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Abstract

The response relationship between equivalent neutral wind speed anomaly (ENWSA) and sea-air temperature
difference anomaly (SATDA) has been analyzed over four typical sea regions, i.e., the Kuroshio Extension, the Gulf
Stream, the Brazil-Malvinas Confluence and the Agulhas Return Current. The results show that ENWSA is more
sensitive to SATDA than sea surface temperature anomaly (SSTA), which implies that SATDA seems to be a more
suitable parameter than SSTA to analyze the mesoscale air-sea interactions. Here, the slope of the linear relation
between ENWSA and SATDA is defined as the air-sea coupling coefficient.  It  is found that the values of the
coupling coefficient over the four typical sea areas have obvious seasonal variations and geographical differences.
In order to reveal the reason of the seasonal variation and geographical difference of the coupling coefficient, the
influences of some environmental background factors, such as the spatially averaged sea surface temperature
(SST), the spatially averaged air temperature, the spatially averaged sea-air temperature difference and the
spatially averaged equivalent neutral wind speed, on the coupling coefficient are discussed in detail. The results
reveal that the background sea-air temperature difference is an important environmental factor which directly
affects the magnitude of the coupling coefficients, meanwhile, the seasonal and geographical variations of the
coupling coefficient.
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1  Introduction
On a broad ocean basin scale, the correlation between sea

surface temperature and sea surface wind speed is negative,
which is indicative of an atmospheric forcing on the ocean
(Namias and Cayan, 1981; Wallace et al., 1990; Liu et al., 1994;
Mantua et al., 1997; Okumura et al., 2001). In recent years, meso-
scale air-sea interaction has received much attention due to high
resolution satellite measurements (Chelton and Xie, 2010; Xie,
2004). On medium spatial scales of 100–1 000 km near ocean
fronts, however, positive correlation between ENWSA and SSTA
is proved by satellite measurements, which indicates ocean-to-
atmosphere forcing (Chelton and Xie, 2010; O'Neill, 2012; Liu et
al., 2000; Chelton et al., 2001). Based on the satellite measure-
ments, this positive correlation can be clearly found in different
sea regions, such as the eastern tropical Pacific (Liu et al., 2000;
Xie et al., 1998), the Arabian Sea (Vecchi et al., 2004), the Kuroshi
(Nonaka and Xie, 2003; Liu and Xie, 2008; Xu et al., 2010), the
Gulf Stream (GS) (Xie, 2004; Chelton et al., 2004; Park and Cornil-
lon, 2002; Park et al., 2006), the Brazil-Malvinas Confluence
(BMC) (Tokinaga et al., 2005; Pezzi et al., 2005) and the Agulhas
Return Current (ARC) (O’Neill et al., 2005, 2010; Liu et al., 2007;
Song et al., 2009). This positive correlation between equivalent
neutral wind speed anomaly (ENWSA) and sea surface temperat-

ure anomaly (SSTA) is also supported by in-situ observations and
the results of numerical model (Small et al., 2003; Maloney and
Chelton, 2006).

The influence of mesoscale sea surface temperature (SST) on
the atmosphere has been investigated in a number of studies.
O'Neill et al. (2010) defined the slope of the linear relation
between ENWSA and SSTA as the air-sea coupling coefficient.
Using satellite wind field and SST measurements from June 2002
to August 2008, O’Neill et al. estimated value of the coupling
coefficient over four mid-latitude SST frontal zones, i.e., the Kur-
oshio Extension, the Gulf Stream, the Brazil-Malvinas Conflu-
ence and the Agulhas Return Current regions. They found that
the coupling coefficients between ENWSA and SSTA are variant
in these regions, and their values are generally higher over the
Southern Hemisphere than those over the Northern Hemisphere.
However, the reasons leading to the geographical differences in
the coupling coefficients still need to be further analyzed.

