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Atmospheric Turbulence Measurements with the Sonic 

Anemometer-Thermometer at Syowa Station in Antarctica 

Taichi MAKI* 

Abstract: The atmospheric turbulence in stable stratification was observed 

at Syowa Station in Antarctica during the period from February to December 

m 1970. Characteristics of atmospheric turbulence are analyzed in relation 

to the stability or the wind speed at the height of 20 m in surface air layer. 

Obtained results are as follows: 

U20 (horizontal mean wind speed at the height of 20 m) is proportional 

to about -0. 56 power of Ri (Richardson number). W
2
o/U20 (ratio of the 

vertical mean wind speed to U20 at the height of 20 m) is independent of Ri. 

The standard deviation of the longitudinal wind speed ( au) is in direct pro

portion to the standard deviation of the lateral wind speed (av). The rela

tions between au and aw (standard deviation of vertical wind speed) and 
between av and aw are expressed with the two different equations, which have 

each transition point. Gustiness decreases with the increase of U20 below 

8.5 m/s ( U20) and has a constant value above 8.5 m/s. Gust factor for five 

minutes decreases with the increase of U20• The characteristic frequency 

distributions of three-dimensional wind components were made clear in com

parison with the three typical weather condition. The Monin- Obukhov 

length and the energy dissipation rate increases in proportion to about -1.4 

power of Ri and to about 2.7 power of U2o respectively in stable stratifica

tion. The characteristic time scales of longitudinal, lateral and vertical wind 

components increase with the increase of Ri and decrease with the increase 

of U20, and the ratios of proportional components represent the cubic vortex, 

i.e., length:breadth:height=6.3: 1.9: 1. The value of m obtained from Eq. 

(7) increases with the increase of Ri. 
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1. �i L f.J; � 

��vttt 11 ?X"i�f�:1:t!tl:glZfltJtlJ�O)'A�7iJf����� c L --CaBflJ£:tt!?. (6 9° 00'S, 39°35'E) 

-e, l 970if. 2 J1 J: IJ 1971 if. 2 JI i c·mftt L --C , 'A� fltlllJ � rr --:d.:_ C �*, 1971 ; 1972 a, b, 

c, d to J: 0'1974). 

cc -c:·vt 1970if. 2 JI J: IJ 12JI i -c:·v=-Mi1riElJ\iJ!ml.ocH� ffi1, ,--crrb.ht.:_:tcAEtJtt�rv::.tovt 

o �:i:t!?.'AJi4'0)%LvfEflill1Jv::. 01,, --C¥&1!i---t 0. 

aBf1J£:1:t!?.v::.to1,,--c, 'A�M�flrJlU0)3:.���c L--C, !UIH'A�ti.tlllJ�rr'?t.:_O)vittll?X� 

n�w� --c -c:·s 1J , i t.:_Mi1riElli.iJ!ml.J.JUt� m 1,, --CELvfEflillU�rr '? f.:_O) v-twf�:tt1?.�-c:-vt1JJ� --c 

0) c c -c:·s 0 . 

tJ:toaBfo£:tt!?.v::.tovt o �:i:t!?.'AJi4'0):tcAEm'.vt, �2f: 02, 1 , 2 JI) ��vtv:f, *9 9 WUn� 

:tcAE;/:ki't�c·so C�*· 1972a, b). CO)J: 5v::.fac!v2:':kJE;/:k�-c:·s0�:tt!?.���. J\iO) 

r� t:1Jv::. J: '? --c-=. 00):!W,�Et9tce�:;it§::M�v::.5tWU Lt.:_. -ttJ:b 1?, MiRAEtJt�O) �. 7J � /� r 

,f 'Y :; )i.ito J: O' 7·· � -tf- F']i.iv::.5tWU L, f.:_�ft0)15LvfE�:©O)��� 00 GiJ;v;:_ L, J: ? C --t QC C' 

to J: U:tcAE;/:kfiJrv::.tovt o-�R''.JtJ:�:i:t!?.'AJi4�'1>1=�oo Gn\v::.-?-o cc -c:·s 0. 

2. wimu:1511 to .1 u T. � !J JWVr 
ti.illUvt, 1970if. 2 JI J: IJ 12J=J i -c:·WHiaB5¥rJ£j:igO)ff&ffilll�*wimui�-c:-rrb.ht.:_. flillU � ? -

vi**'/ f1v�O)�t*$0)*9100C*:1Jv::.@i#4 L f.:_�fWc·, @W4£,�iJ, G*9 50 m, #a)j(O)� 

irJRiJ, Gt"J 30 m �i.ht�#a:tt 8 m 0):1:t!?.}t;Uc��AE �.ht::... }f[;;t '/ :;··1v�vtffi;fij(� J: IJ r!B:1Jv::.*9 

4 km �in --c to IJ , i f.:_-&f.�Ji.i (NE) v::.xt L --C, J§i!.. r ffiUv.:::.tiAltlJ:tt!?.,r�\ J: IJ t"J 300 m l�fH1,f.:_:tt!?.� 

v::.30'""'4 0mO)Ji:iJ�t?tE-t"o. ft� (1958) v=-J::hvf, �B;f1J£:1:t!?.v::.t-avt03:.�fPJvi NE-c:·s 

o.: cn�ioG:h --Cl'o. (tlt 21 m O)j��u. -/!130cm O)=:Jfltl:c·c·�--cto IJ, -=.f»t5t� 

1riElJ\iJ!ml.oc!i·O)§t�{ffivt, 1�m'. 20 m O)Jk � 1 m 0) 1::· - 1, 0) Jcv=-1& IJ 0vt G:hf.:_. 

