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Estimation of eddy diffusivity coefficient of heat in the upper
layers of equatorial Arabian Sea
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A 1-D model for estimating eddy diffusivity coefficient of heat (K}) in the upper layers of the sea is
proposed and tested using data collected along 68°E and 52°FE in the equatorial Arabian Sea. Diurnal
range of sea surface temperature in this region is up to 0.4°C with minimum temperature occurring at
0630 hrs IST and maximum temperature occurring at 1600 hrs IST. The value of K, is found to vary
between 0.003 and 0.011 m2s~! with lower value in the Central Equatorial Arabian Sea (CEAS). A
comparison of the model computed K, values with those estimated from the heat balance of the upper
layer (50 m) of the sea shows good agreement in the region of weak winds (CEAS) or low turbulent
mixing regime. Computed K, is found to be slightly lower than the estimated K, in the region of strong
winds (Western Equatorial Arabian Sea) or high turbulent mixing regime.

Studies on the diurnal cycle for an accurate coup-
ling between the ocean and atmosphere are gain-
ing importance'®. The contribution of energetic
diurnal cycle to the mean daily heat flux through
the mixed layer is shown to be considerable'. Ob-
servations of sea surface temperature (SST') show
a diurnal range up to a maximum of about 2°C in
the western equatorial Pacific’ and a smaller value
of about 0.2°C in the central equatorial Pacific?.
The diurnal range of SST is about 0.5°C during
south-west monsoom in the Arabian Sea (off
Karwar)* and about 1.3°C during pre-onset of
monsoon in the eastern Arabian Sea’. Within the
surface mixed layer the diurnal. amplitude of tem-
perature decreases with depth and the rate of dec-
rease depends mainly on the eddy diffusivity coef-
ficient of heat (K,; this term is widely used com-
pared to eddy conductivity of heat or coefficient
of turbulent exchange of heat). Bowden et alfand
Pivovarov & Protasov’ have estimated K, for the
Atlantic Ocean and Black Sea respectively from
the surface meteorological observations and the
diurnal variation of temperature in the upper lay-
ers. Similar studies are few for the Indian seas.
Zavialov & Rozhdestvensky® developed a cou-
pled 1-D model (hereafter referred to as ZR®
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model for simulating the diurnal cycle of tempera-
ture in the boundary layers of tropical ocean and
atmosphere in which the coefficient K, is sup-
posed to be known and is used as an input par-
ameter for the estimatipn of temperature varia-
tion, T(z, ), as a function of both depth (z) and
time (#). In the present paper, an attempt has been
made to parametrize K,-by inverting the ZR mod-
el .and a new method (1-D model) for estimating
the daily and depth averaged K, in the upper lay-
ers of the ocean is proposed. This method is
based on observations of diurnal variation of tem-
perature, T(z, ¢) at different levels in the upper
layers (z=50 m thick) of the equatorial Arabian
Sea which are used as an input parameter to es-
timate the value of K, (Method 1). The model
computed K, is then compared with that estimat-
ed from the heat balance of the upper layers
(Method 2) of the equatorial Arabian Sea.

‘Materials and Methods

Method 1 (1-D model)

The ZR model simulates the diurnal cycle of
temperature in the boundary layers of the atmos-
phere and sea by considering the known values of
turbulent diffusivity coefficients in the air (K,) and
water (K,). The coefficient K, is assumed to in-
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crease linearly with height over the surface, while
K, is assumed to be constant with respect to
depth and time. It is assumed that the temperature
variations in these media are produced by vertical
diffusivity of heat (1-D model), the incoming solar
radiation {(containing both the visible and infrared
wavelengths), an outgoing latent, sensible and
longwave heat fluxe at the surface. Horizontal ad-
vection of heat is neglected. The model accounts
for absorbtion of solar energy as a spectral func-

tion of depth within the upper layer. While the in-'

frared radiation is absorbed in the top few cen-
timetres below the sea surface, the visible part of
the spectrum penetrates to deeper depths with
decreasing intensity®. For the computation of the
energy that reaches a given depth it is necessary to
know the intensity of the radiation at different
wavelengths, i.e. energy spectrum. The reduction
in the energy for each wavelength range with
depth is considered to be approximately exponen-
tial and is to be calculated using individual attenu-
ation coefficient. The total energy reaching the
given depth is then calculated by summation®.

