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Space Correlations of wind Velocity and Air Temperature
Fluctuations in the Atmospheric Boundary
Layer above the Ocean (I)
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Hiratsuka Branch, National Research Center for Disaster Prevention
Nijigahama 9-2, Hiratsuka, Kanagawa-ken 254, Japan

Abstract

Wind velocity and air temparature fluctuations have been measured at the
marine observation tower above the ocean, and the space correlation of atmospheric
turbulence in the surface layer is analysed.

Vertical correlation coefficients of velocity and temperature fluctuations are
approximated by Panofsky and Singer's expression, whose exponential decay constants
are estimated to the values of a1=0.88, as=1.2, @3=2.2 and ao=0.47 for «, v, w
and temperature respectively.

The coherence and the phase shift of turbulence are formulated in terms of
boundary layer similarity in the three-dimensional space.

Vertical coherences and phase shifts computed from the observed values of
wind and temperature are presented. When the vertical difference is large, the
coherences of v— and w- components do not always decay exponentially with the
increase of [requency. According to the formulation in the present paper, the
empirical fomulas of vertical coherence jis(ls, #) and phase shilt ¢is(ls, n) are
shown as follows:

rislds, n) =exp(— Hia(ls, n)),

Hiz(la,n) = 24.0 (la/2)L-%(nz/@t) for wind velocity and air temperature,
Has (fs, n) 12.5 |

Haa (Za, n) | 8.8

Hoa(la‘ n) ! 15.0°

cialls,n) = 7.5 (la/2)1-9(nz/it) for wind velocity,

w23(ls, n) | 11.4

w33 (l3, n) 3.0

wos(la, n) —8.4 (I3/2)1- " nz/it) for air temperature,

where a is the frequency, /3 the vertical difference, z the height above the sea
surface and # the mean wind speed.
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Integral scales of turbulence with frequency are computed by use of the above
formulas, and the behaviour of those scales in the boundary layer is discussed.
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flL LT, RATHO— R CILRAEE LICAET 2 BLRURITRITER O BE 35 bE & fE B R B I
TEIENHD, KEME T 200 CBBIBFE S ED o T 5. E/- S8, &
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WCFHERE e O R E flES AL GEOR S X 210 Ve Eo B 0 Th (il
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iZhE vy, BEOBEIELS RO BOREL 3R ICRLZ - Tvs, 20
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—H, KNRERBIZET 5 EiT KK 0B R & MR -Sikim ot L, FioldE L
BT EhIZ L - TERIROSBAEFRELHEROARICHL T 3. %ﬁm%LiEﬁEAkm
MERHEORFEREESEMO Ay — A ER <5 2 EiCk - THHZEHRTES,

KO EN ORISR VUNIN 6 Z L DAXICE - TITbh T &M, Brlies
TLOEMEE L L ZERRERE O M IERE 1T v MR I TR v b s AR
FE 2 L BB AL THERFEES & RIMCIEL, AKEGOZ WML 227 +
AT A 2 btk TIH<5 X 912/ - 2®iZ Cramer (1960), Davenport (1961) ¢ kif3E
LI TH s

Cramer 3 O'neil Gk[H) CiTbh A KEBHHERO T — 4 effii+ 522k -T 7 m
A AT PRI OFOHEEGIFEIROHBBE A ED TR TH S 2 — L v AORMEE RS
#z. Davenport [3EEEPE) R 6 AKEEED = & — L > 2 OFVEHEOFEENES 81 L
Twab,

% /- Shiotani (1975) 12 ¥#F#E CHEAE TI50m D i & O F 2 T, BHIEiCHhE - T
HEEOBEEHC BT B A 77, FEE, WEOSEEmS L L Lo, ZERHBER O 5
B, B O E 7 ¥ &5 L. Bz Shotani et al., (1976) ik X 40 moy 3% F i
TTHLNT =¥ 2T 2222 0, ARELFROZERIEESEEI SO L & 4
AT e R o T S AN 190 mic BT L ORI 0 LA b v e s
ZoL@ELTwS, 2L THMORRER A r — ik ke, BANOBSIZOVTHERL TVS

EE O T MBI E & Y O SRER S T ENTE  OVKOE T A BB S A2 B o )
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52 OBz XS Z b o/