In the previous studies, more attentions were paid to the re-
sponse relationship between ENWSA and SSTA. However, ac-
cording to the similarity theory of Monin et al. (1971), the equi-
valent neutral wind speed (ENWS) is mainly related to atmo-
spheric stability (i.e., sea-air temperature difference) rather than
SST. Therefore, the investigation on the response relationship  
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between equivalent neutral wind speed and sea-air temperature
difference is likely more conducive to revealing the essence of the
sea-air coupling characteristics. In the present work, the re-
sponse relationship between ENWSA and SATDA has been ana-
lyzed utilizing the monthly average equivalent neutral wind
speed and sea-air temperature difference over the four typical
sea regions. Similar to the coupling coefficient defined by O’Neill
et al. (2010), the slope of the linear relation between ENWSA and
SATDA is defined as the new air-sea coupling coefficient. Just as
expected, over the four typical ocean regions, the value of the
new coupling coefficient is obviously greater than the coupling
coefficient defined by O’Neill et al. (2010). This result indicates
that ENWSA is more sensitive to SATDA than SSTA. Furthermore,
it is also found that the new coupling coefficient show obvious
seasonal variations and geographical differences. In order to re-
veal the reason of the seasonal variation and geographical differ-
ences of the new coupling coefficient, the influences of some en-
vironmental background parameters, such as the SST, the air
temperature, the sea-air temperature difference and the equival-
ent neutral wind speed, should be discussed in detail.

This paper is organized as follows: the satellite and the ECM-
WF data used in this work are introduced briefly in Section 2. The
definition of the new coupling coefficient and its variation with
season and sea region are presented in Section 3. In Section 4,
theoretical analysis of the effects of environment parameters on
the new coupling coefficient is carried out by the Monin similar-
ity principle. In Section 5, based on the satellite and the ECMWF
data, the correlations between the background SST, the back-
ground air temperature, the background equivalent neutral wind
speed and the background sea-air temperature difference with
the new coupling coefficient are discussed in detail. And the
summary of this paper is drawn in the final section.

2  The data used in this work
The mesoscale air-sea interaction characteristics above four

typical sea areas including KE, ARC, GS, and BMC have been
studied by Maloney and Chelton (2006). The locations of these
four areas are shown in Fig. 1.

In this work, the wind fields and the SST acquired respect-
ively by the advanced scatterometer (ASCAT) and the WindSat
polarimetric radiometer from January 2008 to December 2017 are
used to investigate the mesoscale air-sea interaction over the four

typical sea areas. The spatial resolution of the wind field and the
SST is 0.25° by 0.25° along longitude and latitude directions. The
previous studies indicated that the persistence of ocean-atmo-
sphere coupling near mid-latitude fronts is strongest on times-
cales of a few weeks to months (O’Neill et al., 2005; Chelton et al.,
2007). Therefore, in our work, the monthly grid wind fields and
SST are selected. Here, the monthly-averaged air temperature
field of the ECMWF at 2 m above ocean surface is used as the at-
mospheric temperature, and the spatial resolution of air temper-
ature is the same with the wind field and the SST. In our study,
the spatial anomaly SSTA, air temperature anomaly, ENWSA and
SATDA fields are all obtained by high pass filtering with a sliding
window size 4°×4° along longitude and latitude directions. In ad-
dition, the wind fields and the SST acquired by QSCAT and AM-
SR-E from June 2002 to November 2009 are also used to further
confirm the conclusions obtained based on the data acquired by
the ASCAT and the WindSat from January 2008 to December 2017.

The wind field data (ASCAT, QuikSCAT) and the SST data
(AMSR-E,  WindSat)  are downloaded from the website:
http://www.remss.com. The monthly-averaged air temperature
field of  the ECMWF are downloaded from the website:
https://cds.climate.copernicus.eu/cdsapp#!/ dataset/reanalysis-
era5-single-levels?tab=form.

