　8lope

8tartS tO t）10W frOm near Station C，andincreaSeB

gradualiyits thickneSS・The thicknes80f theiayer of

thi8　WindiB about　50m at Station F．　After then，the

top of thislayeriS keptin about　50m height，and the

iayer reache8　near Station G．　The bottom of the air

layer waS Parted from ground surface on the piace between

StationS F and G，anditB height amountB to about　25　m at

Station G・The range　and shape of thiB down810Pe Wind

areaiS Very Simiiar to those for the case of August　25．

At the StationS，G andI，the downsiope wind changes tO

upward motion．　Furthermore，the　anti－downBiope wind biows

in the airiayer above40m height at Station C．From

these facts，itiS aSSumed that thereis the circuiation

ByStem whichis　8hown by brokeniinein Fig．5．8，and

that the piace to which the circuiation air fiow8　down

fZ－Om the uppe工・airiayeriB Situated at the11PPer Part Of

the sIope thanStation F．Thisis higher thanin the ca8e

Of AuguBt　25．′

Fig．5．9　show8　the vertical di8tribution of air
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temperatuZ・e．As theisothermal1ine be10W＋1う．00ciS

denSe near Station Z，it canbe said that coid airiake

has appearedin thiS Piace（depth：about40m）．The ground

inverSionlayeris formed str．Ongiy near Station C which

goe8tOWard upper part of the810Pe thanin the caSe Of

August25．The maximum temperature＋14・5Ob早pPearS at

100m height above Station F．　The temperature gradient

near the ground at Station Fis aiittle more gentie

than generai aspect On the siope・

Next，Fig．5．10was drawnin order to　8tudy on the

reiation between air temperature diStribution and

Circulation SyStem・　Zn this figureI the distribution of

theisothermaliine of＋14．00cis nearly horizontal

On the area ranging from Stations C to G．　The top of

the downsiope wind area along the slope nearly agrees with

theisothernalline of＋14・00c on the area ranging fZ・Om

Stations C to F．AS the tOP Of thiS Wind area parallels

to the Slope on the area ranging from Stations F to GIit

doesnIt agree with theisothermailine on the area．On

the otheZ．hand，the t）Ottom of this wind area nearly agree8

With theisothermaliine of＋1●20c on the area ranging

from Stations F to G．

From these facts，it might be said that the down810Pe

Wind may not fiowinto the cold airiakeanditiB aiso

found thatanti－down810Pe Wind fal18from upper airiayer

and turn8　down．ThenI air temperatureincreaseB　81ight1y

On the area where the vind fa118　and turn8．　Therefore，it
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i8　COnCiuded that the warm area appeared on the　810Pe，

Which wa8　di8CuS8edin Sectionう．1．5．，iB formedin such

mechani8皿．　餌rthemore，the wam area，thatiS，the area

Where theanti－downBiope wind undergoe8a Change of the front，

mOVe8With the velocity of O．うー0．8m／8from thelower

Part of the8lope toward the upper one and the area appears

everyう0　－60minute8．Namely，it canbe Said that the

air circuiation8yStem　8PreadB from theiower part Of the

Biope toward the upper oneand that after the　8yBtem

attained to certain　8ize，neV Circuiation SyBtem aPPearB

and beginB t0　8Pread again from theiower part of the　810pe

anditis repeated．　Theintermittent drainage of cold air

might t）e Cau8ed by thiS effect．

う．う．　Summary for Chapter5

The whoie aspect of coid air・drainage waS made clear

by anaiy2＝ing the verticai structure of airiayer on the

mountain siope．in detaii．　The resuitS are Summarized aS

follows；

1・On the mountain Blopein EngaruI anti－down8lope

Wind waB Observed above down8lope wind●　The air temperature

increa8eB　81ightIyin the area，Where the anti－down8lope

Wind turnS to become the downsiope wind．

2．Ob8erVation reSuit80n the Biope of Mt．6mat8u are

Summari21ed as foliows：

（l）coid airlake（depth：20－40m）iS formed on
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the baBin bottom・朗oreovez・I grOundinverSionlayer

