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Boundary layer fluxes over Anand using similarity theory
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ABSTRACT

The Land Surface Processes Experiment (LASPEX-37) was conducted in the
semi-arid region of Anand in Gujarat state of India during 1997, The experiment used
a tower having instruments at 1 m, 4 m, 16 m and 30 m lavels, with fast as well as
slow response sensors. The tower data at Anand was utilised 1o computing fluxes
using Monin-Obukhov similarity theory for both the stable and the unstable conditions.,
The computations were made for representative days during May, July and Decamber
1997, The fluxes computed wereé compared with the in-gitu obsorvations. Thea
nferences were made for the appropriateness of the similarity theory for the boundary
layer parametrisation over land regions for use in the nwmerical modelling,
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The exchange of momentum, heat and
moisiure n the atmosphenc boundary laver
phiys an important role in determination of
the structure of PBL and its characteristic
parumeters. The knowledge of the distribution
of Muxes of momentum, sensible heat and
latent heat in the surface layer are essential
inunderstanding semi-permanent features of
summer monsoon low and depression which
bring copious amounts of rainfall in the Indian
sub-continent, Although theoretical solutions
are difficult to obtain, the semi-empirical
relutions are formulated following Monin-
Obukhov (M-Q) similarity theory, which is
cxtensively used. Computation of boundary
laver fluxes and its variation with stability
parameters like bulk Richardson number (R )
were studied using operational metearalogical
satelhtes (Simon er. al. 1986) especially near
tropical Tndian Ocean. The latent heat flux
over oceanic regions was shown to be strongly
dependent on atmespheric stability. Joshi and
Simon (1994 compared the fluxes estimated

by satellite and those obtaned by Momn-
Obukhov similarity theory over oceanic
regions, They show that the stability dependent
corrections may be more than 100 Wm=_ In
present paper boundary layer lower data over
Anand were utilised with M-Q similarity
theory, lo compute the sensible heat and
momentum fuxes, The variation of (hese
fluxes with inclusion of stability parameter
(R ) was also studied. Boundary layer Muxes
were compared with observed instantaneous
fluxes.

MATERIALS AND METHOD

In the present study Sonic-anemometer
located at 9.5 meter level under the LASPEX-
97 program is ulilised lor computation of
fluxes of momentum and the heat by eddy
carrelation method. This fast response data
15 stored with 10 minutes average. However
for fluxes companson purpose hourly average
data is used. With hourly averaging data
becomes smooth without disturbing the
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variation pattern. We have used the observed
datiat 1 and 16 m 16 compute the [luxes of
monentuntand sensible heat using similarity
theory.

Flux camputation

The simialurity Muxes of momentum (Fm)
and heat (Fh) are respectively expressed by
the relation (Chang 1978)
Fim = ﬂf..-.[l;: U == (11
Fh=p.C,C (U, ) 0.-0) -— {2}

Where the similarity exchange coefficients arg
expressed by
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for stable and neuteal case (R, = 0):
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for unstable case Rm <,

Here /£ and ¥ denote respectively the
heizht of the bottom and top of the constant
flux fayer. (U, UL}, (0, 0 ) denote the wind
and potential temperature at bottom and the
top of surface layer. R denotes the bulk
Richardson number whose sign ts vsed o
denote the stability, K denotes the von Karman
CONSLAng,

BOUNDARY LAYER FLUXES OVER ANAND |25

R s given by

8,-011Z,-Z,
Ry = - e - (7]
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Expression for C follows the analysis of Louts
(1979)
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For momentum fluxes and.