Iwatani (1977) ;x Shiotani et al. (1976) DR F — Z £+ B |, #5000 Z OB 4T
B 5L L LSRR TPH COREREOERA 2 52T 5
AKEERBTOHEFEYa Lt — Ly AR REOREEICRET S, & TkFEEO = &
~VVKﬁ%mEN7%—?—m@&ﬁﬁm%ﬁﬁﬁ@%%xm&rﬁwEané.Pm
lke and Pansfsky (1970) {z &HioBABEC Rk b T — 40 L EAFNO I — 1L v A
AR L, IBEEEOI oM SR A e =/L (L: £ —=» « A7 a7 R, 20 HEER
OEFEEE L TR LE, KPR O e — L 2 & v Tk Ropelewski et al. (1973) 23 %
W & F#b ¥ Richardson Fo OVE M & MR o 2 Mo BEE e L TR L 2 D=
REOSE#R OV TWE, —HFHER LA D EvETOERMEMEOEARM L LT, 2
B ORISR - - Mizuno (1976) 81552 5 5. i I8 o SYE AL 7 0 0 e 0
B ZERETHEL & B E200~400mo Jg CHIE L, WFHFERE & ERHEEO B 4T 5 L kv
b=l AL R 7z

ORI LB 2 ARERBORED - b, HRoEREEEA~sZLE T
LT, RAEESRCKEEBORET —F & 227 FPABIFL2RRERTIOTH S
SEEHE SR ORERBREZ L L L TERBEZ B 2cT 5. S RREFER OES)&
& BB N OELRIRRE 12 o TOMETHT AR (1977) s T T, ARG oho T
— A ERint B

2. & #l

JEGHZEEN M CSRZE B O JIE 13 VY 1 km OMERINEE T - 2. IESRHE IS
CiE, PNEE (1977) 1L B EhTv 20 THBs AL

OB & ko 5720 2 lOBTIRAE W EEBR K, PAT-311) &304 &
S TR RS G 72, EHOBREHOEER2AOOES I ISmETTH Y, 200 FEET
%k%wﬂm,%m%mnmﬁba.'Hﬁm@ﬁwﬁwmmaﬁ@$%m$uatwﬂw
Bz L Db has{Tahv

RIBEBOME TS » o v 2 ¥ v 7 AENE ML LTHAL, BFERAEHOR
Wiz EE L T,

FZRIEE & OHANIBIMNEENT A-D Sl EA TH o4 v 71 v AT ATl O
RicfEEsnsg, BFHEMIC - THEBSAET— 213 227 MBS OK AL £ 17
&,

1 [ T B B AW 12 1 1,600 sec Td D, HEEUEEIL 0. LsecTh 5. HIERMFO K
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3. & X R

3.1, tHEMEBEfEIDRRRY L
ZEM O 2 A L BIoE VW CERE ¢ O e+ 7 i e S AL G Bl (e), w4 T) OFHE
PAER(Ly, o) EFREO & EANTERS
Rilly, o= “fA(”'“"‘%(” I =1 2.3 (1)
VurtP  vVale+o)?

ITiHEAEO IS E S L, KL TlRu=y, w=ov, m=wkT5. S EEHO MY
LB EE L MRICERTES 26, D ek T i=0 Th - TEHTS. [ 1 AB
Motz RL, j=1, 2, SRENFNEMEE =, ¥, 2 OLETRT. —RCHBEREK
(D) @ =0 O TEbTHAY L, ZOBESHTLLHEBERORAEE S A . &
CERE RO 2 g B 5 BEEEBI OGS, MERISECEOKRIT BN S 2o Bl L %
KEWwEE Rlls, ) BEKE D BEHDEN tm SAEVEE L D, Rl 0) CHEEEK2E
FADH L IIWENAESA LN D, o T I 2 CIAHBEBE O A E Rl ta) TH -
TZEM AR R 5.

*EE#HF%E&%‘C#%%?ML& Y ERAANY PLERT =Ry PAC X - TERTET S &
HOLHICHMTE

Co(n)+iQ(n) |
Vv P:t(n) le(%;f_1 1y, n) expligll;, n) @)

ST Co\n)‘JrQLn)'
li,n)= Pa(n)Poin) (3)

_1 Coln)
! _Q{H). ’ (4)

TS, Con), Q) HEREFRIZASLT L, 79 4+ FFF 5 « X227 b1,
Py(n), Pa(n) (3400 2 5A, BIoB 1T 284 OFHRE o, «® 037 — 227 b bHEp+,
Fn) o —vr2aThy), RELMIcsY T, BEEEGROE #25T. ol,n)
CLERRE L B 2 E o TR A R T

You A AY FAOETRN G, BB RU, T F ot — R R A G CHRD &
Sz i s, (Pielke and Panofsky, 1970).

