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The characteristic features of the marine boundary layer (MBL) over the Bay of Bengal during the
southwest monsoon and the factors influencing it are investigated. The Bay of Bengal and Monsoon
Experiment (BOBMEX) carried out during July – August 1999 is the first observational experiment
under the Indian Climate Research Programme (ICRP). A very high-resolution data in the vertical
was obtained during this experiment, which was used to study the MBL characteristics off the east
coast of India in the north and south Bay of Bengal. Spells of active and suppressed convection
over the Bay were observed, of which, three representative convective episodes were considered
for the study. For this purpose a one-dimensional multi-level PBL model with a TKE-ε closure
scheme was used. The soundings, viz., the vertical profiles of temperature, humidity, zonal and
meridional component of wind, obtained onboard ORV Sagar Kanya and from coastal stations along
the east coast are used for the study. The temporal evolution of turbulent kinetic energy, marine
boundary layer height (MBLH), sensible and latent heat fluxes and drag coefficient of momentum
are simulated for different epochs of monsoon and monsoon depressions during BOBMEX-99.The
model also generates the vertical profiles of potential temperature, specific humidity, zonal and
meridional wind. These simulated values compared reasonably well with the observations available
from BOBMEX.

1. Introduction

One of the primary objectives of the Bay of Ben-
gal and Monsoon Experiment (BOBMEX) was to
study the convective systems over the Bay of Ben-
gal. The mechanism of its genesis and propaga-
tion as a synoptic scale system over the Bay of
Bengal is also an important part of the exper-
iment. BOBMEX, an observational programme
under the Indian Climate Research Programme
(ICRP) was aimed at measuring important vari-
ables of the atmosphere, ocean and from their
interface, to have a greater depth of insight into
some of the processes that govern organized con-
vective activity over the Bay of Bengal and its vari-
ability (Bhat et al 2001, 2002). Understanding the
nature of the feedback between the atmospheric

convection and surface conditions of the Bay is
important for understanding the variability of con-
vection over the Bay. TOGA COARE (Tropi-
cal Ocean Global Atmosphere Coupled Ocean –
Atmosphere Response Experiment), which was
aimed to describe the coupling of the west Pacific
warm pool to the atmosphere (Webster and Lukas
1992), gave an insight into the atmosphere-ocean
coupling on timescales that is intra-seasonal (God-
frey and Lindstorm 1989; Shinoda et al 1998).
The movement of the Tropical Convergence Zone
(TCZ) over the oceans during the active and weak
phases of the monsoon may depend on the feedback
due to the mid-tropospheric warming by clouds in
the same region. This movement is supposed to be
characterized by the intensified circulation by other
TCZs in the vicinity (Sikka and Gadgil 1980). It is

Keywords. Sensible and latent heat fluxes; marine boundary layer; turbulent kinetic energy.

Proc. Indian Acad. Sci. (Earth Planet. Sci.), 112, No. 2, June 2003, pp. 185–204
© Printed in India. 185

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Publications of the IAS Fellows

https://core.ac.uk/display/291519687?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


186 N V Sam et al

well established that Convective Available Poten-
tial Energy (CAPE) is high before the growth of
a deep convection (William and Reno 1993) and
as it starts precipitating, winds and downdrafts
lower the energy of the air near the surface, while
deep cloud activity makes the upper troposphere
warmer, making the atmosphere stable and hence
substantially reducing CAPE (Emmanuel 1994).

The surface fluxes of sensible and latent heat
provide the energy for driving the atmospheric dis-
turbances and the Marine Boundary Layer (MBL),
plays an essential role in regulating the trans-
port of energy and moisture upward into the
atmosphere from the surface. The energy supplied
to the atmosphere is mostly trapped in the MBL,
except in regions of deep convection. Therefore, it
is important to understand the various characteris-
tics of the MBL namely the MBL height, the ther-
mal stratification of the atmosphere, etc., during
the growth of a deep convective activity. Studies
carried out in the past over the Pacific Ocean show
that MBL plays a key role in the growth and sus-
tenance of the tropical disturbances. In regions of
deep convection, there is an upward transport of
moisture rich air in the MBL into the cumulonim-
bus clouds and downward transport of drier air to
the surface. This interaction between convection
and the boundary layer processes can lead to intra-
seasonal variability of convection (Neelin et al 1987;
Yano and Emmanuel 1991). It is also a well known
fact that the majority of the disturbances that
are responsible for the monsoon rainfall over the
Indian region are generated over the warm ocean
around the subcontinent, the maximum numbers
observed over the Bay of Bengal. The frequency
of the genesis of these disturbances and the role
of MBL in its growth and modifications need to
be understood to link it with the variability of
the monsoon.

