24 2 Vol.24,No. 2
2007 5 MARINE FORECASTS May. 2007
1 2 1 3 3
1 211101 2 100081
100081
EC
Dyer74 EC
8.47
Richardson 0.1 Businger71
P731 A 1003 0239 2007 2 0009 08
1
Monin-Obukhov
1971 Businger @
Businger71 Kansas
1974  Dyer ¥ (Dyer74)
Businger71 1988 Holtdag DeBurin!
Cabauw
1991 Bdjaars Holtdag® 5 (B&H91)
CPU Louis!®
1979 Richardson =zIL L Monin-Obukhov
1982 Louis M (LTG82)
1979 LTG82
2006-08-01
40333032 "

1979-

40575007 "



10 24

[8]

GCM o ] Launiainen 2 (Laun-

iainen95) 1995 Richardson
2002 Wang
(8] (Wang02) Louis
[13]
(1)
2
[14]
Donelan 131997

2
2.1

1997 Dondan 13 1

1991 1 19 3 9
126 17 12m 10m

Monin-Obukhov EC
ID
Donglan 13 (1) purewindsea  (2)
(following swell sea)  (3) (crossingswell sea) (4) (counter swell sea)
27 10 46 43

2.2

Monin-Obukhov

u=20InE) — p( )y (1)
k  VonKarman U Zo z
Dondan %3 ”2m u =z L Monin-

Obukhov L=120/(kg0-) 0 O e =z/L



Wm
= —pu'w'=p1é = pCiat’ 2
Cu @ @
- 0 k2 u2
W= Gt = ey = Gl + yed DT ©)
Richardson Ri;
Riy = ggvAuz@” (4)
Donelan  [13
Yelland and Taylor (1996) ( YT96) [
0.011 u=<10mls
Zo=Z. 1ilg za=10. 011+w 10mls  u=<18/s (5)
0.018 u  18mls
4) (5 Richardson Businger71

Dyer74 LTG82 B&H91 Launiainen9s Wang02
Businger7l Dyer74 B&H91

M onin-Obukhov
Y ©)) M onin-Obukhov U.

LTG82  Wang02
LTG82 Businger71

Wang02 LTG82 Launiainen95
e Richardson Monin-Obukhov
Dyer74 B&H91 (3
Us [2 8]
3
1 10m (Uiox) (H) EC
(Uer) ID (ter) Uy
3 15m/s H, 0.72 341Mm Uize Usn

0.1 0.7m/s @ (5) Richardson



(Ris) (z0) ( 2) 2a 94 Riy

[-01 0.1] Riy -0.1 221 223

2b Zo 10“m /2o 10° z
12m
- x10°
%m itT t ';i f T - R
% AS LI 4
3 } b ‘a € 3} f
o 0 # - 2
- 3 +
R SN N 3 L W 1
) S 09 — NS L
tost, # * IR ' o I
;d § * * *";Iﬁ!c 0 Ore '* * ’*4"*’ }
i 0= = — ‘ ig & -0.2 $
cosh 3 . :
£ 0.4
g z‘&d * b
5 ; o . ' . . ot
20 25 S5 60 65 70 20 25 S5 60 65 70
DOY (1991) DOY(i1991)

B 1AM 10m PRALUn). RE g2 gyt A M IAES A ()
(H). & EC R THEEERE (UedFed Fo 24k Richardson % (Ri,)F B i) 44 % 4k
IDF k46 e B B (Uap)et 18] 64 4L
Dondan 13 ID
EC
(ZI*EC) U
3 6
u* u*EC 1 1



13

11 1
( 1)
10
1
Businger71 Dyer74 LTG82 B&H91 Launiainen95 Wang02
Pure wind sea -10% 2% -6% 2% 1% 5%
Crossing swell -21% -10% -15% -10% -10% -15%
Counter swell 2% -12% -21% -12% -11% -21%
1
Businger71
10% Dyer74 B&H Launiainen95 LTG82 Wang02
Businger71
Businger71 21%
LTG82 Wang02 Dyer74 Launiainen95 10%
YT96 [
[16] Donelan [13]
221 223 239 12
EC

Gao [8]



14 24
U U se NSEE ( 2) NSEE
NSEE = (6)
Li u* Ci EC
n n 2
0
10 4
2
U .. NSEE
NSEE Businger71 Dyer74 LTG82 B&H91 |Launianen95| Wang02
Purewind sea|Unstable (27)| 12,51 8.47 9.99 8.47 9.51 10.37
Unstable (25)| 25.26 18.62 24.40 18.62 22.77 2458
Crossing swell
Stable (21) | 2141 10.90 10.75 10.89 10.32 1054
Counter swell |Unstable (39)| 25.84 20.24 26.42 20.24 24.02 25.95
2 EC
Dyer74 8.47%
Dyer74 18.62%
20.24%
Businger71
21.41% 10%
4
Businger7l Dye74 LTG82 B&H91 Launiainen9s Wang02

1 LTG82 Launiainen9s
CPU

Wang02

Businger7l Dyer74



B&H91
2
Oost and Oost 17! (2004) Yelland and Taylor 28!

