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Variation of boundary layer heights and eddy diffusivities over dry and moist
convective regions of monsoon trough during different phases of monsoon
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ABSTRACT Temperature, wind, and humidity data at 6 levels over meteorological towers at Kharagpur and Jodhpur
and fast data at Jodhpur (Sonic anemometer at 4m and Gill anemometer at | 5m) and Kharagpur (Sonic anemometer at 8m and
Gill anemometer at |5m) were analysed. Diurnal vanation of boundary layer heights and eddy diffusivity coefficient of
momentum. heat and moisture at dry convective region Jodhpur (26.3°N. 73°E) and moist convective region Kharagpur
(22.3°N. 87 2°E) of monsoon trough during onset of monsoon, mid-monsoon and end-monsoon phases of the Indian southwest
monsoeon are studied using micro- meteorological tower data. Boundary layer height is computed by eddy correlation (direct
method) and profile method (indirect method). Indirect method underestimates the boundary layer height.
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1. Introduction

Atmospheric Boundary Layer (ABL) is that part of the
atmosphere which is directly affected by the surface of the
earth. This is of importance due (o its ability to diffuse mass,
momentum and heat across it. Almost all the heat and
moisture present in the atmosphere comes from the surface
and transported through this layer. Turbulence is primarily
responsible for this transport. Study of this boundary layer
is important for much of human activity exists within it and
its dynamics plays a key role in the dynamics of the entire
atmosphere.

ABL is equally important in air pollution studies, be-
cause the dispersal and dilution of pollutants is mainly
guided by the metcorological regime of the ABL besides the
source strength.

Despite its importance, surprisingly sysiematic scien-
tific investigations of the ABL are confined to the last few
decades only. In view of this, in the present paper the study
of diurnal variation of boundary layer heights and coeffi-
cients of eddy diffusivity of momentum, heat and moisture
for the onset, mid- monsoon and end-monsoon, using mi-
cro-meteorological tower data during the Pilot experiment
phase of Monsoon Trough Boundary Layer Experiment
(MONTBLEX) in 1990 was made.

Though less attention has been paid to the diurnal
vanation of boundary layer heights and eddy diffusivity
coefticients of momentum, heat and moisture under tropical
conditions, some studies are reported on the turbulence
characteristics of the Surface Boundary Layer (SBL) in the
tropics. (Padmanabhamurty 1981, Mohanty et ai. 1992,
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Singhal et al. 1993, Chakrabarty and Padmanabhamurty
1995, P. Agarwal et al. 1995, Kusuma ef al. 1995 & 1996).

2. Description of data set

In the present study, slow as well as fast response data
from the towers collected at Kharagpur (KGP) and Jodhpur
(JDP) for three representative days in different phases of
monsoon (Onset, Mid and End-monsoon) during MONT-
BLEX, 1990 were utilized. The entire MONTBLEX raw
data set for four months was processed for further analysis
(Rudrakumar and Prabhu 1991, Rudrakumar ef al. 1991b).

At JDP, the representative days chosen for analy sis are
19 July, 10 August and 8 September for the onset, mid-mon-
soon and end- monsoon phases. Corresponding to the same
phases of monsoon the days selected for analysis at KGP are
12 June; 18 August and 15 September. For details about the
synoptic conditions prevailing during these periods, readers
may refer to the Weather Summary given by Rudrakumar
et al. (1991a), Srivastav (1995) and Kusuma et al. (1995).

3. Analysis of Data
3.1. Computation of mean gradients

The mean gradients of wind and temperature were
determined using the observations from the slow response
sensors. In the present study, gradients are determined using
finite difference approximations. The wind shear at 4m and
8m were found from measurements at 1m and 8m levels,
and at Im and 15m levels respectively. For wind shear at
15m, 1m and 30 m levels were used.

3.2. Determination of boundary layer height and coef-
ficient of eddy diffusivity

Boundary-layer height, is an important scaling factor
for the height above the surface and for the mean and
turbulent structure of this layer where the bulk of heat and
moisture exchanges take place, is determined by the eddy
correlation method and profile method. Eddy correlation
method involves the direct determination of covariances
using data from fast response sensors, avoiding assumptions
about relationships between vertical fluxes and gradients.
Observations from the Sonic anemometer for both the sta-
tions have been used for the determination of K,,,, K, K, and
h. In order to obtain all significant high frequency contribu-
tions, the ratio of the path length of the instrument to the
height above the ground should be less than 0.08, which is
satisfied in the case of Gill as well as Sonic anemometer
(Brook 1974). Time series werc generated for all the vari-
ables in each run and the fluctuations were computed by
subtracting the mean from the instantaneous values. The

covariances of the fluctuations have been determined by
averaging the products of the appropriate fluctuations.

