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Characteristics of Heat Flux and Turbulent Kinetic

Energy over the Yellow Sea and the South Sea

Mi Jung Park

Department of Environmental Atmospheric Sciences, Graduate School,

Pukyong National University

Abstract

Heat exchange between the atmosphere and the sea is analyzed
using the data obtained from 3 m discus buoy installed and operated by
Korea Meteorological Administration (KMA) from July 1996. The
meteorological and oceanic characteristics at four buoys over the Yellow
Sea and the South Sea for the period July 1996~May 2002 are
discussed. The heat fluxes at each site are estimated from bulk
aerodynamic method. Variation of the total heat flux considerably
influenced by the latent heat flux in autumn and winter is larger over
the South Sea than over the Yellow Sea. Especially, the heat loss by
the sensible heat and latent heat fluxes increases gradually over the
Yellow Sea and the South Sea during the cold air outbreak. The

sensible heat flux is accounted for intensity of wind and the difference



of sea-air specific humidity over the South Sea. In the analysis of
turbulent kinetic energy, the dynamic energy production is dominant over
the South Sea than over the Yellow Sea, and the thermal energy
production is comparable at the both sides. The stability of the surface
layer depends on the wind speed during the winter season. The stability
parameter ( z/L or o¢/L) varies little over the South Sea, which implies

that the marine atmospheric surface layer is well conserved.



1. Introduction

The air-sea interaction represents the study of processes which
influence the transport of momentum, heat, moisture across the air-sea
interface. Such processes include, for example, the pressure forcing of
surface waves, dissipation of surface waves via breaking, energy flux
within the wave spectrum, evaporation, bubble bursting, buoyant fluxes,
turbulent transport, diffusion in the highly inhomogeneous laminar
sublayers (with and without films), and transport via organized motions
within the adjacent boundary layers (Geernaert, 1999). In the study of
marine atmospheric boundary layer (MABL), The depth of MABL is a
key to the understanding and prediction of other processes taking place
within the MABL. Surface flux parameters and background atmospheric
conditions bring more insight into the variability of MABL height (Jofire
et al., 2001).

The sensible and latent heat supplied to the atmosphere from the
ocean appeared far greater than the energy conversion to kinetic energy
of disturbances, and that most of the energy transferred through the
interface should provide an input into the reservoir of the total potential
energy of the atmosphere (Agee and Howley, 1977). Calculation of the
heat flux across the ocean surface requires the combination of estimates
of the component contributions. These are poorly knmown, due to both

the paucity of data and the uncertainties of formulas governing the heat



transfers. Over the majority of the ocean surface the dominant
contributions to the surface balance arise from the solar radiations, the
estimation of which requires knowledge of the distribution and properties
of cloud, and latent heat flux, calculation of which is reliant on the bulk
formulae and dependent upon the winds, stability and gradient of
humidity in the atmosphere (Schlesinger, 1990).

The Kuroshio and the Asian Monsoon are two important factors
that characterize the climate of the Yellow Sea and the South Sea. The
Kuroshio splits into two branches at the southwest of Kyushu, and the
main branch flows along the Pacific coast of the Japan Islands toward
east, and the other, named the Tsushima Warm Current, penetrates into
the South Sea. The heat transport by these warm currents play an
important role in the heat budget in the two marginal seas (Kondo,
1985; Lie and Cho, 1994; Ichikawa and Beardsley, 2002). The typical
pattern of the Monsoon is created by the seasonal variatton of polar
continental air mass and the tropical maritime air mass. During the
winter-monsoon season from November to March, a strong northerly
winter-monsoon advects cold and dry air mass southward. in this way,
the Kuroshio and the winter Monsoon over these marginal seas produce
large gradients of temperature and humidity between the air and sea,
which causes substantial heat exchange across the sea surface (Kim and
Kimura, 1999).