3  The response relationship between ENWSA and SATDA
In the previous papers, the response relationship between

ENWSA and SSTA has been discussed many times. The linear re-
lationship between ENWSA and SSTA, i.e. the slope of the least
squares fitting line, is defined as the coupling coefficient, which
can be expressed as (O’Neill et al., 2010)

kSSTA = ENWSA/SSTA. (1)

However, the similarity principle of Monin et al. (1971) im-
plies that the sea-air temperature difference affects the equival-
ent neutral wind speed more directly than the SST. Thus, in the
present work, the linear response of ENWSA to SATDA is defined
as a new coupling coefficient to reflect the strength of air-sea in-
teraction. The new coupling coefficient can be expressed as

kSATDA = ENWSA/SATDA. (2)

kSSTA

kSATDA kSATDA = .
kSSTA

As an example, the map of the ENWSA (colors) and SSTA
(contours) fields in December 2010 over the Agulhas Return Cur-
rent region is shown in Fig. 2a, and the corresponding scatter plot
is presented in Fig. 2b. From Fig. 2a, one can find that the EN-
WSA is positively correlated with the SSTA, i.e. the higher (lower)
wind speed is over the warmer (colder) water. The scatter plot
shows that the correlation coefficient between the ENWSA and
the SSTA is 0.69 and the least squares fitting slope  is 0.44.
For comparison, the map of the ENWSA (colors) and the SATDA
(contours) fields in December 2010 over the Agulhas Return Cur-
rent region is shown in Fig. 2c and the corresponding scatter plot
is presented in Fig. 2d. The results in Figs 2c and d show that the
ENWSA is also positively correlated with the SATDA and the scat-
ter plot is very similar with that shown in Fig. 2b. However, the
value of new coupling coefficient  ( ) is obvi-
ous higher than .

kSATDA kSSTA

kSATDA kSSTA

In order to show the difference between the coupling coeffi-
cients  and  more clearly, the values of these two para-
meters over the four typical regions are presented in Fig. 3. Here,
the values of  and  have been smoothed with a mov-
ing-average filter and the filtering window is 3. Firstly, the curves

80°

40°

N

0°
S

40°

80°

4 6 8 10 12 14

180° 120° 60° W 0° E 60° 120°

KE

ARCBMC

GS

180°

ENWS/(m·s−1)
 

Fig. 1.   Four typical sea areas for studying in this paper. The map
is the monthly-averaged equivalent neutral wind speed (ENWS)
acquired by the advanced scatterometer in August 2013. GS. the
Gulf Stream; KE. the Kuroshio Extension; BMC. the Brazil-Malvi-
nas Confluence; ARC. the Agulhas Return Current.
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kSATDA kSSTA

kSATDA

kSSTA

in Fig. 3 show that  and  are both varying with season
and the variation tendencies of them are similar with each other.
Over the Kuroshio Extension and the Gulf Stream, and

 generally reach the maximum values in July or August,

while the minimum values occur in December or January. On the
contrary, over the Brazil-Malvinas Confluence and the Agulhas
Return Current regions, the maximum values of the coupling
coefficients occur in December or January, while the minimum
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Fig.  2.     The map of  sea surface temperature anomaly (SSTA) overlaid as contours on equivalent neutral  wind speed anomaly
(ENWSA) at the Agulhas Return Current region in December 2010 (a), and the corresponding scatter plot (b); the map of sea-air
temperature difference anomaly (SATDA) overlaid as contours on ENWSA (c), and the corresponding scatter plot (d). The parameter

 in b and d denotes the correlation coefficient, and the solid thick line is the linear least square fitting line to the points. WSA. wind
speed anomaly.
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kSSTA kSATDAFig. 3.   The values of the  (blue dashed curves) and  (red solid curves) from January 2008 to December 2017 over the four
typical regions, i.e. the Kuroshio Extension (a), the Gulf Stream (b), the Brazil-Malvinas Confluence (c) and the Agulhas Return
Current (d) region.
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kSATDA
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kSATDA kSSTA