In accordance with the physics described above,
the governing equations of the ZR model are as
follows.

T, 2K,

aT,
1- —_ <0 {1
a1 oz LTHHIG 2 (1)
and
2k 2y mBm (2
3t hazz C2 Z JmBme (2)
where

T,(z, t) and T,(z, t)=temperature of air and sea
water respectively, z= vertical coordinate (Z axis is
directed downwards and its origin lays at surface),
t=time, u=coefficient (0.3 m~!) describing the
rate of increase of K, with the height over the
ocean, p,=density of seawater (1000 kg m™3),
C,=specific heat of seawater (4000 Jkg™!K™!),
A=albedo of ocean surface.

The second term in the RHS of Eq. (2) corre-
sponds to the volume absorbtion of solar radiation
J(t) in water as described above. The solar spec-
trum is divided into narrow spectral ranges and
radiation within each range is considered to be
monochromatic!®. For the m™ wavelength range,
its specific weight in the spectrum (in fractions of
unity) j,, and the corresponding absorption coeffi-
cient 8, are considered.

(2441 x10° T kg~

aT;
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The above Equations (1) and {2) are supple-
mented with the following boundary conditions:

(i) The requirement of equality of temperature
T, and T, at the interface, i.e. T, (0, t)= T,(0, ¢)

(ii) Determination of constant temperature of
water at asymptotically deep level at which diurnal
changes of temperature are no longer measurable,
ie. (o, 0)=f

(iii) Heat balance of the sea surface, i.e.

aT,

oT,
C, 0K, — 9z (0 H-C, p K, 9z —0, )=F(0, 1)

P)
+ Lo, K, aq(o B ... (3)

where C; and p,; are the specific heat (1005
Jkg7'K™!) and density (1.3 kgm™?) of air, re-
spectively, and F(0, ) is the effective infrared radi-
ance at surface, which may be parametrized
through the sea surface temperature as

F=060T}(0)

where 6 is the coefficient (0.97) which accounts
for 'non-blackness’ of the sea surface and o the
Boltzmann’s constant (567% 1071 Wm~2K™4).
The last term of Eq. (3) describes the latent heat
flux, where L is the specific heat of vaporization
'} and q(z, ¢) the vertical profile
of air humidity.

(iv) The condition of asymptotic decrease of
vertical heat flux with the distance from surface,
ie.

aT,
(+ =2

v © ©)=0
a9z az()

- (4)

Equations (1 and 2) have an analytical solution
expressed as a sum of Fourier modes. The mathe-
matical details are described elsewhere®!®. The
parametrization of the diurnal cycle of tempera-
ture T,(z, t) in the upper layers of the sea is repre-
sented as the sum of the daily averaged tempera- -
ture as a function of depth and the real part of
Fourier series of the amplitude of daily variation
of temperature at depth, z and is given as:

—inwt

T(z)+ Re 2, V,(2)

m=1

T2 (Z, t) =

. (5)

where, T, = daily averaged temperature as a func-
tion of depth; V,(z)=complex amplitude of n®
Fourier term of the daily temperature variation at
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depth, z and its mathematical details are given
elsewhere®!%; n=n" Fourier term; and w=fre-
.quency corresponding to the diurnal period.