4. Methodology
4.1. Eddv diffusivity of momentum (Km)

Eddy viscosity relationships

T = Koy [%—UJ M

where, Kyiseddy diffusivity ofmomentum,u’w’ isthe
turbulent flux of momentum in verticaldirection and U is
themeanwind.

4.2. Eddy diffusivity of heat (Kn)

Eddy diffusivity of heat, Ky, hasbeen evaluated using
thefollowingexpression

-9'_‘4'? = —Kh ['@J (2)
0z

where 8w is the turbulent flux of heat in the vertical
direction and @ is the mean potential temperature.

4.3. Eddy diffusivity of moisture (Kyw)
Eddy diffusivity of moisture, Kw, has been determined
through the following relation

=== dJ

where, 8w’ is the turbulent flux of moisture in the
vertical direction and @ is the mean humidity.

4.4. Planetary boundary layer height (h)

Planetary Boundary Layer Height, h, has been deter-
mined through the following relation (Zilitinkevich, 1972)

sl /
VA *
h = (3 kR, )" [T] (4)

where, k is the von Karman constant, f is coriolis
parameter, u= is frictional velocity, L is Monin-Obukhov
length and R, is flux Richardson number.

Rr} = % W
T
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Figs. 1 (a-f). Diurnal variation of Km, K and K. at (a-c) Jodhpur and (d-f)
Kharagpur during onset of monsoon, mid-monsoon and end-monsoon

5. Results and discussion

The diurnal variation of exchange coeflicients K,,, K},
and K, during onset, mid-monsoon and end;monsoon
phases are shown in Figs. 1 (a-c) for JDP at 4m and Figs.
1(d-f) for KGP at 8m. During the onset phase it can be seen
from Sonic (4m) anemometer data that the diurnal variation
of Ky and K, computed by first-order closure approximation
for fluxes w8 and w’g’ at JDP, shows similar trend and most
of the time K}, is higher than K, and K,,, which could be
from increasing buoyancy effects due to turbulence and
thermals of warm air rising from the ground. Daytime strong
winds with maximum speed of 4 to 6 ms”! found during this
period, presumably caused vigorous mixing in SBL. In the
early morning hours, K, is higher than K, and K, suggest-
ing the utility and validity of gradient-transport relations. K,
and K, are in close agreement till noon compared to after-

noon, indicating the dominance of buoyancy generated tur-
bulence at 4m height.

During the monsoon period, at JDP, it can be seen that
K}, values are lower under the unstable conditions as com-
pared to onset period. During the monsoon phase K, is
higher than K, values, indicating dominance of mechani-
cally generated turbulence in the surface layer. Due to
nonavailability of humidity data at JDP, during mid-mon-
soon phase, humidity related parameter. K, could not be
studied. As sufficient data for the end-monsoon period for
both the stations were not available to study the diurnal
variation, only one data set has been taken for the computa-
tion at 1430 (IST) on September 1990. The behavior of K,
Kj, and K, by eddy correlation method during the end-mon-
soon phase for JDP and KGP from 1430 to 1445 hr (IST) is
shown in Figs. | (¢ & f).
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During end-monsoon phase for both the stations, again
K and K, show similar trend and Ky, is much higher than
the other two coefficients of heat and moisture, indicating
the dominance of mechanical turbulence in the surface layer.
However, fluctuations are more at KGP compared to JDP.
During the onset phase, at KGP, it can be seen from Sonic
(8m) anemometer data that the diurnal variation of K, and
K, shows similar trend and for most of the time K} is much
higher than K, and K, which could be from increasing
buoyancy effects due to turbulence from the ground during
the day time. But during monsoon period, Kj and Ky, are in
close agreement and Ky, is much higher with large variabil-
ity compared to coefficients of heat and moisture, indicating
that the turbulent flux of momentum being independent of
local gradient and turbulent parameters are not reflecting the
effect of heat capacity of the surface.

During all the three periods investigated, at JDP 4m
level and KGP at 8m level, Km has much higher values than
those reported in extra-tropical countries (Haltiner and Mar-

7
Time (Min)

Figs. 2(a-N. Diumal variation of boundary layer height (m) at (a-c) Jodhpur and (d-f)
Kharagpur during onset of monsoon, mid- monsoon and end-monsoon

tin 1957). The values are in accordance with those reported
by Padmanabhamurty (1981) at Visakhapatnam, India.