kSATDA

kSSTA

kSATDA

kSATDA kSSTA

values occur in July or August. In short, the coupling coefficient
reaches its maximum (minimum) value in summer (winter).
Secondly, it is also found that the coupling coefficients have obvi-
ous geographic differences. Over the Kuroshio Extension, the
Gulf Stream, the Brazil-Malvinas Confluence and the Agulhas Re-
turn Current regions, the mean values of  are 0.47, 0.45, 0.57
and 0.59, and the mean values of  are 0.37, 0.31, 0.41 and 0.46,
respectively. The results show that the values of  and 
are much larger in the two Southern Hemisphere regions than
those in the two Northern Hemisphere regions. O’Neill et al. (2010)
pointed out that the geographical differences in the coupling
coefficients between the four regions are likely due to geographic
differences in the vertical structure of the boundary layer and large-
scale forcing. However, the question of which environmental
parameters cause the geographical differences of the coupling
coefficients still needs in-depth analysis. The results in Fig. 3
show that the values of  over the four regions are obvious
larger than , which implies that ENWSA is more sensitive to
SATDA than SSTA. This conclusion is consistent with the similar-
ity principle of Monin et al. (1971), and therefore the new coup-
ling coefficient  seems to be more suitable to describe the
sea-air coupling characteristics. Thus, in the following discus-
sion,  is taken as the coupling coefficient instead of .

kSATDA

kSATDA

The value of coupling coefficient reflects the strength of sea-
air coupling. The results in Fig. 3 show that the coupling coeffi-
cient  has obvious seasonal and geographic variations over
the four typical sea areas. To better understand the reasons of the
seasonal variations and the geographic differences, in the follow-
ing sections, the effects of various environmental parameters on

are discussed in detail.

4  Theoretical analysis on the effects of environment parameters
Firstly, the theoretical expression of the wind speed profile is

introduced in brief for better understanding the response of EN-
WS to environment parameters. Considering the atmospheric
stratification effect, based on the similarity principle of Monin et al.
(1971), the wind speed profile is expressed by

uz =
uf

κ

(
ln

z
z

− Φ

)
, (3)

uf

κ
where z is the height above sea surface. Here, it is set z=10 m.  is
the friction wind speed. =0.41 is the Karman constant. z0 is the
roughness length. Φ denotes the atmospheric stratification func-
tion (Large and Pond, 1981),

Φ =


−z/L, z/L ⩾ ,

 ln [(+ x) /] + ln
[(
+ x

)
/
]
−

tan−x+ π/, z/L < ,

(4)

x = (− z/L)/

z/L Ri
where , L is the Monin-Obukhov length, the
ratio  is proportional to the Richard number , and can be
expressed as

z/L = κCTCd
−/Ri(ΔT), (5)

CT ≈ .× − Cd ≈ .× − and  are empirical parameters,
the Richard number is

Ri(ΔT) = − gzΔT
uz

T

(
+ T


ΔQ
ΔT

× .× −

)
, (6)

ΔT = Tw−
Ta Tw Ta

T

Ta

g = 9.81 m/s2 is the gravitational acceleration constant, 
 denotes the sea-air temperature difference,  and  denote

the temperatures of the water and air in Kelvin.  is the average
temperature of ,

ΔQ=.×
[
.exp

(
− 

Tw

)
−.exp

(
− 

Ta

)]
. (7)

ΔT =  KUnder neutrally stratified condition (i.e. ), the wind
speed profile is as follows:

uzn =
uf

κ

(
ln

z
z

)
. (8)

Substituting Eq. (8) into Eq. (3), the ENWS is obtained as

uzn = uz +
uf

κ
Φ, (9)

ufwhere the friction velocity  is related to the drag coefficient by

uf =
√

Cdznuzn, (10)

the drag coefficient can be evaluated by (Wu, 1980)

Cdzn = (.+ .uzn)× −. (11)

