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Atmospheric Turbulence Measurements with the Sonic

Anemometer-Thermometer at Syowa Station in Antarctica
Taichi Makr*

Abstract: The atmospheric turbulence in stable stratification was observed
at Syowa Station in Antarctica during the period from February to December
in 1970. Characteristics of atmospheric turbulence are analyzed in relation
to the stability or the wind speed at the height of 20m in surface air layer.

Obtained results are as follows:

Uy (horizontal mean wind speed at the height of 20m) is proportional
to about —0.56 power of Ri (Richardson number). Wj /U, (ratio of the
vertical mean wind speed to Upy at the height of 20 m) is independent of Ri.
The standard deviation of the longitudinal wind speed (o) is in direct pro-
portion to the standard deviation of the lateral wind speed (gy). The rela-
tions between ¢y and g, (standard deviation of vertical wind speed) and
between g, and oy are expressed with the two different equations, which have
each transition point. Gustiness decreases with the increase of U, below
8.5m/s (Uy) and has a constant value above 85m/fs. Gust factor for five
minutes decreases with the increase of Uz. 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 U, 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 Up, 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 Ru.
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FHELE 1] RGEHUIBE TR O KRG FRMEAR R & LTt (69°00'S, 39°35'E)
T, 1970422 AL V197142 A FCTIFEEL T, KEBBI% 1T -7 (FEA, 1971; 1972 a, b,
¢, d ¥ L0'1974).

T ZTIRI70E 2 A X D 12A ¥ COBBEERRAERE A UThh - LEREBTITk T
5EMKBFOEMBIN > WTHRETS.

BAEMC R T, SEHRANOEEREL LT, BHMKRBANL T - 7cDIXE11KRK
DD TTHY, FBFERERET 2BV TELIRE N 21T - /oD X EiRitg T T
D ETH5.

ERBMEC KT 2 EMSBFROREE L, BFE (12, 1, 28) BRI, H9I&n
WERBTHSD (EAK, 19722, b). 20 X5 1miz LA L UERETHLEMTEY, RO

4 9 VRBLIUOT ) F— FRICAHEI LB A ORI E O HMEN O LL S & T52 &,
B IOLERETICRT 32— EMSBEY YA ONCT B ETHD.

2. BNHER IO T — 2 @

AN, 1970 2 A X v 12H ¥ CTEEBBAMELOBAISSKBN A TiIThhic. Bz v —
FEA V7 BOIEETOMI0ERF MR LA HHic, BiRZELA2 58 50m, f#Ekos
M2 b0 30 m BN 7-¥BEE 8 m DM FICERE S e, WA VA BIRBERKE X ) EFCH
4km BTk b, F8iE (NE) it LT, AT ACBMMLE X 0 #9300 m # h ol
12 30~40m O FAEFET A . KR (1958) 1@ X AuE, MR BT 5 ERMEX NE TH
DI ENMBRTWS. EE 2l m DY, —U30cm O=AKTTE TRY, =AM
FURERE OZREMIE, FE20m ORI Im O —aDcifth 2 bhdk.

MEHRERE, TAr—7DAv 20cm T, WERINCEATMES X 5 RERM
ED#EEREZ —20°CIeE@DTHDH. FINERBELHR 100Hz TH% . BEWRERE
STDRLERL, VIF IS 7Tt V2 F T 7B, 1 F e varar2h, 40mm
lBTHb, S0mm/s DEE T, F 20N, 10 mm, 20 mm, 40 mm O
TNAy =R LT, Fh¥Fh 70Hz, 60Hz, 30Hz TH%.

BFERAEILEST D 120 E3zEZ 71— 7oduind, NE X ) 6 EREVO L ARED X

SIRE L. ZORDNMSLE FTRAOEELLPETEB I LS. SWhb
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WSW RN, S L BERREREFBGHEOREYR T CROEENE S, DO/
DEBERFEN 2O Fahic. LaL, NabExTteaihikd, Lnd SWhHhbo W
SW Hicg /s WRAKER 4 61H 0, ZOoHFMOBRIL, MULERBOHE » 4 v 1o
B, 7V—7HEOETOHERXT 51, Hx THMTIZ .

