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Parameterize Turbulent Surface Flux

Momentum Flux:

—puw = pu’ = pC, U’

T

Sensible Heat Flux:

H, = pc,wt = pc,C, U, T,-T,

S

Latent Heat Flux:

I_IL = vaWq = vaCErUr Qs_Qr



Drag Coefficient

k2
C. =
> Inrizy —y, riL T

where k (= 0.4) is the von Karman constant, r is an
arbitrary reference height, z;, is the roughness
length for momentum, L is the Obukhov length, and
Vm IS a stability correction



Drag Coefficient: 10m, Neutral

In neutral stratification, at a standard reference
height of 10 m,

k2
In 10/z, |

CDNlO o

Thus,

z, = 10exp -kC./



Scalar Transfer Coefficients

For Sensible Heat:

Sl

For Latent Heat:

C. = - ol
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Measured z_ (m)

z, = 0.135(v/u,) + 2.30x10™ tanh(13u,) :
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Measured z_ (m)

10° 3

107

SHEBA Winter

ASFG Tower o
Atlanta

Baltimore
Cleveland
Florida

0.0

0.1 0.2 0.3 0.4 0.5 0.6
Bulk u. (m/s)

0.7



) L) ) ) LILEL | ) I ) ) I LILEL | I I I
O
10* ASFG Tower o, 00 o Stable
= O “ u g .
Atlanta I Stratification
. ) DO & o .
10° Baltimore P L2o%ol oo o Winter
Cleveland * o .85 750 o o oo &
10° - P 620 AR 28 e 5 O @
Florlda OD ODCDD %Qfg%go% Qc;g)“q o D@ % 8]
@ I
10’ . P
0 O
10" E 0
-1 s -
10 F
E o
2T
10" ¢
o ® ; 500
=N o 2o 5 [s] g 5 a
o o [ -5 o
[ o tog g’@&oéa & %g ° Andreas
o 6o
10™ 1 o 0% o &° (1987)

T R BRI BT T BRI R ETI

IIIII|||||I IIIIIIuI (AT

Bulk R, (=u

*,BZO,B

/v)



' L ' ' UL L ' ' ' ?
10° . o 5 Winter ]
o ¢ . ° Unstable 3
10° . o Dgﬁgo o L Statification 3
10° N O ]
10’ ! I . ]
10° | N S 3
10" | ey ]
E - ASFG Tower 3
102t ¢ Aflanta
B : - Baltimore ° ]
10 : Cle\./eland ® oo Andreas 3
10° e SO
0.1 1 10

Bulk R, (= u /v)

*,BZO,B



10° Unstable §
E
) ° Stable :
10 il
10° o’
10°
10’ K
10° / Y
y ®le
10 Andreas ¢
107 (1987) o
10”
. ASFG Tower
10 Winter
10° - =
0.1 1
Bulk R, (= u*’Bzo,B/v)




DN10

5.0x10°

® |SHEB/IA, IVIain' Towe: | |
® SHEBA, Atlanta
® SHEBA, Baltimore v
4.0X10-3 | SHEBA, Floriga ’ _
® SHEBA, Maui
v MIZ, Andreas et al. (1984)
v MiZ, Guest and Davidson (1987)
3| v MIZ, Anderson (1987) N
3.0x10 MIZ, Birnbaum and Lupkes (2002)
v v v
v Yoy h iy o o
2.0x107 vv Tt 3 .-
/ o | Tesef.
P :
-3
LADSUOH 10°C_ . = 1.500 + 2.233C - 2.333C° ]
i ! | ! | ! i
0.0 0.2 0.4 0.6 0.8 1.0

lce Concentration, C



L] L] L] L] l L] I I 1 L] L] L] 1 l L] 1 I 1 L] L] L] I;
= ASFG Tower Stable -
. . E
= Atlanta N Stratification :
> Baltimore ° o o ® Summer
. o 3
Florida ) o, ° ]
[} o o
o . (] o OO
Maui s . 20,20 5 3
) - Dg o o ® ;) 5 of .
o gog V::; N ?:
3 DOD Q%%%&go - %Q%c%) 3
T 630 ) : C;%C%% OOQ}% % 3-
E S # 8 o, ® 3
E . 2 GOG%P{ “ g E
3 ? o 3
- Andreas i
E (1987) L
- 000 J‘ 8
© @] o ‘;aij @] g&gf} Ci??j)@ =
Sap o® 0 oO c@%@ 55 o 3
e @80%%9 o .
° u) © “os g doa B 4 “o -
) & o SO o8 © 3
o & S E
1 1 1 1 I 1 1 1 1 1 IOI 1 I © 1 1 1 1 1 1 1 I-
1 10 100

Buk R, (=u..z V)

*,BZO,B



ASFG Tower °

Summer

Andreas

(1987)

100

10
u*’Bzo,B)/v)

Bulk R. (



Summary

® |n winter, z, is constant at about 2.3x10™*m for
0.20<u.; <0.65m/s, the upper limit of my data

® QOver summer sea ice and in the marginal ice
zone, developed a unified prediction for Cpnio (OF
Zp) In terms of ice concentration (or water

fraction)

® |n winter and summer, In stable and unstable
stratification, both z1/zy and z/z, follow the
Andreas (1987) algorithm



