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The sea surface emissivity in the infrared region is determined on the basis of data
analyses. Net radiation, surface irradiance and other oceanographical and meteorological variables are measured throughout most of the year at the oceanographical observatory tower in Tanabe Bay, Japan. We have found that 0.984 ±
0.004 is a reliable emissivity value from the night time data. Surface emission
radiates not from the subsurface water but from the sea surface. The thermal skin
layer on the sea surface, however, is disturbed and disappears under high wind
speed over 5 m/s through the analyses of the radiation observation using the
emissivity value of 0.984. Under low wind speed, the sea surface can be cooler or
warmer than the subsurface due to overlying thermal conditions, and the skin
layer can be neutral as the transient process between them. By using an emissivity
value of 0.984, the temperature difference between the sea surface temperature
and the temperature determined from surface irradiance that has been reported
in the satellite data analyses is found to be reduced by half.
1. Introduction
Recently, satellite infrared observations and the sea surface temperature (SST) image from
space are often used in various studies. To apply satellite image data in quantitative studies, the
temperature retrieval methodology should be improved to obtain a more accurate SST.
A difficulty in obtaining a highly accurate SST stems from the atmospheric attenuation
correction. Though many studies have been performed by assuming the sea surface as a
blackbody, the sea surface is actually a graybody and it is necessary to determine the value of
emissivity.
There are two major problems with the attempt of previous studies to determine the value
of emissivity. First, when the infrared surface emissivity of the ocean is less than 1.00, reflection
at the surface should be considered. Total radiation from the sea surface into the bottom of the
atmosphere is the sum of the surface radiation and the reflection of atmospheric radiation at the
surface. Therefore, when we observe surface irradiance, we should separate the surface emission
from the surface reflection. Second, the temperature differences across the cool skin on the sea
surface should be considered. Cool skin is conventionally considered to lie in the upper few
centimeters or millimeters of the ocean (Woodcook, 1941; Hasse, 1963; McAlister and McLeish,
1969; Paulson and Simpson, 1981; etc.). However, there are no field measurements to directly
determine the thickness of the surface skin layer (Katsaros, 1980). The temperature difference
∆T between the ocean-air interface and an ocean depth of some tens of centimeters is, according
to Saunders (1967a), proportional to νQ/κU*. Here ν is the kinetic viscosity of water, κ the
thermal conductivity, U* the friction velocity, and Q the heat flux. Schluessel et al. (1990) asserts
that ∆T is about 0.2°C on average and varies between 1.0°C and –1.0°C. Because of the thinness
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Table 1. The summary of the former emissivity studies.
Emissivity

Study

0.993
0.986

Buettner and Kern (1965)
Saunders (1967b, 1968)

0.9875
0.992 (11 µm)

Mikhaylov and Zolotarev (1970)
Masuda et al. (1988)

0.972

Davies et al. (1971)

Summary of the method
not considering the skin layer
observation of the reflectance from
the air plane
calculation from the optical constant
calculation of the reflectance using
the numerical model surface
observation of sheltered watersurface
from the sky

of the cool skin, it is almost impossible to directly observe the surface skin temperature, TS, whereas
it is possible to observe the subsurface temperature.
Buettner and Kern (1965) estimated the sea surface emissivity to be 0.993 from an
experiment using an emissivity box, but they disregarded the temperature difference across the
cool skin. Saunders (1967b, 1968) observed the plane sea surface irradiance from an airplane and
determined the reflectance. By determining the reflectance as the ratio of the differences in
energy between the clear and the cloudy sky at different places, he calculated the emissivity to
be 0.986. The process of separating the reflection from the surface irradiance, however, is not
precise. Mikhaylov and Zolotarev (1970) calculated the emissivity from the optical constant of
the water and found the average in the infrared region was 0.9875. The observation of Davies et
al. (1971) was performed on Lake Ontario with a wave height less than 25 cm. They measured
the surface emission isolated from sky radiation by an aluminum cone, and estimated the
emissivity to be 0.972. The aluminum was assumed to act as a mirror in infrared region. In fact,
aluminum does not work as a perfect mirror. Masuda et al. (1988) computed the surface emissivity as a function of the zenith angle of observed radiation and wind speed. They computed the
emissivity from the reflectance of a model sea surface consisting of many facets, and changed
their slopes according to Gaussian distribution with respect to surface wind. The computed
emissivity in 11 µm was 0.992 under no wind. Each of these studies in trying to determine the
value of emissivity, failed to distinguish surface emission from reflection and to evaluate the
temperature difference across the cool skin. The summary of these studies are tabulated in
Table 1.
In this study, we directly measured the net infrared radiation near the sea surface, the upward
radiation from the surface, and the temperature profile near the surface in order to determine the
emissivity from the sea surface’s radiation balance. The object of this paper is to determine the
sea surface emissivity on the basis of meteorological and oceanographical observations throughout
one year.
2. Emissivity
Radiation from the sea surface in the atmospheric window region, ranging ν1 to ν2, is given
ν
by ε ∫ν 2 B( ν , TS )dν (W / m 2 ) , where B(ν, T) is Planck function and ε is the surface emissivity
1
averaged in the window region, and TS is the skin temperature. If ε ≠ 1, i.e., the sea water is not
blackbody in the window region, atmospheric downward longwave radiation R↓, which comes
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mainly from water vapor in the atmosphere, reflects at the sea surface. Therefore, the upward
irradiance into the bottom of the atmosphere from the sea surface is the sum of the surface
irradiance and the reflection at the surface; i.e.

