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ABSTRÅCT  

1   1n order to elucidate the clirnat0loglCalandIneteOr0logl－  

cal characteristics of ＝buki and Suzuka Oroshi（local winds  
blowing on the Pacific side of CentralJapan），PreSSure Pat・  

terns on days with oroshiwere classified． They were divided  

into six patterns／and nurnbered ＝ to V＝． The occurrence rate  

Of ＝buki oroshi was high in patterns ＝ and V，and that of  

Suzuka Oroshiin patterns ＝＝，I＝＝，and ＝Ⅴ． The wind direcヒion  

at the 500rnb level was NW or WNW for 工buki oroshi and W for   

Suzuka oroshi．  

The occurrence probability of the maxirnum wind velocity  

WaS higherin the day tirne：14：00 t016：00 for ＝bukioroshi，  

and earlyin the rnorningI4：00 t0 6：00 for Suzuka oroshi． The  

OCCurrenCe rate for Fe）hn－1ike oroshi was 63％，but for Bora－  

1土ke o工OSh土′ Only 21宅．  

Using wind－Shaped trees as anindex，the Oroshi strearn－  

1ines were rnapped．   There are three rnain ＝buki oroshi  

Streamlines on the Nohbiplain：（i）a w wind in the northern  
Part Of the plain，（ii）a NW wind throughin the centralpar  

Of the plain，and（iii）a NNW wind along the three rivers on  

the west part of the plain． 0n the other hand，a NW wind  

OCCuPleS almost allreglOnS affected by suzuka oroshiin the  

＝se Plainlbut thereis a m to NNW wind along the Anou River．  

The strong■ Wind reglOnS aPPear at 8－10krn interval＄in these  
reglOnS．  The NW and NNW winds on the Nohbi plain are  

COnSidered to be caused by the effects oflee wave motion．  

Thelee wave rnotion effect was also confirmed by an anal・  

ysis of the wind conditions at surfacelevelJClassified by  
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Wind direction and velocity on top of Mt．1buki（equivalent to  

the 850mb level）． The height of the rnountains is about  

l／300mlWhich coincides with the height genera11y accepted as  

a suitable height forlee wave rnotion． cross－SeCtionalobser－  

Vations along the NW and NNW strearnlines of the Nohbi plain  

revealed that the strongest wind reglOnS OCCurred at 20－25如1  

intervals in the case of NW winds and at lO－15km intervals in   

the case of NNW winds． Al亡OCumulus lenticularis clouds often  

appeared at the upper level．  ＝t is also shown that the  

WaVelength becomeslonger as the wind velocity on ヒOP Of the  
mountain becomes stronger． The average wavelength of an  

Oroshiwas about14km′ When wind velocity was15m／s on top of  
Mt．＝buki． Thisis also roughly sarne to the world average．  
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CHAPTER ＝．＝NTRODUCT＝ON  

1．Aim of the present study  

Localwinds are the winds that occur under certain synop－  

tic conditions in particular regions surrounded by specific 

topography．  ＝n our country′ StrOng・local winds （called  
Oroshi）can be observed on the Pacific side of Japan on ヒhe  
days with the so－Called ‖west high and east lowL■ pressur  
pattern of the winter rnons00n． Nasu Oroshi／Tsukuba Oroshi  

and AkaglOroshiin the Kanto District，and Rokkて）Oroshiin  

the KinkiDistrict are examples．  

＝buki oroshi blow on the Nohbi plain and Suzuka Oroshi  

blow on the ＝se Plainin centralJapan． Generallylthelocal  

Winds are glVen the name of the rnountain on the windward side；  

hence，＝buki oroshiis the wind from Mt．＝buki and suzuka  

Oroshi，from the Suzuka rnountains．  

The Japanese island of Honshu is shaped frorn north to  

SOuthin a curve form，and the Nohbi and ＝se Plains are lo－  

Catedin a relatively nar工OW Part Of the main mountain ranges  
Of Honshu on thelee side of the winter mons00n・ Accordingly′  
it is shown that strong local winds would blow there in  

Wlnte工．  

The present study was carried out to elucidate thee 

Characteristics of ＝bukioroshiand suzuka oroshi． The lee  

WaVe rnOtion observed on the plains was compared with similar  

PatternS a110Ver the world and a con・Obtained a generalrule  
On the fallwind（Oroshi）on the plains at thelee side．  

ー1－   



2．Previous studies ofIJOCalWind   

（1） LocalWinds outsideJapan  

The most vell known local wind in the world is the F凸hn  
Of the AIpsin Europe．F凸hn can be classifiedinto two types：  

anticyclonic and cyclonic．The cyclonic type of Fe）hnis known  

to blow down thelee side slopes′ bringlng high ternperatures  
andlow hurnidity（Atkinson，1981：Yoshino，1975）． Fahn－1ike  

Winds blow on theJapan Sea side．chin00ks，Which blowin the  

SOuthwestern part of Canada and the western part of the U．S，A．  

（east of the Rocky Mountains），are also examples of local  

Winds with F凸hn effects．  

The Bora anticyclonic type has its blocking high over the 

＝berian peninsula and the cyclonic type hasits cut－Offlowin  
the upper area of the AIps． Both Bora bring strong’nOrtheast  

Winds to the Adriatic coast． Both of these winds are cold and  

dry．  The difference between F凸hn and Bora winds can be  
attributed to the main air rnass crossing over the mountain  

range：the forrneris caused by alow altitude air rnass and the  

latter by a high altitude air mass（Yoshin011976）．  

There are usually clouds over the mountain range on the  

Windward side when 亡hese winds blow． For example，the white  

Kapa clouds（cap clouds）○Ver the top of the Dinar AIps are  
sarne as the Fahn rnauer（f凸hn－Wall）or the Chin00k Arch．  
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（2） LocalwindsinJapan  
Manylocalwinds prevailinJapanIbecause of the coun－  

try・s shape，tOPOgraPhy and geographicallocation・The dis－  

tribution oflocalwindsinJapanis shownin Fig・1－1，Surnma－  

rized by Yoshino（1975）．  

TheJapaneselocalwinds are characterized by wind direc－  

tion，Which are roug・hly opposite on theJapan Sea side and the  

pacific side．Thatis，thelocalwinds on theJapan Sea side  

blow toward theJapan Sea and converselylOn the Pacific ocean  

side they blow towards the Pacific ocean・ Thisis caused by  
the different weather situation：the stronglocalwinds on the  

Japan Sea side blow when the cyclones are passingin theJapan  

Sea，andin contrast，the stronglocalwinds on the Pacific  

coasヒOCCur mainly during the winter rnons00n SeaSOn When an  

cyclones blow over Siberia and cyclones blowin the Pacific・  

3．Study Area   

（1） Situation on a GlobalScale  

Oroshi、，alocalstrong wind on the Pacific side of the  

Japanese islands, occurs on the fringe of the anticyclone 

formed over the Eurasian continentin winter as shownin Fig．  

1－2． Accordingly，the change in occurrence frequency of  

Oroshiin the Kanto Plain has a close relation to that of Bora  

blowingin Yugoslavia（Yoshino，1969：Yoshino′1987）． Both  

Bora and Oroshi occur in association with the outbreak of cold 

air frorn the anticyclone which develops on the Eurasian conti，  

nent． These are the Oroshiwinds over the Kanto Plain．  
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The suzuka and ＝bukioroshiunder consideration might have  

Similar characteristics because they both develop on the  

Pacific side of Honshu．  

According to a study by Tamiya（1976），the c01d p0lar air  

Outbreakin East EuropelWhichis as a trough on the weather  

rnap，is one of the necessary conditions for the creation of  

Bora. Another cold polar air outbreak in Eas.t Asia causess 

Oroshi・  The correlation coefficient between the monthly  

occurrences of Bora and Oroshi is significant in winter 

rnonths，eSPeCiallyinJanuary．  

＝t can be estimated that the suzuka Oroshi，＝bukioroshi  

and Bora have sirnilar tendencies，if we consider them on a  

mac工○－SCale．   

（2） situation on a Meso－SCale  

Kawarnura（1961）has previously studied local air flow′  
analyzing surfacelevelgradient wind directions in Hokkaid0．  

Kawamura（1966）has also reportedlocal wind systern in the  
CentralJapan by the same method．  

The oroshi occurs in association with the outbreak of  

C01d air frorn the Siberian anticyclonein winter as mentioned  

above． 0n the Pacific side in centralJapan from an oro－  

graphic viewpoint on a meso－SCale′ the wind system develops on  

the lee of the rnountain range of Honshu． Especiallyin the  

CaSe Of the ＝bukioroshilthe winter mons00n C01d air corning■  
from the Wakasa Gulf through t;he Sekigahara Pass prevails on 

the Nohbiplain，and Suzuka oroshiblow down crossing over the  

Suzuka rnountains on the ＝se Plain as shownin Fig．1－3．  
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CHAPTER ＝＝，SYNOPT＝C Am AEROLOG＝CAL ASPECTS OF OROSH＝  

1・Occurrence Frequency of oroshi  

Fig・2－1shows the occurrence frequency of the local  
Wind，the ＝bukiand Suzuka OroshilWhich over occurredin the  

Centralpart ofJapan every five－days mean for the past ten  

years． The period of observaヒion was the five months from  

November to March，during which time rnost oroshi could be  

Observed．  

The oroshioccurrences were marked as days when a maxirnum  

average wind velocity of over 8m／s were observed at Nagoya  

Meteor0loglCalobservatory and Suzuka oroshiat Tsu Meteoro－  

loglCalobservatory．A maximurn average velocity of overlOm／s  

WaS uSed as a reference．  

The upper part of Fig．2－1shows the nurnber of days with  

＝buki oroshi，the middle the number of days with Suzuka  

Oroshi，and thelower the number of the days with both ＝buki  

and Suzuka Oroshiobserved on the sarne day．   

（1） ＝bukioroshi  

The ＝bukioroshidays per five－days rnean have a tendency  

toincrease gradually frorn the beglnning of November，the 61st  

fivevdays mean／tO March，in the18ヒh five－days mean． The  

five－days rneansin which the ＝bukioroshitended to blow more  
than two days，Were the 6thJllth，13th and16th five－days  

rneans． The peak with 2．5 days was recognized in the llth  

five－days mean at the end of February． This tendency was  

Obvious on the days with a wind velocity overlOm／s． However，  
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Fig・2－1 0ccurrence frequency（number of days）of the maximurn  

average velocity over 8rn／s and over lOm／s（black part）of  
＝bukioroshion the Nohbiplain and suzuka oroshi on the ＝se  
Pla土n′1976－1985．  

A：Ibuki oroshi days，B：Suzuka oroshi days and c：＝buki  

Oroshiand suzuka Oroshion the same days  
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the rate of appearance waslow and only aboutlO％in the cas  

of strong wind days with rnore than a lOm／s wind velocity・  
However，in the observation period during・January through  

February′ Which corresponds to thelst－12th five－days rnean，  

there was a tendency such that the6th five－days mean had high  

rates of occurrence and decadalchange was relativelylarge・   

（2）Suzuka Oroshi  

The occurrence tendency of Suzuka Oroshi（shownin the  

middle par亡Of Fig．1－2）is different frorn＝bukioroshi・This  

tendency was resulted frorn changesin じhe pressure gradient  
and wind direction of the upper air layer，and diffe工ent  

geographicalfeatures of mountains on the windward side′ eVen  
though both oroshi blew on the nearby plains of the Pacific 