B L OKBOZEESMAERET 5 e, EMAREAET s JOBASENBRETE 56
2, EE2L, 10, 5 2.5 K XU 1.2 mic i) 2 b, BiERT 4 P2 AEGHT104/
OPEEEZ vV + L, BEIXBEFELGI CHEEBA X .

RIZIRT H B DL TR 5B .

VF = Py vrvi— (R) 13, 2lmEEE COSRBHEELRE ML OKX (D 2K
Wk bR,

g 4 J1).
e L, g EBHOMERE, 0: BHRETEbL LIcEE () FEOFHAKER, v: AETH
5.

AERES R (U) OREZEBDOBRERZE (o) 3XN@TRkDHI D,

gy = é (zi—u,-)z/N N (2)

P, #7492 A i=1, 2, 3o, d: KFHEHEOFHBEE, u: KFEESHORE,

wW(=a—u;) : KEREHAORELEH B L N: 25— 25 ov kL0 ow OKFEEFR, V

B LUOFEESF, WORERE) JRFCLTRDLIES.
t—=vF7azk (L), A@LHkDdBI 5.

0 Cpp

Rt U, Us: BEESEEE, £: AA~ VER (=00, Q:HE#M7 55 272, Cr: BIDE .
[ELCEY, o0 ZXOEE. U ZEESf X D HER Y RD, TOERE > TRES AL
KDOND. QIEY =YAY 24 b—HAY T YOHKICL ), BELGRAME KD D
hiz.
L= RAF SRR (o 1, AGOBITG) LY RD LI,

2w >{l = Ru(t)} =C,e**(tU,p)? 2, (4
fefi U, <u>: KPR EOBGEETHOF T, Rul) : KRG RO+ 47 —HCH
B, C,: BT =1.6, t: 54 A5/ ThHsH. XX BXHW2 DL,

L& Q €))
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C(2)" (a1 Ry(D)* |
= (—(T> - tl{Jzo =2 ’ %)

TEbLIND. Flo e IXR@)TELINS.

du
=G4 VUs )
2L, G XAEOBMTE, 0.00253F%. mix, R(DCHFBEREZEL LTS,
R.(t)=1—-Cum™ , @))

7272 L, Ru(t) : KVREAEDOA 4 7 — ACHBEFREK, G EHTHD. KEE TR L O
BTEHFMOF 1 7 — HOHBEGREK, R() 5LV R LEBECLTRDHHRS.

3. BURRRIOEER

3.1. Uy & Ri &OMR

20m BEOKEHAAMOFHEHE (Uy) LV F+— Fy vrv.si— (R) LOBHREE
1—(A) ©WiR LTk <. RFXDIZRT L, BREREYFZA TS0, FHREEICK
LTl a0 MiBIns 5 2 EnTFHEERD. Tiobb, KERBETCHSETS Ri & Uy b0
B AR E LT &, |

Uso=3. 10Ri~0-56
Eieh, U ik Ri Of3—0. 56O 2 5B 3 bhie.

N R
(=
3
1 :
@«
o
Y
S
s

50
(m/sec)
Uz N
Bl 1 (A 20m &0 KFEHES RO FH
10; B (Uz) LVF +—FV vF v
55 —(R) X ORFERETIC BT 5 BIR

(B) Ri & Uit % 20m FE
DEETADFE R E (We) Ot

(A) (Wao/Usz) & DB ‘
1= Fig. 1. (A) Relation between Ri (Richard-
055_ son number) and Upy (mean wind speed
0-6 coobod bl s i of the longitudinal wind component at
Wao ? (B) the height of 20 m).
Uz—o'o-l'f_ 0:0: o °e ° 033 (B) Relation between Ri and the
|y .: se—= ® ratio of Wy (mean wind speed of the
02 o® o® e® i : L] ~vertical wind component at the height of
0_ IIENE RETT BN S AN SR T T T 20m) to Use.
001 005 01 05 1 Ri
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3.2. Wy/U, & Ri &DM%

20 m BEEIC 1T B K ERFHOFHREE (Use) ikt 5 EEH R OFHEE (Wy) O
e (Wiao/Us) & Ri LDBAFHR K 1—(B) IR LTk . ZORLD Wy/Uy DI, R
X LT LIc— x5 2 &b, —EfEe LT0.33% "L TW\5. O —EfliL,
BAR (1974) AR LTH B X 510, W,y0=0.330U,0 Ic—F%3 5L DTH5.