∫ν B( ν , TR )dν = ε ∫ν B( ν , TS )dν + (1 − ε ) R↓.
ν2

ν2

1

1

(1)

Here, we assume that the reflectance γ is equal to 1 – ε . TR is the radiometer temperature corresponding to the upward irradiance into the infrared radiometer near the sea surface. This
radiation balance holds in the atmospheric window region.
When TR is nearly equal to TS , the difference between ∂B(ν, TR)/∂ν and ∂B(ν, TS)/∂ν is
sufficiently small to neglect (McMillin, 1975). Therefore, the dependance on the wavenumber
of B(ν, TS) is almost the same as that of B(ν, TR) and Eq. (1) can be expanded over all wavelength
to be rewritten

σTR4 = εσTS4 + (1 − ε ) R↓.

(2 )

Here, σ is the Stefan-Boltzman constant. Equation (2) is the simpler infrared radiation balance
near the sea surface.
Note that TR is different from skin temperature TS and that the change in downward radiation
from the atmosphere R↓ causes the upward irradiance into the bottom of the atmosphere (TR) to
change, even for the same TS.
The net radiation Rnet is the difference between σTR4 and R↓,

Rnet = σ TR4 − R↓.

(3)

If Rnet is directly measured by the net radiometer, the emissivity can be evaluated by Eq. (4),

ε=

σ

TS4

Rnet
.
− σ TR4 + Rnet

( 4)

If the skin temperature TS equals the water temperature near the surface as measured by a
thermometer; i.e.,
TS = TB ,

(5)

we can evaluate the calculated emissivity ε C by using the measured variables, i.e.

εC =

σ

TB4

Rnet
.
− σ TR4 + Rnet

(6)

Equation (5) means that temperature difference, ∆T ≡ TB – TS, vanishes; i.e., the skin layer is
disturbed.
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3. Observation
To determine the value of emissivity, upward and net infrared radiation and other oceanographic and meteorological variables were measured at the oceanographic observatory tower of
Kyoto University in Tanabe bay, Japan. Figure 1 shows the location of the tower, which is located
on a ridge at a mean depth of about 5 m, and about 100 m from the shore. The observation was
carried out from November 1989 to October 1990, with occasional interruption by meteorological
disturbances such as typhoons. The number of days when available data were taken is tabulated
on Table 2.
Figure 2 illustrates the arrangement of the equipment. Measured data were recorded every
10 minutes. Upward infrared radiation from the sea surface was measured by the Minolta IR-0510
infrared radiometer (A), which was mounted about 5 m above the mean sea surface. Its viewing
solid angle was 1°, and the sensitive wave length range was between 8 µm and 14 µm. We used

Fig. 1. Location of Shirahama and Oceanographic observatory tower. The tower is shown as a solid circle.
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Table 2. The number of data available for the analyses, and data which is not available due to weather
conditions and insufficient equipment.
Year month
1989 Nov.
Dec.
1990 Jan.
Feb.
Mar.
Apr.
May
Jun.
Jul.
Aug.
Sep.
Total