A large amount of heat and moisture is supplied from the sea



surface to the atmosphere and the cold air mass is extremely modified
over the warm oceanic regions such as the Kuroshio and the Gulf
Stream during the winter seasons. Manabe (1957; 1958) and Ninomiya
(1968) estimated the heat and moisture supplied from the sea surface
over the East Sea area and they found that the sensible heat and latent
heat fluxes during the cold air outbreak as about 700 W m~ %,
Furthermore, most of the studies on the heat budget is limited to the
East/Japan Sea area (Miyazaki, 1952; MMO, 1972; Kondo, 1976; Shim
and Kim, 1981; Kato and Asai, 1983, Kim, 1992; Kang es al., 1994;
Kim and Kang, 1995; Park et al, 1995; Hirose er al, 1996). Several
studies have been reported on the surface heat fluxes all over the East
China Sea and the Yellow Sea based on the bulk method using a large
amount of data (Ishii and Kondo, 1987; Sakurai et al, 1989; Kim,
1992; Kang er al, 1994; Hirose, 1995; Hirose er al, 1999; Kim and
Kimura, 1999). In the Yellow Sea, Han and Chang (1978) computed the
sum of sensible heat and latent heat fluxes in winter with the budget
method with a result of about 315 W m™° Recently, the maximum
outflux of sensible heat from the sea surface occurred in January and
the maximum influx in July (Youn er al, 1998). The outgoing latent
heat flux showed the maximum values in autumn. The net latent heat
loss from the sea is larger than the net sensible heat loss except in
January and February (Kang et al., 2001).

Heat exchange between the atmosphere and the near sea around the



Korea Peninsular is produced from 3m discus buoys installed and
operated by Korea Meteorological Administration (KMA) from July
1996, Instrumented ocean buoys provide an additional means of obtaining
weather data at the sea. They have provided regularly data every hours.
Thus, they may be most suitable means to investigate the features of
cyclones or storms passing them, and to estimate heat fluxes, especially
during the cold air outbreak and so on.

In the present study, each component of the heat fluxes at the sea
surface is estimated by using the bulk aerodynamic formulas, based on
the hourly ocean buoy data obtained regularly over the Yellow Sea and
the South Sea from July 1996 to May 2002. The mechanism of heat
fluxes (sensible heat and latent heat fluxes) development is analyzed
from the viewpoint of a turbulent kinetic energy. The stability of the
atmospheric surface layer over the sea and more detailed features in
winter and the cold air outbreak when the heat exchange between the

air-sea takes place actively, are presented.



2. Data and methods

2.1 Buoy data

Ocean weather buoys that monitors weather condition or
environment change over ocean are divided into moored buoy and
drifting buoy. Moored buoys are the weather sentinels of the sea. They
are deployed in the coastal and offshore waters. Moored buoys measure
and transmit barometric pressure, wind direction, speed and gust, air’and
sea temperature, and wave energy spectra from which significant wave
height, dominant wave period, and average wave period are derived.
Even the direction of wave propagation is measured on many moored
buoys. As years go by, moored buoys play an important role in
production of fundamental data that have need of weather forecast on
the ocean.

Moored buoys includes the different types of buoy hulls: 3 m,
10 m, 12 m discus hulls, and 6 m boat shaped (NOMAD) hulls. In this
study, we used data from 3 m discus buoy operated by KMA from July
1996. The aluminum-hulled, 3 m discus is very coast-effective but does
not offer long-term survivability that the larger discus hulls provide. The
transportability of the 3 m buoy is much improved over that of the
larger discus buoys. It can be easily carried on a flat-bed trailer. Since

it is constructed of aluminum, it is less likely to corrode, and compass



measurements are not affected.

The buoy's onboard sensors measured mean wind speed and
direction at both 3.8 m and 4.8 m above sea surface and air temperature
and relative humidity at 3.5 m. Sea surface temperature sensor is located
at a depth of 1 m, and barometer is located inside the hull at the sea
level. The measured data are to be transmitted to land by real time.

Positions and Periods of five buoys installed in the adjacent seas
of Korea peninsular are shown in Table 1: international buoy #22101
(Dukjukdo), #22102 (Chilbaldo), #22103 (Geomundo), #22104 (Geojedo),
#22105 (the East Sea). Four of them are used in this study: two buoys
are located in the Yellow Sea (#22101, #22102), the other buoys are
located in the South Sea (#22103, #22014). Fig. 1 shows the locations
of the four buoys currently sited in the Yellow Sea and the South Sea.
The data of twelve variables have been taken regularly every hours. Five
meteorological parameters (wind speed, wind direction, air pressure, air
temperature and sea surface temperature) are used for calculating the
heat exchange between the air-sea. The humidity parameter from the
buoy was not used since in part to the difficulty in obtaining reliable
measurements of boundary layer moisture from unattended instruments
over open ocean for extended time periods (Breaker es al, 1998). It is
necessary to point out that buoy data in this study are preprocessed as’
follows: when the buoy is not in good condition according to

observational reports, the data can not be used. The daily heat fluxes



were calculated by using the bulk aerodynamic formulas from

daily-averaged variables.