The Eq. (5) provides the model parametrization
for the diurnal cycle of water temperature consid-
ering the known eddy diffusivity K,

In the present study the model described above
is inverted and proposed the method to find the
unknown K, from the diurnal cycle observed in
situ by considering the same (i-iv) boundary condi-
tions. It is clear from the physics that the rate of
decay should depend primarily on the intensity of
vertical mixing, i.e. on K,. Indeed, if mixing is
weak, the daytime surplus of solar heat is ‘trapped’
in top few metres, leading to diurnal amplitudes
large at surface, but aoruptly decreasing with the
depth. In contrary, if mixing is strong, the surplus
heat is distributed nearly uniformly over the mixed
layer, resulting in relatively weak, but nearly un-
iform diurnal amplitudes, i.e. the decay of the di-
urnal cycle with depth is slow. Thus the vertical
distribution of diurnal temperature variations is a
natural indicator of intensity of mixing,

The following expressions can be obtained
directly from the solutions of equations given for
V., (z) above®1°,

& __inbn (1+ Bn2K, )
| Val0)| _n=1 Ki Bt inw nw (i-1)
IVn(Z()) P(z,)
. (6)
where
id 2Kh m
P(zy)= m%:l [ /E’ * l/’%l- * eXp ( / ;;: (i—-1) ZO)
+exp(— B, zo)] #ﬂ, A7)

and V,(0) and V,(z,) are the complex amplitudes
of n™ Fourier term of daily temperature variation
at surface and at the depth z,, respectively. Thus, if
V,(0) and V,(z,) are known from temperature ob-
servations, the transcendent Eqs (6 and 7) can be
solved to find out K.

It would be the best to take 8 and j values from
direct measurements in the equatorial Arabian
Sea. However, no information is available on the
spectral characteristics and absorbing conditions
of the solar irradiance in the seawater for the
study region. Because of this, in the present study
the values of 8 and j estimated for the Black
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Sea®!! during summer time have been considered.
Also it would .be better to take M (wavelength
range) as large as possible; but due to limitation of
such data only three wavelength ranges have been
considered following Voskanyan et al!'. Therefore
the values considered are: M=3; J1=0.24,
52=023, j;=0.53; B;=0.1 m™!, 8,=0.9 m~! and
B3=4.9 m~'. This is acceptable because, in the
structure of the equations, the K, value depends
more strongly on V,(0) and V,(z,) than on B
and j values. This indicates that even if we consid-
er the exact values of B and j of the equatorial
Arabian Sea (if available), the final solution for K,
will not be affected much.

Method 2 (for comparison with Method 1)

This method is based on the equation of heat
balance of the upper layers of the sea (with incom-
ing solar radiation as heat gain at sea surface, the
fluxes of latent heat, sensible heat and effective
long wave radiation as heat losses at sea surface,
and vertical heat flux across the base of the upper
layer as heat gain/loss to/from the above layer) in
which the horizontal advection of heat flux is sup-
posed to be insignificant. The heat gain (AH) in
the water column over the period of I' =24 hours
(= 86400 s) may be written as

AH= (QN_ QBon) r .. (8)

and following Stevenson!? and Voskanyan et alll,
the Qy and Qp,, can be expressed, respectively,
as

Ov=00—0p—0y— Q¢

aT, .
Qo = — K (2¢) C,0; a_z (o)
z

where

QOn=net heat flux at the sea surface; Qp,,, = turbu-
lent heat flux across the base of the chosen layer;
Qp=solar radiation at sea surface corrected to
cloud cover and the albedo at sea surface;
Qp=net long wave radiation at the air-sea inter-
face; Q,=sensible heat flux at the air-sea inter-
face; Q =latent heat flux at the air-sea interface;
T,=daily averaged value of temperature as func-
tion of depth, z; z,=the depth of the base of the
chosen layer.