Ocean side． The five－days rnean，in which Suzuka Oroshi  

appeared at the highest ratelis frorn the middle of Decemberl  

the 69th five－days rnean，tO the beglmming of February／the Bth  

five－days mean・ The five－days meanin which Oroshiblew  
longer than two days was the6th five－days rnean・＝n the case  

of ＝bukioroshi，Only one five－days rnean was observed during  

this period. The peak of occurrence of Suzuka Oroshi is the 

7th five－days rnean， Showing 2・5 days・   HoweverJ the  

fluctuationislarge after this period and tends g・radually to  
decrease．  Suzuka Oroshi had more appearances than ＝buki  

Orosh土．  

For instance′ the periods in which ＝buki oroshi shows  
more than two days are only three five－days means；and for  
Suzuka Oroshi，One five－days mean，the 7th・ When average  

five－days means of rnore thanl・5 days are compared，＝buki  
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Oroshiappearin the 9th five－days rnean，mainlyin February  

and March，and suzuka oroshiappearin the14th five－days rnean  

frorn the end of December to March・  There is a higher  
frequency of suzuka oroshithan of ＝buki．   

（3） Both ＝bukiand Suzuka oroshiat the sarne Tirne  

＝n this part of the study，the frequency of simultaneous  

OCCurrenCe Of ＝buki oroshi and Suzuka Oroshi are analyzed．  

The average nurnber of days with both oroshioccurring sirnulta－  

neouslyisless than one dayin 50 from November to Decernber．  

From January, it increases slightly, appearing more than one 

and half daysin50 from thellth five－days mean at the end of  

February．However，this tendency does not continue for along  

time and the occurrence rate repeatedly g・OeS uP and down at  
intervals of one five－days mean． The rurming mean of the  

five－days meanindicates that there was a tendency of winds to  

appear frequently froIn the end of February to March，  

From the facts mentioned above，it becomes obvious that  

＝bukioroshi on the Nohbiplain appear frequently frorn the  

llth five－days rnean at the end of February through thelBth  

five－days mean at the end of March，and suzuka oroshi on the  

＝se Plain appear frequently from the 72nd five－days mean at  
the end of December through the 8th five－days mean at the  

beglnning of February． The suzuka oroshiappears at a higher  

frequency ヒhan ＝buki oroshi frorn November to March． The  

frequency of simultaneous occurrence of both winds is low，  

With an average of about one day for each five－days rnean． The  

rnain five－days means are frorn thellth five－days mean to the  

18th five－days mean．  
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2． Pressure Patterns of oroshi  

The oroshidays with a maximumaVerage Wind velocity over  

8rn／s were selected′ aS PreViously mentioned．These oroshipe－  

riods wereinvestigated for ten years from1976 t01985． The  

Selections of Oroshidays were 53 days for ＝bukiand 90 days  

for suzuka oroshiduring this period． The pressure patterns  

Of these143 days were classifiedint0 6 main pressure pat－  

terns． The days in which both ＝buki and Suzuka oroshi blew  

Were Classifiedin the same way． The main pressure patterns  

Can be further sub－Classified． Therefore，COmPOSite maps，  

which indicate topography and examples of pressure patterns at 

the surface during ＝bukiand suzuka oroshi′ Were COmPleted．  

＝n Fig．2－2，the pressure patterns during oroshiperiods are  

Shown・ According to the classification of the pressure pat－  
terns by Yoshino and Fukuoka （1967） and Yoshino and Kai  
（1975），alrnost all pressure patterns related to Ibuki and  

Suzuka oroshibelong to Type ＝ of their classification． Type  

＝is a typICal winter mons00n Pattern，the so－Ca11ed ‖west  

high and eastlow”type． ＝n this report，Type ＝ and similar  

PreSSure Pattern tyPeS Were further sub－Classified into six  

PatternS，from Pattern ＝ to Pattern V＝，based on the position  

Of cyclones and the developed anticy⊂lone over the Eurasian  
continent．  

Patterns ＝，＝＝ and ＝＝＝ were classified by thelatitudinal  

POSition of the cyclone though the center of the anticyclones  

OVer the continent located similarly in the neighborh00d of  

1200E．  
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The center of the cyclone in pattern ＝is located at  

roughly 350N off the coast of the Boso Peninsula． ＝n the case  

Of this pattern，theisobarsin CentralJapan run meridionally  

as a typICal‖west high and eastlow‖ type．  

However，in the case of Patヒern＝＝／the center of the cy－  

Cloneislocatedin the sea of Okhotsk，andit covers the area  

from Hokkaido to the northern part of Honshu． Such a situa－  

tion resultsin a tonguelike form of anticyclone over south－  

ern Kyushu．  

Pattern ＝＝＝ shows a developed cyclone over the northern  

Kuril＝slands． The pressure gradient over centralJapanis  

rnoderate，because the center of the cyclone in this type is  

located further north than in Patterns ＝ and ＝＝．  

＝n contrast to these typICalwinter pressure patterns of  

the ‖west high and east lowH type in patterns ＝ to ＝＝＝，  

Patterns ＝V to V＝ have a close relationship with Type ＝＝，the  

‖trough‖  type， aCCOrding to the pressure pattern  

Classification by Yoshino and Kai（1975）．  

The Pattern＝Vis a double－CyClone typein which cyclones  

are located between the northern part of Japan Sea and the  

SOuth－eaSt Part Of Hokkaid0．Therefore′ the pressure gradient  

in the neighborh00d of 1300E over the northern Korean  

Peninsula is steep，PrOViding strong westerlies in central  

Japan．  

Pattern V shows the cyclone passing along the pacific  

COaSt Of Japan． This pressure patternis a typICal11trough‖  

type． The cycloneislocated on the east side of Central  

Japan′ and theisobars run morein the north－SOuth direction  

in centralJapan．  
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Table 2－1Mean values of climatic elernents（A）in  
Nagoya on ＝buki oroshi days and（B）1n Tsu on  
Suzuka Oroshidays（1976－1985）．  

Patterns  Name of  Number  Frequency  Alr temperature  W土nd d土rec－  peak 9uSt  Preclpl－  

Statlon  Of days  （亀）   （Oc）  七土on   （m／s）  tat土on（m）   

Max．出エn．  

工   A   14   26．4   9．5  2．1   NW   10．4   0．8  

B   14   15．6   8．8  2．3   ⅣNW   10．4   0．1   

工エ   A   7   13．2  10．3  1．9   NW   10．5   0．1  

B   18   20．0   7．6  0．4   WⅣW   10．8   0．1   

Ⅰエエ   Å   5   9．4   6．7   －0．2   NW   10．3   0．0  

B   18   20．0   7．1  0．4   WNW   10．7   0．0   

工Ⅴ   A   10   18．9   9．5  1．4   WNW   10．9   1．3  

B   22   24．4   8．3  1．5   W   11．0   0．5   

Ⅴ   A   15   28．3  12．9  4．0   NW   10．7   3．5  

B   10   11．0  12．1  4．2   WNW   10．6   1．7   

Ⅴ工   A   2   3．8  15．5  6．3   WNW   10．6   8．5  

B   8   9．0   8．8  1．2   WNW   10．7   1．1   
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The pattern v＝ pressure pattern does not occur fre－  
quently, but the Suzuka Oroshi blows comparatively frequently 

Within this pattern・ This type coincides with the Type ＝＝  
‖trough－1by Yoshino and Kai（1875），Whichis a double－CyClone  

typelocated bothin theJapan Sea and on the pacific coast of  

Honshu．  

3・ The change of Climatic Elements on the Days with Oroshi  

As has been discussed，＝buki and suzuka oroshi blow not  

always on the same days or with the same frequency, in spite 

Of sirnilar fa11winds．＝n this parヒOf the study，the changes  

Of climatic elements at Nagoya and Tsu are described under the  

respective pressure patterns．・The results are shownin Table  

2－1．  

＝n this table，We have selected53 days with ＝bukioroshi  

frorn the period1976 t01985． ＝n contrast，the selected days  

With Suzuka oroshiunder the same conditions（maxirnum aVerage  

Velocity over 8m／s）was 90 days． This fact indicates that  

Suzuka Oroshi has a higher occurrence frequency than ＝buki  

Orosh土．  

＝n pressure pattern V，＝bukioroshioccurs at the highes  

rate：15 days，Whichis 28．3％ of the total． Thisis f01lowed  

by14 days for Pattern＝ and thenlO days for Pattern ＝Ⅴ． The  

OCCurrenCe frequency of Pattern＝is 26．4％，nOt rnuCh different  

frorn Pattern V． ＝n the case of pressure pattern V＝／rbuki  

Oroshihardly blows at all：Only 3．8％ of the time．  
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＝n contrast，in pattern ＝Ⅴ，the suzuka oroshiblows rnost  

frequently：33 days／Whichis 24．4％． Secondly，Patヒerns ＝＝  

and 工＝＝ have18 days respectively：20％．  

Based on these results, it is suggested that Ibuki and 

Suzuka oroshido not always blow under the same synoptic con－  

ditions． However，in the case of Pattern V＝，the so－Called  

‖double－CyCloneL．type′ the probability of simultaneous ＝buki  

and suzuka Oroshiis high． Under Patterns ＝ and V，＝buki  

Oroshi blow easily and in patterns ＝＝，＝＝＝ and ＝V Suzuka  

Oroshi． concerning pattern v＝′ the occurrence frequency of  

Suzuka oroshi was low（9．0％）and the pressure paヒtern is  

unusualarnonglocalwind pressure patternsin CentralJapan．  

The prevailing wind direction during the Oroshidaysis  

NW in most cases but it deviated to W on days with Suzuka  

Oroshi． For exarnple，in Pattern ＝V′ With the highest fre－  

quency of Suzuka Oroshi，the wind directionis wNW for ＝buki  

and W for Suzuka oroshi，  

The maximum wind velocity during these pressure patterns  

does not change widely′ because the values shown are the mean  
values of the blowing days． ＝n the case of Pattern ＝Ⅴ ＝buki  

and Suzuka Oroshiblow with high velocity on the sarne days，  

especiallyin the case of Suzuka Oroshiwhich produces a west－  

erly wind of up t011．Om／s．weak precIPitationis seen on the  

days with oroshiin this pattern・ This tendency can also be  
seenin pattern V；We found 3．5mm of precIPitationin Nag■Oya  

andl．7rnmin Tsu． 0n the days with ＝bukioroshiin the case  

of Pattern V＝，muCh precipitation（8．5mm in Nagoya）was ob－  

served． This rnight be caused by the cyclones accornpanylng  
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fronts situated not only on 亡he Pacific side but alsoin the  
Sea of Japan．  

Next，the upper wind strearn is considered for these  

PreSSure PatternS・Fig・2－3 shows the topography of the 500mb  

levelnearJapan for the respective pattems・ The arrowin  
the figure shows the upper wind stream in central Japan, which 

was estirnated from wind directions at wajirna and Harnada at the  

500mbleveland which rnay relate to＝bukiand Suzuka Oroshi・  

Pattern＝′in which ＝bukioroshioccur 26．4％ of the tirne  

has a low pressure region in the eastern part of Hokkaido. 