From Eq. (9), the first-order derivative of the ENWS to the air-
sea temperature difference is obtained as follows

duzn

dΔT
=


κ

[
duf

dΔT
Φ+ uf

dΦ
dΔT

]
. (12)

duf

dΔT
dΦ
dΔT

The expressions of the derivatives  and  are as fol-

lowing (Wang et al., 2014)

duf

dΔT
=

[
κuz

(κ
√
Cdzn − CdznΦ)

+
κuzΦ

(κ−
√
CdznΦ)



]
dCdzn

dΔT
+

κCdznuz

(κ−
√
CdznΦ)



dΦ
dΔT

, (13)

dΦ
dΔT

=


.κCTC

−/
d

(− z/L)/u


a

(+ a)(+ a)
, z/L <  unstable,

.
κCTC

−/
D

u


, z/L ⩾  stable,

(14)

dCdzn

dΔT
≈ .× −α/


κ

[
κCdznuz(

κ−
√
CdznΦ

)Φ+ uf

]
dΦ
dΔT

. (15)

kSATDA duzn/dΔT
In general, because SATDA in Eq. (2) is small, thus the coup-

ling coefficient  is approximately equal to , i.e.

kSATDA ≈ duzn

dΔT
. (16)

duzn

dΔT

Therefore, the first-order derivative of the equivalent neutral

wind speed to the air-sea temperature difference (i.e. ) can

be considered as the theoretical coupling coefficient.
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ΔT ⩽ 0 K

ΔT > 0 K

[− K, . K]

ΔT > 0 K

The ENWS evaluated based on the similarity principle of
Monin and the corresponding coupling coefficient (i.e. the first-
order derivative) are presented in Figs 4a and b, respectively.
Here, the water temperature  is set to be . The curves in
Fig. 4 show that ENWS increases with SATD for different wind
speed. If the sea-air temperature difference , the value
of the coupling coefficient increases with SATD. On the contrary,
if the sea-air temperature difference , the value of the
coupling coefficient decreases with the increasing of SATD. From
the results, it is concluded that the response of ENWS and SATD
is the most sensitive under neutrally stratified condition. As
shown in Fig. 4, wind speed also has an effect on the coupling
coefficient. If the sea-air temperature difference is within

, the value of the coupling coefficient decreases with
the increase of wind speed; otherwise, it increases with wind
speed. However, under unstable atmospheric condition (i.e. ),
it should be pointed out that the effect of wind speed on the
coupling coefficient is not obvious.

Tw

Ta

Tw Ta

In addition to the air-sea temperature difference and wind
speed, the effects of the water temperature  and the air tem-
perature  on the coupling coefficient are shown in Fig. 5. In Fig. 5a,
the air temperature is set to be 290 K. In Fig. 5b, the water tem-
perature is equal to 290 K. From the curves it is found that the ef-
fects of  and  on the coupling coefficient are both negligible.

5  Analysis based on the satellite measured data
From the theoretical analysis in the previous section, it is found

that the sea-air temperature difference is the most important factor

affecting the coupling coefficient. Under unstable atmospheric
condition, the effects of SST, equivalent neutral wind speed and
air temperature on the coupling coefficient are not obvious, and
even can be neglected. In order to further prove this conclusion,
in this section, the effect of the environment parameters on the
coupling coefficient are also analyzed based on the satellite
measurement and the ECMWF reanalysis air temperature data.