(2002)

3 Dyer74

Dyer74
8.47% Businger71
[0 0.1]

[1] Monin A Sand A M Obukhov. Basic Regularity in turbulent mixing in surface layer of the atmosphere. Akad Nauk SSSR
GeofizInst Tr, 195424 163  187.

[2] Businger JA, JCWyngaard, Y |zumi and E F Bardley. Flux-profilerelationshipsin the atmospheric surface layer. JAtmos
Sci, 1971,28 181  189.

[3] Dyer A J. A review of flux-profile relationships. Boundary-Layer Meteorol , 1974, 7 363 372

[4] HoltsagA AM, HA RDeBruin. Applied Modeling of the nighttime surface energy balance over land. J App Meteorol,
1988,27 689  704.

[5] BeljaasA CM, A A M Holtslag. Flux parameterization over land surfaces for atmospheric models. JApp Meteorol ,
1991,30 327 341

[6] LouisJF. A parametric model of vertical eddy fluxesintheamosphere. Boundary  layer Meteorol , 1979,17 187  202.

[7] LouisJF, M Tiedtke and JF Geleyn. A short history of the operational PBL -parameterization at ECMWF. Workshop on
Planetary Boundary Layer Parameterization, Shinfield Park, Reading, Berkshire, UK, European Centrefor Medium Range
Wesather Forecasts, 1982,59  79.

[8] WangSP, QWangandJDoyle. Someimprovementsto Louis surface parameterization, paper presented at 15th Symposium
on Boundary Layers and Turbulence. Am Meteorol Soc, Wageningen, Netherlands, 2002.

[9 Gaoz ( ), L GBian ( ), X JZhou ( ). Measurements of turbulent transfer in the near-surface layer
over arice paddy in China. JGeophys Res, 2003,108 (D13) 4387  4399.

[10] European Centre for Medium-Range Weather Forecasts, Proceedings of ECWMF Workshop on Parameterization of fluxes
over land surfaces. Eur Cent for Medium-Range Wesather Forecasts, Reading, England, 1988,392 .

[11] MillerM J, A CM Beljaars, and T N Pamer. The sensitivity of the ECMWF mode to the parameterization of evaporation
from the tropica ocean. JClimate, 19925 418 434.

[12] Launiainen J. Derivation of the relationship between the Obukhov stability parameter and the bulk Richardson number for
flux-profile studies. Boundary-Layer Meteorol, 1995, 76 165  179.

[13] DonelanM A, W M Drennan, K B Katsaros. The air-seamomentum flux in conditions of wind seaand swell. Journal of
Physical Oceanography. 1997,27 2087  2098.

[14] Gaoz , N Chae, JKim, JHong, T Choi andH Lee. Modeling of surfaceenergy partitioning, surfacetemperature
and soil wetness in the Tibetan prairie using the Simple Biosphere Model 2 (SiB2). J GeophysRes, 2004, 109. D06102,
dio 10.1029/2003JD004089.

[15] Ydland M and PK Taylor. Wind stress measurements from the open ocean. JPhys Oceanogr, 1996, 26, 541  558.



16 24

[16] GaozQ , Whu, SM Liu. Testof theL ouis scheme and COARE algorithm for friction velocity in different wind-
sea/swell regimes. Acta Oceanologica Sinica . 2005, 24 (4) 20 28.

[17] Oost W A and EM Oost. An Alternative approach to the parameteri zation of the momentum flux over the sea.  Boundary-
Layer Meteorol, 2004, 113,411  426.

[18] Ydland M and PK Taylor. Wind stress measurements from the open ocean. J Phys Oceanogr, 1996, 26,541  558.

Comparison of the six turbulent flux parameterization schemes in
different wind-sea/swell regimes

HU Yan-bing" GAO Zhi-gi* SHA Wen-yu* CAO Li-xia® LAN Wei-ren’
1. Institute of Meteorology, PLA University of Science and Technology, Nanjing 211101 China 2. Chinese Academy
of Meteorologica Science, Beijing 100081 China 3. PLA Center of Meteorology and Hydrology, Beijing 100081 China)

Abstract The fraction velocities in different wind-sea/swell regimes are calculated by using
six different turbulent flux parameterization schemes, where the dada collected from the
surface wave dynamics experiment are used. The results show that, compared with the
fraction velocities directly measured by eddy-covariance method in different wind-sea/swell
regimes, al parameterization schemes estimate friction velocity in pure wind sea regime
better than those in both crossing swell and counter swell regimes. Furthermore, under pure
wind sea regimes, when the atmosphere near the sea surface is unstable, the normalized
error of Dyer’s scheme on friction velocity is the least, only of 8.47%. Under stable
conditions, beside the scheme of Businger, the normalized error of the other five schemes
are closely and less.

Key words friction velocity parameterization scheme wind-sea/swell regime