The objectives of this paper are to analyse the
MBL characteristics, while accounting for viz., the
vertical stability of the atmosphere and the struc-
ture of the atmospheric boundary layer and the
surface fluxes over the Bay of Bengal during the
final phase of BOBMEX (1999), during three dif-
ferent synoptic situations. Some of the important
questions that have been addressed are:
• What is the structure of the boundary layer over

the Bay of Bengal during the southwest monsoon
period?

• What are the local factors that influence the
variability in the boundary layer height?
The analysis further provides insights into the

temporal evolution of the turbulent kinetic energy
(TKE) that is the contribution due to shear and
buoyancy with respect to high wind speed and con-
vectively active state of the atmosphere respec-
tively. One of the secondary objectives of the

study is to validate the model using observations
obtained over the Bay of Bengal onboard ORV
Sagar Kanya, and to see the variations in the sur-
face fluxes (sensible and latent heat) during the
three varied synoptic conditions.

2. Data

The upper air sounding and surface observa-
tions were obtained onboard ORV Sagar Kanya
(#SK147b) during 11th – 13th August 1999. The
sounding data comprised high-resolution (averaged
to 50 m, vertical resolution) profiles using a GPS
sonde system. This contained winds and thermo-
dynamic variables from surface (′10 m) to about
15 km. As our objective is to study the MBL char-
acteristics, we focus on the first 2 km in the vertical.
Additional data comprised surface meteorological
variables including the sea surface temperature
(SST). Surface data corresponding to radiosonde
launches are used in the model as described sub-
sequently. The ship track of ORV Sagar Kanya
(#SK147B) is given in figure 1. The ship took
its course from Paradip on 11th August to reach
Chennai on 31st August 1999. Three cases are
marked based on the surface synoptic observa-
tions taken onboard ORV Sagar Kanya, Indian
Daily Weather Report (IDWR), NCMRWF analy-
sis, satellite pictures and Weather in India (mon-
soon season, June – September, 2000) compiled by
Thapilyal et al 1999.

3. Synoptic conditions

Satellite imagery (figure 2a) from INSAT (cour-
tesy IMD) at 0600 UTC of 12th August 1999, indi-
cates that cloudiness has increased over northeast
and east central Bay. Scattered to moderate intense
convection, north of 14◦N and east of 90◦E, in
association with a trough that is developing along
the Arakan Coast is seen. This is indicative of the
revival of monsoon in the next two days. Over the
period from 13th – 15th August 1999, the convec-
tion gets intensified over northeast Bay, north part
of the Andaman Sea and over the Arakan Coast
and subsequent precipitation is also observed. On
15th an average of 43 mm (17.5◦N, 89.0◦E) rain is
observed. There is also a pressure drop of approx-
imately 2 mb from the past two days and observed
wind speed is of the order of 13.5 ms−1. Therefore
the period (13th – 15th August, 1999) was chosen
as the active convection period for this study, here-
after called as Case 1 (17.54◦N, 89.02◦E).

During 22nd – 24th August, 1999, when ORV
Sagar Kanya is cruising around 17.59◦N and
88.84◦E (figure 2b), two significant cloud masses
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Figure 1. Cruise track of ORV Sagar Kanya (SK – 147 B).

are noticed viz., one covering the Maldives area
between equator to 6.5◦N and longitude 70–85◦E
and the other over south Andaman Sea and
adjoining southeast Bay of Bengal between lati-
tude 5–11◦N and longitude 90–100◦E. During this
period Sagar Kanya cruised through a relatively
cloud free zone and the observed wind speed are
of the order of 4 ms−1. This period (22nd – 24th
August, 1999) is therefore termed as the suppressed
convection period of the study, hereafter called as
Case 2.