MiifiElJ\iJ!ml.ocHvi, 7
° 
/V - 7''0) A /le,'/ 20 cm c·' .ffiflfml.WH=-ffJ=l=FfJfJ§ ti: J: ? v::.ifiii.octm 

i£0)£�iffil.OC� -20°C v:: .. ;E�--CS0. if.:_Jit�JmiEl�vt lOOHz c·2l00. ,rn1TiElli.iJfiliffil.l!t 

!tO)!e,�vi, v:; f- :;·· =J 7 c·fib:h f.:_. v !IT :f =J 7 tcfHtvi, 1 f- -v '/ ;t:. /V� I) , 40  mm 

�jc·s fJ , 50 mm/s O)J!J!tc·ictf � -fi·f.:_. i t:.:J,t'E,;:Jl1f-lvt�a, 10 mm, 20 mm, 40  mm 0) 

71v7'.,r-1vv:::=.xjL--C, -t:h.:f:h 70Hz, 60Hz, 30Hz -c:·so. 

Mi'&iElJ\iJ!iffil.OCHO) 120 m'.�£ 7° 
1v - 7·· 0) i:p{J,vi, NE J: fJ 6 m'.Jfl� fJ 0) c c 0 �Ji Q J: 

? vc� L, f.:_. C 0) f.:_� N iJ, G E i c·vtfriJ 0) �� iL ti: < tJliJ;Ec' t Q C C vc tci:: Q. s w iJ, G 
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WSW jj"[P]f;t, �� bl:Jfg:ill[]i.J!m\.liJt § f-$:0)�-�'.:fl:vt-c:]i.O)ttitn�m:Q t.::.ti:>, ::. 0) Ji.lPJ 

O)fijJllJ{@]i/¥Hfrild?vif � ht.::.. LiJ� L,, Nil� GE i --cv:.?i'i ht.J:: <' Lil� i SW il� G w 

s w r-Hc 'a i h t.J:: 1, ,fi,tJ!IJ*s*iJ � 4 -WU� IJ , ::. 0) :1J fPJ 0) Ji.vi, %i 1,, *JEi:trJjO) �if il � � 1,, t.::. 

ti:>, 7
° 
Iv - 7'' § f-$:0):5=f0)�-�'.:ftvf Q iJ�, cD X. -CfW1frvC1Jl]x_ f.::.. 

Ji.J!�lU�m\,O)��*���JE�0kti:>K, =�AJi.�tt�lU��gttlffi\.Ntt�5� 

il�. r@jN 21, 10, 5, 2. 5 � l u 1.25 m vcl!X IJ 0 vt  Gh, �U�vi 5�- ,1 :,/ .?<' 1v!H&tt--c1o*Fa9 

0) Ji.ffil� ;hr)/ 1- L, 1&�ti1ltr�i�tJHt--e:-irnm:litJJJJ �hi�. 

tkvcfW1fr:1Jt*vc 01,, -c �.r( Q 

u f- -v- F':J :/:r://�- (Ri) vi, 21 m��ic·O) �m\.Wi/!tc.Ji.J!*�l lJA Cl) �ffl 

l, -C>l<ti:> Ght.::., 

R . -_L !I:!!_ I (_!!!!__) 2 

z_ (} dz dz ' (1) 

t.::.t!.. L, g: !1t1J0)1JoJ!J!t, o: *'3:Mmi.oc--e:-�b Lt.::.r@j/!t (;�) ftili:O)f��ml., u: Ji.Jt--c-cb 

Q. 

1.KfiWE:1Jrb1 CV) O)J.\.Jtm:tf10)#$fi� (au) viA(2)'1�->J<ti:> Gh0, 

au = Jf (a-u,)'/N , (2) 

t.::.t!..L, -,j-7 ,1 'Y !l 7-. i=I, 2, 3······Il, ii: 7j(Sj!iMf:jj"f"i:i]O)f�-Jt. u: 7.K.Ij!iWf:jj"[P]O)ji.J!, 

u'( =ii-ui) : 7j(Sj!iwf:jj"[P] O)ji.Jtm:ifJ� l U N: �7-- .?<' !( av� l U aw (71(.Ij!�jj"[P], V 

�lU��jj"IPJ, WO)#$��) i��KL-C>l<ti:>Gh� . 

.=r:-=-:/;:t7'·::17� CL) a, A(3)l lJ:>J<t1:>Gh0. 

L= 
K_L _Q _  ' 

(} Cpp 
(3) 

t.::.t!.. L, u*: 1*�J!N, 1c: 7J 1v� "./JE� C=0. 4), Q: 'i11Lvftf#J.P 7 'Y !l ;i.., cp: ��O);E. 

EE.It�, p: ��O)*N· u* vi�J!*� l IJ f.13.N��>l<ti:>, -tO){[i��-? -CJ)..Jl7}�Ail� G 

>l<ti:> Gh0. Qa:; - / ;i..? x 1 1- -�1v-;; � "./O)jj";!!vc l IJ, Ji.Jt c�ml.*� l IJ >l<ti:> G 

ht.::. 

.:c..t1v==r'-:i�M&$ (s) vi, A(5)�lU(6)l lJ>l<ti:>Ght.::., 

(4) 

t.::.t!.. L, <u'2>: 71(.Ij!iWfjj"IPJO)Ji.JlB�ibO)fjj"f�, Ru(t): 7Kf*U::1JIPJO)::t1 5- §ct§ 

�1*�, C1: ��JE�= 1. 6, t: .?<' 11.,., 5 !J'' ... Ccb0. �( 4)��:�1*:x.0 c,  
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- (. 2 )
3/2 

c- -
cl 

( <u'2> )3/2{1-Ru(t) }a/2 
tU20 

(5) 

(6) 

(7) 

f.::..t!..L, Rn(t) : 7}(1Zfwtn1PJO):;t,{ 7-§e,f§�1*�, ck: 5E�--c·s0 . 7.K3¥tlt1J�j;:;J:'(f 

filJR:15 [PJ 0) * 1 7 - § c:t§�f*�, Rv(t) t.:; J: 'CY Rw(t) t [A]�vc. L -C ;J< cl_) G:h 0 . 