As an example, the curves of RMMSST, RMMWS, RMMAT
and RMMSATD in the Brazil Malvinas Confluence region vary
with season are shown in Figs 6a–d. Here, RMMSST, RMMWS,
RMMAT and RMMSATD denote the values of the spatially aver-
aged SST, spatially averaged equivalent neutral wind speed, spa-
tially averaged air temperature and spatially averaged sea-air
temperature difference over the Brazil Malvinas Confluence re-
gion and can be considered as the background environment
parameters. The corresponding scatter plots of the coupling coef-
ficient and the environment parameters are shown in Figs 6e–h.
From Fig. 6, it is found that there are correlations between the
coupling coefficient and the background environment paramet-
ers. In our work, the statistic correlation coefficients between the
coupling coefficient and the background environment paramet-
ers in the other three typical sea areas are also evaluated and the
results are given in Table 1. The results in Table 1 also imply that
these four environment parameters all have obvious effects on
the coupling coefficient. As can be seen from Fig. 6d, the average
sea-air temperature difference in different months is greater than
0 K. This means that the sea-air boundary layer over the Brazil-
Malvinas Confluence region is under an unstable state. Accord-
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ing to the theoretical results in Section 4, under unstable atmo-
spheric condition, the effects of SST, ENWS and AT on the coup-
ling coefficient are not obvious, and even can be neglected. Obvi-
ously, the conclusion obtained based on the satellite data is not
consistent with the theoretical results. What causes this incon-
sistency? Further analysis of the relationship between the four
environmental parameters shows that there are obvious cross-
correlation between each of them, such as RMMSATD is negat-
ively correlated with RMMSST and RMMAT, and positively cor-
related with RMMWS (see the cross-correlation coefficient in Ta-
ble 2). Just because of the cross correlations between these four
environmental parameters, it is difficult to determine which
parameter is the main factor affecting the coupling coefficient.

To further analyze which parameter is the main factor affect-
ing the coupling coefficient, in Fig. 7, the scatter plots of the

coupling coefficient varying with the environment parameter
over the four regions are plotted together. In Figs 7a–d, the dash
line denotes the fitting line based on the overall data of the four
regions. As shown in Figs 7a and c, the slopes of the fitting lines
are both negative, i.e. the coupling coefficient decreases with
RMMSST and RMMAT. However, the scatter plot indicates that
the coupling coefficient is positively related to RMMSST and RM-

Year

0.5

0.6

0.7

0.8

C
o
u
p
li

n
g
 c

o
ef

fi
ci

en
t

a

8

10

12

14

R
M

M
S

S
T

/K

kSATDA

RMMSST
kSATDA

RMMWS

Year

0.5

0.6

0.7

0.8

C
o

u
p
li

n
g
 c

o
ef

fi
ci

en
t b

8

9

10

11

R
M

M
W

S
/(

m
·s

−1
) kSATDA

RMMAT

Year

0.5

0.6

0.7

0.8

C
o
u
p
li

n
g
 c

o
ef

fi
ci

en
t c

7.5

9.5

11.5

13.5

R
M

M
A

T
/K

8.0 8.5 9.0 9.5 10.0 10.5

RMMWS/(m·s−1)

0.4

0.5

0.6

0.7

0.8

k
S

A
T

D
A

f

slope=−0.08

R=−0.71

8 9 10 11 12 13

RMMSST/K

0.5

0.6

0.7

0.8
k

S
A

T
D

A

e

slope=0.02

R=0.37kSATDA

RMMSATD

0.5

0.6

0.7

0.8

C
o
u
p
li

n
g
 c

o
ef

fi
ci

en
t

d

0

0.7

1.4

2.1

R
M

M
S

A
T

D
/K

6 8 10 12 14

RMMAT/K

0.4

0.5

0.6

0.7

0.8

k
S

A
T

D
A

g

slope=0.02

R=0.66

0 0.5 1.0 1.5 2.0

RMMSATD/K

0.4

0.5

0.6

0.7

0.8

k
S

A
T

D
A

h

slope=−0.11

R=−0.94

2009 2011 2013 2015 2017 2009 2011 2013 2015 2017 2009 2011 2013 2015 2017

Year

2009 2011 2013 2015 2017

 

Fig. 6.   The values of the coupling coefficient (red solid curve) and RMMSST, RMMWS, RMMAT and RMMSATD (blue dashed curve)
from January 2008 to December 2017 over the Brazil-Malvinas Confluence region (a−d), and the corresponding scatter plots (e−h).
The parameter R denotes the correlation coefficient.