C - 4{:}.3 K- {é }"""' _____ ‘g'\]

(n[Z./ 2] "Z,
for heat fluxes,
RESULTS AND DISCUSSION
Identification af constant flux surface laver

Sensible heat flux (Fig. 1) for three layers
(1-16 m), (4-16 m) and {4-30 m) computed
using similarity theory shows that fluxes from
three different lavers are different in
magnitude particularly during convection
period. This type of pattern hias been noticed
on all days (study period). The diunal pattern
is seen clearly inall the lavers. The observed
Muxes using (1-16 m) laver compared well
with the Muxes computed by eddy correlation
methoed. This type of variation in the fluxes
within the surface laver indicates the presence
of isolated layers in surfuce laver rather than
a‘constant surface and that identificition of
constant flux surface laver has to be done very
carefully,

Diurnal variation of momentim flux
Variation of momentum fHux with tme

has been studicd for representative days in
the monthis of May, July and December and
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Fig. 1.: Comparison between sensible heat flux
calculated for three different lavers

shown i Figs 2 (g-¢). The flux is maximum
during noontime and minimum during early
morning and late evening, Negative values
mdicate downward flux of momentum, In
summer and monsoon penod (May and July)
the range of momentum flux s of the order of
0=-175 gmi's “ with a peak in May about 173
g s Inowinter (December) the range is
0-30 gm ¢, The momentum flux variation
with stability factor is shown in Figs 3 (a-¢)
fer May, July and December,  In May and
July momentum flux is higher under unstable
atmosphere  and less for stable or neutral
almosphere, The increase in the magnitude of
momentim flux with instability is apparent.
However after reaching a particular state of
mstability, the momentum flux again gets
reduced. This reduction in magnitude is
probably due to reduction in gradient of
meteorelogical purameters like winds due (o
strong mixing in high convection situation,

Variation af sensible heat flux with stability

Varation of sensible heat flux with
stability 1s shown in Figs.4 (a-¢), Sensible heat
s caleulated using 1-16 m for different days
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Fig. 2 : Momentum flux variation with time

n different months. Three profiles covering
three months are shown in the figures, These
figures show that the downward heat flux
occurred for stable atmosphere [R = =0).
upward flux is persistent [or unstuble
atmosphere [R_ <0] and negligible flux for
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Fig. 3 : Momentum flux variation with bulk
Richardson number

neutral atmosphere. Sensible heat flux is
maximum under unstable atmosphere. The
maximum value is around 200 Wm™ during
May, while maximum downward value is
around 80 Wm™ duning December.

Comparison between the sensible heat flux
given by eddy correlation method and
similarity method

The sensible heat fluxes from both
approaches are shown in the Figs.5 (a-c). Both
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Fig. 4 : Sensible heat flux variation with bulk
Richardson number (R )

approaches give the diurnal varation very
well. As expected we find maximum upward
flux around noontime and downward flux
around early morning and late evening on cleur
sunny day. In pre monsoon and monsoon
manths (May and July ) the sensible heat Nux
given by similarity method is in agreement
with the eddy correlation method. Except on
17 May, the maximum values of sensible heat
flux given by eddy correlation method are
around 300 Wni?. Whereas the heat flux given
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Fig. 5 : Comparision between sensible heat
flux caleulated using similarity method
and eddy correlation (observed)
method

by similarity theory is around 200 Wm?>.
During December the magnitude of sensible
heat flux given by two approaches is guite
different especially during noontime when
atmosphere is unstable. Here also trend in the
profile is same e, maximum around noontime.
Maximum downward sensible heat flux is

[Vol . 3. No. 1 &2

around 75 Wm in the month of December.
Between 9-15 hours IST computed sensible
heat flux at times is an underestimate deviating
by 200 Wm? in summer (May) and by 100
W during monsoon and winter months.

CONCLUSIONS

Downward transport of momentum flux
1s maximum during pre-monsoon period and
around noon time with minimum or negligible
vilues around early momning and late evening.
The magnitude of momentum flux 15 found
to decrease with increase in degree of
instability in December and to increase with
increase in degree of nstability in the month
of May and July. For sensible heat flux some
differences in magnitude are observed between
these two approaches. This may be due to
following reasons:

a. Eddy correlation method involves the
data at only one level, but the present
method takes into account the
temperature structure of entire surface
liyer.

b. Caleulation of fluxes with similanty
theory used dry potential temperature
rather than virtual lemperature, which
may be one of the factors for
differences in magnitude,

In view of differences observed between
the similarity theory based fluxes and the
observed fluxes, the parameterisation schemes
(particularly using M-O similarity) used in
numericial models needs modification.
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