On 25th August 1999, a low-pressure area over
west central Bay off north coastal Andhra Pradesh
is noticed. The associated circulation extends up
to mid troposphere tilting southward with height.
Satellite imagery at 0600 UTC (figure 2c) indicates
deep convection in the west central and southwest
Bay west of 85◦E. During this period from 24th –
26th August 1999 (15.5◦N, 88.0◦E), a growth in the
convective activity is noticed over the 48 hours.
From 23rd August 1999 (09 UTC), a change in the

regime takes place, wherein, it is seen that the
westerlies are tending to become easterlies, indicat-
ing the approach of a disturbance. Therefore this
period is referred to as the transition period for this
study, hereafter called as Case 3. Observed profiles
of zonal and meridional winds, for the whole period
of study are plotted (all the three cases) together
in figure 3. Low wind speeds are observed at higher
levels (∼ 900 m) for convectively suppressed con-
ditions while winds are of the order of 20 ms−1

for convectively active conditions. There is a clear
transition in the wind speed from low to high in
Case 3 (figure 3 e and f).

4. Initial conditions and numerical
experiments

In this study a one-dimensional primitive equation,
TKE-ε closure based planetary boundary layer
(PBL) model is used. The model has 40 levels in
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Figure 2. Satellite imagery at 0600UTC (from INSAT) representing (a) active convection period, (b) suppressed convection
period.
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Figure 2. Satellite imagery at 0600UTC (from INSAT) representing (c) transition period.

the vertical with an average layer thickness of 50 m
from the surface to 2000 m. There are prognostic
equations for winds, temperature, humidity, liq-
uid water content and pressure. The geostrophic
balance is achieved through pressure gradient and
thermal wind equation, while setting the model
initial conditions and its subsequent integration
(Holton 1992). As mentioned, the model adopts
TKE-ε mixed layer parameterisation scheme while
the surface layer similarity approach is used for
the constant flux layer close to the surface (ocean
in this study). Lykossov and Platov (1992) and
Satyanarayana et al (1999 and 2000) give details
of the model. A brief overview is also presented
in table 1.

The data comprising vertical profiles of winds,
temperature and humidity at different levels are
utilized for the model initial and boundary condi-
tions. The data sets consisting of vertical profiles
of the above-cited parameters are processed to pick
data at every 50 m in vertical from sea level to
the top of the model domain using a linear inter-

polation technique. The maximum height of the
turbulent boundary layer (PBL top) is chosen as
the upper boundary. The MBL height is taken as
the height where turbulence ceases to exist. The
wind speed, the potential temperature and mois-
ture attain the observed values at the top of the
boundary layer. The TKE and energy dissipation
is assumed to vanish at that height. Analysis of
the observed boundary layer heights indicated a
maximum of 1400 m. Hence the top of the model
domain is kept at 2000 m. To study the MBL char-
acteristics, these data sets served as an input to the
1-D PBL multilevel model as well as time varying
lateral boundary conditions. The model generated
the vertical profiles of zonal and meridional winds,
potential temperature and specific humidity, that
are compared with the observed profiles for valida-
tion. In the 1-D PBL model, the PBL is separated
into two domains: the near-surface constant-flux
layer (z ≤ h) and the interfacial layer (h < z ≤ H).
It is assumed that h and H do not vary in time.
In order to calculate vertical turbulent fluxes of
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Table 1. Overview of the model.

Model description 1-D PBL Model with one and half order TKE- ε closure scheme.

Vertical domain Surface to 2000m.

Vertical levels 40, ∆Z = 50m.

Independent variables Z, t

Prognostic variables U, V, θ, q, qw, E, ε

Diagnostic variables Ku

Numerical scheme Second order accuracy

Time integration Implicit, ∆t = 600 seconds.

Boundary conditions For lower boundary, Monin-Obukhov similarity theory.
For upper boundary, the geostrophic conditions, actual observed values
at 2000m for TKE, ε, zero energy flux at 2000m.