Table 1.   The correlation coefficients between coupling coefficient and the environment parameters over the four areas
Sea area Environment parameters Correlation coefficient Sea area Environment parameters Correlation coefficient

KE RMMSST   0.43 BMC RMMSST   0.37

RMMWS −0.88 RMMWS −0.71

RMMAT   0.65 RMMAT   0.66

RMMSATD −0.93 RMMSATD −0.94

GS RMMSST   0.76 ARC RMMSST   0.45

RMMWS −0.83 RMMWS −0.62

RMMAT   0.87 RMMAT   0.55

RMMSATD −0.89 RMMSATD −0.86

Table 2.   The cross-correlation coefficients between the four en-
vironment parameters

RMMSST RMMWS RMMAT RMMSATD

RMMSST       1 −0.66   0.97 −0.51

RMMWS −0.66       1 −0.79   0.85

RMMAT   0.97 −0.79       1 −0.70

RMMSATD −0.51   0.85 −0.70       1
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MAT. This contradictory phenomenon means that RMMSST and
RMMAT are both not the key environment parameters which af-
fect the coupling coefficient. From the results in Fig. 7b, it is
found that the fitting line shows that the coupling coefficient is
negatively related to RMMWS, and the coupling coefficient in
each sea region also decreases with RMMWS. However, the val-
ues of the coupling coefficient over the four regions are widely
varying for a same RMMWS. Obviously, RMMWS is also not the
key parameter that directly affects the coupling coefficient. The
influence of RMMSATD on the coupling coefficient is shown in
Fig. 7d. The results in Fig. 7d show that the slope of the fitting line
based on the overall data are consistent with the trend of the
scatter plot of each sea region. Unlike the results in Fig. 7b, for a
same RMMSATD, the difference of the coupling coefficient
among various sea area are not obvious. Through the above ana-
lysis, it is concluded that RMMSATD is the key environment
parameter that directly affects the coupling coefficient. Despite
the value difference of the coupling coefficient, this conclusion is
consistent with the theoretical results obtained in Section 4.

In Fig. 8, the dashed line denotes the linear fitting line (LFL)
and its expression is

kSATDA = α · ⟨ΔT⟩+ β, (17)

α = −.  β = .  ⟨ΔT⟩with  and .  denotes the RMMSATD.
The solid line is the nonlinear fitting line (NLFL) and its expres-
sion can be expressed as

kSATDA = A · ⟨ΔT⟩ + B · ⟨ΔT⟩+ C, (18)

A = .  B = −.  C = . with  ,  and .

From Fig. 8, it is found that the nonlinear line fits the scatter
data better than the linear line. The trend of the nonlinear line is
more consistent with the theoretical result under unstable atmo-
spheric condition. Since RMMSATD is the key environment para-
meter affecting the coupling coefficient, it is not surprising that
the seasonal variation and geographic difference of the coupling
coefficient would disappear or at least obviously decrease if the
coupling coefficients in the four regions are calibrated to a same
RMMSATD.
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Fig. 7.   The scatter plots of the background environmental parameters and the coupling coefficient over the four sea regions. The red
solid circles, the green asterisks, the blue squares and the black pluses represent the data in the Kuroshio Extension (KE), the Gulf
Stream (GS), the Brazil-Malvinas Confluence (BMC) and the Agulhas Return Current (ARC) regions respectively.
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Fig.  8.     The  linear  and  the  nonlinear  relationships  between
RMMSATD and the coupling coefficient. The dashed and the sol-
id lines denote the linear (LFL) and the nonlinear fitting lines
(NLFL), respectively. R and RMSE denote the correlation coeffi-
cient and the root-mean-square error.
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The modified coupling coefficients based on Eq. (18) can be
expressed as

km_SATDA=kSATDA−[A · (⟨ΔT⟩ − ΔT
u) + B · (⟨ΔT⟩ − ΔTu)], (19)

