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Simulation of boundary layer parameters using one dimensional
atmospheric boundary layer model
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ABSTRACT

Simulation of atmospheric boundary layer parameters has been carried out
using the observations collected at Anand,Khandha, Sanand and Derol for two
different periods during the Land-Surface Experimant in the year 1987 using the
one-dimensional atmospheric boundary layer modeal, This is a combination of a
boundary layer model and a two layer soil model, The pilot balleon wind observations
collected at Arngj, Khandha and Derol have been used to obtain the vertical velagity
companent reguired as an input for the 1-d modsl, The boundary layer height showed
progressive increase with time, The maximum height was attained at 1300 hours,
which was attributed due mainly 1o the strong surface heating, and convective
activity. The boundary layer height decreased rapidly to its initial value of 400 m at

1700 hrs, The results are discussed,
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The numerical modelling of land surface
processes is an effective way to understand
the physical mechanism of exchange
processes in the atmospheric boundary layer.
The growing interest in the interactions
between the atmosphere and the underlying
curth's surface is driven by the realisation that
the surface fluxes determine, the steady state
of the mtmosphere to a great extent and also
they determine the mean profiles of the
surface layer and the atmospheric boundary
lavers.

A relatively simple one dimensional
model of Atmospheric Boundary Layer is
deseribed here, in which a soil atmosphere
system that incorporates the interactions
between soil and atmosphere in the
parameterisation of surface fluxes is also
included. The proposed model 1s a combination
of & boundary layer model and two layer soil
model. Simulation of boundary layer fluxes

with the help of this model will have
applications to local weather forecast; air-
pollution, soil chemistry and sotl hydrology.

MATERIALS AND METHODS

Atmospheric boundary layer model and
prognostic equations

The model forecasts the tendencies due
to turbulent mixing of the polential
temperature (0), specific humidity (q) and
horizontal component of the wind (Vh or u
and v). To simplify presentation, only the
vertical diffusion terms due to boundary-layer
turbulent mixing and the advection terms due
to prescribed wvertical motion  field are
considered  in the prognostic cquations
(Troen and Mahrt, 1986).

The prognostic equations for atmospheric
boundary layer are
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where V, 6, g and h are the mean wind,
potential temperature, specific humidity and
boundary layer height respectively and K and
K, are the diffusivity coefficients for
momentum and heat. v, (km Y 1s the counter
gradient correction for the potential
temperature required for weakly stable
conditions of surlface fayer,

Surface layer model

The counter gradient correction (y,) 15
evaluated in terms of the surface flux of
potential temperature, The surface fluxes are
parameterised for stable case following Mahrt
(1987 and for unstable case following Louls
el {1982y modified by Hollslag and Beljaars
(1989) as

RS oM (4)
(w'0') = C, (6.-0,) (5)
(w'q') =C, (g.-q.) (6)

where C_ and C, are the exchange coefficients
for momentum and heat |E'~1pectwei}f {ms").
IV | is the wind speed evaluated at the first
model level above the surface. The potential
temperature (0 ) and specific hurmidity (g )
are laken as their representations al the first
model level while the potential temperatare
() ) and specific humidity (g ) at the surface
are obtained [rom the surface energy balance.
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Total evaporation

Total evaporation (E} 15 obtamed by
summing up the direct soil evaporation (£, ).
transpiration (E ) and the canopy transpiration
(E.).

E = E.hl + I-:-I + I-E-I.' [?:I
The two layer soil madel is used to abtain
E
dir

Surface energy balance and potential
evaporation

The soil or ground heat flux G is defined as

AT
G=K(@)(5;

). §

-0 (o)
where & is the volumetric water content as
defined above, K is thermal conductivity
(WK ') and T is soil temperature.

The sensible heat flux 15 calculated as
H= 1:!”(:;.”:,'\_I (0-0) {9

which is a function of the air density (0 ),
the specific heat for air, the heat exchange
coefficient (C,) the difference between the
surface temperature (0 ) and the air potential
temperature at the first model level (G ).

The potential evaporation (E ) which
is used to calculate the tota) evaporation can
be-evaluated using surface energy balance
equation. The surface potential temperature
{0 ) also is obtained by the surface energy
balance equation in which the poetential
evaporation E is submitted for the actual
evaporation E as a fraction of it.