（thickne88：10－20m）i8fomed strongiy on the middie

Part Of the Biope．

（2）The down810pe wind areaiS formed on the area

ranging from Station C（1．う70m）tO Vicinity of Station G

（1，275m）．ThiB Wind area begins to be parted from ground

8urface of the place between StationS Fand G・

（う）Iti8COn8idered that thiS Wind beginB to show

upward motion on theiower part of the siope，and the

Circulation ByStemiS formed．

（4）The air temPeratureincrea8e881ightly on the area

Vhere the circulating air fa118　from the upper airlayer

and turn8down・ThiB Varm drea appearS Periodicaiiy and

moveS from thelower part of the　810Pe toward the upper one・

NameiyIitiS COn8idered that each air circuiation ByStem

aPPear8periodically at thelower part of the810Pe andit8

rangei8　eXtended more andumore tOWard七he upper part of the

810pe．
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CHAPTER　6．　CONCI．USION

6．1．　Summarie8　0f the ob8erVed ReseultB

In order t0make clear the deveiopment of cold air

drainage■　micrometeorologiCal observations have been

Carried out on the siope of M七・Neko and m七・OmatSuin

SugadairaI Nagano Prefecture▼　and on the mountain slope

in Engaru，Hokkaido．

In thisinvestigationI neW ParameterS Were deveioped

SuCCeSSfuiiyin order to confirm the source　and drainage

area8　0f coid air．　The one of thesei811the degree8

0finverSionII whichiS defined aB the difference of

the temperatures at1．うm height and at O．うm height

above the ground．　The otherisItthe vertical difference

Of cooiingn whichis defined as the difference of the

air cooling at O．うm height and ati．うm height at）OVe the

ground．　Using these parametersin addition to net

radiation and other data，the authoranaiyzed rationally

the fornation process of groundinversioniayer・

From the primary di8CuSSionin this StudyI the authoエー

COnCluded that the air flow exhibiting the foliowing

characteZ・S Should be defined as cold air drainage；（1）The

air temperature correlates negatively with the wind velocity・
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（2）The wind directioniS Within the range of！450from

the center axi8　0f direction of maximum inclination of

tbe Slope．

In addition to thi8　COnCluSion，it was found that

the area where．．the degreeB OfinverSion－I haB POSitive value

8hould be defined as the drainage area of cold air．　A180，

it vaS found that the　80urCe area Of cold air drainage

8houid have the following characters．（1）一一The degrees of

inverBion一一ha8POSitive vaiue．（2）The variation of air

teTnPerature COrreiates po8itively with the variation of

Wind veiocity．（う）一一The degree80finver8ion－t correiates

negativeiy with the wind velocity．（4）A drainage area of

COid air exiSt80n thelower part Of the slope・

From detaiied anaiysis of the obsez．Vation data，the

foiiowing knowledges were obtained with respect to the cold

air drainage；

1．Generaily，COld air dZ・ainage occursintermittent1y

On the mountain　810Pe．　Although SeVeral peak8　for the

frequency ofit8　0ccurrenCe With time are Ob8eZ・Ved，七here

is a few maJOr Peak8in these　and the peak valueS are

COnSidered toincrease generally with time elapsed・　Zn the

CaSe Of the slope of Mt●　Nekol three maJOr Peaks of the

frequency appeared at night Of August，from sunset to

Sunrise，and final peak vaiue waS about　709‘．

2・Coid air drainage exhibits the periodicity with

its velocityand tempez・ature・I）epending upon the condition
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Of theiocation，the period　80　ChangeB thatit8　Valuei8

8maii within the Shallow valley on the upper part of the

Blope andiSlarge within the deep vaiiey on theiower part

Of the Slope．

う．The range of the fiuctuation of air drainage with

VeiocityincreaSe81ineariy with time after sunset．

4．Warm area appears everyう0　－60minute80n the

drainage area of coid airI and moves fromiower part of the

Siope to upper one with the velocity of O．うー0．8m／B．

5．The veiocity for the coid air drainage，U，Can be

expre88edin term8　0f flowing di8tanCe，L．　Following

expres8ionS are aVailabie for the siope of Mt．Neko：

onthe SnOWfieid，　　　U＝1．48Ll・57．

0n the cultivated filed，U＝1．うOI．1彗

6．The drainage time of coid air on the　810Pe Of Mt．

Ⅳeko amounts to vaiue more than　6　hourS When the State of

atmo8Phere at the850－900mblevel（samelevei with

Ob8erVation area）at wajimaand Tateno has stability or

COnditionaiinBtat）ility．ThenI the presBure gradient

between Wajima and Tateno wasiess than6m／100km at thi8

1evel．Wind veiocitieB Wereiower than10m／s beiow the

850mblevei andiower than5m／s at the1，000mbievei．

FuZ・therI relative humidity decreaSeS Withincreasing heightI

andi810Wer than　509‘at the　800mbievel．

7・On the　810Pe Of Mt．Omatsu，the cold air drainage

after SunSet Of Augu8t　20，1976　0riginated neari，う20m

a．8．1．during the time from19　h OO m t019　h　20m and that
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BPread downward near1，280m a．S．1．duZ・ing19h14m to19