Boundary layer heights are related to the dynamics of
the monsoon trough during the monsoon. The diurnal vari-
ation of boundary- layer heights during the onset, mid-mon-
soon and end-monsoon periods are shown for JDP Figs.
2(a-c) and KGP Figs. 2(d-f). These stations are repre-
sentative of the two different regimes of the monsoon trough
of different activities. JDP is an area of dry convective
activity and KGP represents the deep moist convection of
the monsoon trough. Temporal variation of height of the
boundary layer for both the stations for all the three period
is quite pronounced. Boundary layer heights varied from
50m to 1275m over these two stations; however the variabil-
ity is different between the stations. One common feature is
the occurrence of shallow boundary layer about 100m or less
during early morning hours and night, indicating that the
PBL formation and increase in height is a day time phe-
nomenon only.
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At JDP, another interesting feature one can infer from
Figs. 2(a- c) is the growth of boundary layer height which
slowly increases during morning hours and attains maxi-
mum 1275m in the afternoon (1400-1500 hr IST). This
indicates that at JDP, being a region of dry convective
aclivity, the radiant inputs and outputs are large and the
atmosphere is usually very dry and clear because water
vapour content is low, and cloud is generally absent. As a
result very strong solar radiation reaches the surface. The
impact of strong solar input will have relatively high albedo.
Mainly as a result of ‘Soil” factor, the surface does become
very hot, and hence the outgoing long wave radiation is also
great. As a resull of large reflection and emission, the net
radiation is absorbed by a surface and lack of moisture and
more concentration of heat in the upper most layer produces
vigorous mixing in the atmosphere, so PBL height is found
to be higher, indicating the growth of the convective bound-
ary layer reaching large heights during the day time. And
again boundary layer height gradually decreases during
transition period. and remains more or less steady under
stable/night time condition. Computed results show bound-
ary layer heights reach maximum values during daytime,
induced by strong surface heating and convection.

During monsoon period boundary layer height is maxi-
mum about 900m which is less than the height observed
during onset period. This may be due to cooler air brought
by precipitation by clouds on the warmer ground during
monsoon. PBL height again increases and attains a maxi-

mum ol 1050m during end-monsoon phase, indicating the-

withdrawal of the monsoon.

AtKGP, during onset period, maximum boundary layer
height of 1050m is observed before noon which gradually
decreases to about 75m during night. This is due to the
absence of solar input at the ground after sunset. But during
the monsoon, PBL height attains a maximum 550m and
decreases to about 50m during night. No significant differ-
ence is found in the height of boundary layer between
monsoon and end-monsoon phases. This could be due to
persistent monsoonal air over KGP till the end of the mon-
soon period which is reflected in the soil moisture depletion
occurring slowly during end-monsoon period. The bound-
ary layer height during onset period is high compared to
other two seasons, indicating the growth of the convective
boundary layer height is large during this period, especially
at unstable/daytime conditions. Hence, at JDP, maximum
heights are observed for the three phases of monsoon inves-
tigated compared to KGP, PBL height however, depends on
the position of the monsoon trough and difference of the air
masses over the dry and moist regions.

6. Conclusions

Salient features of the study are given below :

(1) Eddy diffusivity coefficients Km, Kn Kw and
planetary boundary layer height are computed by
eddy correlation method, &t JDP and KGP for
onset, mid-monsoon and end-monsoon phases by
-using fast as well as slow response data collected
ower micro- meteorological tower during the pilot
experiment phase of Monsoon Trough Boundary
Layer Experiment (MONTBLEX) in 1990.

(i) PBL heights during the onset attain maximum
values at JDP and KGP during unstable/daytime
conditions, because of strong surface heating and
convection. But lower values are attained during
mid-monsoon period due to the monsoonal air
and cloudy conditions prevalent over the two
stations. During end-monsoon period, again PBL
heights increased at JDP due to induced free
convection.

(fit) ‘At KGP, no significant difference is found in
PBL height : maximum. PBL height remained
same in monsoon and end-monsoon periods. This
indicates that the monsoonal air mass prevails till
the end of monsoon over the region. And PBL
height is not constant with time but it depends
upon the strength of the surface generated mix-
ing.

(iv) By day, when earth’s surface is heated by the sun,
there is an upward transfer of heat into the cooler
atmosphere. This vigorous thermal mixing (con-
vection) enables the PBL height to extend higher
during onset period compared to other two sea-
sons.

(v) The diurnal variation of the eddy diffusivity co-
efficients indicates that during onset period at
JDP and KGP Ky is higher than K,, and K. But
K is higher than other two during monsoon as
well as end-monsoon period at both stations. This
indicates that free convection is occurring during
onsel period whereas forced convection is domi-
nant during monsoon as well as for end-monsoon
periods.

(vi) It is observed that PBL height is not affected
either by eddy diffusivities of heat and water
vapour individually or relatively.
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