The heat gain (AH) of the water column can be
estimated from the heat content of the upper layer
as

AH=H24—H00 .-.(11)



180

where H,, and H,, are the heat contents of the
layer (surface to z,) at 0000 hrs and at 2400 hrs
respectively and can be expressed'” as

Zy

H=p, CzJ'

surface

T,d, .. (12)

Substitution of Eq. (10) into Eq. (8) gives direct-
ly the following formula for estimating K, (z,) as

,Kh(zo)=—;——

G p; a—z (o)

(O~ AH) ... (13)

Following this procedure the depth averaged va-
lues of K, for different levels of z, are obtained
(caution: it is supposed here that the total amount
of solar irradiance is being absorbed in the surface
homogeneous layer, so z, must be below this lay-
er).

This method should be used for the time-series
temperature data at a fixed location. However, in
the present study, as outlined later, this method is
used by assuming that the observed changes in the
heat content are only due to the action of heat
fluxes over the diurnal period rather than spatial
variability along the ship’s track. In other words,
the temperature changes are supposed to be domi-
nated by temporal trend and diurnal cycle rather
than by spatial variability along the ship’s track.

Data

The validation of the present model to compute
K, requires time series of temperature data at a
stationary position. However, for computing K,
from this model, the upper layer temperature data
collected at 16 closely spaced (=50 km) stations
along 68°E and 52°E sections (Fig 1) in the equa-
torial Arabian Sea on 22, 23 and 30 August, 1991
on board ORV Sagar Kanya under Indo-USSR
collaboration programme have been utilized, as
there were no time series data during the survey
period (18 Aug.-20 Sept. 1991). The time taken by
the vessel to cover the distance between the
stations was about 4 h and at each station the
sampling was done within 40 min. At each station
the temperature data were obtained using a CTD
(Sea-Bird, USA, Accuracy: *0.002°C) system.
Precautions were taken to lower the CTD at a
slower rate in the top 200 m depth as the temper-
ature changes are rapid in the water column.

The surface meteorological data at the stations
were used to compute the heat balance compo-
nents. The air temperature (dry and wet bulb) was

INDIAN J. MAR. SCI., VOL. 24, DECEMBER 1995 -

measured at 10 m height above the sea surface us-
ing an unaspirated psychrometer. The wind (direc-
tion and speed) was measured at a height of 22.6
m above the sea surface and hence, a height cor-
rection!? was applied to reduce it to the standard
height of 10 m above the sea surface.

The daily averaged solar radiation reaching the
sea surface (Qg) was computed utilizing an empiri-
cal formula!* and was corrected to cloud cover!?
and albedo'’ at sea surface to get Q,, the daily av-
erage value of solar irradiance penetrating below
the sea surface. The parameter Q, is given by
Qo= QJ{1— A) where ‘A’ is the albedo at the sea
surface. The heat balance components such as net
long wave radiation (Qp) sensible heat flux (Q,)
and latent heat flux (Q) were computed with the
individual set of observations utilizing the bulk
aerodynamic formulae given by Stevenson!? with
the exchange coefficients for moisture (C;) and
heat (C}) corrected for wind speed!® and atmos-
pheric stability!? and were averaged daily.

The net heat flux (Q),) at the sea surface was
estimated from Eq. (9). The heat content in the
upper 50 m was computed from Eq. (12) using the
temperature data with 5 m intervals.

. Procedure for separation of diurnal cycle

The observed temperature changes along the
ship’s track contain both spatial, temporal, diurnal
variations and temporal trend of longer period.
For computing K, from the model (Method 1), the
diurnal cycle at each depth level is separated out
from the observed temperature data (along 68°E
and 52°E sections) by assuming the aperiodic part
of variation of temperature along the ship’s track
(along 68°E and 52°E sections) and the trend of
larger temporal scale to be approximately linear.
There are 6 observations on 22 August and 5 ob-
servations each on 23 and 30 August spanning the
diurnal period (00-24 hours) of the day (see ob-
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servation timings in Fig, 2). First, the deviations of
observed temperature (at the stations) from the
daily mean temperature at different depths are es-
timated. If the starting and ending observations of
the day are taken at other than 0000 hrs and
2400 hrs, respectively, the deviations of tempera-
ture at these hours can be estimated from the tem-
perature deviation curve by linear extrapolation
from the time of first station to 0000 hrs and from
the time of last staton to 2400 hrs. The range of
temperature deviation from 0000 hrs to 2400 hrs
represents the amplitude of the aperiodic trend.
Secondly, by assuming the aperiodic part of varia-
tion to be approximately linear, a line passing
through the deviation values at 0000 hrs and
2400 hrs is constructed which gives rise to the lin-
ear trend of temperature over the diurnal period.
From this line and the amplitude of aperiodic
trend, one can estimate by linear interpolation the
aperiodic part of variation of temperature at the
time of observations over the diurnal period. Thus
obtained aperiodic trend of temperature deviation
value is then subtracted from the observed tem-
perature deviation value over the diurnal period to
get the diurnal cycle of temperature curve.

