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ABSTRACT

Seasonal variation of boundary fayer
data sets during May, July. September an

processes using the intensive observational
d December, 1997 obtained under LASPEX-

g7 at Anand (22.49M, 72.6°E}, which represent the pre-monsoon, monsoon, past

monsoon and winler seasons respectively,

are presented. For this purpose a oneé

dimensional PEL model with ane and half arder TKE-epsilon (e- € closure scheme
incorporating interactive eoil heat-moisture transportation was employed.

The numerical simulations include the diurnal variations of fluxes of sensible,
latermt and soil heat, net radiation, soil temperalures, woundary layer height and
vartical protiles of potential temperature, mixing rtatio, zenal and meridional
camponents of wind. The temporal variation of surbulant kinetic energy s also

studied. The model simulations are cormpar
data sets. Overall comparison ghowed tha

layer processes reasonably wall

ad with the available special ahservational
t the model could simulate the foundary
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The planetary boundary layer {PBL) 18
the wrena for turbulent exchange of heal,
omentum and moisture with the underlying
lundfocean surface, which in turn shape the
dynamical  and thermo-dynamical
characteristics of the atmosphere. The variation
of fluxes of momentum, heat and moisture in
the surface houndary layer and their
distribution in the PBL play a erucial role in
the energy transport mechanism of the land-
gcean-atmospheric  system.  Froper
parameterization of sub-grid scale boundary
layer processes 1s growing in importance in

large-scale weather forccasting models
(Muhfouf er al., 1987, Swll and Driedonks,
1987 and Holt and Raman, 1988). Scil and
vegetation characterisucs play vital role in
madifying the surface energy balance and thus
influence the PBL processes (Mihailovic er
al.. 1993; Sellers e al., 1986; Noilhan and
Planton, 198%; Volodin and Lykossov, 195,
Raman ei al (1998) have investigated the
influence of soil moisture and vegetation
variations on simulations of monsoun
circulation and ramnfall by incorporating a
simple land surface parameterization scheme
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iy a three dimensional, high resolution, regional,
nested-grid, atmospheric model, Very few
studies are conducted on land surface
processes in India and to fill this gap, a multi-
mnstitutional Land Surface Processes
Experiment (LASPEX-97) funded by
Depariment of Science and Technology, Govt.
of India, wasconducted by Indian Institute of
Tropical Meteorology (HTM) Pune and
Gujarat Agricultare University, Anand, over
Sabarmati basin area, in 1997 Satyanarayana
et al (2000) have studied the atmospheric
boundary layer characteristics during winter
at Anand. In the present study an attempt has
been made to simulate the boundary layer
chiaracteristics by using a ane-dimensional PBL
madel with the TKE-£ (e- €) closure scheme
and a simple soil heat and moisture transport
model using the LASPEX-97 data sets at
Anand during May, July, September and
December, 1997 which represent the pre-
MONS2ON, MoNsoeon, post-mensoon and winter
sEAsons respectively.

MATERIALS AND METHODS
Dhata

In the study, 10P data during 13- 16
May, 13-16 July, 13 -16 September and 14-
|7 December 1997 at Anand consisting of
tower as well as lower troposphere
observations are used. The data consists of
lemperature, wind speed and wind direction
atl, 2,4 and 8 m height: relative humidity at
Zand 4 m height from 9 m tower and surface
pressure. Lower troposphere observations of
temperature, dew point temperature, wind
speed and wind direction at different pressure
levels up to 700 hPaare considered. The data
also include Sonic anemometer and Metek
dnemometer observations on sensible heat flux,
and momentum flux; soil type and texture, soil
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temperature at the surface, 5 cmy, 10 ¢m, 20
em, 40 em and 100 cm depth, Soil moisture,
incoming solar radiation, reflected incoming
solarradiation, soil heat flux at 5 cm depth.

The meteorological tower at Anand was
in midst of an agriculture farm located in
Gujarat Agriculture University campus. This
region is a flat river basin area and is situated
in the semi-arid/arid zone of the western part
of India. It 15 nearly homogencous terrain.
Low-level crops were grown during the
experimental period. Advection compenents
are found to be small over this area, verified
by NCMRWF (National Centre for Medium
Range Weather Forecasting) lurge-scale
anilyses. The conditions are well suited for
applying a one-dimensional/single column
model to understand the land-surface
processes and boundary layer characteristics
at Anand.