Accordingly，a NW wind prevails over the area studied・ This  

direction coincides with the wind direction of ＝bukioroshi．  

Pattern ＝＝，Suzuka oroshimentioned above・1tis underst00d  

that the windis vi0lent because theisobars of the upper wind  

stream over westernJapan run closely for thelow pressure not  

onlyin the eastern part of Hokkaido but als0 0Ver theJapan  

Sea．A troug・his developed westward cornpared to Pat亡ern＝ and  

located around1300E． The wind directionin the upper airis  

Win centralJapan・ ＝n the case of Pattern ＝＝＝lWeSterlies  
meander and a trough is developed near 1250E from the Sea of 

Japan to the East China sea・ Thus the upper wind stream of  
Central Japan is westerly at surface level. There is a  

tendency for Suzuka oroshi to blow at a high frequency and for 

＝bukioroshito blow at alow frequency when the upper wind  

streamis westerly－ The occurrence percentage of ＝bukioroshi  
in pattern ＝＝＝ was only 9．4％．  
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Among these groups of pressure patterns，it is obvious  

that Pattern＝Ⅴ，Which has both a high percentage of ＝bukiand  

Suzuka oroshi occurrences，Shows the rniddle pressure field．  

Low pressureis foundin the eastern part of Hokkaido and a  

WNⅥ■ troughindicates the wind direction of patterns ＝，＝＝，and  

＝＝＝． As shownin Table 2－2，the WNW wind direction of ＝buki  

Oroshi for Pattern ＝V shows a sirnilar wind direction at the   

500mblevelto that of Suzuka Oroshi（W）．  

The characteristic pressure field at this point is dense 

isobarsin the northeastern part of Japan and at Kant0． The  

axis of westerlies is situated further north in pattern ＝＝＝  

thanin pattern ＝Ⅴ． AccordinglyJa trOugh develops at around  

1450E and this is further eastward than in the previous  

pressure pattern groups． ＝buki・Oroshioccurs with the highest  

frequency（28．3％）in patternIV．  

＝n Pattern V＝，Which has a low occurrence frequencyJ a  

low pressure systern under 5，100rnislocated on theJapan Sea  

and a troughis developed around130OE・ For this reasonlthe  
direction of the upper air in Cen亡ralJapan is WSW and a  
slight southerly wind factoris observed■  Almost no ＝buki  
Oroshi could be observed and the occurrence percentag■e Of  
Suzuka Oroshiwas only 9％in this pattern．  

As a resultIit is obvious that ＝buki oroshi tends to  

blow when the wind direction on the windward side at the 500rnb  

levelin CentralJapanis NW or WNW．The occurrence frequency  

of suzuka Oroshi is high when the wind direction is due west. 

The upper wind strearn was WNW（Pattern ＝Ⅴ）when ＝bukiand  
suzuka Oroshi were blowing at the same time. The location of 

the trough at the 500Inblevelis1400E or eastward by the  
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＝buki oroshi and1400E or westward for the Suzuka Oroshiin  

most cases． when a trough develops at1400E′ the occurrence  

frequencies of ＝bukiand Suzuka become high・  
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CHÅPTER ＝＝＝．CL＝MATOLOGICAL CHARACTER＝ST＝CS OF OROSH＝  

1．Du工at土on  

We have discussed pressure fields and occurrence frequen－  

cies of ＝bukiand Suzuka Oroshi． ＝tisinteresting to discuss  

when oroshiblows strongly and howlongit will continue・  
Using the data c01lected by Nagoya and Tsu Meteor0log・1Cal  
Observatories when Ibuki oroshi were blowing on the Nohbi  

Plain and suzuka Oroshion the ＝se Plain，We analyzed the time  

of occurrence of the st工OngeSt and longest lasting winds  
（Owadalet al．1978）． Concerning ＝bukioroshi，We added and  

analyzed the data from the weather station on the windward of  

Ml∴ 工buk土（1′377m）．  

（1） ＝bukioroshi  

Using the data observed at the Mt. Ibuki Weather Station, 

we selected185 days with＝bukioroshi．The conditions of se－  

lection were as f01lows：The rnaximum wind velocity was over  

20m／s at the Mt．＝bukiWeather Station and the range of wind  

direction was N－W． The wind velocity of 20m／s at the Mt．  

＝buki corresponds t0 6－7m／s at the Nagoya rneteor0logical  
Observatory・ Table 3－1shows the occurrence frequency of the  
tirne of maximurn rnean wind velocity for ＝bukioroshidays．  

First of all，the Oroshiwith the highest velocity at Mt．  

＝buki occurs in the daytime from 14：00 t0 16：00．  This  

tendency was the sarnein NagoyaJlocated on theleeward・  
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Table3－1 The frequency of occurrence of peak mean  

wind velocity for lbuki oroshi days at the Mt・  
＝bukiWeather station（1377m），1964－1972．  

J．S．で．   Frequency  

Mt．工buk土   Nagoya   

0       2   14   2   

2       4   17   3   

4       6   10   2   

6       8   11   0   

8   － 10   12   4   

10   － 12   8   18   

12   － 14   19   43   

14   － 16   38   73   

16   － 18   8   21   

18   －  20   20   4   

20   －  22   15   8   

22   －  24   13   7   

Total   185  185   
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However，the time on Mt．＝buki was uncertain in comparison  

With thatin Nagoya．  

The reasonis attributable to the height at the Mt．＝buki  

Weather Station（1，377m），Situated alrnost at the 850mblevel・  

工t might be that the field on a synoptic scale could belarger  
亡hanin thelocalcirculation system at thislevel（Yoshino′  
1978）． For this reason，We COuld not observe any rnaximurn  

arnong the Oroshioccurrences・They occur not onlyin the day－  
tirne′ but alsoin the evening．  

However，thereis a striking rnaximurn at14：00～16：00 0b－  

SerVed in Nagoya， The occurrence frequency from lO：00 t0  

18：00is more than 80％ on73 daysJPeak gust velocities were  
observed between14：00 t016：00，Whichis more than 40％． The  

＝bukioroshion the Nohbiplain are effected not only by the  

PreSSure gradient on the synoptic scale but also bylocalcy－  

clones forrnedin the daytime on the Nohbi plain because of  

rising ternperatures． Theincreasing pressure difference be－  

tween the top of the rnountain and the plain creates stronger  

工buk土 Orosh土．  

The frequency of the duration of ＝bukiOroshiis glVenin  

Table3嶋2．＝t seldorn stops within 4 hours and on averagelit  

continues to blow for16 hours． The rnost common frequency of  

duration of ＝bukioroshiis12 t016 hours； 37 days． The 2nd  

most common tirneis 4 t0 8 hours． ＝t depends on the velocity  

of the cyclone or double－CyClone．When the upper wind stream  

westerlies rneander and the cut－Offlow occurs in succession in  

the Sea ofJapan，the blowing continues for 60 t0 70 hours（2  

亡0 3 days）．  
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Table 3－2 The frequency of occurrence and duration  

hours of ＝buki oroshi with maximum rnean wind  

Velocity over 20rn／s at the Mt． ＝buki weather  

Station（1377rn）11964p1972．  

Duration hours   Frequency   

0       4   0（days）   

4      8   3。0   

8   － 12   28   

12   － 16   37   

16   －  20   29   

20   －  24   17   

24   －  28   10   

28   －  32   6   

32   －  36   2   

36   －  40   3   

40   －  50   2   

50   －  60   4   

60   －  70   1   

Total   169   
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（2） suzuka Oroshi  

The occurrence frequency of the rnaximum mean Wind veloc－  

ityis shownin Table 3v3・In the case of the suzuka Oroshi，  

there is n0 0bservation data on the windward of the moun－  

tainous districtIthe suzuka mountains，S0 0nly the data from  

the Tsu Meteor0loglCalobservatory was used， The observation  

Period was the4years from1970 t01973，and the days with a  

rnaxirnum wind velocity of more ヒhanlOrn／s were chosen．  

＝t is observed frorn Table 3－3 that the occurrence dura－  

tion of Oroshiwith maximumWind velocity does not show any  

remarkable characteristics， aS WaS the case with suzuka  

Oroshi．However，When wel00ked for a trendlthe rnaximum wind  

Velocities were found mainlyin the early mornings．The high－  

est frequency of occurrence was observed between 6：00 and 8：00  

（9 0CCurrenCeS），but thereis only a srnalldifference before  

Or after this period．The frequency of occurrence observed at  

4：00 t06＝00 and 8：00 t010：00is 8． The occurrence percent－  

age from 4：00 t010：00is rnore than 50％． ＝t becornes obvious  

that the rnaximurn velocityis not always observed at the time  

Of the highest ternperature・ ＝tis considered thatlocalcy－  
Clone formation by theincreasing temperature effectis weak  

On the ＝se Plain． The axis of strongerlee wave motion which  

is characteristicin the air－flows crossing over the mountain  

range［does not coincide with thelocation of Tsu rneteor0logl－  

Calobservatory on any occasion． ＝t willbe mentionedlater  

in a detailed survey of wind distribution．  

ー26－   



Table 3－3 The frequency of occurrence of rnaximum  

rnean wind velocity for Suzuka oroshi days at the  

Tsu Meteor0loglCalObservatory，1970－1973．  

J．S．T．   Frequency   

0       2   2（days）   

2       4   2   

4       6   8   

6      8   9   

8   － 10   8   

10   － 12   2   

12   － 14   4   

14   － 16   2   

16  － 18   2   

18   －  20   2   

20   －  22   4   

22   －  24   8   

でOtal   53   
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Table 3－4 The frequency of occurrence and duration  

hours of suzuka oroshi with maxirnum average  

Velocity over lOm／s at Tsu Meteor010glCal  

Observatory′1970－1973．  

Duration hours   Frequency   

0      10   2（days）   

10      14   5   

14     18   6   

18      22   12   

22      26   9   

26      30   2   

30      34   3   

34      38   4   

38      42   3   

42      46   2   

46      50   2   

5054  2  

88  1   

でOtal   53   
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Continuous duration of suzuka oroshiis shownin Table 3－  

4． The highest frequency of duration was18 t0 22 hours and  

it occurred12 times． There was an exceptionaloccurrence of  

an 88 hour Oroshi．  

2．Bora－1ike and F凸hn－1ike oroshi  

As mentioned previously, the Bol--a blows on the Adriatic 

COaStin Yugoslavia andis strong and c01d． The Fahn blowsin  

the AIpsin Europe and has a warrn′ dry wind． These tw0local  

Winds are underst00d as different phenomena．   Therefore，  

Oroshiis a Bora phenornenon，aCCOrding■ to the definition by  

Yoshino（1976）：a Bora－1ike oroshiis a local wind where air  
ternperature drops after the beg■1nning，and a Fe｝hn－1ike Oroshi  

is alocalwind where the air ヒemperature rises after the be－  
glnning of oroshi． These ternperature changes can be observed  

a亡 亡he f00亡 Of  

工n 亡hls   

Oroshi on the   

features or   

Meteor0loglCal  

analyzed wind   

the leeward of the rnountain．  

Part Of study we willinvestigate whether the   

Pacific side of centralJapan have Fe｝hn－1ike  
Bora－1ike features．   Data frorn the Hikone   

Observatory was used． 0n an hourly basis we  

direction，Wind velocity and ternperature′ Which  

WaS reCOrded by automaticinstruments．The analyzed periodis  

the 4 years from 1970 t0 1973．  We used data frorn Tsu  

Meteor0loglCalobservatoryin order to elucidate the changein  

Climatic elernents before，after and during the oroshi．  
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Table 3－5 The frequency and classification of the three types  

Of Oroshidays at Tsu Meteor0loglCalobservatory during the  

Winter rnons00n SeaSOn11970－1973．  

Types   Patterns   FrequencY   でOtal   

A   7（days）   
Bora  9  

B   2   

A   8   

F6hn  26  

B   18   

Bora and 

A   6   6   

Fとうhn  

、Total  41   
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（1）classification of oroshiType  