Table 1. Locations of buoys and periods for this study.

Buoys Positions Periods

#22101 37" 14'N, 126" 01'E July 1996 ~May 2002
#22102 34" 48'N, 125" 4T'E July 1996 ~May 2002
#22103 M 00N, 127° 30°E  Janvary 1998 ~May 2002
#22104 M 46'N, 18" 4'E June 1999 ~May 2002
#22105 377 32'N, 129" 12’E May 2001 ~May 2002

the
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2.2 Heat balance

Without a bottom boundary on the atmosphere there would be no
boundary layer. Friction at the surface slows the wind, and heat and
moisture fluxes from the surface modify the state of the boundary layer.
The heat and moisture fluxes are driven, in turn, by the external
forcings such as radiation from the sun or transpiration from plants.
Forcings across the top of the boundary layer also alter mean
characteristics within it.

Turbulence by itself cannot transfer heat, momentum, or moisture
across the interface from the ocean or from the earth. Even ocean waves
and turbulence have little direct coupling to atmospheric turbulence. Once
in the air, turbulence takes over to transport momentum, heat and other
constituents to greater depths in the atmosphere. The- molecular and
turbulent transport processes work together.

To simplify equations for the surface layer evolution, it is
convenient to define an effective turbulent flux that is the sum of the
molecular and turbulent fluxes. At the surface where there 1s no
turbulent flux, the effective surface turbulent flux has a magnitude equal
to that of the molecular flux. Above the lowest few centimeters,
however the molecular contribution is so smali that it can be neglected
compared to the turbulent flux.

The net (or total) heat flux through the sea surface @, can be

- 11 -



expressed as

Qr=Qs— QB—QH_ @5 (I)

where Qg and Qg are the short- and longwave radiation fluxes and Qy
and @ are the sensible heat and latent heat fluxes, respectively. Each

component of the heat fluxes is calculated by the empirical formulas:

Qs=0.865I)(1 — ), 2)
a=eoT 4(0.254 —0.00495¢e,) +4ea T W T,— T.), (3)
Qu=0,C, Cu( T,— TV, (4)
Qe= 0.L Cr( g~ g U (5)

Equations (2) and (3) were proposed by Kim and Kimura (1995) and
Efimova (1961) with the amount of cloud, respectively. The bulk transfer
coefficients ( Cy and Cg) of Kondo (1975) are adopted for equations
(4), (5). When the wind speed is expressed in units of m s, the

formulae are given by

-12_



10°CH(10 m)=a, +byu p+cylu,—8)°2 (6)

10°C(10 m)=a, +b.u &+ celuy—8)° (N

Numerical constants ay,, by .. pn. and c, . vary with a range of wind
speed as tabulated in Table 2. Relationship between ¢, and e, is also

assumed as

€a
0.~ 0.62—5", (8)

e,=6.10781x 10 % 7T,%+0.541493 T ,+4.61967

(Konda et al, 1996). 9

The meanings of the wvariables and constants in the formulas are

summarized in Table 3.

- 13 -



Table 2. Parameters in expressions for neutral bulk transfer coefficients.

ug (m s’y a, Qe by b. Ch be
03t022 0 (] 1.185 1.23 0 0 -0.157 -0.16
22 t0o 5 0927 0969 0.0546 0.0521 0 0 I 1
5to 8 1.15 1.18 0.01 0.01 0 0 1 1
8to25 1.17 1.196 0.0075 0.008 -0.00045 -0.0004 1 1
25 to 30 1.652 1.68 -0.017 -00l6 O 0 1 1
Table 3. Values of the variables and constants in (2)~(5): I,

referred to in Seckel and Beaudry (1973), Reed (1977).