3.1. U20 c Ri c <7JIIH* 

20m i�J!t0)7}(SfZ-iWt:1Jfi'-:iJO)f�}E.,J£ CU20 ) l � -1--i,- F:J ':/r'://�- (Ri) 2:0)�-f*��l 

1-CA) vc.5:G L-C:ru < . Ri vt;:\'..:(l)vc.7f;-t J 5 vc., J9iLJt��{!; A,--c·1,, 0 f-:ci_), sr-Y-:;1.00.Jtvc.xJ 

V-C1PJGiJ�O):t§�iJ�cb0-=. tiJ�T��:h0 . -?-tctb'tJ, :RJE�filiTvctuvt0 Ri l U20 2::0) 

�i*�AVC�b-t l, 

02 

0001 

•• 

U 20 =3.10 Rr0:56 

• 

•• •• 
•• �· t 

.... . . 
... .... 

• 
I 0.33 

• 

lg! 1 (A) 20m i@jfit0)7J(fitnJPJO)f� 
]Jd.Jl! (U20) c 9 'f- -v - F' 'I './-J"" './/� 
-�0cO)*��a�K���M� 

(B) Ri c U20 vc�-t � 20 m i@jJjt 
O)fil�jfJPJO)f � JJd. J! (W20) O)jt 
(W20/U20) c O)M� Fig. 1. (A) Relation between Ri (Richard

son number) and U20 ( mean wind speed of the longitudinal wind component at the height of 20 m) . 
(B) Relation between Ri and the ratio of W20 (mean wind speed of the 

vertical wind component at the height of 20 m) to U20-
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3. 2. W20! U20 c Ri c <7) mH* 
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20m�!Jtv:=.uvt07tf*vfnfi:iJO)�l.�mJ! CU20) vc;xt-J-;5 filffifnf�O)f�mJ! CW20) 0) 

Jt CW20 /U20) c Ri cO)�{Jf�� 1-(B) vc�L--CU<. C.O)�J: IJ W20 /U20 O)Jt�t, Rz 

vcxtL--ca;g:s'z:Lk-�fii�I&Qc. ctJ�JtlJ, -�fiic L--C0. 33��L--c1,,Q. c.0)-�fii �t, 

Jl:* (1974) vcicJ2tL--Cct>QJ: 5vc, W20=0.330U2ovc-!x-t0?tO)'c'ct>Q. 

t,i::u c. c. 'c', ,m.:grElmJtmt!Jt�-1-0) s'U�ffil�t 120 it����r-L--c", Q n�, JcO) ��ffil0)1fn 

n:d?� < mO)rm,mufw: c �r::1=10)-ni �� L tdii) �1, 5iz.�1ii o.33J: 1J i ,J, � ",fii�� L --c", Q. 

c. 0) c. c �i� �r 6 LmO) W20 n�tE1xti¥Jvc1!X � _l:::J-fJiE\.O) W20 J: IJ i-> 1J\ � 1,,.:::. c �*h L--C 

3. 3. au, av !, J: -rf aw <7) t�1i:1*1f* 

� 2 �c au c av, av c aw :to J: rf aw c au O)f§li!*1ffi�� L--C:to <. C. O)� J: I), t'XO) 

1*11*Ai.J�>J<6C) G:hQ, 

av= 0. 790au, 

O<aw� 1.44 m/s O)*, 

aw= 4.16 av1 • 92 = 2.65 au1 . 92, 

:tuJ:rf aw�l.44m/s O)lf¥, 

aw=2.50 av= 1.98 au, 

'c'ct>0. c.nGO)AJ: IJ, 7tfn� Cit?i: • ffln�) �t[l=l] c,1�Jt��L--c1,,QO)vcxtL--c, fil 

ffifn� c7tfnff:iJ0)!*1ffi'c'f;t, awn� 1.44 m/s ·-c-��i,8�M= 0 t� 2 ""JO)A'c'*h � :h0 c. c 

iJ�liJ-0t�. -?-t,i::h1?, aw 0) l.44m/s �i, U10 -c-{f(;J 8.0m/s vct§�l..,, c.O)mJ!tJ�. {1£1,,:ttg 

��0)5e'.:i::L�it6C)0mJ!vct§�-tQ C�*' 1971; 1972a). C.O)C.c�t, :ttg1��5e'.:l::vc�L 

--c' �0)�1ilr��� J:vf Q O)vcmO) .:r...;j':. 1v=¥-iJ��-�:h --c, 7j(fjjf5JO),ffi$��vc�

��;:{_ Q�*· ltfn�O)mO)tf1tn��0 t� t 0) c�x. i:)nQ. 

?xvc, U2o c au, av, aw UJ:rf W20 c au, av, aw CCJ!*11*A��l..,--C:to<, 

o<U20�8.S m/s --;-t,i::h1? O<W20�2.80 m/s O)*, 

au=0.240 U20
°·52 =0.430 W:rn° · 52, 

av= 0.190 U20 
°· 52 = 0.337 W20 °· 52, 

U20 �8.S m/s -j-t,i::h1? W20 �2.80 m/s O)*, 

au =0.086 U20 =0.260 W20 , 

av =0.068 U20 =0.206 W20. 
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� 2 20 m �,1n:.::toH-0.:::J$t0-!Jd3!� �J (!) 
�$®\� (uu, <Tv, <Tw) (!)ffl]L�-f* Fig. 2. Mutual relations among <Tu, <Tv and 
<Tw (standard deviations of three wind com
ponents). 