h　27　m．

8・The formation of groundinverBion due to radiative

COOling progre88ed mo8七　8trongiy on the area ranging from
●

1，う20m t01，280m of the Slope of Mt．Omatsu after BunSet

OnJuly　う0，1978．

Aithough the knowiedge obtainedin thisinvestigation

i8Very uSefui tO under8tand the cold air drainage on the

mountain SiopeI further micrometeoroiogiCai obBerVationB

Were CaZTied out with captive t）alioon up七〇七he firSt85m

above the mountain siopein Engamand the first100m above

the slope of Mt・Omatsu・Amaiyzing the results obtained

from this obBerVationI the author tried to make ciear the

Whole aBPeCt of coid air drainage on the mountain81ope・

These results are sumTnarized aS foilows：

1・On the mountain810Pein Engamr the anti－downBiope

Wind wa80bseZ・Ved above the downsiope wind andit turned

toward the ground to become the downsiope wind fiowing under

the anti－downslope wind・The air temperatureincreased

Siight1yin the area where the　anti－downslope wind turnB tO

become the downsiope wind●

2・On the other handI On the slope of Mt●　Omat8uI COid

airiake（depth；20－40m）is formed on the basin bottom．

moreover，grOundinversioniayer（thickneSS・；10－20m）iB

forned Btrongly on the middle part of the siope●

う・The downsiope wind areaiS fomed on the aZ・ea ranging
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from nearl，う70m t01，280m on the Slope of Mt．OmatSu．

The wind area parts from the ground surface neari，う00m．

4．From the fact that the downBiope wind turnS t0　the

upward motion above the cold airlake，itiS COn8idered that

the air circuiation systemis formed on the siope．

5・The air temperature on the area where the

Circuiation air fails from the upper airlayer and turns

downincreases Slight1yp warm areais fo工・med on the slope・

This wam area appearS Periodicaiiyand moves from theiower

Part of the　810Pe t0the upper bne．Na皿eiy，itiS

COn8idered that each air circulation system appearS

Periodicaliy at　もheiower part of the Slope　anditS range

iB eXtended more and more toward the upper part of the Biope．

6・2・Conciusion　‥　A propoSed Modei

Coordinating the knowledge of the coid air drainage

Summari21ed previouslyl the author compieted a model of the

COld air drainage at clear and calm night on the mountain

Siope having2km t06kmlengths of the ho工・i2；Ontal diStance．

In this modelf the formation and the drainage pz・OCeSS Of

COld air are dividedinto6major Stages as shownin Fig．

6．1．

Stagei shows theinitial stage of the formation of

COid air on the mountain siope after sunset●　The thin801id

lineSin Fig・6・1expresS theisotherma11ines●　After

SunSet，the groundinveZ・8ionlayeris more strongly formed
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n 篭 雪 。′
10L ∴ C。王立誓

Stag0 4

㌦ だ 短ミ阜
軍 。。．描 j′　 ノ

囁 。。1。山

（0．5 h after Stage う） lako

Stage 2

喝 。′

（1－2 b・aftei stage ，） Co監 r

Stage 5

顕 だ塾 ミ‰

囁 0′短 転 ＿ノ ）　Cold alr

（0．うー1 b after Stage 4） lako

Stage う

Warn a1r

句ぜf L
％ 叫も‰　 C01d alr

（0．5－1 b aftor Stag0 2） lako

Stage 6 （TやtW ned to Stage う）

′′画 王讐短 や′

三毒 墓 室 一二　Cold alr

（0．5－1 b after Stag8 5） 1止○

Fig・6・1Model of nocturnai cold air drainage on the

mountaln Slope．

Thin　801id line　8hov8　the i80thermal line．
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On the middie part of the slope rather than on the upper and