Tt T I T, BEHRERER O TR 120 ERELR LTS5, L0 ZBBOKS
2Bk K B BRlfE (Kb e it LcfE) (&, FHiE 0.33% 0 /NS W fER/RL TV 5.
DT LIIRETHLEAD Wy 2HRHNCK E LIFHRD Wy LD /I E2kKbHLT
W5,

3.3. ou, ov LU ow DHEMRFR
K2z oy & oy, ov & ow BI W ow & oy DHEBEFREZRLTEL. oKX bH, KD

BRI RD bR D,

oy =0.7900y,
0<ow<144m/s D,

ow=4.16 0y'-°*=2.65 gy*- 2,
B LY ow=l44m/s DR,

ow=2.500y=1.98 oy,
THs. ThboXLbh, KFEHM (FE - AR XFA CHEEERLTW501I LT, &
B EACETEOBERTIL, ow 2 144 m/s TERGRF- 220X TERHIRDZ &
Doy ote. Tihbb, ow © 144m/s ik, U, TH 8.0m/s 1241, = DFED, KU i
W Rtk LiAD 5 BB ST 5 (BIA, 19715 19722). =0 &3, HNERECK L
T, SOBRFAKRE LFBDICBAD =R A ¥ —EB IR T, KEHRDEERFECE
E 2 BER, KFEHAOROUHERE b D EEL LD,

iz, Uy & ou, v, ow 5LV Wy & ou, ov, ow DBIFRAEZRLTEL,

0<Up<85m/s F7bb 0 W,0<2.80 m/s DR,

oy =0.240 U,,*-52=0.430 Wy *2,

ov=0.190 U, 2= 0.337 W,,°-5,
U285 m/s F7cht We=280m/s DR,

0y =0.086 U,,=0.260 Wy,

ay=0.068 U,,=0.206 Wy,.
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E 2 20m SECETL=HAREE T o
BH¥RZE (o, ov, op) OHARMR
Fig. 2. Mutual relations among oy, o, and
oy (standard deviations of three wind com-

ponents).

1
oy 05 1 5 0 %5 1 oy 5
o o 01 05 1 o 5§ (m/sec)

—J5, ow X Usyy W @R L CER AR F/cBIR,
ow=0.170 Uy,=0.540 W ,.
¥te, Riwhtd% oy, oy, ow OBREE 3 —(ANT, RiIHT5 0u/Uss 0v/Uss ow/
Up OBIRZ X 3 —(BIUT/R LTk, F7sbbiliZEDEfRE N TRHLEIE,
or=0.45 Ri~%3%, gy=0.37 Ri=*%, gy =0.60 R{~% 18,
Lich, BREDBERI,
ou/Uy;=0.16 Ri>%2, ayp/U,;=0.13 Ri®?2, oy /U,y=0.23 Ri% 15,
Ft, AN 5 7 THRb LB,
ay/U,,=0.067 log Ri+0.14,
0v/ Uy =0.067 log Ri+-0.13,
ow/ Uy, =0.067 log Ri +0.21,
TEHLIhD. ZhLOMEXNE, FRETEL LILED &L BIZ 2Tk b X { ERME

EHLTWS.

T . B3 (A) VF = K7 i (RD)
o S L 20 mBEIC 1 B =R A
o8 DIEHERZE (0y, gy, op) OB
(B) Ri & 20m BEDKFAES
DFEPRE (Uw) T553T5 oy, oy,

(i
S

T lll
e

% %WUp=OBRI"? . =
Uo on e "