Physical processes Dry and moist convective adjustment.
Sensible and latent heat fluxes.
Fluxes under stormy conditions.
Long-wave and short-wave radiation fluxes.

momentum, heat and moisture in the interfacial
layer, the Boussinesq hypothesis is used,

a′w′ = Ka

∂a

∂z
, (1)

where a is any of the prognostic variables u, v, θ, q
and qw, and Ka is the eddy exchange coefficient. It
is assumed that Ka = αaK where αa is a dimen-
sionless constant (equal to unity for the momentum
flux). The coefficient K is related to the turbulent
kinetic energy E and the dissipation rate ∈ by the
Kolmogrov (1942) equation,

K =
CkE

2

ε
, (2)

where Ck is a dimensionless constant. Since in the
constant flux layer (a layer of nearly 50 m from
the ocean surface), the turbulent fluxes are nearly
constant, it is customary to represent the lower
boundary as the maximum height for the variables
u, v, θ, q and ε at the constant flux layer height,
which, in order are -

Ku

(
∂u

∂z
− γu

)
= CD |V |u, (3)

Kv

(
∂v

∂z
− γv

)
= CD |V | v, (4)

Kθ

(
∂θ

∂z
− γθ

)
= Cθ |V | (θ − θs

)
, (5)

Kq

(
∂q

∂z
− γθ

)
= Cθ |V | (q − qs) , (6)

e =
(

Ku

l

)2

, (7)

where CD (drag) Cθ (heat exchange) are coef-
ficients that are calculated based on Monin-
Obukhov similarity theory. In the vertical, the

maximum height of the turbulent boundary layer
(which is the top of the PBL) is chosen as the
upper boundary. Then, at the top of the boundary
layer, the wind speeds, the potential temperature
and the moisture attain the values at that height.
The turbulent energy flux is assumed to vanish at
that height.

Accordingly at H = 2000 m,

U = UH , (8)

V = VH , (9)

θ = θH , (10)
q = qH , (11)

∂e

∂z
= 0. (12)

Initial conditions for Case 1, are prepared using
the interpolated vertical profiles obtained on 13th
August 1999, 00 UTC and the model is integrated
for 48 hours. Similarly, for Case 2, the model is ini-
tialized on 22nd August 1999 at 00 UTC and inte-
grated for 48 hours. For Case 3, again the model
was initialized using the observed profiles on 24th
August 1999 at 00 UTC and was integrated for
48 hours. The model was integrated with a time
step of 10 min and at every 6 hours, the sim-
ulated outputs are archived for comparison with
the observations and discussed in the following
section.

5. Results and discussions

5.1 Surface fluxes and MBL height

The diurnal variation of the model simulated sur-
face fluxes are presented in figure 4 for all the three



Simulation of MBL characteristics 193

cases, viz., Case 1 (figure 4 a and b), Case 2 (fig-
ure 4 d and e) and Case 3 (figure 4 g and h).
On comparing all the three cases, it is found that
the sensible heat flux is highest (∼ 75 Wm−2) in
Case 1 (active convection) and least (∼ 7.5 Wm−2)
in Case 2 (suppressed convection), while in Case 3
(transition period) it is noticed that the sensi-
ble heat flux is below 10 Wm−2 during the first
24 hours of integration. After that there is a sud-
den rise in the sensible heat flux (∼ 57.5 Wm−2)
as the atmosphere begins to be convectively active.
The latent heat flux too, follows a similar trend
as the sensible heat flux with Case 1 showing a
maximum value of 235 Wm−2, Case 2 yielding a
low value of 70 Wm−2 and Case 3 initial low value
of 50 Wm−2 and then increasing to 140 Wm−2.

These simulated surface fluxes are in a good
agreement with the relevant synoptic situation.
Additionally, the surface fluxes show distinct diur-
nal variation in Case 1 and Case 3, whereas, the
outcome of Case 2 has shown least diurnal ampli-
tude. This damped diurnal variation (suppressed
convection) is consistent with the observations
and can be attributed to the low surface winds
(∼ 4 ms−1), thereby reducing the transport of the
fluxes due to lower gradient. This variation in the
surface fluxes discussed above would directly mod-
ulate the MBL heights.