The canopy evaporation [ can be obtained
as

E.= E, 6 e*6") (10

Journal Of Agrometeorology/ceety/253



PARASNIS ET AL

[Vol. 3, No, 1 & 2

o 2504 .’f/-"
= 3
ol b j
= i / \ | |
= b y " gy an
150 - 7 ‘&_‘1 ..... \ -.“l. STV
1 ! Y gl X {H)
100 / P o LN 1
] o 2L N
s A X g e X
| f > TR A W
T | P S L] L] —l—__'__ .“x i
o J%_;.—-——"—.‘ - __-._‘—\\1'.=——‘l\,‘_
2 L Tew- T
50 -
.1 ¥
k= I ! T T L T T T T T —y
t={ula] BDD 1000 1200 1400 1800 1800

Hours

Fig. 1 : Simulated sensible (H), latent (LE), ground (G) heat fluxes, net (N) radiative flux, and

observed (H), at Anand it 0600 UTC on 14 Feburay, 1997,
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Fig. 2 : Simulated sensible (H), latent (LE), ground (G} heat fluxes, net (N) radiative flux. and

obseeved (H). at Anand at 0900 UTC on 14 Feburay, 1997,
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Fig. 3 : Simulated boundary layer height at Anand on 14 February, 1997

Where o, is plant shading factor, $' 1s Determination of surface spectfic humidity

satirtion water content, c® is the canopy o " . .
The surface specific humidity (g 1 15

water content, n=0.5 (nondimensional)
Evaporation through transpiration (E )

Evaporation through transpiration (E)
can be oblained in the following manner

s mn
5

[Az] (11

2
T [Argle)]

E=EoK,

1t ra

1

where K is a nondimensional plant
resistance factor or plant coefficient with a
value between O and |. The canopy resistance

may be used instead of the plant coefficient. g

(&7} is the wilting point.

caleulated from

E

= {12)

P.C.

where q, is the specilic humidity at
first model level,p, 15 the air density atsurtace
(kg m?), C,_is the exchange coelficient for
moisture  and E 15 the total evaporation.

{J.i = q':l +

Data

In the present model, the soil moisture
observations collected at Anand in the
Sabarmati region of Gujarat state during the
LASPEX-97 programme were utilised. The
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sotl morsture data s available for some of the
days of intensive observation period (10P).
The input parameters required for the 1-d
atmospheric boundary layer medel are u
(zonal), v (meridicnal) along with vertical
velocity component, temperature and mixing
ratio profiles, The pilot balloon wind data at
three stations viz, Arnej, Khandha and Derol
for the compuation of vertical velocity and
the temperature, mixing ratic. u and v
component profiles for station Anand were
used. The simulations of boundary layer
parameters as well as the computations of
sensthle heat ux, luent heat flux, ground
heat flux and net radiative flux using the 1-d
mode] are presented below.

RESULTS AND DISCUSSIONS
Surface energy balance

Surface energy balance on Feb. 14,
19497 15 shown in Fig. 1. Fig. 2 shows the
computations of fluxes for the same day but
for different time, e, 0900 UTC, It is
interesting o note that the values of all fluxes
i both the Fig. | and 2 show consistency.
Also, shown in this figure the observed values
of sensible heat flux {dotted line in figure 1
and 23, The observed and simulated values of
sensible heat flux are comparable. The sensible
heat flux (H}), latent heat flux (LE), ground
heat Mux (G) and the net radiative flux (N
depicted inthe Fig, | and 2, showed variations
relating to the progress of the day. Particularly
the sensible heat flux, latent heat flux and net
radiative flux showed diurnal character,

Boundary layer height

The one dimensional atmospheric
boundary layer maodel also simulates the
boundary layer height. Fig. 3 shows the
evolution of boundary layer height from 0600
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to FBOO hrs for Feb. 14, 1997, 1t is seen that
the boundary layer height which is iniially 400
m, gradually increased as the day progressed.
The value of boundary layer height remained
almost stationary between 1300 to 1700 hrs
and afterwards dropped suddenly tothe imitial
value. The maximum height was attained al
1300 hours mainly due to the strong surfuce
heating and convective activity and then 1t
remained stationary to 1600 hes. The boundary
layer height decreased rapidly to its initial value
of 400 m at 1700 hrs,

CONCLUSIONS

The one-dimensional atmospheric
boundary layver model, briefly described above
is @ combination of a boundary laver model
and a two layer soil model. The model’s
capability to simulate the fluxes has been
tested. It is noticed that the model simulates
the surface fluxes to a reasonable extent,
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