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ABSTRACT. The air flow over the south Andaman island is simulated using a three dimensional numerical
meso-scale model. Port Blair observations are used as initial data, The surface orography, soil moisture, soil
albedo variations and vegetation effects are included in the model. The combined effect of these factors on the
development of sea/land breeze circulations is obtained quantitatively. The model simulated results are compared
with the available observations. The principal results obtained are : (1) The meso-scale circulations induced
by the differential heating of the island were intensified by topography. (2) The ground vegetative cover trans-
port higher amount of turbulent heat fluxes to the atmosphere and the meso-circulations appeared with higher
intensitics. (3) If we include the lateral variations of flux with topographic and coastal asymmetries the induced
meso-scale circulations appeared with different intensitics along meridional direction and the inland penetration
distances varied in y direction. The maximum inland penetration of sea breeze was seen, where the inland was
widest and terrain height was maximum. Stronger sea breeze was simulated over the central/northern parts of

the island.
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1. Introduction

Observational studies indicate that weather is often
induced by heated islands. Analytical and numerical
studies have been undertaken to study the impact of
islands on the synoptic flow. Although several islands are
present in Indian Ocean, little attention has been paid to
their contribution to weather changes. The properties
of induced disturbances are governed by the size, shape,
topography and orientation of the islands to the prevail-
ing wind and atmospheric stability.

The above reasons have encouraged us to undertake a
two-dimensional (2D) study over the Andaman islands
(Kar and Ramanathan 1987). These islands were chosen
because of (i) simple topographical features and (ii)
proximity to an area of cyclogenesis.

In many atmospheric prediction models the nature of
the ground surface, such as the ground albedo and soil
moisture variations during the simulated period are
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ignored. The importance of soil moisture variations has
been emphasised by several investigators (Deardorff
1978, Mccumber and Pielke 1981).

Similarly, the contribution ol diabatic turbulent heat
fluxes to the atmosphere by ground vegetation is usually
neglected. The vegetation acts as a secondary source
of emission by thermal radiation. Deardorff (1973),
Mccumber (1980), Yamada (1982), Garrett (1983) have
shown that boundary layer circulations are substantially
modified by the presence of vegetation,

As the atmospheric flows are three dimensional (3D),
the neglect of lateral variations of atmospheric para-
meters and terrain asymmetries are physically unrealistic.
This aspect was brought out in earlier studies (Neumann
and Mabhrer, 1974: Mahrer and Pielke, 1976; Ookouchi
and Wakata 1984, Abbs 1986). Thus a 3D simulation
study is more . ppropr.ate because it brings out atmos-
pheric flow features that are not resolved by a two-
dimensional model.
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The object of the present study is to estimate the in-
tensity of meso-scale flows under the combined effect of q(gm/kg)
above factors and to determine their significance on the ¢ z_-
flow pattern.
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2. General characteristics of the region

The Andaman island chain (10-14°N, 92-94°E)
in the Bay of Bengal has anaverage width of 25 km.
Most of the terrain has an elevation less than 200 m
with a few peaks above 300 m. Tnae principal soil is loamy
sand. Bamboo and teak wood [orests cover nearly 869,
of the total area. The island chain receives annual rainfall
of about 300 cm. A 30 years ciimatological record shows
that for April (selected month of our simulation) the
diurnal variation of temperatureis 6°C. The average
relative humidity is 70%/. The mean wind speed is 8.7
kmph and the mean wind direction is northeasterly. 2 F
The average cloud cover is about 4 oktas.
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2.1, Selected day for simulation {8 229 300 50 i
As little is known about the energy exchange between o ; i ,\\ 's' ‘,u

synoptic and local circulations, data were gathered on 300 206 T2 a8 24 3
days free of large scale synoptic disturbances with no o)

ground precipitation. The 1 April 1969 was found to

satisly the above criteria. Thus, simulations were per- Fig. 1. Profiles of potential temperature (4). specific humidity
formed for this day with 0000 GMT Port Blair observa- (g) and soil temperature (Ts) (inset diagram) (Initial data
tions as the initial data. Similar simulations based on a Ist April 1969). For 3D simulations, all grid points in
day’s data were performed earlicr by Nickerson (1979), ;I:[‘nﬁr’;'yr,‘{ﬂ"p‘;rf’(i:‘,’;";?:it'“m;'\': el with the
Segal et al. (1982). procedure is commonly followed in data sparse regions)