Table3－5 shows oroshitypes classified by the chang・eS Of  

Wind and temperature before and after the occurrence of  

Oroshi・ The Fahn typeis defined as occurring when the tern－  
Perature risesIaS rnentioned above・  But the temperature  
Change before and after the oroshiis so cornplicated that we  

Classified this typein detail． We defined F凸hn Type A as  

that Fahn phenomenon which continues frorn the beglnning of  

Oroshi．F凸hn Type Bis that Fe）hn phenomenon whichis observed  

from the beglnning of Oroshi；but after one or two hours the  

temperature decreases． The most frequent occurrence type  

among Fe〉hn Type A and Bis F凸hn Type B′ With18 0CCurrenCeS  
registered． F凸hn Type A registered 8 0CCurrenCeS，Whichis  

Only 31％ of the two F凸hn types． ＝n totalwe observed 26 F6hn  

type occurrences，Which accounted for about 63％ of alloroshi．  

The Bora type occurredin only 9 cases andit t00k 21％ of  

the total． The Bora type Oroshidoes not occur s0 0ften． The  

type of Bora are classified as follows：in Bora Type A，the  

temperature starts to decrease s亡eadily before the beglnning  
Of oroshi． ＝n Bora Type B，the ternperature increases one or  

two hours after the Oroshi starts． Bora Type A has the  

highest frequency among types of Bora andit amounted t0 78％．  

Thereis another type whichis classified as neither Fるhn  
nor Bora type． This type was observedin only 6 cases andis  

termed the Fど〉hn － Bora Type． ＝n this type oroshi that al－  

ternately displays F凸hn－Bora characteristics．  

This typeis common when the Oroshiis neither F6hn nor  

Bora type．  
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＝n the next section typICal types are described in  

greater detail．   

（2）TypicalFahn Type and Bora Type Cases  

A typICalF凸hn type caseis shownin Fig・3－1・The upper  
Part Of this figure shows the change of wind direction and  

Velocityin terrns of tirne and thelower part shows temperature  

Change・ Diurnalvariation of the air ternperature at Hikone  
（broken line） on the leeward are shown in relation to  
ternperature・ The chain line represents the normal diurnal  
Variation of the temperature curve（rnean of normaldays from  

1970 亡01973 土n w土n亡eご）．  

Wind velocity started toincrease greatly at about 3：00．  

The velocity was only aboutlm／s at 3：00 and reached 6m／s at  

4：00 and 9m／s at 5：00． This rneans that suzuka oroshi had  

Started to blow and the wind direction changed to westerly．  

The temperature at Tsuincreased rapidly， That is，the air  

temperature at 3：00 was about4＝Oc andit rose to nearly 90c at  

4：00． This means that the temperature rose 50c onlyin the  

hourlWhichis caused by the F亡）hn effect． Firs亡，temPera亡ure  

decreased／aCCOmPanied by a decrease of wind velocity′ and  
after that it showed rising trend again until the highest 

ternperature occurrence． The same trend was observed at Hikone  

Meteor0loglCal observatory and in the diurnal variation of  

temperature curve（chainline）．  

A typICalcase of the Bora typeis shownin Fig．3－2． ＝n  

the case of Bora－1ike oroshi，a raPid change of ternperature  

CannOt nOrmally be observed．Thisis quite different frorn the  

CaSe Of Fe）hn－1ike oroshi． The case on october 22 in1972 is  
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Shownin Fig・3－2・ The temperature was 21Oc at Hikone at  
6：00・ Howeverlthe wind velocity began toincrease at 8：00  
and reachedlOrn／s a亡12：00．The temperature began to decrease  

in association with thisincreasein wind velocity and crossed  

OVer the diurnalvariation curve atlO：00・ The highest tem－  
Perature WaS Observed at14：00 and it decreased t017．50c．  

Thisindicates that the air ternperature was 2．50clower than  

the air ternperature recorded before the Suzuka oroshi， The  

temperature change at the time of the highest temperature dur－  

ing the daytirne moved against the diurnalvariation curve was  

Observed after16：00，aCCOmPanied by a decreasein wind veloc一  

土亡y．  

The types of Oroshi discussed above are complicated and 

are therefore further subdivided as shown in Table 3－5． The  

CaSe（Fig．3－3）shown hereis when both the Fと）hn and Bora type  

OCCurred on the sarne day． The ternperature rose 30c at the  

time of the Suzuka oroshi at 23：00－24：00 and it indicated a   

Fと）hn－1ike Oroshi． However，a temPerature decrease was ob－  

SerVed frorn 6：00 when the wind became gradually strong■er． The  

air ternperature could be expected to increase at this time′  

buヒins亡ead′ the air temperature decreased t0 60c from 6：00 t0  

10：00． We can observe in this case that both F凸hn Type and  

Bora Type Oroshiare seen on the same day・  
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Fig．3－3 Changes of the wind direction′ Wind velocity（m／s）  

and air ternperature at Hikone and Tsu during the occurrences  

of the Bora and Fe｝hn－tyPe Oroshion February7－8，1970． S01id  

line：Tsu，brokenline：Hikone，and chainline：nOrmaldiurnal  

Variation of ternperature curve aヒ Tsu・  
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CHApTER 工Ⅴ．AVERAGE D工STR工BUT工ON OF OROSH工  

1．Study Method  

We have discussed the data of Nagoya and Tsu  

Meteor0loglCalobservatoryin order to see the difference be－  

tween ＝bukiand suzuka oroshi． However，alocalwind does not  

always blow in the same wind direction and velocity in any   

glVen area・  

工n this chapter we clarify the wind direction and the  
force of wind on the Nohbi and ＝se Plains，Where ＝buki and  

Suzuka Oroshi blow． There are quite difficult problems in  

Obtaininglong term wind data．Even whenlong series data can  

be obtained，they contain varylng degrees of accuracy，SOit  

is hard to get data on wind at many points． Wind－Shaped trees  

are usedin rnany casesin order to s0lve this problem暮  ＝n  
this study，the winter wind－Shaped trees at the Nohbiand ＝se  

Plains areinvestigated′ because both Suzuka and ＝bukioroshi  
arelocalwinds blowingin winter．  

2．＝bukioroshion the Nohbiplain  

（1）study Area  

The NohbiPlainis alarge plain of aboutlI800 kmZ and  

is located on the■leeward of a narrow part of Honshu． 1n  

winter it is subject to a mons00n（west high－eaSt low）  
pressure pattern as shownin Fig・4－1・The NorthernlEastern  
and Western part of the Plainis surrounded by rnountains and  

the Southern Part faces ＝se Bay．  The ＝buki and Suzuka  

Mountains are on the west side and the sekigahara pass is  

located on between． ＝bukioroshiis apt t0 0rlglnate frorn the  
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Fig・4－1The wind observation area estimated from the windN  
shaped trees of the strong Oroshiregions on（A）Nohbiplain  
and（B）＝se Plain，CentralJapan・  

（A）＝bukioroshiarea as shownin Fig・4－213 and（B）Suzuka  
oroshiarea shownin Fig．4－4，5・  
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Sekigahara pass・Three riversInamed the Kiso，the Nagara and  

the＝biin the northern part of 亡he mountainous reglOnS，flow  

down to ＝se Bayin the western part of the Plain． This area  

forms one passage for ＝bukioroshito blow through．   

（2）strearnlines of ＝bukioroshi  

The prelirninaryinvestigation was carried outin March，  

1973 and1974，in october，1974 andin March，1975（Owada，  

1976）・There were aboutlOO observation pointsin the Nohbi  
Plain・Autornobiles were used as mobile observation，laborato－  

ries withinstrurnents at the observation points．A clinometer  

WaS uSed to measure the direction of the wind－Shaped trees and  

deformation scale was record for each trees．  

The kinds of trees investigated were mainly Akarnatsu  

（Pinus densiflora） and Kuromatsu （Pinus Thuzbergii）．  

Kurornatsu is dorninant in centralJapan．  This is because  

Kurornatsu has resistant power to damage by salty wind．  

Fig．4＝－2 shows the distribution of wind direction of  

＝bukioroshiobtained by theinvestigation rnethod rnentioned  

above・ The main starting point of ＝bukioroshion the Nohbi  
Plainis not always at sekigahara（located at the narrow part  

between the ＝buki and  

the ＝bi River，Which  

the ＝buki mountainous  

northernmost part，is  

rection on the rJohbi 

north westerlies from  

Can be observedflowing  

Suzuka Mountains）．The upper strearn of  

COrreSPOnds to the narrow part between  

reg■10n and Mt．MikuniJlocated at the  

another starting point． The wind di－  

Plainis mainly NNW andit〕Oins with  
Sekigahara pass． However，a Streamline  

eastwards along the upper stream of the  

Kiso River・ Streamlines that flow together are dividedinto  
two wind flows・Oneis the wind to ＝se Bay along the three  
rivers，Kiso River／＝biRiver and Nagara River on the west  

Side of the plainland anotheris where the wind direction  
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Fig．4－2 The strearnlines of prevailing wind′ aS eStirnated by  

the wind－Shaped trees observed at about lOO points on the  

Nohbl pla土n．  
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becornes NW at the centralpart of the plain and proceeds to  

Nagoya．Thelocation of the Nagoya Meteor0loglCalobservatory  

is within this northwesterly strearnlines．  These results  

demonstrated that the strearnlines of ＝buki oroshi show three  

main air flows；WeSterly winds blowingin the northern part of  

the plain，nOrthwesterly winds blowingin the centralpart of  

the plain and north－nOrthwesterly winds blowing south along  

the three rivers on the west side of the plain． NextIWe  

discuss the velocity of the winds．   

（3） Distribution of Grades of Wind－Shaped Trees  
Fig．4－3indicates the grade distribution of the wind－  

Shaped pine trees［Kuromatsu（Pinus 弛unbergii）． Those were  

investigated by owada and Kushioka（1977），Which are included  

in this figure．  

The strong wind reglOnS OVer Grade 3．O are foundin the  

upper streams of the ＝bi River in the northern part of the  

Plain and around Motosu and Miyama at the Neo River，Whichis  

a branch of the ＝biRiver． Hozuml，On 亡he left bank of the  

l Nagara River and Kakamlgahara，On the right bank of the Kiso  

River are als0 0Ver Grade 3．0．  At Tarui a part of the  

Outbreak from the sekigahara pass t0 0gakilitis over Grade  

3．0． The area frorn wanouchito Hirata along the ＝biRiver and  

the area from Tatsuta to Nagashima in the area of the Nagara 

River and the ＝biRiver are reglOnS that are over Grade 3．Oin  

the western par亡 Of the plain．streamlinein the centralpar  

Of the plain／there are widely distributed strong wind reglOnS  

OVer Grade 3．O along theleft bank of the Kiso River．  

The stronger wind reglOnis concentratedin the northern  

Part Of the plain． Both the upper stream of the ＝biRiver，  

Whichislocated at the narrow part between the lbukirnoun－  

tainous reglOn and Mt．Mikuni／and the upper stream of the Neo  
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Fig・4：－3 Distribution of grades of wind－Shaped treesin the  
StrOng■ ＝bukioroshireglOn On the Nohbiplain．  
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River（Fig．4－2）are over Grade 4．0． The mean wind velocity  

is estimated as rnore than 5．5rn／s by the experimentalequations  

Obtained by Owada（1976）by grading wind－Shaped pine trees  
Karamatsu （Larix l卑ptOlepis）in Hokkaido in relation to  
monthly rnean wind velocity（rn／s）．  Around Ogaki，in the  

downstream area of the three rivers and in the left bank  

reglOn Of the Kiso River，the mean wind velocityis estimated  

to be over 5．O m／s．  

Weak wind reglOnS under Gradel．5 are seen between each  

Of the st工Ong Wind reglOnS． They are distributed at roughly  

equalintervals along the rnean strearnlines．Thisis caused by  

the occur工enCe Of lee waves which orlglnate by the wind  
CrOSSing over the rnountain． The upward components of thelee  