LA RLES | N B N R

T ' ow DK (0y/Us, 0v/Us, 0y/Uz)
- 09° O > & D %%
W Fig. 3. (A) Variations of oy, oy and oy,
Ei ° o (standard deviations of three wind com-
U WUp=023Ri ponents) against Ri.
- (B) (B) Variations of ratios of oy, oy,
%Tﬁﬁ&“&ﬂ&”{@m“&%ﬁ‘&ﬂ%%% and oy to U against Ri.
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3.4, Uy (cHTZRADA (gustiness) DE{t
U 232 BDR (ou/Us) (LA, 1955) DBAFEFR 4—(A) KR LT . 20K
X, KRAD X5 BRABRD LR,
0<U,,<8.5m/s DR, 1
00/ Uye=0.240 U,,~0- 8,
U,,=8.5m/s DR,
v/ Uy =0.086.
OB, 3.3. CRLTH B ov & Uy DBAFRRA, T7hcbb,
or=0.240 U,o" ** 35 L O 0y=0.086 U,
DBIBRRFD L DOHELLTWB I LITITD. ZOBELEE (Uy) 25 85m/s T7ich
b Uy 7349 8.0 m/s TERBHF - BIFHEA»n KD bh, RERABREL—FHTHHDT
H5.

05
% - 85<Usz
g - OEJ/U20=0_085
C
w0
%05: O<U20-é8.5mlsec :o o
T oulUx=0240Ug° (A)
18”“1 Lt ll Lo
’ =-0301 . . v
§ [ Unthem00W09Ue 10y () 0m EEOKFRAMOFHRE Un) 3T
3. 05<Un<50 ROR (5 AF 4 22) DELE
5 B) Uizt TdHA b7 72 2—0FA
(&)
RN
- Fig. 4. (A) Variation of gustiness (ay;/Ujo) against Us.
::3/;1-1" (B) Variation of gust factor (Um /Uy, ratio of maximum
instantaneous wind speed for 5 minutes to Uyy) against Usg.
12~
1%51_14111 t 11yl t ot 3]

10
Uzo,(mlseg)o

3.5, HRPMI77949—=& U, &DER

K4—B)ix, #2752 2= (Un/Uyw (GHE, 1964) & Uy LOBIRER LIS D
THDH. 1ciEl, Un EGXBIVIRGR 5 2B 313 % KRS B0 bR BRE x FH LTl
5. BEOEIMZK LT, #A L7 5 2 5 —=3BPT5BFERL, Uyw=1.0m/s T, U/



“ L sk ok = SPT—
Mwﬂﬁ,%rJMMVCMMMMMSD@%mé ?&b%&xcibéhé
 Un/Un=-030log Uy +160.

FrE L ,;0%%%u(H<&ﬁ$hﬂs®ﬂﬁﬁ%k%htﬁi?%%@&%z%hé
= DBIRIZ, HAED TR 5 HRITH 555, TR G > LRIFIE, Un/Uss
DREIEKE b, COBERL VAELFCBEL, THLRHMAE AT RN E <
b, COBMRRE DETHNEBH LT 2 LN 5 | .

3.6. RZERDEES

X 5 I BGED JFEN % /R LT < . BIEMIC K15 BAR eSS RET kbbb, RO
RAEBIZ L > TRD L H IS IhD. BLEERBOR, »x- 74y 7R, 7VHF—F
ROz 43t ich & O AR eI KR LTk < . SEAMIL S A9 HOBIXERE, VAR
v — 27 OfE2im <, AMEA»IEL, Whdd PEB ] Z/RLTk), oM, W
AT E — 2 DEAIMEL , DHAFANKL, Wb b TTASHE] ZRLTWT, UKH
TRENRLOPREB LR R THEL S FESMIL, 7Y ADRESMTITT AWK TED
IhaD, EoRAEACY -2 Fo THETHHEABED bhb. Tibb, Thbo
MeT, U, V, WHRRkc, —#ce— 2 OGRBRE[L D S BERNRKTH S 2 &8
2%, ZORHEHMOEA & LTk, BMEMC KT 2R mHE ECcOBEIE SV 5 58S
HREELTWB LD LEBLRE N, FHLWLI LI oW TR E Lic (EAK, 1972b).

FLWHRBITIETHL S EFAGLLBER - DFGE2FESO LD E LTHS. Thbt, NE
JiEo BTk, R L TRE LIFR, $7bbe -2 ofiir+0fF5%#HbH, 9A42H
D SW D HITik, WETHLRAELD, =2 DEHR-DOFELXE - T\ 5. IekHEENS
ik, BLERTIZ02m/s EXH, H 2374, 7Tk, 05m/s TXH, 7V HF—F§
BTz 1.0m/s XX TERLIN TS,

3.7. Z/L & Ri &D%

M6 20m FHEzRITD Z/L L Ri LOBR, BLIUEOHEHL > TRD LR
W ODDFERZRLTE LS. g

K6 &LH, Z/Lix Ri © 143 TG LTI 5BIR2IRD Hhic.,  TiabbinEEd
HRATEbLRIT,

Z/L=10.5 Ri*-+.