3. Modei aspects

The model employed in this investigation is a 3
dimensiona! version of the hydrostatic primitive egua-

tion meso-scale model originally developed by Mahrer COMPUTATIONAL DOMAIN

and Fielke (1977). This model uses a terrain following SOUTH ANDAMAN ISLAND
co-ordinate system. The vertical turbulent exchange e
coefficients for momentum, heat and moisture are cal-

culated as a function of atmospheric stability using

Monin-Obukhov similarity theory. The horizontal %

exchange coefficient is specified by a low pass filter which ]‘

also removes 2 grid length waves. The land surface 2y

temperature is calculated by a suriace energy balance

equation which balances the incoming solar radiation nt

with outgoing terrestrial radiation and turbulent heat 19k 0
fluxcs. This modei remains well documented and often b g
u.ed in several siudies as mentioned earlier. - VR - /

This model is coupled with a soil parameierization
scheme develope. by Mccumber and Pielke (1981) and
a vegetavon parameterizavon  scheme developed by
Deardorit (1978) and Mccumber (1930) to include the
soil motsture, so!l albedo variation and vegetation effects.
The relevant governing equations of the parameteri- - S S A
zauion schemes are given in chapter 11, Pielke (1984).
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For brevity, we omit the mathematical details here. e e i,
”~ INDIAN QCEAN
4. Initial and boundary conditions T e
The initial atmospheric data for the model are the wind , ]
velocity, temperacure and moisture. These were taken T s
from the synoptiic observations recorded at Port Blair, GRID FOINTS (X) 19

The iniual soil moisiures profile, soil moisture content (7)

were taken irom climatological records. The soil and L R o ; o

and vegetation characteristics were obtained from Clapp Fig.. 2. (1 ‘f'_TRu,[i‘::éugf_.ﬂ]U:‘!;;'“.f:h._‘?féri k4 “,'-,p}‘,""t ‘g{.‘:-’;g“.'fr;l{
: < 2 1978) and fi aotes cross-section for Por air yp=|"

and Hornberger (1978), Lec (1978), Perrier (1978) anc line passes through widest part of the island
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TABLE 1

Observed wind speed and direction 0000 GMT Porl Blair
observation 1 April 1959

Height Speed Direction (*)
(m) (m’s) from north
2 0.0 360
500 ] 60
1000 1.0 75
1500 2.0 90
2000 6.0 100
2500 6.0 110
j12o 6.0 120
3700 4.0 105
4400 4.0 100
5050 7.0 50
6600 5.0 70
7500 9.0 80

Deardorff (1978). The 1 April 1962 synoptic observations
for which this detailed 3D-study was performed are given
in Table | and Fig. |. These remain identical as in our
earlier study (Kar and Ramanathan 1987). The large
scale surface pressure and temperature were taken to be
1013 mb and 300°K respectively as observed. The
terrain heights, evaluated from a survey of India map,
were smoothed using a 9-point smoother. Within the
PBL winds were determined by assuming a balance of
shear stress, the coriolis and the pressure gradient
forces. Above the PBL the model was initialized with
observed synoptic data. The top and bottom boundary
conditions over bare ground and with vegetation cover
were taken to be the same as detailed in our earlier
study (1989), Zero gradient boundary conditions were
taken for the flow variables at the model lateral boun-
daries.

4. 1. Computational comain

A rectangular area with 192km 238 kmin the x and
y directions covering the south Andaman island was
chosen for the study. With the specified initial and
boundary conditions as described in the previous section,
the governing equations were integrated with a grid
mesh of 19 % 25 % 12 (x.pandz), using a time step of
45 sec., starting from local sun rise time. Better resolut-
ion at the lateral edges of the island and over the island
were obtained using a variable distance grid inx, yand z
directions. This also eliminated the lateral and upper
boundary effects from the integrated domain. The
computational domain with grid point arrangements is
shown in Fig. 2. The lines y=10 and y=15 drawn
across the Fig. 2 passes through Port Blair, situated in
the eastern edge of the island at x=12, and over the
widest cross-section ol the island respectively. Over and
near the island edges the distance between two grid points
(Axand /. y)was taken to be 6 km. Near the lateral
boundaries to avoid the boundary effects /\x and Ay
were increased to 30 km. Also in the vertical a variable

distance grid was utilised. These weresituated at height
30, 100, 500, 1000, 1500, 2000, 2500, 3120, 3700
5050, 6600, 7500 m respectively. The top of the model
was chosen at 7.5 km by trial and error method so that
there were no reflections or boundary effects into the
region of the computation.