Days with
available data
15
7
5
0
3
21
17
8
0
10
10
96

Days with
Days with no
unavailable data
data
0
1
9
4
5
9
14
11
0
5
8
67

15
23
17
24
23
0
0
11
31
16
12
182

the average of 5 data, which were taken at 2 second intervals. Net infrared radiation was measured
by the Eiko Seiki CN-40 net radiometer (B) mounted about 5 m above the mean sea surface. As
its wave length range was over 0.2 µm, the output was contaminated by solar insolation during
daytime. At night, on the other hand, accuracy of the net infrared radiation was about 5% of its
measured signal. Therefore, we used data measured at night. Relative humidity was also
measured by the dry and wet bulb thermometer (F) about 5 m above the mean sea surface. As
these sensors were sheltered from the sun, dry temperature was regarded as air temperature at
about 5 m. Wind speed was taken from 1 minute averages at a height of 10 m above the mean sea
level (G).
SST and air temperature were measured by the electric resistance thermistor thermometer
whose time constant was 7.5 s and assumed error was 0.1°C. The vertical profiles of water and
air temperature the near sea surface were measured by these sensors moored to buoy D in Fig.
2. Fifteen water temperature sensors, D1~D15, were set up on this buoy. The center of D1 (top
sensor) was at a 0.7 cm depth from the plain sea surface without waves. This buoy was small and
followed the sea surface fluctuations very well. Sensors from D1 to D9 were set at 1-cm intervals
and from D10 to D15 at 2-cm intervals. Six sensors for air temperature near the sea surface were
also set on this buoy (C) at heights of 10 cm, 20 cm, 40 cm, 80 cm, 120 cm and 160 cm. Another
buoy (E) moored the thermistor thermometer chain, which had 15 sensors named E1~E15 from
the top at 25-cm intervals. Air and sea surface temperatures at each depth were measured every
10 minutes. Typical time series records of the variables from 19th to 21th November, 1989 are
shown as an example in Fig. 3. Small perturbations in the data are removed by the running mean
procedure for 170 minutes. Because the output of the net radiometer is greatly effected by solar
insolation (shaded areas in Fig. 3(b)), only night time data (20:00~3:50) are available for the
analysis of infrared radiation balance.
As shown in Fig. 3(b), in most cases, the changes in net radiation during the night are very
small except in bad weather. Figure 3(a) shows that the radiometer temperature (TR), assuming
the emissivity as 1.00, is different from the bulk sea surface temperature (TB).
Due to its extreme thinness, it is impossible to directly measure the temperature difference
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Fig. 2. Instruments set on the platform. A: Infrared radiometer. B: Infrared net radiometer. C: Thermistor
thermometers for air temperature, C1~C6 from the top. D: Thermistor thermometers for near surface
temperature, D1~D15 from the top, D1 to D9 are at 1-cm intervals and D10 to D15 are at 2-cm intervals.
D1 is almost 1 cm from the surface. D15 is about 20 cm from the surface. E: Thermistor thermometers
for water temperature, E1~E15 from the top, which are at 25-cm intervals. F: Dry and wet bulb psychrometer. G: Anemometer. H: Cabin.

across the skin layer using an ordinally method of oceanographic observation (Woodcock, 1941;
Hasse, 1963; McAlister and McLeish, 1969; Paulson and Simpson, 1981; etc.). The skin layer
is thought to be effected by meteorological and oceanographic conditions near the sea surface.
Katsaros (1980) reported that the skin layer changes its thickness due to ∆T because the layer
is formed by thermal conductivity. Field observations, however, are too rare to determine the
thickness of the skin layer. We measured the vertical temperature profile of the sea surface at 1cm intervals. Figure 4 shows the time variation of vertical profiles of water temperature on (a)
November 19th (average wind speed was 10.2 m/s), and (b) June 11th (average wind speed was
0.6 m/s). No evidence is shown in Fig. 4 that the cool skin exists on the sea surface. The nearly
constant vertical temperature profile allows us to consider the top sensor temperature as a
subsurface temperature below the skin layer, and we confirm the skin layer is thinner than 1 cm
if it exists in both cases.
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Fig. 3. Time series records of (a) the air temperature, the bulk temperature (TB), the radometer temperature
(TR), and the relative humidity, (b) the heat fluxes, (c) wind speed and the temperature difference
between TR and TB. Data in the shaded area is not used for the analyses because of disturbances by solar
insolation.