WaVeS are Weak on the surface and the downward components  

strong． The phases of the estirnatedlee waves are different  

from reglOn tO reglOn，but roughly speaking，the average  

distanceis 8－10km along the NW streamline from Sekigahara to  

the central part of the plain・ Suchlee waves have been  
observed in many regions in the world which have mountain 

ranges running long and straight and having a water surface or 

plains on theleeward・The casein the Nohbiplain coincides  
roughly with the world figures’sumrnarized by Yoshino（1975）・  

3．Suzuka Oroshion theIse Plain   

（1） Study Area  

As shownin Fig．4－1，the＝se Plainis separated from the  

large Nohbi Plain by the Yohro mountains and stretches from 

north to south．The east side of the plain faces ＝se Bay，and  

the Suzuka Mountains are to the west． Mt．Ryozen（1IO84 m），  

Mt．Gozaisho（1，210 rn）and otherl，000 mlevelmountains are  

parヒOf the suzuka Mountain range・The distance frorn the f00t  
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of 亡hese mountains to＝se Bayis15－20krn・However（the Suzuka  
River flows frorn the suzuka Mountains northeast on to the  

northern part of the plain，and the Anou River flowsinto ＝se  

Bay on the centralpart of the plainlnOrth of Tsu，   

（2） Streamlines of suzuka Oroshi  
Theirrvestigation was carried outin ReglOn B，Shownin  

Fig．4－1，rnainlyinJanuary，Septernber and November in1975  

（Owada and Harada′ 1978）． At about 65 points，Observa亡ions  

Were Carried out． The trees investigated were plne treeS On  

the Nohbi plain： Akamatsu（Pinus densiflora）and Kurornatsu  
くP土nus Tわunber如i）．  

Fig．4－4 shows the strearnlines of Suzuka Oroshi，eSti－  

mated by analyzing wind－Shaped trees on the ＝se Plain． suzuka  

Oroshi is considered by local people as a westerly wind 

CrOSSing over the suzuka Mountains． However，nOrthwest winds  

blowing over Mt．Nasugahara and the suzuka Pass southeastwards  

PreVailon the eastern f00t Of Mt．Suzuka，Where the Suzuka  

River and the Anou River flowinto ＝se Bay．  

Locally′ the winds around Kabutogoe do not flow along the  
Valley，but tend to blow over Mt．Nasugahara．  Thi s wind 

St工eamS SOuthwards along the Anou River，PrOCeeding to Tsu  

City・  However／the western par亡 Of this wind reglOn is  
affected by small hills and the wind direction tends to move 

SOuth－WeSヒWards・ The Meteor0loglCalobservatory is located  
Within no工thwest wind reglOn Of the suzuka oroshi．   ＝n  

COntraSt tO these reglOnS，WeSt Winds can be observed 7－8km  

inland frorn ＝se Bay along the suzuka River on the northern  

Parヒ Of the plain． They are northwest winds on the coast．  

This can be underst00d as the effect of neighboring topography  

On the ＝bukioroshiblowing on the Nohbiplain， Next，We  

discuss the wind velocity．  
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Fig・4－4 The streamlines of prevailing・Wind，aS eStimated by  

the wind－Shaped trees observed at about 65 points in the  

StrOng Suzuka oroshireglOn On the＝se Plain．  
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（3） Distribution of Grades of Win⊂トshaped Trees  
Fig．4－5 shows the distribution of grades of wind－Shaped  

trees on the ＝se Plain． The strong wind velocity reglOnS Can  

be seen by the distribution of Grades of wind－Shaped trees．  

The regions are a）from the suzuka Pass to the south－eaS亡Wards  
reg－ion，b）the area frorn Karneyama to Mukumoto for about 5krn on  

theleeward of Suzuka Pass，C）the area along the shore of the  

SOuthern par亡 Of Suzuka City and d）the surrounding area，Of  

Which the city of Tsuislocatedin the center． These reglOnS  

are Grade 3．0 0n mOre．1n the northern part of Mukurnoto，an  

area 3krn southwest of Tsu City andin the srnallcoastal area  

SOuth of Asuma，Grade 3．5is seen． These strong wind reglOnS  

are distributed at certain intervals and in between there are  

Weak wind reglOnS under Grade 2．0．   This phenomenon is  

COnSidered to be caused by the effect of lee wave motion，  

CrOSSing over the mountains．Thisis similar to the phenomena  

rnentioned previously on the Nohbiplain． The phases of these  

lee waves are about  6－10krn on the  ＝se Plain．  Tsu  

Meteor010glCalObservatoryislocated within this strong wind  

reg●10n■  

4 Sumrnary of Chapter ＝Ⅴ  

＝n this chapter an atternpt was made to classify the wind  

direction and force of the ＝buki oroshi on the Nohbi plain and  

Suzuka Oroshion the ＝se Plain． using the wind－Shaped trees  

as an index，the streamlines of oroshi were clarified． The  

kind of wind－Shaped trees investigated are mainly Akamatsu  

（Pinus densiflora）and Kuromatsu（Pinus Thu皿bergii）．  

The results obtained are sumrnarized as f01lows：  

（A） There are three rnain ＝bukioroshi streamlines on the  
Nohbi plain：  
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Fig．4－5 Distribution of grades of wind－Shaped trees in the  

StrOng Suzuka oroshireglOn On the ＝se Plain．  
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（i） a w windin the northern part of the plain，（ii）a NW  

Wind through 亡he centralparヒ Of the plain，（iii）a NNW wind  

along the three riversin the west parヒ Of the plain．  

The strong wind regLOnS rnOVe along the ＝biRiver in the  

northern part of the plain′ arOund Motosu and Miyama at the  
Neo River，Hozumion theleft bank of the Nagara river，and  

Kakamlgahara on the right bank of the Kiso River． The areas  

from wanouchito Hirata along the ＝bi River，frorn Tatsuta to  

Nagashirna in the area of the Nagara River and the ＝bi River  

are the strong wind reglOnSin the west part of the plain， ＝n  

the centralpart of the plain，thereis a strong wind reglOn  

along theleft bank of the Kiso River．  

（B） The rnain suzuka oroshistrearnlines prevailon the  
＝se Plain：（i） NW winds，blowing over Mt．Nasugahara and the  

Suzuka pass southeastwards′ PreVailon the eastern f00t Of Mt．  

Suzuka，Where 亡he Suzuka River and the Anou River flow into  

＝se Bay，and（ii）IJOCally，the wind flows rnainly southwards  

along the Anou riverIPrOCeeding to・Tsu City． However，the  

western part of this wind region is affected by small hills 

and the wind direction tends to move southwesヒWards．  

The strongest wind reglOnS Orlglnatein the Suzuka pass I   

and rnove southeast；from Karneyarna to Mukumoto′ Whichis on the  
leeward of the suzuka pass，tO the area along the shore of the  

SOuthern part of Suzuka city；and to the surrounding area of  

Which Tsu Cityislocated at the center．  
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CHAPTER V． LOCAL STREAML＝NES CLASS＝FIED BY GRAD＝ENT W工ND   

D工RECT工ON  

We are trylng tO analyze the winds on the NohbiPlain， l   

because we think that the Oroshi streamline by gradient wind 

direction changes at the surfacelevel．   

1．Data and Method of classification  

There is little data from meteor0loglCal stations con－  

cerning the windin these Oroshiareas． 0bservations have  

been carried out for along time only at the NagoyaJGifu，Tsu  

Meteor0log・1Cal observatories as well as at ＝rago Weather  
Station and Mt．＝bukiweather Station． We can also use data  

frorn AMeDAS andlocalFire Deparヒments．This g■1VeS uS a tOtal  

of abou亡 30 regionalobservation points on the Nohbi Plain  
frorn the northern part of the ＝se Plain to the chita and  

Atsurnipeninsula． This obse工VationalreglOnis shownin Fig．  

5－1． The analyzed period was three years from1979 t01981  

and onlyin winter the mons00n Oroshioccurred（5－2～9）・ The  
data previously selected took the days the oroshi occurred and 

are divided by a rnean wind velocity of over15 rn／s． The data  

were also taken hourly wind direction and wind velocity  

recorded by the autornaticinstruments．The reason we selected  

a rnean wind velocity of over15 m／s at Mt．＝buki weather  

Station was that the mean wind velocity of the Nagoya  

Meteor0logicalObservatoryis over 5m／s．The day with oroshi  

occurrence was not only determined by t・he wind velocity but  
also by the range of wind direction／Which was determined from  

north to west， Other wind directions（easterly and southerly）  
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Fig．5－1 Distribution of observation stations used in this  

Study and topography of the Nohbiplain，CentralJapan．  
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Which were often observed at the tirne trough or front was  

PaSSing，Were eliminated． The number of selected Oroshidays  

WaS 53． The days of Oroshi occurrence were classified by  

Surfacelevelgradient wind direction（NⅣW，NW′ Wm，and W），  

2．Distribution of wind Direction at the surfaceIJeVel   

by Gradient wind Direction  

The streamline at the surface level， When the wind  

direction on Mt．＝bukiis Nm，is shownin Fig．5－2． ＝t is  

Classified into four classes by wind velocity．  Mt．＝buki  

Weather station is roughly equivalent to the 850mb level，  

because the difference of wind velocity at ヒhe 850mb level  
affects wind direction and velocity at the surfacelevel．  

However，aS is obvious from Fig．5－2′large difference  

CannOt be observedin wind direction． we find only that the  

Strearnline fluctuation is larger at the surface level，When  

Winds at the 850mblevelare weaker．For example，in the case  

Where the 850mblevelwindis over 21．O m／s，nOrthwest winds  

Can be observedin almost a11areas／butin the case of weak  

Winds／thereis a westerly streamline on the northern part of  

the Nohbiplainlandin the southern part of theIse Bay． ＝n  

this case only the streamlines from the wind outbreak points  

in（a）the narrow parts of 亡he ＝bukiMountains and（b）of the  
Suzuka Mountains showed a northwest wind direction・ Westerly  
Winds blowingin the northern part of the ＝se Plain occurred  

Only below 20m／s in the case of the NNW wind at the 850rnb  

level．  
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Fig．5－2 The streamlines of rnean wind direction at the  

Surface level on the Nohbi plain in the case of the strong  

＝buki oroshi．   Gradient wind direction is NW and wind  

Veloc土亡y 土s （A）15．い17．9m／s′ （B）18．0－20．9m／s′ （C） 21．0－  

23．9rn／s，and（D）○Ver 24＝．Orn／s at the 850mblevelunder ヒhe  

SynOPtic situation of mons00n．  
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When the wind direction on Mt．＝bukiis NW（Fig．5－3），  

the westerly component becomes stronger， SO ヒhat the  

Streamline can easily blow through sekigahara pass． However，  

this wind does not occur as frequently as the NNW windlandis  

Classified in only three stages．  The occurrence of the  

StrOngeSt Wind at the 850mb level rneans that it contains a  

StrOng nOrtherly component． ＝n the case of the 850mblevelof  

the NW wind，aS Clarified in Fig．5－3，there are several  

differences between the cases of the strong NW and NNW wind，  

but much similarityin the case of weak winds． Accordingly′  

westerly winds blow on the northern part of the Nohbi Plztin 

and the northern part of the ＝se Plain．  

Fig．5－4 shows the case when the wind direction on Mt．  

Ibukiis wNW． This wind directionis alrnost the sarne to win  

Fig．5－5． ＝n the case of westerly winds，there is a sma11  

SOutherly cornponent． These local strearnlines are different  

from NNW－NW／When westerly winds frorn the ＝buki and suzuka  
Mountains blowinto the eastern area of the mountains without  