4.2. Selection of input parameters|/data

The saturated moisture potential, saturated hydraulic
conductivity, porosity, volumztric heat capacity of loamy
sand, the predominant soil in Andamans, were assigned
the following valuss 9.0 cm, 0.01563 cm/s, 0.41, 0.336
cal em—1°C respectively from Clapp and Hornberger
(1978) studies. Theinitial soil moisture content (% by
vol.) was taken to bz 8.5 % near the field capacity of
loamy sand as observed in forested areas (Simpson
1985). The emissivity of the ground for long wave radiat-
ion was assumed to be unity.

The temporal variation of the ground surface albedo
was calculated as a function of soil moisture using Idso
et al. (1975) relations.

The emissivity, albedo, surface resistance, leal area
index (LAI) for tropical vegetation were taken as 0,95,
0.15,1.3 s ecm—tand 6 (=7qaf) respectively from Lee
(1978), Perrier (1978), Oke (1978) and Deardorff (1978)
studies respectively. The emissivity values range between
0.95 & 0.98 and surface resistance (=stomatal resis-
tance/LAI) batween 1.0& 3.0 s ecm—! (Perrier 1978).
Both these parameters depend upon the age and physical
condition of vegetation etc. Conservative values, as
given above, were used in the simultations. The albedo,
LAI, variations, if any, are not reported in literature for
tropical vegetation,

The surface drag coefficient (C;) was calculated by
Thom’s (1971) relation.
k ]

Ce = ln(:z—D)
\ L]

where, k =0.35, Z,=0.08 H,, D = 0.76 H,, H, is
average height of the plant <anopy and Z is the first
g-id level ol thz madz! (3) m).

For simulation purposes, H, was taken as 13 metres
(40 feet) the averate height of bamboo and teak forest
prevalent in Andamans. The drag coefficient (C,,) for
bare ground was taken to have the value 10—3. The net
surface drag coefficient (C,y) was obtained by the

weighted average of the bare soil and vegetation using the
relation :

Con = 0.86 C; 4 0.14 C,,

The zero-plane displacement height (D) and roughness
length (Z,) were specified from Mccumber (1980)
studies using Deardorfl suggestions. Both the above
patameters depend on the vegetation height and wind
speed. Several formulations for these parameters each
differing by small amounts such as D=0.63 H,
(Monteith 1973), D=2/3 H. (Oke 1978), D=0.7 H,
(Stanhill 1969), D=0.7 H, (Coinco 1985), Z;=0.14 H,
(Coinco 1985), Zo=H, exp (—0.98) (Oke 1978),
Z,=0.174 H, -+ 0.227 (Jagar 1985) are reported
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The chosen values agree with Amazon forest observa-
tions (Deabreausa er al. 1988). The transfer coeffi-
cient (Cy) of the vegetation was calculated using Kumar
and .Barathakur (1971) relation.

; 1 0.3
Cr= 0.0l (1 Ll

oty — 0.83 Cuiouy

u, 1s wind speed at first grid level of the model-
Simulations were performed onlv for synoptically clear
day with no clouds ‘slghtLd in the Port Blair observations.
Thus, the inclusion of cloud effects in radiation calcula-
tions did not arise.

In the absence ol any other data other than Port Blair
observations in this area, for 3D simulations the entire
domain was initialized with Port Blair data after dynamic
initialization as described earlier. Similar procedun
was followed in Mahrer and Pielke (1976), for Barbados
1sl.md studies. An average vegetation coverage (af)
867, of the land area (DST atlas) with leal area index
7 aj (Deardorff 1978) were used in simulations.

Our sensitivity tests (Kar and Ramanathan 1990)
have shown B (Bowen ratio) remains insensitive to the
change in leal’ area index values during daylight hours.
Negative 8 values were obtained after sunset duc to
change in thermal stability of the atmosphere and subse-
quent change in the direction ol sensible heat flux.

In the calculations bare soil and vegetation were wei-
ghted with the coefficients 0.14 and 0.86 respectively
corresponding to 867, vegetation coverage of the land in
this area.