Results and Discussion

The thermal structure in the upper 50 m along
68°E and 52°E sections is presented in Fig. 2. The
isotherms are drawn at interval of 0.2°C. Along
68°E (Fig. 2a) temperature decreased southward
in the upper 20 m. Higher temperature regimes
occurred during afternoon (1330-1600 hrs) and
late night (0100-0300 hrs) while lower tempera-
ture regimes during morning (0530-0630 hrs) and
night (2030-2230 hrs). Below 20 m depth, warm
(>29.0°C) waters are seen between 2°N and
Equator. Much lower temperatures { <27.5°C) are
encountered at 50 m in the south.

Along 52°E the isotherms are nearly vertical
(Fig. 2b). Very low temperatures (24.4-25.0°C) are
noticed at 1°N. Temperature increased towards
north and south of 1°N with relatively higher tem-
peratures in the south. _

Figure 3 represents a composite (2-day aver-
aged; 22 and 23 August along 68°E) of the devia-
tion of observed temperature (non-separated) over
the diurnal period at different depths in the upper
50 m. The shape of the temperature deviation
curve at 1 m depth (Fig. 3a) is noteworthy and in-
dicates variation with a maximum positive devia-
tion at 1400 hrs IST and a maximum negative de-
viation at 2400 hrs IST. This variation is not
closed in the sense that the minimum deviation at
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2400 hrs IST is not followed by the same devia-
tion at 0000 hrs IST and in fact at 0000 hrs IST
the deviation is positive. This is due to the compo-
nent of aperiodic variation which can be noticed
to decrease linearly (shown by broken line in Fig.
3a) from 0000 to 2400 hrs IST. The range of tem-
perature deviation is less (0.15°C) between 0000
and 1200 hrs IST and is higher (0.34°C) between
1400 and 2400 hrs IST. The temperature curve at
5 m (Fig. 3b) is similar to that at surface up to
1400 hrs IST. The range of temperature deviation
between 1400 and 1900 hrs IST is about 0.28°C
and 0.2°C at 5 m and 10 m (Fig. 3c) respectively.
At and Below 15 m (Fig. 3d-f) the range nf tem-
perature deviation varies between 0.34°C and
0.37°C.

Figure 4 represents a composite (derived from
Fig. 3) of the deviation of temperature of the (sep-
arated) diurnal cycle at different depths. The diur-
nal cycle close to the sea surface (Fig. 4a) is well
depicted with a range of about 0.4°C. The mini-
mum temperature deviation occurs at 0630 hrs
IST and the maximum of deviation at 1600 hrs
IST. Similar observations are reported in the cast-
ern Arabian Sea’ and in the western equatorial
Pacific’. As expected one’can notice the decrease
in the amplitude of diurnal cycle of temperature
with depth. However, no phase shift in the occurr-
ence of maximum temperature deviation is no-
ticed.