�jJ, aw Lt U�o, W20 v:::.x;j L "t�J t��3'ifts:tJ: l '1*1t-'*, 
aw = 0.170 U20 = 0.540 W20 . 

its:, Ri v:::.j;j-?-Q au, av, aw 0)1*j{f�� 3-(A)�c, Ri vcxt-t"Q au/U20, av/U20, aw/ 
U20 O)� (j�� 3 -(B)�Cjj� L "t :to< , i-t.rb t:i Tvj�O) 1*11*�:i:\""'C�b-t±-vf. 

iktt, �xi�Y57��bLk-�, 
au/U20 =0.067 log Ri+0.14, 

av/ U20 = 0.067 log Ri + 0.13, 

aw/U20 =0.067 log Ri+0.21, 

--r-�h � nQ. -: n GO)J'ilfixi�, �x;J-�--e�h L td�JO) c't:i Gvc ":)l ,--rt 11�tJ: iJ J: < �iJ!IJ{W: 

��h l,"{l'Q. 

05r .022 . 
�

Ojj Oi;/U20=0.16R1 U20 • • 
. .. .. 01 .. • • QO� • 1:• 

0v • •.0:5 • .s:_ "v/U20 =0.13Ri°22 � 
0� ... Ov�037R1 Ol U20 • •• ,,..;,.. • .:-.-;-• • 

(Al 

�. _ __,..;:-1. . •• • •• .........____ 005 -·· • • 
oB>o •• :� 1B eel ..P-o� 

o �oo
0 

° 'b 0

00 01 Ovi 0 o 005 U20 °w/U20=023 Ri° 's 
0 ( Bl 01������i�,Jl=d�1 �, ,�1�11111 001 00501 05 1 Ri 5 10 001 

� 3 (A) 1J =f- -t· - F' '/ '/-f" //�- (Ri) 

cWm��K:ioH-0.:::@t0-a��D (!)��iFrn� (uu, <Tv, <Tw) C (!)�'f* (B) Ri c 20 m ��{!)7.l(fftnrtu 
(!)f:iey·� (U20) �z:.;i(";fi" 0 <Tu, <Tv, <Tw (!).ft (uu/U20, <1v/U20, <Tw/U20) 
c (!)�'f* Fig. 3. (A) Variations of <Tu, <Tv and <Tw (standard deviations of three wind components) against Ri. 

(B) Variations of ratios of <Trn <Tr, and <Tw to U20 against Ri. 
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3. 4. U2o (��"t�Jl.<l),i (gustiness) <l)�{t 
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U20 i'C%ri'" � j.lO) ,� (au/U20) (.jf: J::@, 1955) O)Mffi�� 4-(A) vc� L-C:to < . .:: 0) � 

J:�. ��O)J:5�MffiA�*��hk, 

O<U20 �8.5 m/s O)�, 

au I U20 = 0.240 U20 -o. ,s, 

U2o �8.5 m/s O)�, 

au/ U20 = 0.086 . 

.:: O)Mffivt, 3. 3. vc� L-C SQ au c U20 O)Mffi�, -ttJ: :ht>, 

au = 0.240 U20 °· 
52 :fc> J: � au = 0.086 U2o 

O)MffiA--lO) t 0) ��:h L -c 1,, Q.:: c vcvc tJ: Q. .:: O)�if t Ji,J! C U20) IJ� 8.5 m/s -ttJ::h 

t> U10 i.J�*9 8.0 m/s --e�J tsi:�:MF 0 t-:1*1ffiAiJ�;J<ciJ Gh, :tm��991=.JLJ! c-!Z-t Qt o y-e 

sQ. 

2 
:::, 

E 
:::, 
..: 1.6 

1.2 

1.�.5 1 

• 
• 

e 

8.5&U20 
"u/ U20=0.086 

(A) 

05<U20<50 

(8) 

e 

• 

� 4 (A) 20 m �l.t0)7j(f{f4if;J5fP10)f:lejmJl! (U20) r::.%J-t 0 
JITi\,O)}�, (-H7, T ,{ ,t-7,) O)�{t 

(B) U20 r::.%J-t0 f/7, ), 7 -r :J !J -0)�{!:: 

Fig. 4. (A) Variation of gustiness (au/U20) against U2o. 
(B) Variation of gust factor (Um/U20, ratio of maximum 

instantaneous wind speed for 5 minutes to U20) against U
2o. 

3. 5. 1f7. � 7 7 ?�-c. U20 c.©fiHi 

� 4 -(B) vi, -jf A ], 7 7 !J :;J - ( Urn/ U20) Ct§.�' 1964) C. U20 C. 0) Mi* �nd..,. t-: t 0) 

--c-s Q. t-: t.:. L, Um c vtWM!!IJllti[:31 5 %i1c1jvctc;vt Q 7J(3F-:WtJJfP10) �i1c1ji&*�J!��:h v-n, 
�- J5!i.JI£0)�f.mv=.)(;J-V·t, ·Jf;r... � 7 -r !l ;1-vt�y-tQM(;;%�jj�L. U2o= l.Om/s--c·, Um! 
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U20 vt l . 6 ,  U20 = 1 0 m/s -e Um/U20 vi l . 30){[11�J& 0 . --tts:h't:>!XA·-c�b � .h o , 

Um/U20 = - 0.30 log U20 + 1 .60 .  

t.::.t-3. L , ;: 0)1*]{,f;i:.l�)i ,  O.S<U2o<SO m/s 0) •Jtfu:lfflvcu1,  � -Cnlt:s'z:.i"" o t 0) c �x_ G h 0 . 