RlGpo= , Y [
1 owrz v yB Yo ) Pa(n)ePr(n) v 7, n) €OS(2ant—¢(l;, n))dn (5)

@i, n)=tan

Co(n)= ]/,P;-\(H)PB(H) 1L, n) cos (@i, n),
Qn)= 1/ Pa(n) Pe(n) 7(L;, n) sin(@(;, n)).
T, LXrsab—r a0 HRAENEER s T, fHEEEoEks L >

EAbhinD,
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Davenport (1961) {2 7ERGEO $HE O = & — L R R OXTHRIEL .

T (ls, n) =exp(-4 k --”fe‘) 6)
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DO RMEE S BT AR, EaMEERTH S, LRI KKEERE O EMERI
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Naito and Kondo (1974) 1%, =t —L > 2 & nls/@ O L, EEEaicowTH
BB M+ 5 k0 ZEl L, BIEEOBIT 1T - 7z, SE—MLL T, EEESO -
Az DV TEREAO j-Hao 3 e —v R pilly,n) 2T 5
n oW RS IERT S L Thid
Tiills, n)=exp{—H;({;, n)}, (i, j)=1,2,3
Hifl;, n)=wijon }
wi ZEMEGE &, HiET OUTdE) 25O S 2, EHe j-Rie 2 Ao L, kT
KA OREEICMET 5. Naito and Koudo (1974) iz v, KERBFEOEHIZ, & &
e=10m O o & &5 L, o k2 CERITGEL ay 3, 2 TERT LR !
OUE—OBERY B, CORME & S RoTEEEEICIER LT, RAOREET S
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FEROPEOBmSIcL 5.
#-T(M & B POERANBLND

HﬂhnbAu(g>m(m) ©)
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EXiE AT —x A2y p A FORBIZKEShsE—= « £ 7 2 7OMEAIZRDTH
nz/@ r, MKGCIEMEOIE L/ Ok - Tw5, - THERABICBIS -V Ak
KA RELEL A TH S 5. Ropelewski et al, (1973) 1+ Davenport @ FR{ELH] A Hif
2 LC3RITZEMOEBEEHO 2 b — Ly x 2 ERLL Ty a8, #oohi®iE (9) i«
BT py=1 LML LY T S,

[UREEN A MR 2 A LR RS T OB 2B, AREEE R A RE o T
T EREBENR TS, T, F0ab—Lyad, NRAPIICIEVBEICE 9 LRU
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5, HLAMEENEWE L SFEEEE R, it st - apn 0 tavEETsS.
ZOrEIL—LYRAMREEELL LI (D mffﬂ‘?ﬁ%{ﬁé%{m IR L VB S £ 3. v
FAEE R B A RE{ 2D L L LICHBMIZ KT {1 5.

Thbb

il n)=cijon (10)

T i itabe—vrAls) 2MERE a; L RFELFF AR L EZ NS RET
B 5, KPEEMOFHEOMHMHIEICHCT, T —L > zI0HiT5 (8) kRS2 ERR ST
FTHZErEmsRTes, (Naito and Kondo, 1974). $f - T = O % A AE 3 K400 —i
bl e+ 5.

weij o LN o
o =B ()" Gi)=123 an

ZIT By kg BEEERTSH Y, BFIEMOFNCORKET S,
PE-T (1) & (10) IfUAT B L2 RDTRAN, T—=v « A7 7OMERAE 5

R 1 EGEZEE L SR AFOSEFIRRE R RUHBSE & 5 2 5 R RIEMER o,
TR 2 EE R
Table 1. Vertical carrelation coellicients R; aud time lags rmi of wind and air
temperature fluctuations. Subscript i=0 indicates air temperature.