—75, BAR (1972 ¢) 23MEFANFEMAT oMK ETRO-BMRIL, BE 3 m OMuERE (R
>0.10) TL.200z, Fh X DESLLEREETL. 98 LW+ 2B R kdp T %0 2D Ri
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& Z/L  oBfR%E 1 2OBRATED LIGhEC, Z/L 1 Ri Of) L4F I3 % Bk
PR B, IBFIEMIC FsiF 2 BINE O f5 5 & MRFES LR < DK i 1T 288 L, =i
—HF D LB

RIZMBOPIFEEZ DO RIS LIl % &, LERET BT Ito (1969) i, i &
LT, Z/L3Riof 1.2 ic, BifEE LTH 1. 1 Fic i+ 2 BHERHTH H, Wess
(1970) (1.6 m &) & Tavror (1971) i3, RiDFH 1.4 BT T5 X 5 itk OBIFHRA %
RpTs.
Z

L___

l+a% ,

Ri=

FetiL, a=52 TH%. Oxamoro and WEBB (1970) 4 FEELBIGER Y KD Tk D, 2m
BRI TIE a=5 & LTW5.

McVEHIL (1964) (3FRE &S D 4 m ESEICS\T, Z/L 1k Ri O 1.4 Fa teprd % Bk,
Tiebhb,
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Z
Ri=—
H—aT, ’
7e#E Ly 0.01<Ri<0.2, a=7, L'=L(Kuy/Kn)(Kn : BILHERE, Kn 2 SEEYE OIRHLRED
TH5. Fi-, Tavror (1960) ¥ Z/L=Ri, RipEr (1954) 1t Z/L=(5/3) Ri, SwIN-
BANK (1955) 1%, K 6ImRT X 57BRERD> T 5.
—7%, Panorsky (1963) & LuMmLEY and Panorsky (1964) (KEevps o3, 1956 &
WEBB D3, 1953) 1%, REERET/ebb, —3.0Ri<-0.01 DR,
Z ___Ri
L 1+7Ri,
Z DOBAGBRRIILERETD McVEHIL (1964) DX & TEMDOREFRERL TV 5.
DX ORELDPREICL T, TRLhER>LBNEE, REECKTHBRLR
DTS, BEILILETELVD, EERC WL ETHS .
EBEOEG, HUBRERBICET 27— 23 F T TS5, MO THREKEVLC &
THoHH, BERETHCERTILENDSS.
D EDRERX DM LC, Panorsky (1963) & LuMLEY and Panorsky (1964) oif
DGR Z LA L, F LTEBETKRDSA McVEHIL (1964) DBIFRRICTLL LT3 =

" Stable
- = RT Rider('54)
107+ ST Swinbank('s5) ”
= - Teo Taylor('60)  Zz/L=105RV
T o MV McVehil('64)
- v 1, lto('69), theo.
100 In Ito('69), meas.
E o Wy Webb('70) QW
Iz % OW Okamoto ®
T & Webb('70) % '/ (1
I -
10% 1y M ' Ks
B6 VFs—FYvFvAai—- (R) Lx—= E_A T71‘ TaY;C)’r(7\1’36: ® . I Ws3
. - i(" o
v 727 (L) CHTBHE (D) okt ;:°M““7 N
9
(Z/L) & DBk 10’ .
Fig. 6. Relation between Ri and Z/L (ratio of :— Teo Unstable
a height to Monin-Obukhov length) and 10_2; O Wss Webb's formula
comparisons of the values obtained by many _E.— RT 4 % Kss Keyps' formula J
other research workers. 2 Panofsky('63) .
- MY Lumley & Panofsky('64)
~ [N RV BTN ITS KY1T1 NS NS A & N T7) N M RO TT1
106° 107 10" g ©° 10
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3.8, ¢& U DR