ΔTu

kSATDA

km_SATDA

where  denotes the uniform RMMSATD constant and it is set
to be 9 K in this work. The original coupling coefficient 
and the modified coupling coefficient  are presented in
Fig. 9a and b, respectively. The curves in Fig. 9a show that the
seasonal variations and geographic differences of the original
coupling coefficient in the four sea regions are very remarkable.
However, if the coupling coefficients in the four regions are calib-
rated to a same RMMSATD, compared with the original coupling
coefficient in Fig. 9a, the seasonal variations and geographic dif-
ferences of the modified coupling coefficient are no longer re-
markable. In order to further prove this conclusion, the coupling
coefficient and the modified coupling coefficient evaluated based
on the other remote sensing data are presented in Fig. 10. Here,
the wind filed and SST data were acquired by QSCAT and AMSR-E
from June 2002 to November 2009. Although the wind field and
SST data in Fig. 10 were acquired by the satellite sensors differ-
ent from those in Fig. 9, the same conclusion can also be ob-
tained from Fig. 10.

From what has been discussed above, a conclusion can be
obtained that the seasonal variations and the geographic differ-
ences of the coupling coefficient in the four typical regions are
caused by the changes of RMMSATD with season and region.
There are pseudo-correlations between RMMSST, RMMWS, RM-

MAT with the coupling coefficient, the results are probably due to
the cross-correlation between RMMSATD and the other three
parameters.

6  Summary
The response relationship between sea surface equivalent

neutral wind speed anomaly and sea-air temperature difference
anomaly has been discussed over four typical sea regions and the
influences of environment parameters, such as the background
sea surface temperature, the background air temperature, the
background wind speed and the background sea-air temperat-
ure difference on the coupling coefficient are also analyzed. The
main contributions and conclusions of this work are as follows:

kSATDA

kSSTA
(1) The value of the new coupling coefficient  is obvi-

ous larger than that of , which implies that the mesoscale
wind speed anomaly is more sensitive to the sea-air temperature
difference anomaly than that to SST anomaly. This new coupling
coefficient is likely more suitable to indicate the intensity of air-
sea coupling.

(2) The theoretical analysis based on the similarity principle
of Monin reveals that the new coupling coefficient is mainly af-
fected by SATD. Especially, under unstable atmospheric condi-
tion, the effects of ENWS, SST and air temperature (AT) even can
be neglected.

kSATDA(3) The satellite data shows that the value of is appar-
ently to be correlated with RMMSST, RMMENWS, RMMAT and
RMMSATD. However, a deep analysis shows that RMMSATD is
the key environment parameter directly affecting the new coup-
ling coefficient. The seasonal variations and the geographic dif-
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Fig. 9.   The coupling coefficient (a) and the modified coupling coefficient (b) from January 2008 to December 2017 over the four regions.
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Fig. 10.   The coupling coefficient (a) and the modified coupling coefficient (b) , the wind filed and SST data were acquired by QSCAT
and AMSR-E from June 2002 to November 2009, respectively.
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ferences of the new coupling coefficient in the four typical re-
gions are caused by the changes of the background RMMSATD
with season and region. The pseudo-correlations between the
new coupling coefficient with RMMSST, RMMENWS, RMMAT,
the results are probably due to the cross-correlations between
RMMSATD and the other three environment parameters.

In this work, only the response relationship between the
mesoscale equivalent neutral wind speed anomaly (ENWSA) and
the mesoscale sea-air temperature difference anomaly (SATDA)
has been analyzed over four typical sea regions. In fact, the diver-
gence and curl of the sea surface wind filed would also be af-
fected by SST gradient. The previous researches revealed that the
divergence and the curl of the wind stress are related to the
downwind- and the crosswind-component of the SST gradient
respectively (O’Neill et al., 2003, 2005; Small et al., 2008). Be-
cause of the correlation between the SATD gradient and the SST
gradient, it is expected that the divergence and the curl of the EN-
WS would also be affected by the SATD gradient. The relevant
analysis and discussion will be carried out in our future work.
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