;: O) !*H*Avi ,  Bi-�J!O)f:f:eyft:fl�= iaj i.l� 5 :B-iaj-c:-� o iJ�, :if:teyft�iajiJ� t ";) c :!Httuf , Um/U20 

O){[llvt::k � < tci: IJ ,  2: 0) Mf*A J: IJ tiJ:::fncf$ifJ L ,  5¥:teyft�iaj1J�m:1, ,�kve vt{l11vt,J" � < 

tci: IJ , 2: 0) Mf*A J: 1J tr:r:1J""'- c f$ifJ v-r " ,  < 2: b��:B- o . 

3. 6. JI.Ji:(!) ffi��;ffi 

� S K.J!O) �M:B-m�ffi L-C � < . llB®£�K �H"0 A�®��attDi""�h'b� -O) 

�5e::JlML�vc J: ";) -CtXO) J: :dc!K:B- � h0 . M13(JEtt�O)• , iJ :!J /{ T A. 'Y !! •, :;f' !J -Jf - F 

•vc:B-H"t.::.�kO)A�®tci:i7U��ffi L-C �  < . iJWt:B-mvt 5 J3 9 B 0){7U��H-vf , V:1J IPJ vi 

1:::
0 

- !I O){[lliJ�� < , :B-mfiilffliJ�f� < , 1, ,;bvp 0 1 ���J �ffi L -C � IJ , --z:O)�vc ,  W 1J 

1PJ-evt 1:::
0
- !! 0){[11iJ�{J£ < , :B-mfiflffliJ�$ < ,  1, ,;bvp 0 1fA., {' IJ �J �ffi L,-c 1, , -c , U :1J IPJ 

c' vt--z:.h t>O) tj=rjaj��ffii""�kiJ��\, ' . ��:B-mvt , tf r'J 7-. O)��:B-mvUivS(ilI \, ,:Jf}-C:'�h 

� .h o  iJ� , �:B-�•Jt-OtU vc 1:::° - !I iJ�ffflh -CfftEi"" 0 ffilPJiJ�!foo G.h 0 .  --t tci:h � ,  ;: .h GO) 

�$-C:' ,  u, v, W :1JftiJ�vc ,  -�®vc 1:::
0

- !I O)ti{JtUiJ�tc:-OtU J: r; t �1t$1J�::kc'� 0 ;:  c iJ� 

§ x_ Q . ;: O) �ft1'11{1PJO)�B3 C L  -c tt ' llB®£�vC�VJ" Q ��mil:c'O)fl1J!U{[ll C \, \ ?  �i�dJ:� 

1t-1J�JYli L --c 1, , 0  t O)  c F�hho h� . � L, 1, , 2: c vc"':)1, , --c vM�ur.� c  Lts: 1, , c�* ·  1 972 b) . 

i t.::.  WjJIP]-C:' vtrjJt;, GJ:JJ""'-I_IX < ��� + O)�fr�M:"':) t 0) C L --C � Q .  --ttJ: h � .  NE 

:1JfPJO)J�-c:- vi , #4mivcx;t L--C 1_1X � J: vfJITR, , -?-tci:h 'b 1:::
0
- !! 0){@Ji + O) �� �t1,� , 9 }3  2 B 

0) sw 0) 171J-c:- vt , ��-r 7_:_) LJITR, c t:c IJ ,  l:.
0

- !I O){[iHt - O) ���t��' ";) --c 1, , 0 .  ts: �il�n\. 

1'JHi , M13(JE•--evt 0.2 m/s � �'':7.;_, iJ :!J /{ T A. :;, !l )!l\�c' /i , 0.5m/s � �-':7-;_ , 7'' !J -if - F 

• c' vi 1 .0 m/s � �·:7.;_ --e�h � h --C 1, , 0 .  

3. 7. Z/L c Ri c <l)m-1{* 

@ 6 vC 20 m ��vc � H" 0  Z/L c Ri c 0) 1*jf* , � J: 'Cf� <  0)7itf5E�vc J: ";) --C;J<ot> G ht.::. 

1, , < "':)/J,O)M:!l�ffi L --C �  < .  

� 6 J: IJ ,  Z/L vi Ri 0) 1 .43 *vcJ:tf7U L--C �1Jo--t 0 Mi*iJ�>l<o6 Ght.::. .  --ttJ:h't:>t��M 

f*A --e�b-ttvf, 

Z/L = 1 0.5 Ri1
· 4 3 • 

-jJ, �* ( 1 972 c) iJ�llBf1J£�#ia:O)tfa;,Jcl:.c'>l<o6t.::.Mf*vt ,  �f:!t 3 m 0)5$3(JEttfrn (Ri 

>0. 1 0) --c- 1 . 2o*vc , Yc h J:  v; g� 1, , �t,_)1'.:l*J.i.�c- 1 . 98:W2vcJt111J-t 0 M1f�:-sRtY_) --C t , 0 . ;: o) Ri 
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Fig. 5. Frequency distributions of three wind 
components in super stable winds, katabatic 
winds and blizzard winds. 
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1 043 - 56 . 30 , 0ct. 

c Z/L c 0)1*),f*� I 00) M'f*A "'c'�h Lt..:�ft-v:. v;t , Z/L vi Ri O)tJ l -4* v=-lt-W!J--t Q 1*J{,% 

iJ �m G h ,  ir;rtn£:tm v:. to vt Q � j]l!J{ji 0) ffr� C fffHD�:fm;[f: < 0) diUl<_I: vc to vt Q rn� C vi ' {U£ 

-33c-t Q ,:::.  c iJ� 5t � . 

