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Effect of surface wave breaking on upper-ocean structure revealed by assimilating
sea temperature data
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Abstract: Sensitivity of sea surface temperature (SST) to wave energy factor « and Charnock parameter 4 is discussed using
Mellor-Yamada 2.5 turbulence closure model in which wave breaking is considered. The upper-ocean temperature data in
summer from OWS Station Papa is assimilated to estimate « and £ via a variational approach optimally. It shows that the cost
function reaches minimum when =167 and =4.1><10°. Both monthly and daily SSTs at OWS Station Papa can be success-
fully reconstructed with the optimal a and S, and the simulated temperature and depth of surface mixed layer are also consis-
tent with the observation. The equation of turbulent kinetic energy is diagnosed utilizing the optimal parameters, from which
the effect of wave breaking on the turbulent energy budget is revealed.

Key words: sea surface roughness; wave energy factor; assimilation; wave breaking

[2

Phillips™ : ,

%5 B HA: 2009-12-31; 1£31T HHA: 2010-05-19

EemA: (2007CB816001); (KZCX1-YW-12-01);
(41030854 40906015 40906016 41106005); (SODA0703)
fE& &N (1978—), , , E-mail: zhangxf@mail.nmdis.

gov.cn



49

, Craig @
Mellor-Yamada 2.5 ,

[24
20s
Charnock!
Zozﬂé (1)
g
B Charnock , u~ , g
, Craig ™
, a 100
Terray [
: a ,
150 Kraust® Denman!”
Gaspar @
Charnock S, Byel® ,
B 1400, Stacey!'”
Charnock , A 10° :
Z0 Mellor [ Donelan!*?
Smitht*®  Janssen!*! ,
c 1.5
/3~665[—p] ®)
Ux
Cp , Mellor [
Yij 2><10° , Drennan @
Gemmrich 1% Z0

, a Charnock g

a B Mellor-Yamada 2.5
[16] , (SST)
a Charnock g
, Papa (OWS Papa
Station) , a
Charnock g , a f

1.1
Mellor-Yamada
2.5

Mellor-Yamada 2.5

9

Ou Ou
T =k, 3
A @)
ov 0 ov
D=Lk, L 4
8t+fu 82[ M 82] “)
or o oT| OR
v
ot 0Oz 0z 0Oz
p=p(T) (6)
u v T p
y 2 1f yR
y Km Ky
o¢> 0| 8q°
A _ %k, A | y2p+2R -2 7
ot 62[ 9 9z s bt )

2 2
[ [ =
991 _ i[Kq 91\ pip 4 E,R) W= (8)

ot 0z 1z
qz 11 |Kq
:Ps Pb &
Ei E;
b W ]
o  oq°
—| K, — 9
82[ 4 9z ©
2 2
ou ov
B =Kyl|l—| +|— 10
=[] 42 (10)
g (9p _zap]
R =K, , 2 |—— — 11
b Hpo[az ¢ P (11)



50 Vol. 30, No. 5/ Sep., 2011
3 2 2/3 2
g =B "ul 19
4 (12) q° | o= = B u (19)
Bl 41|y =0 (20)
P PG OWS Papa 50°N  145°W,
’ Bl y 166
Ku Ku K, :
Ky =qlSy, Ky=qlSy, K,=qlS,
Sv Sh Sq , 250m, 60 ( 5
0.5m, )
: OWS Papa
Ou Ov 2 2 ’ ’
K —_—y - %y Ux 13
M[az 82]20 (ux uy) ( ) O,
poC Ky g =0 (14) POM ) ’ ,
0z|,_ Asselin
2 1960 1 1 , ;
ani = 200 (15)
0z o 1966
2 2 ul 1.2
q°l|.c0=q"XKzy, zo=p— (16)
g )
M*x\ u*y 1 '
C , O @ K a B
' . B0 9>10°, 1><10°
Ky [@,@] =(0,0) (17) , a 0 200, 10 ,
0z 0z)|.__, 210 : (2 )
oC KHg —0 (18) 8 ) SST 1 SST «a p
82 z=—H
9
8 5
7 5y
6 L
£
B oy ey ey 0 N O
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
(¢4 o
1 ( ) a p
a. ( )i b. ( )

Fig. 1 Change of simulated monthly SST with « and £, with (a) for winter (February) and (b) for summer (August)

a Charnock g
’ a ﬂ

, SST a B



51

& B ,
1b : y Jl a ﬁ 2 y
a 40 ,SST « : B , ,
6><10° ,SST , a B , Terray ! Stacey
: , & 150, B 2>10°,
( Q) (21),
«C B ) 167, 5 4.1x<10°
(12.5°C) SST .
(12.49°C), , a B
, SST . a B 6
1 I
[17] a ﬂ, 5
= j
n
1.3
3
J(T,0,B) = Jy+J, +J; 2 {8

1 1 ~
:Ekrff(r—Tobs)zo|zo|z+§1<a(a—a)2 + 1
tz

2 50 100 150 200 250 300 350 400

2 2
K| BB (21) “
2 g g
2 Jl o ﬂ
v Tops 20m J Fig. 2 Change of J; with ¢ and
Martin OWS Papa ,
20m 5 5m , 0 5
10 15 20m & J Charnock , a f
KT Ka Kﬁ ’ y 1966
1 3 3 )
: ( 3a) (3D,
' (8 ) 4 8
a p ,
G(a):J(T,a+s,ﬂ)2—J(T,a75,ﬂ) 22) ,
S0, ST 05 —2) ome |
o, B+¢e)—J(T,a,B—¢ -
G(8) = 5 (23) (& 150, 3 2x10%
e 107 J(T,a,8) Gla) G(P) , 20m ,

, a B 0.8°C,

[10]

(2



52 Vol. 30, No. 5/ Sep., 2011

12 14+ b 4

5 10 121

= g 101

7] 8t
6 6
I 2 3 4 5 6 7 8 9 1011 12 50 100 150 200 250 300 350

Aty EEITgE)

3 1966 () (b)

Fig. 3 Monthly SST (a) and daily SST (b) in 1966, with black line for observed result, and red line for simulated result
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Fig. 5 Diagnostic results from turbulent kinetic energy equation at 1 m. (a) Dissipation term; (b) vertical diffusion term; (c)
the red line is local derivative term, the blue line is buoyancy production term, and the black line is shear production term
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Fig. 7 Diagnostic results in the top 30 m in August 1966. (a) The red line is shear production term, the blue line is vertical
diffusion term, and the black line is the negative of dissipation term. (b) Zoomed effect between 15 and 25 m
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