Validity of ε C depends on whether Eq. (5) is correct or not. Water near the surface might
be well mixed due to strong wind stress under high wind speed. Equations (1) and (2) show that
skin temperature TS effects radiometer temperature TR. The time series record of the difference,
TB – TR, is shown in Fig. 3(c). TB – TR is not the temperature difference, ∆T, across the cool skin.
When net radiation shows little time variation at night as in Fig. 3(b), the changes in TR can be
attributed to those in TS, i.e., most of the changes in TB – TR can be regarded as ∆T. The inverse
correlation between wind speed variation and TB – TR variation suggests mixing by wind stress.
Figure 5 shows the relation between ε C averaged from 20:00 to 3:50 and mean wind speed.
Unreliable values such as those caused by rainfall, wind bursts, and damage to the equipment are

24

M. Konda et al.

Fig. 4. Time variations in 2 hour averaged temperature profiles of the sea surface in (a) 19th~20th
November, and (b) 11th~12th June. Each profile is averaged over 2 hours; 䊉 20:00~21:50, 䉭
22:00~23:50, 䉱 0:00~1:50, 䊐 2:00~3:50. Assumed error is 0.1°C.

Fig. 5. Apparent dependence of ε C from Eq. (6) on wind speed. The emissivity and wind speed are
averaged during 20:00~3:50.

deleted. The values of ε C distribute between 0.96 and 1.01, and have no correlation with wind
speed in low winds. On the other hand, under conditions where wind speed exceeds 5 m/s, ε C
shows a constant of 0.984 ± 0.004. Figure 5 shows this value does not change seasonally. Because
the emissivity should be a physical constant, this value should be valid at lower wind speeds. The
appropriate speculation for this constant temperature difference should be that the surface mixing
due to the high wind stress cause to Eq. (5) to hold. It is said that the vertical velocity near the
surface increases above a wind speed of about 5 m/s (Csanady, 1990; Ebuchi et al., 1993), and
the disappearance of the cool skin can be attributed to this vertical velocity.
Data obtained during rain, wind bursts, and other hard conditions are not available. Figure
6 shows two examples of the time change of ε C from 20:00 to 3:50; one is under clear weather
conditions (25th~26th, March: dashed line) and the other is under the rainy conditions (3rd~4th,
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Fig. 6. Time series records of the computed emissivity ε C . Hard line: The computed emissivity on May
3rd. Dashed line: The computed emissivity on March 25th with calm weather.

May: solid line). The dashed line shows the small time variation with a standard deviation of
0.003. It is found that the time variation of ε C tends to be small under calm weather. The solid
line, on the other hand, shows a sharp change at midnight: apparently, raindrops falling on the
upper optical filter caused the downward radiation signal from the radiometer to increase.
4. Discussion and Conclusions
Figure 5 shows that the surface skin layer can exist under low wind and disappear under high
wind, and also shows that the value of emissivity is 0.984 ± 0.004. Comparing this value with
previous studies, that of Buettner and Kern (1965) ( ε = 0.993) is larger. Saunders’ emissivity
value (1967b, 1968) ( ε = 0.986) agrees well with ours. In Saunders’ experiment using an airborne
radiometer, the horizontal variation of the sky, cloud and sea surface temperature was occasionally
small and the reflection was successfully separated from the surface irradiance. The result of
Davies et al. (1971) was ε = 0.972 ± 0.021. In their experiment, TR and TS were measured by an
infrared radiometer. TS was measured by isolating the sea surface from sky radiation by placing
an aluminum cone over the water. Because the cone rim was under water, surface mixing was
suppressed compared to the TR measurement. Judging from the method of their experiment and
the larger standard deviation in the result, their data should correspond to the low wind regime
in our experiment.
Variation of ε C at low wind speed (Fig. 5) is caused by the temperature difference between
the cool skin and the subsurface; i.e., the surface skin layer is not disturbed by weak wind speeds,
and the relation (5) does not hold under this condition. When TS is higher than TB, a higher value
of ε C is computed than the true value of ε , and a lower value is obtained when TS is lower than
T B.
Contrary to our hypothesis that the skin layer can vanish at high wind speeds, the previous
studies (Saunders, 1967a; Hasse, 1971; Grassl, 1976; Wesely, 1979; etc.) considered that the
temperature difference does not vanish. Therefore, we need to examine whether ∆T vanishes at
high wind speed.
Saunders (1967a) discussed the value of ∆T, assuming that cool skin is not disturbed by
wind. Later studies of the cool skin focused on determining ∆T observationally based on Saunders’
idea. The temperature difference across the cool skin ∆T was determined as the difference between the skin and subsurface temperatures.
Hasse (1971) determined TS from the air temperature profile, assuming a diabatic and near
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neutral condition; i.e., he took an indirect method to determine TS. He reported that the averaged
value of ∆T was 0.4°C. Using a thermometer and radiometer, Grassl (1976) determined ∆T as the
difference between the subsurface temperature at a depth of 5 cm and the temperature corresponding
to the radiance into the bottom of the atmosphere. In his study, ∆T was almost constant at 0.2°C
for a wind speed of 1 to 10 m/s. He estimated the skin temperature, assuming the surface
emissivity to be 0.96 in advance. Wesely (1979) reported that ∆T varied from 0.3°C to 1.5°C, but
he assumed the emissivity to be 0.99 and did not consider surface reflection. In the studies of both
Grassl (1976) and Wesely (1979), the basis for determining the value of emissivity was not clear.
In fact, their results on the temperature difference ∆T depended on an arbitrarily determined value
of emissivity. For example, applying ε = 0.984 to Grassl’s data instead of his value ε = 0.96,
we found that ∆T becomes almost 0°C. Therefore, although their result showed that ∆T does not
become 0°C, it is clearly possible for ∆T to vanish under high wind speeds.
Now, we will examine if the assumption TS = TB really holds under high wind speeds when
we adopt the present result ( ε = 0.984). We computed the temperature difference ∆T in order to
test the wind speed’s influence on the change of the surface layer. By adopting the present result
( ε = 0.984), TS is given by Eq. (7),