5. Results and discussiona

The principal factors that govern the intensity and
horizontal extent of perturbations are : (i) the island
topography, (/i) geomelry of the coast lines, (iii) soil
moistute, (/v) vegetation, (v) diurnal variation of surface
temperature, and (vi) the intensity of the synoptic flow.
In this study the initial soil moisture and the synoptic
observations were specified as initial data and these were
not varied. The diurnal variation of surface tempera-
ture was calculated from the surlace energy balance
equation. Three dimensional (3D) simulations were
made for the following cases :

(1) Flat island without vegetation,
(2) Island with topography and without vegetation,

(3) Island with topography and vegetation.

The initial soil moisture content was taken rom obser-
vations. To consider the changes introduced by the
lateral variations of parameters on the developed flow.
a 2D simulation with topography and vegetation was
also performed and compared with 3D simulation. A
summary of model simulated results for y—10 cross-
section is shown in Table 2.

The simulations were performed (rom sunrise to next
day sunrise (24 hours). The reported are instant values
and maximum during the entire simulation period are
given in each case. The simulated g (Bowen ratio)

TABLE 2
Particulars Cascl Case2 Case3d Casc4d

Surface temp. ( K)at 1200 he 312,01 311,17 308.0  309.0
Specific humidity of soil (g kg)

at 1200 hr 1.9 30.8 33.0 320
Sensible heat flux (w'm?) at

1200 hr = 150 275 275
Latent heat flux (w/m?) at

1260 hr — 350 400 340
Boundary layer depth  at

1800 hr 600m  TI3m  1IS0m 1900 m
Sca breeze onset/retreat time

(IST) 1000 900, 900 900

1900 hr 2000 hr 2000 hr 2000 hr

Sea breese wind speed (m's)

at 1400 hr 1.2 1.8 2.3 2.8
Vertical depth (m) at 1200 hr 200 250 350 580
Inland penetration distance

(km) at 1200 hr 7 9 4 6

Vertical velocity 20 m above
ground at 1400 hr (cm/s)

(IST) 1.0 4.0 6.0 15.0
Land breeze
Onset time hr (IST) 24.00 2100 20,00  21.00

Vertical depth (m) at 0400 hr 10,0 20.0 30.0 30.0

Maximum wind speed (m's)
at 0400 hr 0.15 1.6 1.9 2.1

~0.7 (275/400) is in agreement with Amazon florests
observations (Deabreausa er al. 1988). In our simula-
tions with vegetation the transfer of sensible and latent
heat fluxes by the vegetation to the atmosphere were
taken into account. Thus considerable differences in
temperature/moisture between ailt and ground due to
vegetative cover appeared. The simulated values were
found to be in qualitative agreement with Mccumber’s
(1980) studies. The plant canopy, which behaves as an
clevated heat source raises B values. Amazon observa-
tions report 8 varies between 0.05 & 0.85 during day-
light hous.

The influence of topography, vegetation and lateral
variations of flow with topographic and coastal asym-
metries are obtained from the above results.

Topography

A comparison ol case | with case 2 results shows the
influence of surface topography on the induced perturba-
tions. The complex interaction of sea breeze develop-
ment with slope winds over rough terrain enhanced the
intensity of developed perturbations.

(i) Topography accelerated the arrival ol sea breeze
at the west coast of the island by about an hour.

(ii) The horizontal inland penetration distance, wind
speed and vertical depth of sea breeze developed were
higher with topography than developed over flat island.
The vertical velocities of induced perturbations and
boundary layer depths developad were higher with topo-
graphy.

(¢#if) Topography also modified the nocturnal airflow
over the island. These are shown by the difference in
magnitudes of land breeze speeds developed over the
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Fig. 3. Sea brecze vertical profiles for case 3 at

selected hours

island. Due to downslope flows a more intanse breeze
with a speed of 1.6 m/s was developed with a depth of
30 m over the island with topography.

The corresponding values over flat island were 0.15
m/s and 10 m respectively. The above results show
that the topography, in general, intensifies the circula-
tions developed.

5.2. Vegetation

The effects due to vegetation canopy are obtained by
a comparison of case 2 with case 3 results.

(i) With vegetation cover lower surface temperature
with higher specific humidity were developed. These
were due to shade effects of vegetation on the ground.
The diurnal changes of these variables were less than in
the case of bare soil. The developed surface tempeia-
ture, specific humidity and surface albedo were maximum
at local noon hours (not shown here).

(if) The calculated diabatic heat fluxes were more with
vegetation canopy due to re-emission of longwave radia-
tion by the foliage. A net heat flux of 675 w/m* and
500 w/m? were transported to the atmosphere with and
without vegetation canopy respectively.