. i T Tme Tms T
Run No.| Date & Time z I3 R Rs Rsa Ko el me m8 m0

cm  em  cem/s 5 s s s
1973.12. 14
6 14 : 45 1019 986 620 — #es — 0.69 = — == 0.9
12.21 |
8 11: 46 988 986 1030 — — —  0.75 — - — 0.9
12.22
17 9:36 1011 986 1690 a == — 0.75 = = = 0.6
18 11: 08 1002 986 1550 7 = 0.80 = — — 0.8
1974, 8. 6
26 16 : 09 907 746 793 0.61 0.38 0.32 0.42 1.8 1.5 0.1 0.6
8.13
29 11 : 30 838 746 781 0.54 0.39 0.28 — 1.0 1.6 0.1 =
30 15 : 21 883 746 997 0.60 0.40 0.31 — 0.7 2.0 0 —
8. 25
40 16 : 45 895 746 1336 0.70 0.44 0.24 — 14 0.9 0 ==
12,24
44 15: 15 292 150 567 0.79 0.82 0.59 — 0.3 0.3 0 —
45 15 44 295 150 702 0.80 0.81 0.58 = 0.2 0.3 0 =
1975, 4,29
46 13:12 560 91 736 0.90 — 0.84 0.82 0.1 - 0 0
5 5
48 9:30 594 91 1064 0.92 0.97 0.81 0.98 0 0 0 0
49 ‘ 15: 00 596 91 1446 0.93 0.93 0.78 0.97 0 0 0 0
1976. 11. 26
177 11: 350 508 130 677 — — — 0.9 — — — 0.1
178 14 : 36 557 150 694 e - —  0.90 = = — 0.1
179 15 : 03 357 150 725 = = — 0.
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Fig.1. An example of space correlation function Ri(/s, t) of wind fluctuations.
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Fig.2. Vertical correlation coefficientsRi(fs, 7m) of wind fluctuations with mean wind speed .
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BE L OB 2 BRI L 72 L 3 0K REEE N BB L QA BB %3 Ry, Bk
AL Twii=0,1,2,3) &% 1125,

FH19> Run No. 395k (1977) OEF#HFH B A £H LR 1~3 03T 2

JEHE (u, v, w) OERE 1M OFBERENL (1) € o=0 oA 5. K1 MR
il et mAERIBR tn B u, v, w O ZRFREC 2V TRA Y, HoOfiE vk
DTaBROKEC, BELELPNE DLt BIEEAY0WCAY, EAEIERDIO thd
Is BT AR S EIOMUP BHL ST B Z LR TEAL . L LRI NG
PRETD Tw 3w RO T LD RKEVEL LD ENREOBE L L TEDLNE. £
BPREE L AR E e ZFuRITE D b v B OFINE WS, L AUNE LD Lo [ (N
ERTZERbis.

[ 2 b W38 3 oy O MBS ERER Ri(ls, Tu) APEMIEGHIC R LT, f AR A 2 0BG
Tt [nlsdhs 50t Rills, o) @ @ lZt3 50 5 0 AT RIS, @u=6~15m/s ¢ 3
AD VTR o TL & b 1.0 =P — T i T
B SR v L b L g, .
iL%. Shiotani (1975) i@ "
RO A, #=17~32m/s %

C R e o FH B (R T
9
0.5 )

A IRTEL v B LT

LH., INBEOFEENS uSO

SRE A ORBAEOE, KA

P ——— B G HCRIZONTAL WIND |
’ ® U -COMPONENT

g PR 85160 (I [ Ry A o o .

LR b, - 4

Ri(l_a)zm )

Rills, Tn) W &y 23] C oL— v
. ) ) e 0.5 1.0
T THHEE O O EE 2 173 ZIIS 173 )
Zn —
BUCRTEREAMBEY L S, 2~ 21 (m
Bl 3 A & sy D AHEMEEL Rulls, ) & 22l/3— 2013 (2 %

Panofsky and Singer (1965) & ™"\ % Ui o0, il Bobiz & % OWEHE R L 72 b 0

BE 2,z OfEMEER A KOH T, (13) DiEE AR ai=0.88, 0.46 o8GR,
Fig.3. Relation ofcorrelation coefficients Ry(fa, z) of horizo-
DEBHXTHRDb L. ntal wind or uw-component with z2/3—2,1/3,  Observed
L. ) values approximate with the solid line and the broken
line whose decay constants estimate «1=0.88 and 0.46
=exp{—ai(zP =)} (13) respectively.
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ai 0.88
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ACEBEIZH L Tk a1=0.46 T 5. Panofrky and Singer (1965) @&EE L <5 &, v
v ROTO T b S EE L S E RE a0 S AE . T b S Ao ML
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GHBRELBBMAERL T D
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A WEMRKROREE 2/L 22 01D PEORBIES B HED LOTH Y, &mﬁm
RO EHICAE L v LRET 5. R OIERE (13) 1256 > CIREGBI CRET 5
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WMWIZLERLTCS

CERIAHEE AN TN & 2 B IR T SN SITTIZ o\ C A T BRI 5 BERE 7 AN A 2
TEDNHEECS, eEFI0L RGO e OFBKFCRENE .
4.2, k- LYV REMBEDEM
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IR 5 TORWA, T4 RS EOBROBE 0.1sec THEILIZED
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Fig.6.1. ~Fig.6.9. Observed vertical coher-
ences of wind fluctuations.
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