?jo:::. fili0) 1�f�$TO) ;:jU0t..: f1ii c .Lt 1!r,c-t Q 2:: ,  5:7i::;[JJLrfv:::. :i:u· 1, , -c !To ( 196 9) vi , ;ijgJ!IJf@ c 

L -C , Z/L viRiO)ff{J 1 . 2*r::. , :fill.gOOf[r! c L -CJ(J 1. 1 *vcJ:t-W1J-tQ �-f*�;:J<20-c to IJ ,  WEBB 

( 197 0) ( 1.6m � /'.lit) c TAYLOR ( 197 1) vi , Ri O) �(J 1 . 4 *vcJ:t-W!J --t � J: '5 t.t"&zO) M'f*A� 

:1<20-C \,  \ Q . 

z 
Ri - L z I + aL , 

t..: t!.. L ,  a=S. 2 -c� Q . OKAMOTO and WEBB ( 197 0) iL [qJ�t.t1*11*��>J<20 -C to lJ , 2m 

� §'t vcto 1t , -C vi a=5  c L-C\, , Q . 

McVEHIL (1964) vif¥Jffi,S\O) 4 m �Jl)cto 1, , -c ,  Z/L vi Ri O)*'J I .  4 *v:::.ltt!J--t Q 1*11*, 

--tt.t h 'b ,  
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Ri 

z 

I} 
z l +a L' ' 

t.::..t!. L ,  O.Ol<Ri<0.2, a= 7 ,  L' =L(KH/KM)(KH : �:f}tf{ffi� , KM : �jb:1:0):fJti1&f*�) 

'"t:''5 Q .  "i t.:.. ,  TAYL OR ( 1960) vi Z/L =Ri , RmER ( 1 954) vi Z/L = (5/3) Ri , Swrn

BANK ( 1 955) vi , � 6 vcffi'"t .J: ? t.J: 1*J 1* � 31< oo -C 1, , Q . 

-15, PANOFSKY ( 1 963) c LUMLEY and PANOFSKY ( 1 964) ( KEYPS O) A ,  1956 c 

WEBB O) A ,  1 953) vi , 7G*��l�-t"td-::> 'b ,  - 3.0<Ri< - 0.01 O)�,  

Z Ri 
L' l +  7 Ri , 

.:_ 0) 1*j{*;i:\vi*��l�r0) McVEHIL ( 1 964) O) ;i:\ c Til�0) 1*jffi�� L-C \, , Q . 

;:. O) .J: :j K� < O)���K .J: � -C , �h�h�� � k&��Il, *�IlK��Q 1*jffi�>J< 

oo-c 1, ,  Q t.::..oo , ®:�vtlt®('"t:- � t.J: 1, , '/J� , �11::ffi!P]vc -01,  , -c vilt®z:"i:iJffl§'"t:·cb Q .  

��O)�,§-vi , t"fvc�*���vc�� Q 7 - 3<' t 13- "i  h -c 1, ,  Q t.::..oo ,  :@!00 -Cffe!�1*1, , .:. c 

'"t:'4!> Q tJ� , ®:�lt®(-t Q vc vil±Jt-t Q !16,�n�ilt) Q .  

ttJ:.O)ifia=* .J:  l) *IJWr L-C ,  PANOFSKY ( 1963) c LUMLEY and PANOFSKY ( 1964) O)� 

O) M'f*AvcJ&: t JlI  < ,  � L-Cl¥J:@!,�'"t:->J<66t.::.. McVEHIL ( 1964) 0)1*J'f*AvcJlI{tl Lc \, ' Q .:. 

� 6 1J -1- ,, - F :;  :/ 7  :,,-,,�  - (Ri) c -:i: - =-
:,,-:;t 7'' :::i 7 ffi:  (L) F:.xJ-t" G iWift (Z) C')jt 
(Z/L) c C')�ffi 

Fig. 6. Relation between Ri and Zj L (ratio of 
a height to Monin-Obukhov length) and 
comparisons of the values obtained by many 
other research workers. 
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3. 8. e c U20 c (J)fMj� 

#1:{m 0955) vc J:: tuf , S 0 �tU to vc :to -t Q Ji.:r!�lf;:I:� u' Cto) , -thiJ� G t �ra11&vc 

:to vt  Q F8J C,80)Ji.J!� WJ:I:� u'Cto +t) c --thvi , :t§1tJJI.ID!avt{kO) J:: 5 tJ: '*11*:i:R;�4-x. 0 .  

t.:.. t.:. L ,  � � --e [AJ-,80)=�0)�tU vc :to vt Q Ji,;r!gr1lliJ:l:O) #c:iJ� , !A]-�tU v:::.�ra1119 vC tU20 

t-: vt*ht.:.. =,8VC:t:ovt Q ]i,J!grJfJ:l: O) #c:v=-� L I, \ t 0) C 1N5E L --c \, \ Q .  � 0) {&5Evi u' <U20 

c·s 0  c fi-Wtl9c·s Q .  :rt��O) 2 ]i:-�:lf.:Jvt , AC4)c-:�b � .h Q . -ttJ: b � ,  

< {u'Cto) - u'Cto+ t) J 2> = 2<u' 2> { I -Ru(t) } = C1e213(tU20)
2 13

, ( 4) 

c·s Q .  IZ! 7 vc .:c. .:t- 1t; =¥- - 0)�1ix$ c U20 c 0) 1*Jf*�� L --c :to  < .  � O) lzJ i:p O) s1 ,8 vi:i:R;(5) 

J:: �n:J<o0 G.ht.:.. t O) c·s 9 , -1f , �,�J:t:i:R;C6) J:: 9 >J<o0 Ght.:.. t O) c·s 0 . 