F EAh (1955) i LA, HD0EL Ik THREZTEY o' (L), Th b ¢ BEfEEKRIC
B 5R CA0REREBHESR u'(t+8) L3, HUERIKRD L 5 BRI *5x 5.
eiEl, T TRA—RDOZODORINC KT 2 BEATHEDZEN, F—RINCZEZHEANT  tUs
R Z A 5RRAHBEOZCELLBD LFEL TS, ZOREIR v/ <Us
THdLAEMTHS. HEED 2 FHL, XMW TEbLIID. Thebb,

L{w' () —u' (8 + ) >=2u"* > {1 =Ru(D)} = Ce**(tUy )", €
TH5. R7IC=FAF—DREEL Uy, LOBAFRERL TR . ZoRFoAMIR(G)
LhkdDHIhICLIDTHY, —F, BARRNG)LHIKDLALILDOTHS.

Lo ZHE L bR b cBIRAuL, L <AEULCBEGRRERDL TS, fHx—20
A TEbLTERADL 51725,

e=5.0x 1075U,,> %",

e lxpsp RISV A, BURD 3 FIC AT A Z EBEERANIC bR TV S . EED
BEXLERETICE T A/ETH L0, KEEOFEN ZOBGRKOPIZA-TET
Wi B 3FEAL H LRI VBRE BRI,

~ | e=50-10°0%
g0
EF
w [
1(525-
Ef
1(535‘
- 7 20m FHREDKFERES R OFHBGE Us) (5
B TH=xA¥—HEK () LBk
i o Eq. (5)
10° o Fig. 7. Relation between Uy and e (energy dissipation
E ° Ea. (6) rate).
—111410 L1 bend 1]
05 1 5 10 50

Uys, (M/sec)
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3.9 Ty, Tv, Twé& Rids&V Ty, Tv, Tw & U, EDORfR

—(ANZ Ty, Tv, Tw & U,y 8 L8 —B)ic Ty, Tv, Tw & Ri LOBHRZR
LTk, Tu, Ty, Twid, #4 7 —BCHBEGRED0. 202 579 3 # & TORRMEBEADZE
LI X b sHERR X 0 ABBEA 01270 B ¥ TORRI & KCTHERE, |BEGAICOWTRD D
DTH5AH. COBRERZRLT L,

Ty=>50 Ri®# =290 U,, "+,

Ty =15 Ri*#=90 U,,~*-*,

Tw=8.0Ri®® =46 U,,~"-*,
772 L, 05<U,<50m/s DEFATHAIN S LD ETEH. ZhbOBEGRROHRIT=
B2 03 bFRETHH, ZhbOREDI, 50 :15:8.05290: 90 : 4656.3 ¢

9:1%FbL, ZOHIRAEFOBAERH (3L, 19528 L OH £, 1955) &2 %

&y BRELTFOTHNARE 2%, FEXEXEE=6.3x1.9x1 LW MRVILEDHEYE
bLTWBZ LB EIRE (B, 1974).

1035’ =
A\ - i
(seq)f .T 47 N G .
- u=290U,o L x Ty
L L ° T,
0%} -
WE E
TV L :
Tw - b TU=50RI
1
10 tlg— - .
F - ° * - 083
i . J o o 083
ol o7 Tw=80Ri"
OF wesou ‘\\F/?/ (8)
Loos . 111nul 1 (1E IR FTTI R A N R IT B R SN R TET1|
05 1 Uz (mlsec)om 005 01 05 1 Ri 5 10

E 8 (A) 20m FEDOHKFHESHOFHRA (Uzo) i35 =GR
MO ek A r — v (Tu, Tv, Tw) & OBE%:
B) VF+—FYvFvai— (R) & To, Tv, Tw DB
Fig. 8. (A) Mutual relations between Usy and Ty, Tv and Tw (characteristic
time scales of three wind components).
(B) Mutual relations between Ri and Ty, Tv and Tw.

3.10. m & Ri LORE
KowwmE R LOBEGREYRLTEL. S TmL3XN(DOIERHEH LTS, mit
KoLMOGOROFF D {UER A 5 2/3D{ELGE T4 . HE bl (1955) i/ Ble vy v
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