Parameter Symbol

Value and unit

Solar radiation under clear sky
Albedo at the sea surface
Emissivity at the sea surface

Stefan-Boltzmann constant
Air temperature

Sea surface temperature
Vapor pressure

Saturation vapor pressure
Air density

Specific heat of air

Wind speed (10 m)
Latent heat of evaporation
Specific humidity
Saturated specific humidity at T

Iy

qs

W m™?

0.06
0.97

5.6705 x 10°% W m™?

K
K
hPa
hPa

1.225 kg m ™
1004.6 ] kg ' m™®

ms

2.50 x 10° J kg™!

1

-14—
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2.3 Turbulent kinetic energy and stability

Turbulent kinetic energy (TKE) which is a measure of the intensity
of turbulence is one of the most important variables in
micrometeorology, 1t is directly related to the momentum, heat and
moisture transport through the boundary layer. TKE is also sometimes
used as a starting point for approximations of turbulent diffusion.

The individual terms in the TKE budget equation describe physical
processes that generate turbulence. The relative balance of these
processes determines the ability of the flow to maintain turbulence or
become turbulent, and thus indicates flow stability. Some important
dimensionless groups and scaling parameters are also based on terms in
the TKE equation.

The definition of TKE. is TKE/m=e =0.5( «?+ v+ w?).
TKE/m is nothing more than the summed velocity variances divided by
two. Therefore, starting with the prognostic eqguation for the sum of

velocity variances and dividing by two easily gives the TKE budget

equation:
de __ = du_ —w—dv _ dwe) 1 awp)
gt | *W Ty T T¥ T4 az 0 oz
I O m \% \Y%
+E WD) +0.601 (W)~ e (10)
VI Vi

..15-



Term [ represents local storage or tendency of TKE. Term I describes
the advection of TKE by the mean wind. Term IHI is the buoyant
production or consumption term. It is a production or loss term
depending on whether the heat flux is positive or negative. Term [V is
a mechanical or shear production/loss term. The momentum of the wind
is usually lost downward to the ground. Thus, Term [V results in a
positive contribution to TKE when multiplied by a negative sign. Term
V represents the turbulent transport of TKE. Term VI is pressure
correlation term that describes how TKE is redistributed by pressure
perturbations. Term VI represents the viscous dissipation of TKE; 1ie,
the conversion of TKE into heat. Turbulence is dissipative. Term VI is a
loss term that always exists whenever TKE is nonzero. Physically, this
means that turbulence will tend to decrease and disappear with time,
unless it can be generated locally or transported in by mean, turbulent,
or pressure processes. Thus, TKE is not a conserved quantity (Stull,
1988).

Considering the wind direction along the average wind and neglecting
relatively small terms,

—ww S K (W) +0.61T(we)] - e=0. (1)

In the surface layer where the flux is constant, we can substitute «'w’

.....16_



for 1 . If the condition is close to neutral,

a?t . U —~ U

S = g ImR L) =0 (12)
Ui B[ (wT s

-+ F (W) +0.61 T w'g)] - e=0. (13)

Unstable flows become or remain turbulent. Stable flows become or
remain laminar. There are many factors that can cause laminar flow to
become turbulent, and other factors that tend to stabilize flows. If the
net effect of all the destabilizing factors exceeds the net effect of the
stabilizing factors, then turbulence will occur. In many cases, these
factors can be interpreted as terms in the TKE budget equation.

To simplify the prbb]em, investigators have historically paired one
destabilizing factor with one stabilizing factor, and expressed these
factors as a dimensionless ratio. Examples of these ratios are the
Reynolds number, Richardson number, Rossby number, Froude number,
and Rayleigh number.

Static stability is a measure of the capability for buoyant
convection. The word "static" means "having no motion"; hence this type
of stability does not depend on wind. The word "dynamic" refers to
motion; hence, dynamic stability depends in part on the winds. Even if

the air is statically stable, wind shears may be able to generate

_17_



turbulence dynamically. The static instability, combined with the
continued dynamic instability, causes the flux to become turbulent.

The Obukhov length (L) is a scaling parameter that is useful in
the surface layer. To show how this parameter is related to the TKE
equation, first recall that one definition of the surface layer is that
region where turbulent fluxes vary by less that 10% of their magnitude
with height. By making the constant flux (with height) approximation,
one can use surface values of heat and momentum flux to define
turbulence scales and nondimensionalize the TKE equation. In the TKE
equation (10), the Obukhov length is defined by the ratio between the

main turbulent production term (I and VI),

[=——H (14)

One physical interpretation of the Obukhov length is that it is
proportional to the height above the surface at which buoyant factors
first dominate over mechanical (shear) production of turbulence (Stull,
1988).