(iii) Due to increased transport of heat with vegetation
a higher degree of warming of atmosphere can be ex-
pected with increased turbulence and wind speeds. The
simulated wind speeds and vertical velocities with vege-
tation show precisely this, The net warming and subsc-

Height (m)
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Fig. 4. Horizontal wind speed profiles for case 2

and case 3

quent increase in PBL depth show the increase ininten-
sity of turbulence in PBL. The warming is the combined
effect of lower foliage albedo and re-emission of long-
wave radiation by the plant canopy which developed a
higher temperature than the surface. The net warming
of the atmosphere was found to depend on the amount of
vegetation cover and its characteristics (Kar and Rama-
nathan 1990). The contribution by surface albedo
variations was found to be negligible.

(iv) With vegetative cover, the depth of the sea breeze
developed at the western edge of the island (x=8, y=10)
at selected hours of the simulation period are shown in
Fig. 3. The depth of the sea breeze is deduced from
this figure by the change in wind direction. For example,
at 1600 hours the depth of the sea breeze ~ 350 m. At
2000 hours the sea breeze retreated from the island and
replaced by an easterly flow at lower levels. The maxi-
mum intensity of sea breeze ~ 2 m/sec developed at
1600 hours as shown in Fig. 3. The developed circula-
tions were more intense as shown by the magnitude of
vertical velocities. However, the inland penetration
distance was found to be less than over a bare soil.
This could be due to surface temperature and soil speci-
fic humidity differences.

(v) Simulated boundary layer velocity profiles at
1400 hours for case 2and case 3 are shown in Fig. 4.
Above plant canopy level (=15 m) higher wind speeds
were seen developed with its maximum at about 50 m
above the ground. Over bare ground maximum wind
speeds were at 20 m above the ground. Higher wind speeds
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Fig. 5. Height contours of PBL at 1400 1ST—case 3

above the plant canopy are duetoenhanced turbulence
by the canopy are obtained for case 3. The wind speeds are
highest during middle of the day with increased turbu-
lence transfer of momentum. Within the canopy wind
speed decreases going to zero at the ground (Oke 1978).
The simulated profile is in agreement with the above
observations. The above results show the vegetation.
as secondary source of heat to atmosphere. intensified
the developed circulations and modified the characteris-
tics of airflow significantly. Thus. the neglect of ground
vegetation cover in atmospheric simulations, could
seriously jeopordise the final results.

5.3. Lateral variutions

The principal difference between 2D and 3D simula-
tions, is 2D simulations assume the homogeneity of all
meteorological fields and topography in the meridional
direction (g/ay=0) in the entire simulation period. In 3D
simulations this restriction is removed so that one inclu-
des the spatial variations of these paramezters over the
whole area (x-y plane). Since the atmospheric flows
in nature remain 3 dimensional, the neglect of lateral
variations is physically unrealistic. The effect of includ-
ing the meridional changes are seen from a comparison
of 3D model simulated values with the 2D simulation
(with topography and vegetation) values tabulated in
Table 2 (case 3 and case 4 results),

GRID POINTS(X)

Simulated  wind speeds at 1800 IST, 30 m
above ground (case 1), The length of arrow
is proportional to wind speed. Sea breeze
convergence zone is shown by dash dot
across the island

Fig, 6.

In 2D simulation we considered a rectangular island
with straight coastal geometry extending infinitely along
north-south direction. The average width of the island
was taken to be 25 km.  The terrain height was taken to
be the same as in =10 cross-section. Calculations
were performed with same set of initial data setting meri-
dional terms to zero at appropriate places in the govern-
ing equations.

The tabulated resuits show that the lower surlace
tempéerature with higher soil specific humidity was
obtained in 3D simulation. Correspondingly, the deve-
loped circulations were less intense compared to 2D
model results. as shown by the reduction in magnitudes
of vertical velocity, wind speed and boundary layer
depth. Since the forcing functions such as topography,
initial data are the same. this reduction could be due to
advection effects. The 3D simulations had shown that
the southerly flow (/. ¢.) from cooler south sca side pre-
dominated the northerly flow developed in noon hours
as shown in Fig. 6 for 1800 hours. This resulted a re-
duction in the magnitudes of ve tical velocity. surface
temperature and increased in the ground specific humi-
dity by reduced evaporation. In short. the developed
circulations were less intense.  Since in 2D simulations
such meridional flows (y» directional) are neglected,
more intense circulations were simulated. Considerable
variations in flow characteristics were also noticed along
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COMPARISON WITH OBSERVATION
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Fig. 7. Comparison of 3D and 2D model predicted temperatures
with observations recorded at Port Blair 30 m height

the meridional direction of the island. For example,
the results obtained at different cross-sectiens (y=10
and y=15) are given in Table 3.