Soil heat and moisture transportation model

The exchange processes in the
atmospheric surface layer and soil resull from
a complex interaction among them. This
requires a proper parameterization of heat and
moisture transfer at the land surface and in
the soil, and should be incorporated within the
boundary layer models to improve the
efficiency of characterizing the boundary-layer
processes. A soll heat and moisture
transportation scheme has been developed wt
Centre for Atmospheric Sciences, IIT Delhi
and the details of the scheme are given
hereunder,

The prognostic equations for seil heat
and moisture diffusion can be written as

dT
dz =iy

dis _d

; L
dr dz

T
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f_f_{f_\_:iﬂv dg e 1992: Kusuma et al., 1996):
dt dz dz
Where o
ai:—a“ - +f+plp )
p = Soildensity (Kgm™); ot o
Cp = soil specific humidity (J kg LK)
%, = Soil heat conductivity coefficient ax-__aihg_ s (5)
(Whn/K) 5= g, o ke T
i, = Maoisture diffusivity coefficient
T = Temperature of the soil (*K) ﬂ+,;é1 D= .,’}rf'“'- O +Q, T (6)
q =Specific humidity of the soil (gg') il dz
The soil flux is computed as suggested
by Volodin and Lykossov (1998} o
T —q+:i(;r+vf;,'. -—'—-d—g;l-_if-f_'.‘l.,—(' e K7
Soil Fle = =A— 3 o E
dZ
The prescribed values of temperature and B
specific humidity at the soil bottom are used T T A -
as the soil lower boundary condition. ay T Uda Wi ST g T T
One-dimensional PBL maodel (e-€ closure (8)

scheme) with soil heat and moisture
transpaort scheme

The interictive soil heat and maoisture
transport scheme described in the previous
section was incorporated ina one-dimensional
PBEL model with e-€ closure scheme to study
the impact of the land surface processes in
modifying the boundary layer characteristics.
In a cartesian co-ordinate system, where the
horizontal axes x and y are directed to the
cist and north respectively, and the vertical
axis ¢ is directed upward, the planetary
boundary layer equations along with the
jurbulence closure equations can be writien in
the following form (Lykossov and Platov,

Where u,v, and ware 5, ¥ and z components
of the wind velocity, 8 is the potential
temperature, g is the specific hunudity, g, is
the specific liquid-water content, Eis tarbulemt
kinelic energy and p is dissipation, € is the
density of the air - water - water vapour

MIXWTE, (p,,p,).060,.0,).4q,.4,) 8re COmponents
of horizontal gradients of the pressure, patential
temperature, specific humidity and specilic
liquid-water content in the free atmosphere,
Q, and Q, are rates of the heat change due @
radiation and phase transitions of the water, C
and E_are rates of phase changes: water
vapou:l‘ to liquid water and water o water
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vapour, Pis the precipitation rate,

fund oy |-1.'-', fals BN fa {}:1" cind p'q."—“ W

are the vertical turbulent fluxes of MOmEntum,
heat, water vapor and liquid water, £is corilois
parametor,

Parameterization of pressure Sorcing and
advection

Tocompute the pressure gradient in Eg,
(4} and (5), the geostrophic wind relationships
dre used, To compute the horizontal gradients
of temperature, the thermal wind relationships
are employed (Satyanarayana er al, 2000)

Turbuwlence closure

In the model, the atmospheric boundary
layeris partitioned into two sub-domains: the
near surface constant-flux layer (z < h) {his
the height of constant flux layer) and the free-
wtmosphere-topped  interfacial layer
th<z=H)({His the top of the model domain),
It is assumed that h and H do not vary in
time. In order to caleulate vertical turbulent
fluxes of momentum, heat and moisture in the
interfacial layer, the Boussinesq hypothesis is
used. To compute turbulent Kinetic energy (E)
and dissipation (€}, additional prognostic
cquations are used,

aE c r.:'-;{'a" ) ;.'“.&-.- o p:.s - aw' E
= = Ve o 1 — e Y - =
il ez gz oz
e E. Tgu - dy g -—- e
—— = W e o W e W) - —
dr " dz gz p F oz

Where | g is acceleration due to gravity, C ,
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and b are constants.
Radiation

Animportant process in the evelution of
atmespheric boundary layver and in s
interaction with the surface is radiation, which
15 deseribed by the term Q in Eq. 6, Without
dwelling on the radiation block of the madel.
we point out that

| Tty
pCPQr - _E}M [‘_;I
oz

Where F —and FT] stand for the total
upwelling and down-welling radiative fluxes
respectively. The model has both short-wave
heating and long wave cooling effects. To
calculate the radiative fluxes, the radiation
scheme developed by Harshvardhan er al,
{(1987) has been used. Effects of water vapour,
ozone and carbon dioxide are included in this
parameterization. Additionally, the short-wave
radiative flux isinfluenced by the underlying
surface atbedo and cloud albedo.