Changlng・ The westerly streamline did not converge，and blow  

SOuthwards along the east side of the rnountains as a NNW－  

W土nd．  
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Fig・5－3  The streamlines of mean wind direction at the  
surface level on the Nohbi Plain in the case of the strong  

＝buki oroshi．  Gradient wind direction was NW and wind  

velocityis（A）15．0－17・9rn／s，（B）18・0－20・9rn／s，and（C）○Ver  

21．Om／s at the 850mblevelunder the synoptic situation of  

winter rnons00n．  
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Fig．5－4  The strearnlines of rnean wind direction at the  

surface level on the Nohbi Plain in the case of the strongg 

＝buki oroshi．  Gradient wind direction was WNW and wind  

velocityis（A）15．Ov17．9rn／s，and（B）○Ver18・Om／s at the  

850mblevelunder the synoptic situation of winter rnons00n・  

（B）   

5－4Ibut the gradient wind direction  

（A）   

Fig．5－5 Sarne to Fig．  

WaS W．  
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3．Wind Velocity Distribution at the Surface Levelby  

Gradient wind Direction  

Figs．5－6 t0 5－9 show the distribution of wind velocity  

（rn／s）on the Nohbi plain according to the gradient wind  
direction at the 850mb level． When the wind directionis NNW  

as shownin Fig．5－6，the st工OngeSt Wind reglOn aPPeared along  

the northeast strearnline that blewin the centralpa工t Of the  
Plain． However，the st工earnline did not always correspond to  

the strong・eSt Wind reglOn． ＝n the case where the 850mblevel  

was15．0－17．9rn／s（A）andin the case of18．0－20．9rn／s（B），the  

strongest wind regions appeared roughly at 20km intervals．  

This is considered to be related to the occurrence of lee wave  

rnotion，Whichis forrned downstrearn of the air flow crossing  

OVer the rnountain（as has been detected by the win〔巨shaped  
trees shownin Fig．4－3）． The areas with grade greater than  

4．O correspond to the over 6．Orn／s． upper air wind patterns  

winds at 850mb 1 eve 1 

Wind reglOn aPpeared  

Wide area．   ＝t was   

Chita peninsula，frorn  

and Karlya． The wind  

and overlOrn／sin the  

the Atsurni peninsula．  

are not so clear． For example．when  

reached 21．0－23．9rn／s（C），the strong・eSt  

to be dist工ibuted extensively in a  
distributed in the northern part of the 

the southern part of the plain to Nagoya  

Velocity was over 8rn／sin these regions  

StrOngeSt Wind reglOn at the head of  

The strongest wind reglOn in the Atsurni peninsula is not  

related to the strongest wind reglOn Sur工Ounding no工thern par l   

Of the Chita peninsula，but is considered as the second lee  

WaVe mOtion reglOn aPPearingin Mikawa Bay． This second wave  

rnotion reglOnis about 40km frorn the center of the first wave  
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Fig．5－6  The distribution of wind velocity（rn／s）at the  

surface level on the－ Nohbi plain in the case of the strong  

＝buki oroshi．   Gradient wind direction was NNW and wind 

Velocity is（A）15，0－17．9rn／s，（B）18．0－20．9rn／s，（C）21．0－  

23．9m／s，and（D）○Ver 24．Orn／s at the 850rnblevelunder the  

synoptic situation of winte工 mOnS00n．  
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rnotion reglOn．We found that the phase of thelee wave rnotion  

becamelong■erin proportion to theinc工eaSing force of wind at  
the 850mb level，eVen if there was a northwest strearnline．  

The wind velocity at the head of Atsurnipeninsula was stronger  

thanin the first wave rnotion 工eglOn because the reglOn WaS  

the point at which both the northwest wind blowing frorn the  

Center Part Of the plain，and the strearnline blowing frorn the  

工Se Pla土n．  

When the wind at the 850mb level reached over 24．Orn／s  

（D）′ the strongest wind region occur工edin alrnost the same  

direction as the surface level by gradient wind direction．  

This phenomenon occurred stronglyin the reglOn from Nagoya to  

Kariya and proceeding■ to Nishio，Whereit reached over19rn／s．  

At this tirne′ in the eastern part of the plain，arOund the  

Mikawa area′it reached over 8．Orn／s．This phenomenon also ap－  

Peared around Gifu between the Kiso River and the 工biRiver in  
the northern part of the plain．  

From the data rnentioned above，in the case of the NNW  

gradient wind direction we could notidentify alarge differ－  

encein wind direction distribution depending on wind veloc－  

ity′ but each wind velocity distribution showed sorne special  
Characteristics． when the Oroshi occur工ed and when the wind   

at the 850mb levelwas weak，the lee wave motion observed had  

a wavelength of about 20krn．  However／the strongest wind  

reglOn becarne wider and the wavelength becarnelonger as the  

Wind velocity on top of the rnountain becarne stronger．  

Stronger winds apeeared mainly in the northern parts of the 

Plain and on the east side of the plain as the wind velocity  

On tOP Of the mountain becaIne StrOnger（○Ver 24．Orn／s）． This  
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tendency occurs when the winds blow down from the northern  

Part Of the ＝bukiMountains rather than frorn the nar工OW break  

between the ＝buki and Suzuka Mountain．  

Next，We define the NW wind as shownin Fig．5－6． The  

Wind direction at the surface levelin this caseis sirnilar to   

the NNW weak wind． Therefore，the NW wind on the Nohbi plain   

and the wNW wind on the Ise Plain was identified． The head of  

the Atsurnipeninsula，located between the NW strearnline regLOn  

blowing frorn the central part of the plain and the WNW  

Strearnline′ becornes the st工Ong●est wind region（○Ver 6．Om／s）．  

However，these st工Ong Wind reglOnS do not always appearin the  

Sarne area，and they change depending on the windintensity at  

the 850mb level． 工n the NW streamline blowing from the  

Centralpart of the plain，the weak windis15．0－17．9rn／s（A），  

and the st工Ong’Wind reg■10nS are distributed frorn Nagoya to  

Karlya． When the wind becornes stronger（18．0－20．9rn／s）（B），  

the strongest wind region ove工 6．Om／s appearsin two places：  

the centralpa：⊂t Of the plain，including ＝chinomlya，andin  

Nagoya′ On theleeward． When the wind becornes strongest at  

the 850rnblevel（C），the st工OngeSt Wind region appears mainly  

in the Mikawa aIea including Kariya and Nishio along with the 

NW streamline frorn the southern pa工t Of the plain． ＝n these  

regions the wind velocity reaches more than 6．Orn／s．  The  

StrOng Wind blows frorn the right bank reglOn Of the Yahagl  

River to Ka工iya（○Ver 8．Orn／s）． when the wind velocity at the  

850mbleve120・0rn／s，itis obvious that there willbe no great  

Changein the dist工ibution of wind velocities at the surface  

level despite a little diffe工enCe in wind direction at the  
850mb level．  
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Fig，5－7  The distribution of wind velocity（m／s）at the  

Surfacelevelon the Nohbi plainin the case of the st工Ong・  
＝buki oroshi．   Gradient wind direction was NW and wind  

Velocityis（A）15・0－17．9rn／s，（B）18．0－20．9rn／s，and（C）○Ver  

21・Om／s at the 850rnblevelunder the synoptic situation of  
Wlnte工 mOnS00n．  
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Fig．5－8I9 shows the case where the wind directionis WNWin  

the upper and Win thelower・There are a few such casesin  
contrast with the previously discussed NNW and NW winds・  
These cases are observed by data frorn Mt・Ibuki Weather  
S亡at土on．  

Fig．5－8shows the distribution of WNW wind velocity・1t  

is classified int0 0nly two steps，aS We Observed only a  

slight differencein distribution of wind velocities・ The  
st工OngeSt Wind reglOnS aPPeared around Gifu between the Kiso  
River and the Nagara River a亡 the weak wind tirne（A）・  
However′ When wind velocities at the 850rnblevelreached over  

18．Orn／s，the st工Onger Wind reglOn（○Ver 6・Orn／s）not only  

covered the northwest part of the Nohbi Plain but also 

extdended to the wh0le of the plain．The areas frorn Kornakito  

Kasugaireached over 8．Om／s． The stronger wind region（○Ver  

6．Orn／s）appeared along the right bank of the Yahagi River  

These reglOnS all have the same streanllines，SO they are  

considered to be the effect of lee wave rnotion． When the   

PreSSure gradient wind directionis westerly′ the wh01e area  
Of the Atsurnipeninsula reaches overlO．Orn／s．This rnight have  

an effect on Suzuka Oroshi，aS this is not a NW streamline  

frorn Mt．1buki，but a westerly wind blowing across rse Bay．  

＝n the case where the pressure g■radient wind directionis  

W（Fig．5－9）′ thereis a tendency towards a distribution from  

WNW to ESE． ＝n the case where the wind velocity was15．0－  

17．9m／s（A），a Sirnilar tendencyis displayed． The distribu－  

tion of the strongest wind reglOn becornes larger on the  

northern part of the ＝se Plain．  However，When the wind  

becornes stronger as shown in（B），the wind in the northern  
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Part Of the Nohbi plain becomes weaker（4．Orn／s）andin the  

StrOngeSt Wind reglOn the westerly wind blows against the  

Atsurni peninsula towards Toyohashi．  Therefore，When the  

PreSSure gradient wind directionis west，the effect of Suzuka  

O工OShilsla工9e．  

We have previously classified each gradient wind  

direction of streamline and wind velocity on the Nohbiplain．  

When the winds a亡the 850mblevelare relatively weak the  
wind at surface level is significantly affected by local 

topography・ When the gradient wind directionis NNW，a NW  

Wind prevails but a westerly wind occupleS the head of Chita  

and AtsuIni peninsula along the southern part of the coast．  

When the wind at the 850mblevelis stronger，a nOrthwesterly  

Wind blowsin the reglOn frorn the northern parヒ Of the ＝se  
Plain to the head of the Atsurnipeninsula・When the gradient  
wind direction is westerly, the streamline of the weak wind 

Changes to NW along the eastern part of the mountainous area  

COnVergeS With the stronger wind．  

Theintensity of wind at the 850rnblevelrnakes alarge  

difference not only to the change of wind direction but also  

in the distribution of wind velocities・Although the pressure  
gradient wind directionis the same，the appearance of the  

StrOngeSt Wind reglOn WaS different because of the wind  

Velocity・ From the Nohbiplain through the Mikawa plain ヒhe  
Streamlineis NW，’but when wind at the 850mblevelis about  

20－Om／s／the strong and weak wind regions appeared at regular  

intervals・HoweverlWhen the wind blows stronger than this，  

the strongest wind region is concentrated on the southern part 

Of the coast to the Mikawa plain． That wind reaches 8．0－  
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Fig．5－8 The distribution of wind velocity （m／s） at ヒhe  

surface elvel on the Nohbi plain in the case of the strong 

Ibuki oroshi．   Gradient wind direction was wNW and wind  

Velocityis（A）15．0－17．9rn／s and（B）○Ver18．Orn／s at the 850mb  

levelunder the synoptic situation of winter mons00n．  

Fig・5－9 Same as Fig・5－8Ibut the gradient wind directionis  
W．  
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10．Om／sin the region from Nagoya to the surrounding area of  