iower parts of the slopeI because of the generai wind on the

upper part of the siope and the air stream along the valley

On thelower part of the slope・NamelyI these wind or

Stream disturt）the fornation of the groundinverBionlayer．

Then，COld air masSis formedin thislayer．　On the bottom

Of the t）aBin，COld airlakeis also formed．

In Stage　2，thisinversionlayer develops gradually

With progressing radiative‘Cooling on・the middle part of the

Siope・Coid air mass of thiSinversidnlayer develops up

t0　0．5　－1kmiength along theinciination of the slope

Within1－　2　hours after sunset●　Hencel Stage　2　8hows the

intensification of forrnation of cold air on the mountain

Slope・I）urations of Stagesl and　2are1－　2hours●　Which

appear at the time after sunset When air temperature decreases

rapidly・These two Stages are theinitial condition for

the drainage of coid air so that theinitiai condition of

Series drainageis the same as that at these stages as can

be seeninlatter Stages，4　and　5．Intensity of the

inversion of the coid airlake a180increases gradua11yin

the stage．

Stage　う　Shows the state of drainage of coid air on the

Slope・After O・5－1hour from Stage21developed cold air

mass overcomes the resis七ance of friction due t0　the

roughness of ground surface，and beginS to flow down toward

the downward of the slope●　The velocity of cold air drainage

is accelerated with flowing downl andit reachs about1－　2

1う0



m／80n theiower part of the siope．After drainage of coid

airl the waZ・m air from upper airiayer flowSinto the air

layer near the ground surfacelayer aS COmPenSating stream

for the coid ai工・drainage．On the other hand，COid airiake

deveiops more and morein this Stage．

Stage　4　日hows the stage of the cold air drainage

reached on the cold airiake and the fomations of anti－

downslope wind and new coid air on the upper paZ．t of the

Siope・The coid air drainage reached on coid airiake after

O．5　hour from Stage　う　doeS nOt fiowinto cold airlake since

the temperature of the cold air drainageis higher than that

in thelake，butit move8　0ntO thelake．　The compensating

Stz．eam for the coid air drainage fornS anti－downsiope wind

above the airlayer of the drainage，and air circulation

8yStemiB COTnPleted on the siope．The air temperature

increase8　81ightiy on the area where the circulation air

fa118　fz－Om the upper airlater and turns down．The ground

inversionlayer beginS to be fomed on the upper part of the

Biope where the wam air from upper airiayer does not fiow

intO the ground　8urfaceiayer．

Stage　5is concerned with the disappearanCe Of cold air

drainage and the fornation process of cold air・The coid

air drainage with upward motion above the coid aiz・1akein

Stage　4　turnsinto anti－downsiope wind at the Stage　5．

After draining cold air，COid airlayer on the　810peis

replaced by warn　air due toinfiow from anti－downslope wind．

The groundinverSioniayer d占veiops graduaiiy．On the part

1う1



Of theinverSioniayer situated on thelower siope，the

temperature gradientincreaBeS between theinversionlayer

and the warn　airiayer on thelower part Of the　810Pe，and

COld air masSin theinverSioniayer easily fiowB down．

Stage　6　8hows the emeェ・genCe Of the　8eCOnd cold air

drainage，anditiS Same aS Stage　う　except for the

appearanCe Of anti－downsiope wind．　After O．5　－1hour from

Stage　5，COid air fiows down toward the downward of the

Siope．The area where the warn　air from upper airlayer

fiowsint0　the ground surfacelayer as compensating Btream

for the coid air drainage after draining of cold air

transferB t0　the upper part of the　810Pe．Therefore，

eniarging the scale of anti－downsiope wind，air circuiation

SyStemis deveioped．　ConSequently，the sourde area of cold

air drainage tranSfers to the upper part of the Blope，and

the veiocities of the coid airincrease every draining

because fiowing distanCe Of thatincrea8eS．　Ⅳamely，the

CyCie from Stage　うtO Stage　6iS rePeated a few timeB at

intervais of1．5　－うhourS during the night．

Theimportant factors deternining the cold air drainage

Which were confirmedin this study were takeninto accountS

in this modeiing・The deBCriptions of the model mentioned

above a工・e Summarized in Table　6．1．　These factoz唱　are also

givenin Table　6．2．

From the comparison with the modeis previouBiy propoSed

by manyinvestigat0＝・B，for exampie，Mano（195う，1956），

1う2
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Voront80V（1958），Kimura（1961），YoShino（1982）and Eud6

et ai．（1982），itiS found that the modei ot）tained from

thiS Study has foilowing characteristics：

1．The formation pZ・OCeSS from the appearance to the

diSapPearanCe Of coid air drainageis shownin detail．

2・Strong groundinversionlayer exiBts on the middie

Part Of the　81ope，and then coid air drainageis originated

in thisiayer．

う．The source area of coid air drainage transferS a

location toward the upward of the siope every draining・
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