Figure 5 represents the diurnal variation of net
long wave radiation (Qjp), sensible heat flux (Qy,)
and latent heat flux (Q;) along 68°E on 22 August
and along 52°E on 30 August. Along 68°E, in the
central equatorial Arabian Sea (CEAS), Q, and
Qf increased gradually with time except a dip at
1330 hrs IST whereas Qj decreased from 0200 to
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Fig. 2—Thermal structure in the upper 50 m along a) 68°E
and b) 52°E
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1330 hrs IST and increased slowly thereafter. The
range of Qg variation is less than 25 Wm™2.
Along 52°E, in the western equatorial Arabian
Sea (WEAS), Qp Qn and Q; decreased from
0300 to around 1700 hrs IST and increased
slightly by 2300 hrs IST. The range of Q varia-
tion is considerably high (165 W m™2). While the
large O (190 Wm~2) resulted from higher wind
speeds (10 m s™!), the low Qf (25 Wm™2) is due
to the low specific humidity gradients (between sea
surface and 10 m height above it) over the lower
SST (<25.0°C) region.

Table 1 shows the daily averages of solar radia-
tion (Q,), the total heat loss (Q,) due to Qp Q,,
Q¢ and the net surface heat flux (Q,) along 68°E
and 52°E. The slightly lower (266 Wm~2) solar
radiation along 68°E and 52°E. The slightly lower
(266 W m~2) solar radiation along 68°E com-
pared to 290 Wm~2 along 52°E is due to higher
mean cloud amount (about 4 octas) along 68°E
than that along 52°E. The excess solar radiation
over thé total heat loss leads to positive net sur-
face heat flux, indicating that the sea surface gains
heat (heat flux into the sea). The heat flux into the
sea is about 130 Wm™2 and 150 Wm~2 along
68°E and 52°E, respectively, and is nearly half of
the solar radiation received at the sea surface. Rao
et al’ also reported similar observation during Ju-
ly-August of Monsoon-77 in the eastern Arabian
Sea.

200
1784

O—0O 22 AUG 1991
150 ®—8 30 AUG 199]

- 251
“0‘ 0 O o
E o © 0 e
?_ -25 Qu
n-
W iy o o Q
-~ S0 = g
‘E 234
. Qs

00 03 06 0 Iz 15 18 21 24
TIME (hour, IST)
Fig. 5—Diurnal variation of net long wave radiation (Q,), sen-

sible heat flux (Q,,) and latent heat flux (Qy) on 22 August,
1991 along 68°E and on 30 August, 1991 along 52°E
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Figure 6 indicates the composite of heat flux
(Qgoy) profile in the upper 50 m computed from
Eq. (10) after computing K,(z,) from Method 1.
The heat flux in _the top 10 m is influenced by the
wake of the ship’s. movement and the ship’s
draught". The heat flux is high (>120 Wm™2) in
the depth interval 10-20 m. The surface heat bal-
ance components also led to similar magnitude of
heat flux into the sea. The shape of the heat flux
profile also contains information on the profile of

Table 1—Daily estimates of heat budget components (W m ~2)
at 68°E, 52°E in the equatorial Arabian Sea on 22, 23 and 30

August 1991
Date No. of Qo 0, Ox
stations
Along 68°E
22 Aug. 91 6 267 136 131
23 Aug. 91 5 265 129 136
Along 52°E
30 Aug. 91 5 289 141 148

Q) =solar radiation at the sea surface;

Q.(=Qpz+ Q.+ Q,)=total heat loss across the air-sea
interface;

Qy(+ve into the sea) =net surface heat flux

HEAT FLUX (W m2)

o) S0 100 180
c - A ' 1

5

101

18-

3

295

DEPTH (m)

—— Method 1 17
—® After Moum ¢t al.

Fig. 6—A composite of computed heat flux profile from
Method 1 in the upper 50 m [The heat flux profile after
Moum et alV is also shown)
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K,. The K, valie in the depth interval 10-20 m
would be higher since low vertical temperature
gradients are present in this layer (Fig. 2). Similar-
ly, the K,, value below 20 m would be small as the
heat flux is low and the vertical temperature gra-
dients are higher (Fig. 2). A comparison between
the computed heat flux profile (from the model)
and the typical heat flux profile of the equatorial
Pacific Ocean!” reveals a qualitative agreement be-
tween the two profiles. This emphasizes that the
estimates from the present model are within the li-
mits of observational results.