 εσ TR4 + (1 − ε ) Rnet 
TS = 

εσ



1/ 4

,

( 7)

Fig. 7. Time changes of the temperature difference ∆T and the wind speed on (a) November 19th, (b) April
10th and (c) November 24th.
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and TB is measured by the sensor D1. Time change for the temperature difference ∆T (=TB – TS )
is shown in Fig. 7 for 3 types (panels (a), (b) and (c)) of typical skin layer conditions. The panel
(a) is on November 19th, when wind speed is large (averaged wind speed is 10.2 m/s). The
temperature difference ∆T disappears as we speculated; i.e., the surface skin layer is well mixed
under large wind stress. Panel (b) in Fig. 7 shows the time change on November 24th, when the
wind speed was weak (averaged wind speed was 2.6 m/s) and the calculated emissivity ε C was
less than 0.984. Panel (b) shows that TS was lower than TB under this condition and that the cool
skin exists in the upper thin layer above the sensor D1. Panel (c), on the other hand, shows the
time change on April 10th, when the wind was weak (averaged wind speed was 2.6 m/s) and ε C
> 0.984. TS is higher than TB under this condition, meaning the surface skin layer can be warmer
than the subsurface.
Although Saunders (1967a) considered that the surface skin layer always exists, these results
support our speculation that the warm and cool skin layers exist under weak wind stress due to
the thermal conditions near the sea surface and can be disturbed and destroyed by strong wind
stress. In the case of warm skin, the surface temperature TS is higher than the subsurface temperature TB and the calculated emissivity ε C is larger than 0.984. To examine when the three types
of skin layers tend to appear, the monthly variation is shown in Fig. 8 (panel (d)); where the white
block shows surface skin cooler than the subsurface ( ε C < 0.980), the stripe block shows surface
temperature close to the subsurface temperature (0.980 ≤ ε C ≤ 0.988), and the slant line block
shows surface skin layer warmer than the subsurface ( ε C > 0.988). In Fig. 8, the monthly mean