The above results show that the island experienced
non-uniform surface heating during day. Consequen-
tly, the developed circulations close to the centre of
island and at y=10 cross-section appeared with different
characteristics.

At and near the western edge of the island (y=15,
x=9), the land surface temperatures developed more
higher than the rest of the island. More heat was trans-
ported from this area (= 1000 w/m?) as shown in Table 3.
Since the change in PBL height is proportional to the
surface heat flux (u, f,), the height variations may be
taken proportional to heat flux variations. Thus, at the
places where PBL height ~600 m the heat flux is approxi-
mately half than that found at 1200 m. As the diurnal
changes in sea surface temperature were negligible com-
pared to land surface temperature changes, the PBL
height varied near the edges of island by advection and
diffusion while it remained unchanged near the lateral
boundaries. Due to asymmetries in the surface heating
and transport of heat flux to the atmosphere the deve-
lopment of PBL over the entire simulated area was not
uniform. This is illustrated in Fig. 5.

The model predicted horizontal wind speeds at 1800
hrs, 30 m above the surface is shown in Fig. 6. 1In this
figure the lengths of arrows are drawn proportional to
wind speeds and their inclinations mark the wind direc-
tion. Weak southerly winds dominated the southern
tip of the island. Westerly and northwesterly winds
were simulated at the western edge of the island above
y=12. The sea breeze convergence zone is shown by a
dashed line in the middle of the diagram. At and near
the centre of island, it is located at about 15 km from
the western edge, while at y=10 the distance is about
4.0 km as given in Table 3. The convergence zones
are possible locations for cumulus clouds developments.
It can be used for forecasting the occurrence of cumulus
activity and thunderstorm developments. Such possi-
bilities were indicated in Findlater (1964) who had
shown very close coincidencc between the location of
thunderstorm centres and convergence zones in England.

TABLE 3

Comparison of magnitudes of flow variables at different
cross-sections of island (3D results)

Particulars y=10 y=15

Temperature difference between

east and west end of island 1.57C 2.5°C
Surface specific humidity 33.0g/kg  31.0g/keg
Net heat flux 675 w/m? 1000 w/in?
PBL depth at 1400 IST 900 m 1200 m
Sea breeze wind speed 2.3m/s 4.0m/s
Vertical velocity at 1200 IST 4.0 ¢cm/sec 12 em/sec
Horizontal island penetration in km 4.0 15.0

These spatial variations of wind speeds, sea breeze
convergence zone and PBL height variations over the
island, hitherto not obtained. can be of considerable
significance in planning/location of industiial, recrea-
tiona! centres on the island. At night houis, the simu-
lated drainage flow had a depth of about 40 m and was
more intense with vegetative cover.

5.4. Comparison with observations

Due to paucity of meso-scale network ohservations in
the island, we compare the 3D simulated results with
observations at Port Blair. These are shown in Fig. 7.
The 3D model predicted temperatures are in good agree-
ment with observations. But, although an improveme-
nt was achieved in the prediction of wind field by 3D
simulation, the wind field for both the 2D and 3D simu-
lations remained over-estimated. At this level, these
deviations could be an outcome of linear interpolation
of the Pibal data.

In the absence of dense meso-scale observations in
this area it is difficult to evaluate the impact of meso-
scale disturbances on the local circulations. However,
this study has shown the maximum heat input to the
atmosphere by the island is approximately 600-700
w/m2. Due to spatial variations of the heat input the
PBL. heights developed over the island during the day
varied considerably. The magnitude of the heat input
by the tropical island is in agreement with the observa-
tions (Pielke 1984, pp. 399).

6. Conclusions

A three dimensional simulation was made to study the
air flow nver south Andaman island. We included soil
moisture, ground albedo, surface vegetation, coastal and
topographic asymmetries in the model. The intensity of
the induced perturbations was enhanced by topogiaphy
and ground vegetation. Further studies will be needed
to consider clouds in the radiation balance.
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