Nishio and Kariya along the Yahagi River. This is caused not 

by the chang■e Oflee wavelength of Oroshicrossing over Mt．  

Ibuki，but by the appearance of the firstlee wave motion area  

frorn the mountainous area of CentralJapan when the pressure  

gradient wind at the 850mblevelblows strongly． 0roshiwind  

PatternS are nOt Sirnple： Winds a亡 the surface level are  
affectedlargely by wind direction at the 850rnbleveland wind  

Velocity． At the sarne tirne，the strongest wind reglOn that  

might be affected by thelee wave motion occurredin regular  

intervals on the streamline of the NW wind crossing■ ○Ver from  

Mt．＝buki． The strong■eSt Wind reglOnS Were OCCurred at about  

20－25krn intervals．  

ー64－   



CHAPTER V＝．IJOCAL CL＝MATOLOG＝CAL STUDY ON LEE WAVE MOT＝ON  

1．0bserved Results of Lee Wave Motion on the Nohbi plain  

Observationalpoints were selected by using wind－Shaped  

trees as an indicator， The prevailing■ ＝buki oroshi on the  

Nohbiplain was dividedinto two categories：   

i）NW streamlines blowingin the centralpart of the plain  

and   

ii）m streamlines along the three rivers on the west side．  

0bservations were carried out along both main streamlines． As  

Shownin Fig．6－1，Observation points along the Ⅳ strearnline  

Were Selected at Goudo－Cho，uPPer Stream Of the 工biRiver（St．  

1），Sunornata－Cho（St．2）lKisogawa－Cho（St．3），Bisai（St．4），  

Inazawa（St．5），andin Nagoya（St．6）． 0n the west side，  

along the NNW streamline′ five observation points were chosen：  

Tarui－Cho（in the Sekigahara pass）（St．7），the southern part  

Of ogaki（St．8），Hirata－Cho（St．9），Kaizu－Cho（St．10）′ and  

Saya－Cho（St．11）．  

The observations were carried out frorn13：00 t014：00 0n  
February 8′1975． As shownin Fig．6－2，there was a”west  

high and east low－Jpressure pattern of the winter rnons00n  

SeaSOn On the day of observation． ＝n this case the developed  

cyclone was located near the Sea of Okhotsk and an anticyclone 

over NE China with a center of 1040mb locat;ed at 400N and 

llOOE and a strong ＝buki oroshiwas blowing on the Nohbi  

Plain・  This pressure pattern belongs to the previously  

mentioned pattern＝＝（Fig・2－2）・The occurrence frequency of  

this pattern is13．2％（Table．2－1）Jbut it is one of the  
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typICal＝bukioroshipressure patterns・The wind at the 500rnb  
levelof Pattern ＝＝（Fig．2－3）is almost westerly′ but wind  

direction at the surfacelevelin Nagoyais NW．  

The observation was carried out using portable  

anemorneters（Nakaasa type），The rneasurernent was carried out  

every rninute． The results are shown below．   

（1）wind velocity Distribution along■ the NW Strearnline．  

Fig．6，3 showsisopleth based on the observed values along the  

CrOSS－SeCtion sts．1－6．  

There are differencesin wind velocity at allthe points．  

A strong wind of rnore than 5rn／s was observed at sts．1，4 and  

5．Wind over 7－8rn／s was observed often at St．5． ＝n the weak  

Wind reg■10nS Of sts．2，3 and 6，the wind velocity was under  

3m／s． ＝n particular，Sヒ．3 has weaker wind． Such differences  

Of wind velocity between observation points are considered as  

an effect of lee wave rnotion rnentioned above． st． 3 is an  

upward wind region，St．1is located at the f00t Of the  

leeward of the mountain and st．5isin a downward wind reglOn  

When the streamlineis NW． The distance between strong wind  

Sts．1 and 5 correspond to the wavelength about 25krn．  

However，the wavelengthis shortened t0 20krn when the strong■er  

Wind at St．4 registered 6m／s（13：17，14：12，15：00）． The  

WaVelength becarnelonger as the wind velocity became stronger  

（Arakawa and obayashi，1968）．  

Comparing■ the st工Ong and weak wind reglOnS foundin Fig．  

4－3 with the datain Fig．6－4，a Wind reg・ion over 6m／s appears  

at St・1／and Sts・4 and5  This coincides with the strongest  
Wind reglOnS OVer Grade 3．0． 0n the other hand，St．3 and  
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Fig・6－1 Distribution of observation points in the ＝buki  
Oroshireg■10n On the Nohbiplain．  
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Fig・6－2 Synoptic situation of observation day on February8，  

1975．  
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0  5  10km  

L l J   

Fig・6－3  ＝sopleth of wind velocity（m／S）along the cross－  

SeCtion Sts．1－6（Aftern00n Of February 8，1975）．  
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St・6 are the reglOnS With Grade 2．5，and St．2is below Grade  

l．5．   

（2）wind Velocity Distribution along the Nm Strearnline  

The NNW streamlineincludes the regions from sts．7－11．  

Fig・6－4 showsisopleth based on the observed values along the  
Class－SeCtion sts．7－11．＝n the strong wind reglOnS Of st．7，  

the wind velocity was over 6rn／s and often went over 7m／s．The  

6m／s wind region at times extends to st．8 forleeward． The  

neighborh00d of st．9 at Hirata－Chois the weakest under 5rn／s，  

and sornetirnes under 4：m／s． The wind velocities at sヒS．10 and  

ll were very strong，mOSt Of the time showing over 6rn／s．  

Thereis a case of a wind over 7m／s appearing，but this does  

not occur at Sts・10 and ll sirnultaneously． This may be  

because the axis of strong wind mlgrateS depending upon the  

intensity of the wind．  

＝n the case of the NNW strearnline alon9・the three rivers  

in the west of the plain，the strongest wind reglOnS aPPear at  

Sts・7 andlO・ Those regions are over Grade 3．0（see Fig．4－  

3）． The weak reglOn at St．9 was under Grade 2．5． This is  

because the strongest wind reg■LOn mlgrated to theleeward as  
SuggeSted by observationalresults along the NW cross－SeCtion．  

The NNW streamline along the rivers（Sts．7－11）contains srnall  

reglOnal differences in wind velocity． The strongesヒ Wind  

l reglOnS OCCur at15kmintervals．  

The NW windis strongest at st．5，and weak at st．3．  

The NNW streamline along the three rivers has a g00d time  

COrreSPOndence between the strongest and weakest wind reglOnS， ■   

andlee wave motion can be clearly observed（see Fig．6－5）．  
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St．7  8  9  10  11  

0  5  10km  

Fig．6－4  ＝sopleth of wind velocity（rn／s）along・the cross－  

SeCtion Sts．7－11（Aftern00n Of February 8，1975）．  
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The distances between lee waves and occurrence areas of t;he 

StrOngeSt Wind reglOnS COrrelate well with the evidence  

revealed by wind－Shaped trees． St．8is a little different  

because the wind velocity was higher than the rnean wind  

Velocityl and it is also undersヒ00d that the wavelength  
difference is brought by lee wave motion．  when the wind  

Velocity at st．7 0n the windward was6rn／s，thelee wavelength  

WaSlObn′ but whenit rose t0 0Ver 7m／s the wavelength reached  

15bn．  

2．TheoreticalWavelength  

The average wavelength was obtained frorn wind－Shaped  

trees in Chapter IV and from meteorological observations in 

this latter chapter．   Here， the wavelength is studied  

theoreticallyin order to prove this fact． ＝t was found that  

the wavelength on the Nohbiplain was about lOkrn． However，  

the strongest wind reglOn Obtained from the rneteor010glCal ●   

Observation was not always coincident with the strongest wind  

reglOn eStimated by wind－Shaped trees．The wavelength depends  

On Wind velocity．  

Theoretically wavelength is expressed by the following 

equa亡土on（Score工′1949）：  

九＝  （6－1）  

WherellScorer（s pararneterlis expressed by the equation：  
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且．且且  
∂  ∂Z  

＝上  
1     u  （6－2）  

where u is the wind component（m／s）perpendicular to the  
rurming direction of the mountain ridg・e at the height of the  
sumitlevel；gis the acceleration of gravity；and Ois the  
potentialternperature．  

‾0■714 

鰻＝TzO・714×（撃）0●286×…86xγ×（Tz・γZ） （6＿3）  

where Tzis temperature（OK）of the top of the rnountain，Ris  

gas constant， γis ternperaturelapse rate（OK／m）and Zis  

height（m）of the mountainL  

∂＝TzO・714×（曽）0●286 x（Tz＋γZ）0・286  
（6＿4，  

puting8byequati。nS（6－3）and鰭by（6－4）int。equati。n（6－  
2）′ We Ob亡a土n  

1＝土  
u  

Tヱ0・714×（曽）0●286×0・286×γ  ‾0・714  

×（Tz＋γZ）  

（6－5）   
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The results，the wavelengths expressed by equation 6－5 are  

Shownin Tables 6－1and 6－2．  

When the wind direction on top of Mt．＝buki was Nm  

（Table 6－1），the wavelength was expressedin the range frorn  

6．Orn／s t0 28．Orn／s because of the wide wind range of velocity．  

As a result of that／When the wind velocity on top of Mt．  

＝bukiis as weak as 6．0－8．Om／s，the theoreticalwavelengthis  

5．5－6．5krn． The relation between mean wind velocity wn at  

Nagoya Meteor0logicalobservatory and mean wind velocity Wiat  

Mt．＝buki weather station is expressed by the f0110Wing  

equat土on：  

（6－6）  Wn ＝ 0．95 W土 ＋ 0．28   

When we apply this equation to wind velocity on the top of Mt・  

＝buki，it was about15rn／s． Thus′ When wind velocity on the  

top of Mt．＝bukiwas14，0－16．Om／s，the wavelength was about  

14krn． The wavelengthis considered to be about14krn on the  

day of occurrence of ＝bukioroshi． Thisis coincident with  

the wavelength of the NNW wind as shownin Fig．6－4・  

When the wind velocity on top of Mt．＝bukiis over  

20．Orn／s，the wavelength surpasses18krn，andit 工eaChed 24・3km  

in the case of the strongest wind velocity（28．Orn／s）． This  

analysis also fellin line with the previously rnentioned  

results of the meteor0loglCalobservation of February 8，1975．  

The wind direction on top of Mt．＝bukiwas NNW，and maximurn  

示ind velocity was18．7m／s．1t was 6m／s on the surfacelevel，  

andit was found at St．7 as shown in Fig．6－5． A strong  
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Table 6－1 Thelee wavelength（1Ⅶ1）estimated from the climatic  

elernent on Mt．＝buki（1377m）．  

Wind direction is NNW．  

Windvelocityon  Lee wavelength（km）  

Mt．＝buki（m／s）  theoreticalreserch  observation result   

6．0   5．5   

8．0   6．5   

10．0   7．9   

12．0   10．9   

14．0   14．3   

16．0   14．0   

18．0   16．0   
15（f土g 6．4）  

20．0   18．0   

22．0   19．1   

24．0   22．0   

28．0   24．3   
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Table 6－2 Thelee wavelength（km）estimated from the climatic  
element on Mt．＝buki（1377m）．  

Wind directionis NW．  
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Wind region of over 6rn／s also appeared at st．10Iand the  

distance between the strongest wind reglOns between st．7 and  

lO were about15krrl（estimated frorn Fig．6－5）．  

The case of the NW wind on top of Mt・＝bukiis shownin  
Table 6－2・ A slight difference of wind direction on the  
windward brings out small differences in wavelength. Large 