The parameter ¢ turns out to be very important for scaling and
similarity arguments of the surface layer. It is sometimes called a
stability parameter, although its magnitude is not directly related to static

nor dynamic stability. Only its sign relates to static stability: negative

_18_



implies unstable, positive implies statically stable. A better description of

¢ is a surface-layer scaling parameter:

t=2z/L , (15)

When the significant wave height (o) is considered as an important

parameter in the surface layer, we can use

¢=dfL. (16)

_.19_



3. Variations of the sea surface heat fluxes

3.1 Monthly and annual means

The time variations of monthly mean values of Q@ Qs, @5 @
and Q. are shown in Fig. 2 over the Yellow Sea (YS) (Fig. 2(a)} and
the South Sea (SS) (Fig. 2(b)). We use the convention, which a negative
flux represents a transfer of heat from the ocean to the atmosphere. At
the both sides, Qg is the maximum in June and the minimum in
December, ranges from about 120 W m ™% to 340 W m % Variations of
Qs and @z show similar tendency since they are function of the
latitude.

Qy is the most significant component for the heat exchange
between air-sea over these regions except #22102, and usually much
large in autumn and small in spring due to the difference of sea-air
specific humidity (DQ) (Fig. 3). @ increases especially in autumn when
the atmosphere is so dried. In the case of #22102 buoy, data is not
enough. @y shows the negative value all through the year. This means

that the large heat loss occurred from the sea surface. Over the YS, Qg

is the maximum as about 200 W m~% in September and the minimum as
about 20 W m™? in June as mentioned in Na er al (1999), but not in

value. Over the SS, the maximum of @ is about 280 W m~? in

_20_



September and the minimum about 70 W m~% in May.

At the both sides, @ shows the positive value in spring and
summer and the variation ranges within 10 W m™% @y also shows
considerably the negative value in winter; the minimum about -80
W m~? in December over the YS and the minimum about -120 W m™?
in February over the SS. In Fig. 1 and Fig. 2, it is noted that the
variation of @y relies on the difference of the temperature between the
air and the sea. @, decreases rapidly from October when the difference
of sea-air temperature (DT) and wind speed (WS) are getting larger due
to the influence of winter Asian monsoon, and becomes the minimum in
December and January.

The maximum heat loss occurs in winter over the SS and the YS,
as mentioned in Na et al (1999). Q; is the maximum in June as about
200 W m~? and the minimum in December as about -190 W m ™% over
the YS, and is the maximum in May as about 190 W m~2? and the
minimum in January as about -250 W m~* over the SS. This implies
that the heat loss in winter is larger over the SS than over the YS. The
annual mean variation of @ follows the pattern of Qg in autumn and
winter.

Large spatial differences between the YS and the SS are shown in
Fig. 4. Like this, large spatial difference especially in winter is

accounted mainly for the substantial DT, WS and DQ, which effect on

-21 -



@y and Qg In summer, the difference of @ between the YS and the
SS is due to the DQ and the wind controling Qg On a whole, the

spatial difference of heat flux between the both sides appears evident.
Considering the features of heat fluxes at the both sides, more heat loss
is seen over the SS. Such an obvicus spatial difference is basically
caused by the effect of Tsushima Warm Current, and also equally seen
from the results of Ishii et al. (1987) in which ten-year climatological

data were compiled.

- 22 -
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3.2 Diurnal means during winter season

Fig. 5 shows daily variations of meteorological parameters over the
YS and the SS from December 2001 to February 2002 mainly situated
from 1010 to 1030 hPa. The wind speed (WS) is relatively strong 8 m
s' or more (Fig. 5(b)). The variations of air temperature (AT) are
analogous but not in magnitude at the both sides (Fig. 5(c)). AT varies
about -8.5~4K and about 2~ 18K over the YS and the SS, respectively.
The sea surface temperature (SST) over the YS decreases smoothly
during this period, while SST over the SS according to meteorological
conditions (Fig. 5(d)). A shallow sea might be influenced by wind
forcing and coastal water (Na ef al, 1990). In Fig. 6, we analyzed the
monthly wind directions for same period as Fig. 5 over the YS and the
SS. They are mainly northwest winds, which is a general characteristic
in the winter season. The variation of @, is much more remarkable
over the SS and its amplitude over the SS is about 1.4 times as strong