Fig. 8. Monthly means of (a) bulk sea surface temperature, (b) wind speed and (c) time change of panel
(a). The histogram of the value of ε C is (d).
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of the subsurface temperature TB100 at a 1 m depth (panel (a)), that of the wind speed (panel (b)),
and the time change of the monthly mean subsurface temperature (panel (c)) are correlated with
each other because, in winter, strong seasonal wind blows during fine weather, but in summer,
fine weather is usually accompanied by light wind. Figure 8 shows that the cool surface skin
appears throughout the year. Comparing panel (d) with panel (c), cases where the cool skin is
absent are well correlated with the time change of the bulk water temperature; i.e., the warm
surface skin layer appears frequently when the bulk sea surface temperature increases and the
subsurface boundary layer warms. Moreover, the surface layer is neutral even under low wind
speed as conditions change from warm to cool and vice versa. The zero occurrence in February
and July means “no data” because of trouble with the measuring system.
Standard deviation of the reliable value (at a wind speed over 5 m/s) of the computed
emissivity is 0.004. This should be due to observational error. For example, consider that R↑ =
387.1 W/m2 , Rnet = 125.2 W/m2, and TB = 14.6°C, which are the averaged values from 20:00 on
25th to 3:50 on 26th in March, and the change of 0.1°C in TB, which is the accuracy of the
thermister thermometer, produce the change of 0.004 in the emissivity derived from Eq. (6). This
is equivalent to the standard deviation of our result. In addition, the 5% change in Rnet, the accuracy of the net radiometer, produces a small change of 0.0006 in the emissivity.
Water temperature obtained from satellite observations is the skin layer temperature,
whereas SST from oceanographic observations usually refers to the subsurface water at a depth
ranging from several dozen centimeters to several meters. Traditionally, SST retrieved from
satellite infrared observation has been defined as the surface blackbody temperature. The
difference between these temperatures would be reduced by considering the sea surface as a
graybody. Saunders (1970) expressed the improvement as a temperature, ranging from 0.1°C to
0.7°C depending on cloud types. We examined the reduction in temperature difference with a rate
of error reduction. In this study, we define the temperature difference between the radiation
temperature TR and the temperature TB50 at a depth of 50 cm (sensor E2) where bucket water is
sampled in standard oceanographic observations as

∆ TR = TB50 − TR .

( 8)

The rate of error reduction E is defined by Eq. (9) as the ratio of the improvement using this
result over the previous temperature difference assuming blackbody, and shows what percentage
of ∆TR is reduced when an emissivity value of 0.984 is adopted, i.e.,

E=
=

(TB50 − TR ) − (TB50 − TS )
TB50 − TR

TS − TR
.
∆ TR

( 9)

Figure 9 shows the histogram of rate E evaluated from the 96 available night time data.
Figure 9 shows that 40~60% of the temperature difference is reduced by taking the emissivity
as 0.984 rather than 1.00. In Fig. 9, negative value of E means that temperature difference increases. This case occurs when both skin temperature TS and radiation temperature TR are higher
than the bucket temperature.
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Fig. 9. Rates of improvements in temperature difference between TR and TB50. Determination of the
emissivity as 0.984 leads to a reduction in the temperature difference. In many cases, 40~60% of the
temperature difference is reduced.

In the analyses of the satellite infrared data, the reflection at the sea surface has been
ordinally neglected (i.e., R↓ in Eq. (7) is neglected), even though the sea surface has been
considered as a graybody, and the SST has been evaluated by Eq. (10),
 T4 
TS =  R 
 ε 

1/ 4

.

(10 )

We examined the difference between the temperature obtained from Eq. (7) and that obtained
from Eq. (10), and found that the difference of about 0.8°C is produced for the data on May 26th
when TS is 14.7°C from Eq. (7) and 15.5°C from Eq. (10). This result and the tests using other
data show that R↓ in Eq. (7) cannot be neglected in computing TS.
It is known that the emissivity changes with the electric conductivity, i.e., the salinity of sea
water. Liu et al. (1987) asserted that salinity variations effect the value of emissivity. On the other
hand, the experiment of Davies et al. (1971) showed that chemical characteristics have little
effect on the value of emissivity. This problem must be addressed in the future.
Our conclusions are as follows;
1) We performed oceanographic and meteorological observations for one year at the tower
station in Tanabe bay, Japan, and found that the reliable value of emissivity is ε = 0.984 ± 0.004.
2) Adopting our result ( ε = 0.984) reduces in half the temperature difference between the
bucket temperature and the radiometer temperature by assuming the sea surface to be a
blackbody. Additionally, we found that we could not neglect the surface reflection of the
atmospheric downward radiation in the temperature retrieval for the satellite infrared data.
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3) We found that the skin layer at the sea surface disappears under wind speeds larger than
5 m/s due to wind stress disturbances, adopting the present result as the emissivity.
4) The surface skin layer changes from warm to cool due to thermal conditions under low
wind speeds. The cool skin layer appears throughout the year, and the warm skin layer is
produced from April to June when the subsurface temperature warms and the wind stress
weakens. The skin layer can be thermally neutral even under low wind speed as conditions
change from warm to cool and vice versa.
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