In the model, the height of the MBL is taken
as the model level at which the turbulences cease
to exist in the vertical for the TKE-ε closure
scheme. The variation of the MBL height is plot-
ted with respect to the simulation hours in UTC
on the abscissa. For example in Case 1, the
first hour of simulation corresponds to 00 UTC
on 13th August 1999. Figure 4 (c, f and i)
presents the variation of the MBL height during
Case 1, Case 2, and Case 3 respectively. Along
with the 1-D simulated MBL heights, estimated
boundary layer heights (corresponding to model
simulations) using derived profiles of θ and θe

described as “estimated theta” and “estimated
theta-e” are also plotted for all the three cases.
Consistent with the sensible heat flux variation,
it is found that Case 1 and Case 3 have maxi-
mum MBL heights, while Case 2 has the lowest
MBL heights. The peak day time MBL heights for
these three different cases are ∼ 750 m (06 UTC,
13th August 1999, 1-D simulated and estimated
from θ) and ∼ 820 m (06 UTC, 13th August 1999,
estimated from θe) for Case 1; ∼ 350 m (09 UTC,
22nd August 1999, 1-D simulated), ∼ 500 m (esti-
mated from θ at 09 UTC, 22nd August 1999)
and ∼ 510 m (12 UTC, 22nd August 1999, esti-
mated from θe) for Case 2; and for Case 3,
∼ 1125 m (00 UTC, 26th August 1999, 1-D sim-
ulated), ∼ 625 m (18 UTC, 25th August 1999,

estimated from θ) and ∼ 1300 m (00 UTC, 26th
August 1999, estimated from θe). Higher MBL
heights are observed from the estimations of θe

profile as the effect of moisture content in the
atmosphere also contributes to the growth of MBL
height.

Unlike the variation in the surface fluxes, the
MBL heights do not show any systematic diurnal
variation. The estimated MBL heights (estimated
from θ) overlaid on the predicted MBL height
curve are in general agreement. In Case 1 (active
convection) and Case 3 (transition period) a fair
agreement is noticed between the estimated (from
θ and θe) and the model predicted MBL values.
There is also an overall agreement in terms of the
actual numerical value and the temporal variation
of the MBL heights. However, there is a slight dif-
ference in the estimated MBL for Case 2 (sup-
pressed convection) and the corresponding model
simulated values. Typical estimated values are of
the order of 250 m (estimated from θ profiles) and
350 m (estimated from θe profiles) while the pre-
dicted MBL height is averaged around 150 m dur-
ing the suppressed convective episode. The MBL
heights predicted in the model are directly related
to the predicted sensible heat fluxes while the esti-
mated MBL heights (both estimated from θ and
θe) can be significantly influenced by lower sur-
face winds and hence advection. The underestima-
tion of model predicted MBL heights can therefore,
be attributed to the inhomogeneity and the part
played by advection, which cannot be resolved in a
1-D simulation.

5.2 TKE evolution

The TKE evolution and its variation is an impor-
tant parameter that is simulated by the model but
not observed. TKE is taken as a measure of turbu-
lence intensity in the boundary layer and respon-
sible for various processes in the boundary layer
such as entrainment, stability and effective trans-
port of fluxes under low wind conditions (due to
buoyancy). Figure 5 (a, d and g) shows the vari-
ation of the total turbulent kinetic energy with
time and height, for Case 1, Case 2 and Case 3
respectively. As expected, a higher value of TKE
is found in Case 1 and Case 3, while a lower
value of TKE is noticed in Case 2. Interestingly,
the maximum value of total TKE (∼ 0.65 m2s−2)
is predicted for the nighttime (Case 1) and late
evening time (Case 3). This could be due to
the cooling of the air after sunset, while the
SST being constant leading to higher sensible
heat flux transport and hence the generation of
turbulence. This is consistent with the observed
synoptic situation. On the other hand in the
suppressed convection regime (Case 2), a totally
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Figure 6. (A) Vertical profiles of zonal and meridional wind (ms−1) for Case 1.

opposite scenario is seen, with virtually calm
atmosphere.