as over the YS (Fig. 7). This is attributed to the reason that Qg
accounting for a large portion of @ is much larger over the SS than

over the YS (Fig. 8). The severe heat loss is also noticeable at the both
sides on the second, 8th, and 22nd of January 2002. Kondo (1976)
showed that a strong activities making an intensive interaction between
the air-sea have occurred at the rate of about twice a month. As regards

turbulent fluxes ( Q, and Qg) during this period (Fig. 8), @y varies
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about 20~350 W m~? at the both sides, except from 12th to 15th of
January, which show negative heat flux due to the rise of AT caused by

the snowfall. Q, is strong over the SS than over the YS about 10~200

W m~2 To explain difference of heat flux over the YS and the SS, we

analyze the third period heat loss (from 21 to 24 Jan. 2002).
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4. Heat fluxes during the cold air outbreak

Fig. 9 shows the synoptic surface weather maps showing the cold
air outbreak. A weak low pressure system over the east part of Siberia
on 21~24, January 2002 moved over the East Sea where it began to
intensify rapidly. A cold front, characterized by the strong cold air mass
advection, also moved slowly. Due to the strong cold air mass
advection, northwesterly winds and the rapid drop of air temperature

were recorded at the buoys. Fig. 10 shows the time series of Qg and
Qg during the typical cold air outbreak over the YS and the SS.

Synoptic conditions play an important role in the dynamics near the sea
surface. The values of @4 and @ show a dramatic increase associated
with approaching the cold front from the Asian continent to the warm
ocean region. Such intensive air-sea interaction during the cold air
outbreak can transform a continental air mass to one of maritime
characteristics. This air mass transformation process represents a
considerable input of energy from the sea into the air, a portion of
which becomes available for the generation of storms (Agee ef al,
1977). The daily maximum heat loss during the cold air outbreak
reaches up about -700 W m~? over the SS which is equivalent to three
times as large as the averaged value in whole winter, and about -450
W m~? over the YS. Turbulent fluxes are similar pattern over the YS,

Q. over the SS is stronger than Q4 Compared with the both sides,
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Qy and @y are stronger over the SS than over the YS, which implies

that the heat loss is larger over the SS than over the YS. In fact, the
heat advection by the Kuroshio, which is out of phase with the
shortwave radiation, decreases the amplitude of SST, while the heat
advection by the Asian monsoon, which is out of phase with the
shortwave radiation, increases the amplitude of SST (Kang, 1985). Time

series of AT, WS and DQ (=g¢.,—¢q, over the YS and the SS during
this period are shown in Fig. 11. The varations of DT (= T,— T7,) are

analogous at the both sides. It is well known that the DT in the open
ocean is maximum in regions of the Kuroshio and the Gulf Stream
where the heat advection is very large. The variations of WS and DQ
are larger over the SS than over the YS. In general, the saturated vapor
pressure is very low at the low temperature and increases exponentially
with the temperature. DT is getting larger over the SS due to the
increase of evaporation caused by high SST. In fact, the DT to control
the sensible heat flux is analogous at the both sides (about 7TC) and the
DQ to control the latent heat flux is very large over the SS in the

entire winter which corresponds to 1.4 times over the YS (Fig. 3). @y

is larger due to WS over the SS than over the YS and Qg is larger

due to both WS and DQ over the SS than the YS.

-35_



Fig. 9. Synoptic surface weather maps associated with the cold air

outbreak from the 21st to 24th of January, 2002.
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5. Turbulent Kinetic energy (TKE)

Turbulence refers to the apparently chaotic nature of many flows,
which is manifested in the form of irregular, almost random fluctuations
in velocity, temperature, and scalar concentrations around their mean
values in time and space. The motions in the atmospheric boundary
layer (ABL) are almost always turbulent. In the surface layer, turbulence
is more or less continuous. Turbulence is responsible for the efficient
mixing and exchange of mass, heat, and momentum throughout the ABL.
In particular, the surface layer turbulence is responsible for exchanging
these properties between the atmosphere and the sea surface. Without
turbulence, such exchanges would have been at the molecular scale and
minuscule in magnitudes. Mass exchange processes between the sea
surface and the atmosphere, the radiation balance and the heat energy
budget at or near the sea surface are also significantly affected. More
direct effects of turbulent transfer on the surface heat energy budget are
through sensible and latent heat exchanges between the sea surface and
the atmosphere (Arya, 1988). The mechanism of @Qf and Qg
development can be analyzed from the viewpoint of a turbulent kinetic
energy.