Changes were not observed・ The wavelength of the NW wind  
became slightly shorter・ Howeverlin general，When alocal  

Wind blows and wind velocity on the top of Mt．＝bukiis  

16・Om／s，the wavelengthis14・6krn anditislonger thanin the  

CaSe Of mw■ HereIthe expression of the wavelengthis not  
Only a factor of wind velocity on the windward but als0 0f  

SOme Other climatic element／SOitisirnpossible to accept as  

a generaltendency．  

From the above rnentioned factslthe wavelength could be  

expressed byincluding the data from the top of Mt．＝bukiinto  

the experimentalequation of Scorer（1949）． As a result，a  

significant correlation with high reliability is seen between 

the calculated values and observed values・ ＝t also proves  
that there is a close relation between the wavelength and wind 

Velocity on top of the mountain・ As Arakawa and obayashi  
（1968）and scorer（1953）rnentioned，there is a tendency for  

the wavelengthinlee wave motion to become longer when the  

Wind velocity becomes stronger．  

Figr 6－5 shows the relationship between wind velocity on  

top of Mt・＝buki and wavelength．  There is a positive  

COrrelation，and（correlation coefficient） reached O，992in  

the case of the Nm wind． The relationship between the  
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Fig．6－5 The relationship between wind velocity（m／s）on top  

Of Mt．＝buki（1377m）and wavelength（km）on the Nohbiplain．  

Upper part（A）：Wind directionis NNW andIJOWer Part（B）：m．  
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StrOnger． The rnaximum Wind velocity on top of Mt．＝bukiwas  

18．7m／s，and the wavelength was about15km during the present  

Observation（February 8，1975）． Applying this wavelength to  

the experimentalequation of scorer（1949）Iitis shown that  
it is about 16kn and the wavelength coincideds with the  

results of rnetor010glCalobservations．  

The rnean wind velocity on top of Mt．＝bukiwas equlValent  

t015m／s on the day of O工OShioccurrence，and the theoretical  

WaVelength was about14km．  

The wavelength of lee wave rnotion previously estirnated  

has been surnrnarized by Yoshino（1975，1986）as shownin Table  

6－3． Among these wavelengths，thelongestis15－30krn at Black  

Mountainin England，andlユ∵25kmin the Rocky Mountainsin the  

U．S．A． ＝n the Sierra Nevada in the U．S．A．，the wavelengths  

ranged frorn 4．4－28krn． However／a Short wavelength range（5－  

8kn）was observed at Crossfellin England，andin the French  

AIps（5－10krn）． Thus，the range of the wavelengths oflee wave  

rnotion in the world is 5－30km． The wavelength of lee wave  

rnotion at Mt．＝buki obtained in this research was 8－10krn，  

estimated from the wind－Shaped trees． ＝t was lO－25krn as a  

result of rneteor0loglCal observation， and the wavelength  

Obtained from the experirnental equation of scorer（1949）was  
14－15km．  

From the facts rnentioned above，the wavelength of lee  

WaVe rnOtion at Mt．＝bukiis rougly equal to the average  

WaVelengthin the world．  
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Table 6－3 Waveleng・hts oflee waves observedin various  
regions（Complied by Yoshino）．  

Mountains   Wavelength   Literature   

Riesengebirge（Sudeten）   8－15km   Koschmieder（1921）   

Crossfell，England   5－8   Manley（1945）   

JamtlandMountains，Swe－  8－10  1arsson（1954）  

den  

SierraNevada，U．S．A  4．4－28  H0lmboeetal．（1957）   

French Alps 5－10  GerbierandB昌renger  

（1960．1961）  

RockyM．0untains，U．S．A．  11－25  VergeinerandLilly（1970）   

British ＝sles   5－13   Stringer（1972a）   

BlackMountains，England  8－10  Starretal．（1972）  

15－30  

DinarAIpsIYugoslavia  10－12  Yoshimuraetal．（1974）  
■－       ●■■■－ ■■■－ ■■－ ■■■■●■ ■l■■■  － ■ － 一■■■■■■■■■■■■  ●l・■ll■■－■l●■■■■■■■－■■■■■■－・■■■－■■－■・■－■－■■－－－－－－→一－●・－－－－一－■■■■■■－■■－■－   

＝bukiMountain  Owada（1976）   
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Ⅴ工エ．CONCLU■s工ON  

This research was carried out in order to clarify the 

COnditions of the local winds called ＝buki and Suzuka oroshi  

that blow during the winter mons00n SeaSOn On the Pacific side  

Of CentralJapan． IJOCaL winds are winds that occur under  

Certain synoptic conditions in particular reglOnS SurrOunded  

by specific 亡OPOgraPhy；Fahn of the AIpsin Europe，Chin00k on  

the east side of the Rocky Mountains，and Borain Yugoslavia  

are typICalexarnples． 0roshion the Pacific side ofJapanis  

also an example． Both oroshiinJapan and Borain Yugoslavia  

OCCur in association with the ou亡break of c01d air from the  

Siberian anticycIonein winter that developsin the Eurasian  

Continent．0roshiinJapanis the outbreak of c01d air of the  

暮，west high and east lowH pressure pattern in the winter  

mons00n，Whichis formed between the Siberian an亡icyclone and  

the Aleutianlow． As a result，allthese winds crossing over  

the rnountain range are usually c01d and dry．The Nohbiplainl  

Where ＝bukioroshiprevail，is located on the leeward of the  

mountain range of the narrowJapanese ＝slands． TheIse Plain  

has the sarne topography． Therefore，PeOple wh01ivein these  

reglOnS have a close relationship with wind，Whichis a factor  

in cultivation of agriculturalproducts，house construction，  

etc・The height of the mountainisl，200－1，300rnin this area，  

andit plays a role topographica11y encouraglng the forrnation  

Of mountain waves． 1n this area meteor0loglCal disasters  

Often occur regarding ship navlgation and the departure and  

arrival of aircraft．  However， there has been almost no  

research on ＝buki and suzuka Oroshi．  
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＝n this research，We have clarified the relationships  

between the  ＝buki and suzuka Oroshi， uSing local  

meteor0loglCalobservations．The results can be sumarized as  

f0110WS：   

（i）When we observe the occurrence frequency of the ＝buki  

and Suzuka Oroshi，eVery five－days mean for the past ten  

years, we can see that the number of days of occurrence of 

＝bukioroshiwas appeared frequently from thellth five－days  
rnean through the18th five－days rnean and Suzuka Oroshiwas  

appeared frequently from the72nd five－days mean throug・h the  

8th five－days mean・  Suzuka Oroshi appear at a higher 

frequency than ＝bukioroshiduring the blowihg period・ The  
probability of simultaneous occurrence of bothlocalwindsis  

low，and this occurred about oncein each five－days mean・   

（ii）The Oroshican be classifiedinto six rnain pressure  
patterns named Pattern＝to V＝・The center of the cyclonein  
Pattern＝islocated roughly at35ON off the coast of the Boso  

peninsula．The center of the cyclonein pattern＝＝islocated  

in the Sea of Okhotsk．Pattern＝1＝ showed a developed cyclone  

located over the Northern Kuril＝slands． Pattern ＝V showed a  

double－CyClone typeIand Pattern Vis a typICal‖trough■ltype・  

pattern v＝ also resembles this type，but the cyclone is  

located in the Japan Sea and on the Pacific coast of Japan. 

（iii）On the day of occurrence of ＝bukioroshi，the wind  

direction at the 500mb levelis often NW or m，and the  

suzuka oroshi often blow． When the wind direction at the  

500mblevelis WNW，both＝bukiand suzuka Oroshioccur at the  

same time． Thelocation of the trough at the 500rnblevelis  

1400E for the ＝bukioroshiand1300E for the Suzuka Oroshiin  
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rnost cases． When the trough develops at1350E′ the occurrence  

frequency of ＝bukiand Suzuka oroshiis high．   

（iv）The occurrence of highest wind velocity of ＝buki  
Oroshiis betweenlO：00 t018：00（80％），and especia11y between  

14：00 and16：00（○Ver 40宅）．  

However／Suzuka oroshi does not always occur during the  

daytime；it often occurs frorn 4：00 t0 6：00．   

（Ⅴ）we investigated synoptic conditions on the days of  
OCCurrenCe Of Oroshion the Pacific side of CentralJapan to  

determine whether Suzuka oroshi are F凸hn－1ike or Bora－1ike  
Oroshi． we recognized that the Fるhn Type occurred about 63％  

Of the tirne．The Bora Type occurred only 21％ of the time．  

Both F凸hn and Bora Type occurred simultaneously15％ of the  
ヒ土me．   

（vi） ＝n order to chart typICal oroshi streamline．  

Classification of wind－Shaped trees （Pinus Thurdergii）was  
Carried out on the Nohbiand＝se Plains．Three main sysヒems of  

Strearnlines were．found on the Nohbi plain． westerly winds  

blowin the northern part of the plain，nOrthwesterly winds  

blowin the centralpar亡Of the plain，and north－nOrthwesterly  

Winds blow south along the three rivers on the west side of  

the plain． However，On the ＝se PlainlnOrthwesterly winds  

blow in the east; foothills of the Suzuka Mountains where the 

Suzuka River and the Anou River flowinto ＝se Bay． Westerly  

Winds were observed at the northern part of the plain，but  

they changed to northwest on the coast．   

（Vii） We have classified the distribution of pressure  
gradient wind directions and local streamlines using AMeDAS 

and data fromlocalFire Departrnents．When the upper air flow  
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Velocity（850mb）is relatively weak，the wind at the surface  

levelis greatly affected by thelocaltopography・ Thatis，  

When the pressure gradient wind direction is westerly，  

streamlines with weak winds change to northwesterly in the  

eastern rnountainous area，and forrn a convergence reglOn・   

（viii）Both mountainous areas on the windward of ＝bukiand  

Suzuka oroshihave the height ofl，200－1，300m，SO that  

rnountain waves easily occur．  Thereforel the al亡OCumulus  

len亡icularis clouds（which are often observed to the 850mb  
level of oroshi regions）are considered to be one of the  

effects of lee wave motion． We extrap0lated the wavelength  

from wind－Shaped trees in order to confirm this lee wave  

rnotion． The wavelength was 8TlOkrn．   

（ix）By studying the distribution of wind at the surface  
level， We Can See that the strongest wind reglOnS are  

distributed in certain intervals when wind to the 850mb level  

is over 20m／s．The strongest wind reglOnS OCCur eVery 20－25krn  

intervals on the NW streamline，  

（Ⅹ） This can also be shown ヒhrough cross－SeCtional  
Observation along the streamline． Each strong wind reglOn  

occurred on the NW streamline on the Nohbi plain at 20－25km   

intervals． However，the wavelength on the NNW streamline was  

lO－15kn．  

（Ⅹi）When we try to express the theoretical wavelength of  

Mt，＝bukiby using the experimentalequation of Scorer（1949）I  

the wavelengthis over18krnin the case of a 20m／s wind on top  

Of Mt．＝buki． ＝n the case of the rnaximurn wind velocity of  

28．Om／s′ the wavelengthis 24．3km． The average wavelength  
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（average wind velocity on top of Mt・＝bukiwas15rn／s）was  
about14km．   

（Ⅹii）When wel00k at wavelengthsin other parts of the  
world，We See that thelongest wavelengthis15－30krn at Mt・  

Blacksin Englandland the sho工teSt One WaS5－8krn at Crossfe11  

in England，SO the rangeis 5－30km・ ThusIthe Mt・＝buki  

wavelength is of average length. 
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