Figure 7 presents a comparison between the
depth averaged K, computed from the model
(Méthod 1) and the estimated K, from the heat
budget (Method 2) for the upper 50 m water co-
lumn corresponding to 22 and 23 August along
68°E and 30 August along 52°E. The diaognal
passing through the origin represents one-to-one
correspondence between the computed and esti-
mated K, values. The extreme left point (triangle)
represents the K, value for the Black Sea. Utiliz-
‘ing also the observations on diurnal variations of
temperature in the Black Sea”!!, the value of K,
was computed through Method 1. Earlier, using
the same data the value of K, was estimated”'
through the method which was very close to our
Method 2. A comparison of these values for Black
Sea shows good agreement between the model
computed and the estimated K, values. This sug-
gests the validity of the present model. Figure 7
also reveals close agreement between the comput-
ed K, and the estimated K, on 22 and 23 August
along 68°E in CEAS. '

Compared to the values of K, in CEAS both
the Methods 1 and 2 show relatively higher values
of K, on 30 August in WEAS where surface
winds, solar radiation and net surface heat flux are
high. This notifies that with the increase of wind
speed from 2-3 ms~! in CEAS to above 10 m s”!
in WEAS the K, value is also increased in
WEAS. This must be due to the increased turbu-
lent efficiency of stirring associated with winds
combined with wave-induced orbital motion, the
magnitude of which also increases with wind
speed's. However, in WEAS the model computed
Ky, (0.0105 m? s~1) is lower than that extimated Ky
(0.0155 m? s~ ') and shows that the model comput-
ed daily and depth averaged K|, is slightly under-
estimated (by about 33%). In other words, the es-
timated K, is overestimated (by about 48%). This
weaker agreement between the computed and esti-
mated values of K, in WEAS and the better
agreement between them in CEAS probably re-
sults fromthe higher turbulent mixing regime due
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Fig. 7—Comparison of K, computed from Methods 1 and 2

{The value of K, computed (through Method 1) and estimated

(after, Pivovarov & Protasov’) for the Black Sea is also
included]

to strong winds in WEAS and lower turbulent
mixing regime in CEAS, respectively. The large
columns of homogeneous water in the upper 50 m

‘in WEAS (Fig. 2) with strong lateral gradients in

temperature also indicates that the turbulent mix-
ing is strong along the Vertical by which the trans-
fer of heat flux reaches to greater depths. Thus
one would see temperature difference of nearly
1°C in the upper 50 m water column from 0000
to 24000 hrs IST along 52°E (Fig. 2b) which indi-
cates a considerable loss of heat in the upper 50
m [heat content decreases from 0000 to 2400 hrs
IST and AH is negative; Eq. (11)]. This, together
with the higher net surface heat flux (Table 1) on
30 August leads to the higher values of estimated
K, [from Eq. (13)] along 52°E. However, for com-
puting K, from the model, the entire thermal
structure along 52°E is considered to separate the
diurnal cycle on 30 August. The prevailing large
difference of temperature and also the presence of
lower temperature at 1°N along 52°E indicating
the large aperiodic trend thereby effect the ampli-
tude of diurnal variation and hence the computed

K, over the estimated K, along 52°E in WEAS.

The computed daily and depth averaged K, of
this study must be regarded as the composite ef-
fect of unstable stratification during nighttime
cooling and stable stratification during daytime
warming conditions.

It is worth mentioning that the advantages of
the model are (i) one requires values of diurnal
temperature changes only at two levels (surface
and z,) instead of temperature profiles, and (i)
one requires only the information on solar irradi-
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ance below the sea surface and does not need the
other information on surface meteorological ob-
servations and surface heat fluxes.
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