Fig. 12 shows comparisons of the dynamic energy production term
and thermal energy production term between the YS and the SS from

the TKE equation (11) during the winter season (Dec. 2001 ~Feb. 2002).
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Compared with the magnitude, the dynamic production is dominant at
the YS (about 4 times as much as the thermal production) and at the
SS (about 10° times). This means that the Marine Atmospheric Boundary
Layer (MABL) is far from the convective boundary layer in winter at
the both sides. The thermal production is about the same at the both
sides and the dynamic production is more important over the SS than
over the YS. Turbulence refer mainly to the wind which is a principal
mechanism to transfer the heat from the both sides to the atmosphere.
The surface layer become unstable by dynamic production during the
cold air outbreak when the wind is stronger over the SS. It is noted
that the production of TKE depends on the wind.

As an analysis of turbulent kinetic energy, Fig. 13 shows the
stability parameter defined by the ratio between the dynamic production
term and thermal production term. The atmosphere become unstable due
to upward heat fluxes in winter. The stability parameter (¢/L) with the
significant wave height depending on the wind speed, shows comparable
variation to z/L. Since the production of TKE is governed by dynamic
term, the stability varies with the wind in the marine atmospheric
surface layer. The range of instability is wide especially during the cold
air outbreak over the YS and is not variable over the SS. A little
variation of the stability implies that some properties of the atmospheric
surface layer are conserved at that region. The fluctuation of SST over

the SS (Fig. 5(d)) may maintain the TKE production ratio. Fig. 14
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shows the distribution of friction velocities according to the stability
during the cold air outbreak (from the 21st to 24th of Jan. 2002) and
winter season (from Dec., 2001 to Feb. 2002) over the Yellow Sea and
the South Sea are shown in Fig. 14. The friction velocity can
characterize a great deal of the behavior of the atmospheric boundary
layer, since the friction velocity reflects surface stress and is strongly
modulated by surface buoyancy fluxes. It is found that the stability of
the surface layer is closely associated to the wind speed during cold air
outbreak and the intense wind results in an unstable surface layer. In
Fig. 15, the stability is linked with the latent heat flux ( Qg) during the
cold air outbreak: the more it is getting unstable, the more Qg increases
during the cold air outbreak. Over the SS, the wide variation of Qg
despite a little variation of z/L means that @ depends on the

difference of water vapor between the air and the sea than on the wind.
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6. Conclusions

The heat fluxes are investigated based on the hourly ocean buoy
data obtained over the Yellow Sea and the South Sea from July 1996 to
May 2002.

The heat loss in winter is larger over the SS than over the YS.
The annual mean variation of the total heat fluxes relies on rather the
latent heat flux in autumn and winter.

At the both sides, the sensible hez;t flux increases rapidly from
October due to the influence of winter Asian monsoon and becomes to
maximum in December over the Yellow Sea, in January over the South
Sea.

When an approach of intensive cold air mass front from Siberia to
the Tsushima warm current region, the heat loss by the sensible heat
and latent heat fluxes increases gradually.

The large sensible heat flux is accounted for intensity of wind and
the large latent heat flux is related to both intensity of wind and
difference of sea-air specific humidity over the South Sea.

During this period, turbulent parameters in the marine atmospheric
surface layer over the sea show a clear increase with the stability. The
friction velocity can characterize a great deal of the behavior of the
atmospheric boundary layer, since the friction velocity reflects surface

stress and is strongly modulated by surface buoyancy fluxes.
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In the analysis of turbulent kinetic energy, the production of TKE
is under the control of wind over the SS and the YS in winter. The
stability of the surface layer depends on the wind speed during the
winter season and is closely associated with the wind speed during the
cold air outbreak. The instability over the SS wvaries little in winter,
which implies that the marine atmospheric surface layer is well

conserved.
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