Lower boundary conditions

The lower boundary of the interfacial
layer is kept as the maximum height of the
constant flux layer. Then, the lower boundary
conditions for the prognostic variables at the
constant [ux layer height, 2 = h, are as follows:

Kr;i = O, I-"J: i,
K%ii = C, ‘;.:. Yy
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H. 28 - 1997 and iv) 00 UTC RS/RW data of 14
—— = Ky 3 = —(,|V,i8,-8,) December 1997 at Anand station. For all the
CeP v ! above cases, the model is integrated for 72

hours with time step of 600 seconds.

E-, - EI{ sl (e )
< K, f = = te|V.-.!tr;.. -9q,) RESULTS AND DISCUSSION
i z |

Where H_uand LE_are the sensible and latent
heat fluxes at the land surface, the subscript h
indicates that the corresponding quantities refer
to the upper boundary of the constant flux
layer, the subscript s refers to the quantities
determined al the air-soil interface. Ineq. (12
to 15) we have used to notation v = (y_v) -
The surface layer is treated in the light of
Menin and Obukhowv similarity (heory
| Satyanurayana ef al., 2000).

Soil heat and moisture transport Scheme

To compute the surface lemperature, Ts
anitd specific humidity, g, the surface energy
and water budget equations are used. The
details of the soi1l heat and moisture transport
scheme are explained earlier in the manuscript.

Upper houndary conditions

The maximum height of the turbulent
boundary layer (top of the PBL} is chosen as
the upper boundary, At the top of the boundary
layer, the wind speeds, the potential
temperature and the moisture attain the
observed values at that height. The TKE flux
andd dissipation flux are assumed to vanish at
that height.

Inifial conditions

The initial conditions prepared for the
study are i) 00 UTC RS/RW data of 13 May
1997, 1) 00 UTC RS/RW dataof 13 July 1997,
i) 03 UTC RS/RW dita of 13 September

The observed profiles of zonal and
meridional wind components, potential
temperature and specific humidity obtained
from RS/RW observations, linearly
interpolated in the vertical at every 30 m
interval up to 2000 m were used to compare
with the simulations. First 12 hours of model
simulations are not considered for the analysis
as it was due to the spin up time of the model.
The results pertain only to 10P periad in
manth.

The vertical profiles of model
simulations and observations of zonal and
meridional wind components, polential
ternperature and specific humidity on 14 May
at 06 UTC: 14 July at 03 UTC; 14 September
at 06 UTC:; 14 December at 00 UTC are
depicted in Fig. | - 4. Model was able w0
sirmulate the stable stratification (FFig. 3¢ and
4¢) and unstable stratification (Fig. le) very
well, But during monsoon period the stable
stratification in the lower levels is not simulated
reasonably. Execept during pre and post
monsoon periods, the maodel could simulate
the specific humidity reasonably well, In
general, the model simulated the zonal,
meridional windcomponents reasonably well,

Model predictions of diurnal and day-
to-day variation of net radiation fluxalong with
the observations during 00 UTC of 13 1o 00
UTC of 16 May; 00 UTC of 13 to 00 UTC
of 16 July; 03 UTC of 13 to 03 UTC of 16
September and (0 UTC of 14 to 00 UTC of
17 December are presented in Fig. 5 The
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Fig. 9: Diurnal and day-to-day variation of soil heat flux (Wm?) along with the observations
during a) 00 UTC of 13w 00 UTC of 16 May 1997, b D UTC of 1310 00 UTC of |6
July 1997, ) B3 UTC of 1310 03 UTC of 16 September 1997 and ) 00 UTC of 1410

00 UTC of 17 December 1997 at Anand
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model over predicted the flux during May and
July where as not much variation is noticed
during September and December. During May
4 deviatien of around 200 Wm™ is seen
between observations and simulations. As
expected, relatively less net radiation flux is
ahserved during July and December in
comparison with May and September.