.Lll: 0) =1i$ J:: 9 >J< o0 Ght.:..'*11*Avi , J:: < :ifrfbl L t.:..'*11*AZ'�b-tt.:..o0 , ri1u1iZ'-�O) 

;t:c-�b-t c ??z;t:O) J:: 5 v:.. tJ: Q ,  

s vt 1*1.:s'l;!Jtfl� v=-:ifr1,, < 1$jfi-vc vt , J!�J!O) 3 ��H=-Jt1fU-t Q � c iJ���8'9v=-� Gh--c i,, , Q . ��O) 

�fi- vt'li:5E:!*i�Tvc :tu vt 0 *a=*c·s Q t.:.. � v=- ,  R5ElJtO) ��iJ� � O) '*]f*;t:O) i:p vcA 0 --c � --c 
1,, ,h �p Q 3 �UVJ J:: 9 t ��,J, � 1,, , fMJ{f/J�f¥J- Ght.:.. . 

-5 2»7 - E=5.0 •10 U20 

M 1 6, 

UJ 

E 

o Eq. ( 5 )  

o Eq . ( 6 ) 

� 7 20 m ��0)7}(Sfl-j't1J rPJo>if-�JLj! (U20) v-:_x;J

--t 0 .:r. ;j<. 1v :¥ - �!tx$ (c:) c O)Mf* 

Fig. 7. Relation between U20 and c: (energy dissipation 
rate) . 
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3. 9. Tu, Tv, Tw c Ri ;}.s J: "(f  Tu, Tv, Tw c U20 c <7) �{;f-

@ 8  -(A) vc Tu, Tv , Tw c U2 0  j:o J: '(f� 8 -(B) vc Tu, Tv , Tw c Ri c O) �{,f-�ffi 

V-C ta < .  Tu, Tv, T w vi, ;;t '1' 7 - El Bffl�'f*�O)O. 2fPh, G*9 3 f'J; i c· O) �Ff39t§� O)� 

11::MftiJ J: IJ J'i-w?*vc J: IJ ffl �il� 0 vCtJ: Q i  c·O)�rf3,�7.Kf*vf:� ' filllitJJ ftiJvc 0\, , -o t�k t 
O) �� Q , ,: O) �'f*� �K*b--t c ,  

Tu=50 Rio . as = 290 U20-1 · 47, 

Tv = l5 Rio . s s = 90 U20-1 . 41 , 

T w=8.0 Rio . as = 46 U20-1 . 47 ' 

t.::.t!. L., 0.5< U20<50 m/s O) f(I lffl l*J c·;i@iffl � n Q t  0) c --t 6 .  ,: tL GO) �1*�0) :t;�vi==. 

nlG0-JJ.ftiJ vch,h ,b Gf� c: --c·� IJ ,  ,: n GO)f*�O)ltvt, 50 : 1 s : 8. 0 =:: 290 : 90 : 46 =::6.  3 : 

1 . 9 : l �*b L, ,: O) Jtht:a:k%LrO) Ji��rf3, C*J:: , 1952:to J: U*J::fm, 1955) c � x. 6 

c ,  Jll:::k%LrO) f�8'9tce :::k � � vi, ;Wt x :f11l x � � = 6. 3 x l . 9 x l c \, ' '.J tfBffe:1,, :v:{t O) J��* 

h v-n, Q ,:  c h��� � tt 6  C JI*, 1974) . 

� T, 
x Tv 

o Tw 

• / 

QB3 Tu=50Ri 

I&! 8 (A) 20 m i@j)!t0)7,l(f*1/E:15°[q] O)f:it)m,� (U20) r::.xt-t� =:nJt:B-m. 
[q]0)%:�1¥J t.i::lf'3'Fs97. Jr - ;v ( Tu, Tv , Tw) c O)�f* (B) 1. H'· .,, - F' '.l Y-;r ://� - (Ri) c Tu, Tv , Tw c O) �f* 

Fig. 8. (A) Mutual relations between U20 and Tu, Tv and Tw (characteristic time scales of three wind components). 
(B) Mutual relations between Ri and Tu, Tv and Tw. 

3. 10. m c Ri c O) rai{i 
� 9 vc m c Ri c O) �'f*�ffi V-C :to < . ,: ,: --c· m c vtitC7)0) :r���jiU-:, L -n · 6 .  m vi 

KoLMoGoRoFF 0) t§{J;J.�iiiJ,  G 2/30) {@:iJ-:�iJ·h --c 1, ,  6 . :Jt J:. fill ( 1955) vi 1M);1J. r:1 t::· :/ 'J :/ 
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J!nli!H � ffl c , -c ,  5;f:rJ,'fliO) if!-J I 05}f'a"j0) r!iLvfEW'!iJ!IJ J: VJ ,  �iJ!1J MU: L -C 2/30) @v;:::. , l/3vs::.. /;c -0 :t$!; 

,g- t �c <: c � tlifl=i L -C c , -0 . i t::.. SmoTANr ( 1953) vifM0Uuli!1H-� Ji:n , -c ,  �alH@ J: IJ 

2/3 *J-llj/J�J;x;::s'r.-t Q C C � '  i t::.. iJ, :t,t • E EB ( 1970) vi ' ,tIHrVJlJ!fil;xal§- t- �  m C \ l '  1/3 C 2/3 

O) jaj V:. cb ".) -C 2/3 v:::. fcf. ,Q �viJ; tcf. C ,  C c �¥1i'ff L -C C ,  -0 . 