Figure 5 (b and c) (Case 1), 5 (e and f)
(Case 2) and 5 (h and i) (Case 3) respectively
show the contribution due to shear and buoy-
ancy separately. From figure 5(b) and 5(c) of
Case 1, one can notice that shear production
(∼ 1.1 m2s−2) is highest during daytime while the

maximum contribution due to buoyancy genera-
tion (∼ 1.8 m2s−2) is during the night, due to con-
stant SSTs. However, in Case 3 (transition period),
maximum shear generation (∼ 1.8 m2s−2) is dur-
ing the nighttime while maximum buoyancy gen-
eration (∼ 1.6 m2s−2) is during the daytime, which
could be attributed to the presence of convective
clouds, as reported by the IMD. In Case 2 (figure 5
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Figure 6. (B) Vertical profiles of potential temperature and specific humidity (gkg−1) for Case 1.

d, e and f), owing to clear and calm atmosphere
and low surface winds, virtually no TKE gen-
eration is noticed, which is well simulated by
the model.

5.3 Model validation

The model simulated and the observed vertical pro-
files of zonal and meridional wind, potential tem-
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Figure 7. (A) Vertical profiles of zonal and meridional wind (ms−1) for Case 2.

perature and specific humidity are presented in fig-
ures 6–8. Considering all the three cases, the model
simulated winds and the specific humidity profiles
are in fair agreement with the observations and
especially the potential temperature profiles are in

good agreement. For example, the simulated zonal
wind profile (figures 6A and B) captures very well
the jet like feature (at ∼ 900 m), which is noticed
in the observed profile. Although there are differ-
ences between the observed and model simulated
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Figure 7. (B) Vertical profiles of potential temperature and specific humidity (gkg−1) for Case 2.

values, the trends followed by them agree well with
each other. Statistical analysis of the model perfor-
mance in simulating u, v, θ and q during the three
synoptic situations (Case 1, Case 2 and Case 3) are

given in table 2. The maximum RMSE (root
mean square error) during the convectively active
episode (Case 1) for u, v, θ and q respectively are of
the order of 2.49 (36th hour simulation, 12 UTC of
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Figure 8. (A) Vertical profiles of zonal and meridional wind (ms−1) for Case 3.

14-08-99), 1.91 (12th hour of simulation, 12 UTC
of 13-08-99), 0.98 (24th hour of simulation, 00 UTC
of 14-08-99) and 1.66 (12th hour of simulation,
12 UTC of 13-08-99). The correlation coefficient for
u, v, θ and q during the same time respectively are

0.87, 0.89, 0.96, and 0.78. For Case 2, the sup-
pressed convection episode, maximum RMSE and
correlation coefficients respectively for u, v, θ and q
are 4.38 and 0.50 (18th hour of simulation, 18 UTC
of 22-08-99), 4.41 and −0.32 (9th hour simula-
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Figure 8. (B) Vertical profiles of potential temperature and specific humidity (gkg−1) for Case 2.
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Table 2. Statistical evaluation of the model performance in simulating the zonal wind (u,ms−1),
meridional wind (v,ms−1), potential temperature (θ, K) and specific humidity (q, g.kg−1).

a) Convectively active episode (13th – 15th August 1999)

Simulation
hour

u v θ q

CC RMSE CC RMSE CC RMSE CC RMSE

12 0.42 1.96 0.89 1.91 0.87 0.83 0.78 1.66
24 0.90 2.06 0.60 1.83 0.96 0.98 0.85 1.12
36 0.87 2.49 0.87 1.27 0.99 0.72 0.75 1.58
48 0.40 1.34 0.60 1.22 0.96 0.53 0.97 0.63

b) Convectively suppressed episode (22nd – 24th August 1999)

Simulation
hour

u v θ q

CC RMSE CC RMSE CC RMSE CC RMSE

09 0.46 1.00 −0.32 4.41 0.99 0.70 0.97 0.41
18 0.50 4.38 0.55 1.44 0.99 0.00 0.92 1.76
24 0.36 0.47 0.76 1.09 0.98 0.41 0.96 0.50
48 0.40 0.38 0.60 0.38 0.99 0.50 0.98 0.80

c) Transition period (24th – 26th August 1999)