The model simulations of sensible heat
flus along with the observations during 00
UTC of 13 to 00 UTC of 16 May; 00 UTC
of 131000 UTC of 16 July; 03 UTC of 13 1o
(3 UTC of 16 September and 00 UTC of 14
to 00 UTC of 17 December are presented in
Fig, 6, Due to the non-availability of the direct
measurements of the sensible heat flux during
Septernber (Fig. 6c). only medel simulations
are presented, The model predictions show
clear-cut diurnal as well as day-to-day
variation during all the four seasons. The
abserved values are plotted whenever they
were available, In general, the model
simulations fairly agree with the observations.
During May, the mode! under-predicted the
maximum value of the flux where as during
July and December they are matching well
with the observations. From the abservations
unie can see the clear-cut seasonal variation.
During May a maximum [ux around 330 Wiy
' is observed where as during July and
December the maximum is between |50 - 200
Wi,

Model predictions of diurnal and day-
to-duy variation of boundary layerheight along
with the estimated values during 00 UTC of
13 to 00 UTC of 16 May; 00 UTC of 13 to
00 UTC of 16 July; 03 UTC of 131003 UTC
of 16 September and 00 UTC of 14 o 00
UTC of 17 December are presented in Fig. 7
Boundary layer height is estimated using the
ghserved thermodynamic profiles. These

E SATYANARAYANA [Vol.3,No. | &2

estimated values are overlaid on the simulated
boundary layer height curve, The height at
which the turbulent kinetic energy ceases is
taken as the PBL height. The maximum
simulated boundary layer height is seen during
the month of May is around 1500 m. In case
of July and December it ranges between 1250
- 1440m. Diurnal as well as day-to-day
variation of boundary layer height is scen
during May, July and December. No specific
variation is found during September, The
model sirnulations of boundary layer height
are in good agreement with the estimated
vilues.

The temporal evolution of turbulent
kinetic energy (TKE) during 00 UTC of 13 10
00 UTC of 15 May 1997; 00 UTC of 13 10
00 UTC of 15 July 1997, 03 UTC of 13 to (03
UTC of 15 September 1997 and 00 UTC of
14 to 00 UTC of 16 December 1997 are
presented in Fig. & Higher values of TKE are
noticed during May followed by July,
December and less magnitude is noticed in
September. During May a maximum TKE of
0.6 ms? 1s noticed, During May, July and
December diurnal variation of TKE is noticed
except during September.

The model simulations of soil heat flux
along with the observations during 00 UTC
of 13ta D0 UTC of 16 May:, DD UTC of I3 to
OUTC af 16 July; 03 UTC of 13 10 03 e
of 16 September and 00 UTC of 14 to 00
UTC of 17 December are presented in Fig. 9.
During May, the model ever-predicted the soil
heat flux and the deviation from the maximum
value is around 20 Wm=. A maximum Flux
of 90 Wm? is noticed in the observations.
During July, the model under-predicted thetlux.
A maximum fux 195 Wm™ is seen in the
phservations, The occurmence of maximum
value of the soil heat flux is stimulated well.
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Fig. 10 :

Diurnal and day-to-day variation of soil temperatare (° C) at different depths during
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During September as well as December, the
madel simulations are in fair agreement with
the observations. During September a
et flux of 120 Wi is observed whers
as m December it is 90 W, Higher values
of soil heat flux are noticed in July case.

Fig, 10 - 11 depict the diurnal, day-to-
day, seasonal vanation of sail lemperalure
during May, Tuly, September and December
1997, The model simulations show clear-cut
diurnal variation as noticed in the ohservations,
The model over-predicted the maximum soil
temperaiure daring July where as it under-
predicted during May. But during September
and December simulations are in good
agreement with the observations. A maximum
soil temperature ranging between 57-39 °C is
observed at the surface in the month of M .
During July. September und December the
maximun is ranging between 37-45 °C_ I all
the Tour cases the occurrence of the maximum
value of soil temperature is matching well with
the ohservations,

CONCLUSIONS

From the resulis of the numerical
simulations carried in this study the following
broad conclusions may be drawn,

Model simulations of sensible heat flux
are in good agreement with observations in
May, July and December and reveal a good
synchronization of the maxima and minima
with the observations. Simulated latent heat
flux for May, July, September and December
compared reasonably well with the estimarted
values. Net-radiation flux is over estimated in
May and July, Variation of the energy fluxes
is sinulated reasonably well. Diurnal variation
of PBL height is seen in May and December
und no such variation is noticed in July and

NUMERICAL SIMULATION OF ABL 16

September. Estimated and simulated PBL
height vilues are in good agreement in all four
seasons, Diurnal variation of soil temperature
atdifferent depths is simulated reasonably well
on comparing with the observations. More
TKE evolution is seen in May due to
Buoyancy generation; mechanical gencration
of TKE is seen in July and to some extent in
December. No specific temporal variation of
TKE is found in September. Vertical profiles
of zonal wind and meridional wind
tomponents, potential temperature and
specific humidity during all four scasons are
in good agreement withthe observations.
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