��O) J$j'ET t 0. 71 /J ,  G O. 460) f[U:� 0) {11[/J\tft G h ,  �-gielJ1ifililllt/1'.§f O) ��m)O) �JJIJ, Grlk 

< J!filO) W'!BilJf@ C�  i=pO) 1�*1 � Mfi L t::.. {ii[)  � p,,i� vt vf ,  o .  6 9/J, G O. 55�Ilt0) {@:-c·2/3v=.;Ji:c ,fw[ t �i 

216 Gh Q /J� ' L/J, L '  7
° 

p 'Y Hi/J, fcf_ VJ rtx Gvi ".) l C \ l '  [XI 9 v=-�-t J: ? v=. ' Ri C O) friJ  G 

1J ,O) ffi1*J1J�t!c!,o6 G h  -0 .  c 0) � vi Ri O) tf1Ji:i v=.xt L -c m 1J�:bll11Ji:i-t -0 !*11*-c· , A:V=-:t:zh--i±-vf, 

m = 0.045 log Ri + 2 /3 ,  

t::.. t.:. L' �-gielJ!nlifilifill.!!Ut 0) � 1J  jJ '  G 0) fmaliJ{rnHi� ri � h -c C \ fcf. C \ . 

0.9 
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m 

0.7 
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0.4 

m = 0.045 log Ri + 2/3  

0 

.!. 

�.l.-...L._�1.1.!cl-,dc-----L-ILLJ .l..uul 1 1 , I 11 rrl 
001 005 0.1 Q5 1 

R i  5 1 0  

4. ts 

� g I} +  -i, - r- '} :/"r / / � - CRi) v::.xti"" {) i\(7)  
J: fJ 3JU0 f'.:>;fl {) rn� (m)  c O) � f* 

Fig. 9. Variation of m obtained from Eq. (7) against 
Ri. 

Rk;/:k:!i�Tvs::.. .to vt Q *3<�15LvfE�iWJiJ� . m��RtLI&Jl±!c·l 970iF- 2 J=.I jJ, G l2J=.I i c·O) Jtjj ia"HC ;b 

t::.. ".) -Cfihht::.. . *� JSLvfEO) t4f'l± vi , 1*:l:m� ��l::iO) :tz:�oc , i t::.. vi3F·:lf=J�JIR c �Jf---::Svt -cfw. 

+rr �ht::.. .  

ffl Ghk�*��� � -0 c ,  �O) J: 5 K � -0 .  

( 1) U20 (2 0m ;t�j JJtO) ��Efil.jfil) vi. Ri C I} T -,, - F' Y :/ j- :/ ,,-� - ) 0)*9-0, 56*v=- J::t{JU 

-t ,Q . 

(2) W20/U20 ( 2 0 m �JJtO) 1.KT311·:leJJ!lilifilv::::.;xt-t -0 fil@FJI�J!ulj!O) J.:t) vt, Ri c vt�Mt% 

c· J.9: cv: L -C .to VJ ' W20 vt U20 0) *9 I /3 -c· ct Q . 

(3) 7.K-'F· ttf::;.lj /trJO) t1#${l1\\£ (au) vi. , 7,/(3fZWijj /1JJO) -i-h (av) v-:::. l[J.:t{YIJ L ,  film!/i fnJO) 

�� flffi£ (aw) c au , av 0) � fHt, 2£JclA\�f# -J t::..="..)O) ::i\ ·-C-�h � h Q .  Ri O) t\'ffJM-=

xJ L -c , au , av , aw U. i[gQ;:'.l,,' L ,  U20  v.:::. :xJ-t -0 -7chYchO) J:t t:tJ:1�1Ju-t -0 .  
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(4) }j,O))�U:t , U20 "/J� 8.5 m/s U--rvc ju i,, , --c ,  U20 O)�:fJ1Hcxt L--C�ji' L, --thtJ-J:O)Jj, 

Ji -c�;i: f�� :M:"? . 

(5) 5 5tf139i:f:t0) -Jf ;r.. r 7 7 !l :;;( - v:t , U20 O)�:fJrncxt L --c �j?-t o .  

(6) �*JE�J3JO)Ji.,  -JJ � /� =r -1 'Y !l Ji. ,  -f 1J -tf - F'Ji.vcjuvf o =::rvtJtJi.Ji 0) ��B"Jt.r 

iJ�Jtiffl"!J�>l<oo Ght-: .  

(7) .:i:- - =- ':/:::d- 7· :::r 7 *v:t ,  *JE�J3J--rvcjut,t o Ri O) ff(J - 1 . 4 *vc.JtffeU-t Q .  

(8) :r- ;t- 1v :¥' - j£Mii�v:t , *JE�filrfvcju t,t Q  U20 0)ff0 2. 7 *vc.ltffeU-t o .  

(9) =:nlt5tJi.fPJ O) :M:�B"Jt.ra=HJ39;r.. 7 - 1q-;t , Ri O)�:fJllju .J: rJ  U20  O)�ji'vcxt L--C�1Jll-t 

o .  --t L--CJ::tffeUf*�v:t , *vf x � x � � =6. 3 x 1 .  g x 1 O)*ffi*1, ,:s'z:f*�*h-t . 

( 1 0) �(7)"/J ,  G>J<oti Gntd� (m) v:t , Ri 0)�1J!l vc.xt L --ct�:fJll-t Q .  

� m, 

m 1 n1cwHi:tm�l!mu�� c L --c �vf:h Q vc.� 1J ,  BUt.f5lfA;=jWf�m* 1::*�tt± , ),.f*ttJtt 
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!tlHf±t.r GrncJ]7JlU vc1*JtfJ� tu Li  nt.r "/J • -0  t�m 1 1 {k�ffil_ 0)3«,�fr:*ff�j(� cm : 3«i� i:i 
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:e-fftvc{,, .J: 1J f&1'.@":�*h L i -t .  
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