Simulation
hour

u v θ q

CC RMSE CC RMSE CC RMSE CC RMSE

06 0.41 1.75 −0.15 1.70 0.99 0.68 0.97 0.65
18 0.70 1.98 −0.51 3.43 0.99 0.00 0.91 0.41
30 0.11 2.01 0.91 1.58 0.92 3.11 0.89 0.86
42 0.89 1.25 0.81 2.97 0.93 1.48 0.97 1.01

tion, 09 UTC of 22-08-99), 0.70, 0.99 (9th hour
simulation, 09 UTC of 22-08-99) and 1.76, 0.92
(18th hour of simulation, 18 UTC of 22-08-99).
As described for Case 1 and Case 2, maximum
RMSE and correlation coefficients during tran-
sition period for u, v, θ and q respectively are
2.01, 0.11 (30th hour of simulation, 06 UTC of
25-08-99), 3.43, −0.51 (18th hour of simulation,
18 UTC of 24-08-99), 3.11, 0.92 (30th hour of
simulation, 06 UTC of 25-08-99) and 1.01, 0.97
(42nd hour of simulation, 18 UTC of 25-08-99).
In fact it is quite evident that 1-D model has
its own limitations for any given scenario due to
non-homogeneity and non-inclusion of advection.
Hence some discrepancies are noticed between the
simulations and observed values in the regimes
of active convection. For example at higher lev-
els (750–1500 m) the specific humidity is pre-
dicted a bit higher (7–8 gkg−1) on 14th August
1999, at 00 UTC. Moreover the simulated pro-
files are not able to fully capture some of the
sudden fluctuations (as seen in the transition
period) observed in the atmosphere. But for
the zones of active surface forcing the profiles
show a better agreement. Thus in general the
model is able to simulate various MBL processes
fairly well.

6. Summary and conclusions

A numerical 1-D multi-level planetary boundary
layer model is successfully applied to simulate
MBL characteristics over the Bay of Bengal dur-
ing the final phase of BOBMEX (1999). Three dis-
tinct MBL regimes corresponding to three different
synoptic situations (active convection, suppressed
convection, transition from suppressed to active
convection) are identified based on the surface syn-
optic observations, satellite imageries, IDWRs, etc.
The model is able to capture the characteristic fea-
tures of all these three distinct regimes of inter-
est. The observed profiles are used to initialize the
model and the simulated profiles over a period
of 48 hours are compared with the observed pro-
files.

An MBL height of 750 m is predicted over
the convectively active region and 1125 m dur-
ing the transition (dominant convective activity
during 25th – 26th August 1999) period, which
is in good agreement with the estimated MBL
heights. However, in the suppressed convection
regime, the model generally under-predicted the
MBL heights when compared with the estimated
ones. This could be due to the non-homogeneity
and advection that is not represented in the 1-D
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model. As foreseen, the model could simulate
the convectively active boundary layer structure
very well than in any other dynamically forced
regimes. The interdependence of the TKE and
MBL heights is also confirmed from the model
results.

The observed vertical profiles of potential tem-
perature and specific humidity are noticed to be
in good agreement with the model simulated pro-
files. Interestingly, the model simulated zonal and
meridional winds are also in fair agreement with
the observed profiles. As the thermodynamic struc-
ture of the MBL is better reproduced than the
dynamical fields, it suggests that in order to inves-
tigate the meso-scale processes a 3-D model is
required. Still, it is worth mentioning that the per-
formance of the 1-D model is fairly promising.
Such a model can be used as an instrument over
data-sparse regions, along with available sounding
data to generate time-varying representative fields.
Thus, these simulated profiles can be actively used
to enhance the 3-D analysis, that along with a
meso-scale model can be applied to study various
processes in the marine atmosphere, viz., trans-
port, entrainment etc., over a region. In addition
to that, such a validated model can be linked to
a 1-D ocean model (making a coupled model), to
study the coupled response of the marine envi-
ronment such as SST and the mixed layer of the
ocean with the MBL characteristics (Gadgil et al
1984)
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