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ABSTRACT. The Monsoon Trough Boundary Layer Experiment (MOMER) was an intense multi-
institutional effort to probe the atmospheric boarydayer (ABL) over the monsoon trough regionta# Gangetic Plains
in 1990. For this experiment, four micrometeorobaditowers were set up at four different locatiafng the normal
position of the trough axis over Northern India.eGsuch tower of 30 m height was located at Jod{g@&B° N, 73° E),
Rajasthan in the campus of Central Arid Zone Resekstitute. This tower had six levels of instrutagion at 1m, 2m,
4m, 8m, 15m and 30m heights, which are termed aerst, 2nd, 3rd, 4th, 5th and 6th level respeftiigoth fast as
well as slow response sensors at various levelseofower (Rudrakumar and Prabhu, 1991) were adliin the present
study, we have presented the results evaluatedfimthfast and slow response data, 6 levels ofangmometers and
wind vanes, 4 levels of slow response temperatersa@s and 2 levels of fast response temperatursoise are
presented.

The purpose of the present work is to find outghigable layer for evaluating sensible heat fluxtfee Jodhpur
region with the help of multilayer hypothesis.
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1. Introduction 1995). After a long development, in the summer mons
season (June-September) of 1990, the Monsoon Trough

Atmospheric Boundary Layer (ABL) is a very Boundary Layer Experiment, acronym as MONTBLEX,
interesting part of study for the researcherst &sdirectly was designed to carry out exclusive surface boyndar
influenced by the earth’s surface, and respondsittace layer observations over land surfaces along thesomm
forcings with a time scale of about an hour or sl trough. During this experiment, a micrometeorolagjic
1994). Thus, it plays an important role to conttbé tower of 30m height with slow and fast responsessen
weather system. ABL Experiments started duringlabe fixed at six nearly logarithmic levels were installat four
sixties. The pioneering work in this field in Indieas the locations along the normal position of trough over
Monsoon Experiment (MONEX-79) where, a 10m high northern India. These locations represent the dry
mast was installed at a coastal station close ¢ty of convective to moist convective nature of the atrhesp
Bengal to probe the boundary layer (Mohamtyal., along the normal axis of the monsoon trough.
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As a part of this experiment, one such tower is height in both fast and slow response data, ondsn&e
placed at the Central Arid Zone Research Instituteintroduce the concept of a number of isolated kayaren
(CAZRI), Jodhpur, Rajasthan, which represents the d within the surface layer so that each distinct fagan
convective end of the monsoon trough. have a particular stability parameter and the cpnoé

constant heat flux should preserve.

Here, the tower had six levels of instrumentation.

Booms were placed at 1m, 2m, 4m, 8m, 15m and 30m
heights and mentioned here as 1st, 2nd, 3rd, #thaixd The slow response temperature and wind data are
6th levels respectively. In these 6 levels data viamnd available at all six levels, which is generally ttonous as
velocity, wind direction and temperature of botlovel one-minute averaging (Rudra Kunmetral., 1995). These
response as well as fast response type were aallethe one minute averaging data are further averaged®er
details about instrumentation are available inliteeature minute period, as it has been observed that fomBtute
(Rudra Kumar et al.,, 1995). The Lyman-Alpha averaged, shows best diurnal variation (Pradéaal.,
instrument, which measures the absolute humiditgs w 1994). Surface heat fluxHj is evaluated using flux-
placed at one level and three Humicups were plated profile technique and implementing two-layer cortcep
three different levels measures relative humidithe using 30 minute averaging data. In the present wirk
validation of the available data was carried outnaltian formation of layer structure two different methodee
Institute of Science, Bangalore (Rudra Kumar arabPRu, used. One is mentioned as Approach A and another as
1991). Approach B. In Approach A, for the pre-monsoon peéyi

the two layers have constructed between 2m & 8rd, an

As the tower of 30m falls within the lower part of between 8m & 30m heights. At the same time, the
ABL, i.e, surface layer, so studies has been undertakengcorresponding layers are between 1m & 15m heigtnid,
with this tower data to evolve this surface layidre study between 15m & 30m heights for the monsoon perioaks(D
of the surface layer is based on Monin-Obukhov Igirity etal., 2001).
theory (Stull, 1994), which describes that the ftaise
constant flux layerij.e., the gradients of the vertical flux In approach B, the lower level and the upper lével
of mass and momentum can be neglected. But thalactu kept undisturbed,e., the lower level is taken at 1m height
observations show that, there is a non-negligibl®unt and the upper level is at 30m. Then the middlelléve
of fluxes in the layer. To make a bridge betweea th chosen in the following way. The slow response dsdta
theory and actual phenomenon Kramm gives an idea o4m and 8m levels among the six levels are ignoaed,
multilayer hypothesis (Kramm, 1989). Although chiogs  temperature gradient is very high between these two
of the layer efficiently, is a challenging taskaBhanet levels. The mean of the meteorological parameté&mo
al. (1994) have chosen the layer using a speciahiqah and 15m heights is placed at geometric mean haifjht
which was already established for Kharagpur regigut. these two levels,e., at 5.477m height. So two layers are
this technique is not tested over Jodhpur region.being conceived, one is between 1m and 5.477m tweigh
Chattopadhyay and De (2000) have used a differentand another between 5.477m and 30m heights. Tha mea
layered hypothesis for their study over Jodhpurioreg  of data at 2m and 15m heights has been considerdbd
Here two methods are used namely Approach A andgeneration of the parameters at 5.77m height (Rradh
Approach B. In the present work, an attempt hambee et al., 1994).
made to compare between two different types ofrkge
hypothesis over Jodhpur region. For both the approaches stated above, surface heat

flux (H) is calculated for each of the isolated layer

The main objective is to develop a suitable separately. Then the surface heat flux for thel t8€m
methodology for evaluation of the sensible heat fiver height is calculated using the square root of thaght
Jodhpur region, such that each isolated layer neayaken weightage (Pradhast al., 1994). Now, the flux profile
to have a definite stability parameter where thecept of technique, by which the surface heat flux calcdais
constant heat flux should be supported. described in brief.

2. Methodology and procedure
3. The method of Flux-profile technique for
Since, the tower placed at 30m height lies withia t calculation of surface layer parameters
surface layer of ABL, so all the parameters derivethe
course of the present work are the surface layer Slow response sensors data for all the six lev&s a
parameters. Incidentally, as the potential tempeeat available. For the use of flux-profile techniquejngv
gradient has both signs successively even with@® an speed and temperature data are only taken care of.
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The non-dimensional wind shear and temperature2000).

stratification may be expressed as (Pradd#tah, 1994),

apfe) =22 @
Where,

z = Height,

k = Von-Karmann constant,

u = Wind speed,

oE) = (kz/6.) (06 /oz) @
Where

0 = Potential temperature,

Us = Frictional velocity,

- = Frictional temperature,

™€) = Non-dimensional wind shear
@& = Non-dimensional temperature

stratification.

z/L

The flux-profile technique is based on Monin-
Obukhov similarity relations (Pradhast al., 1994) for
™€) and @,(§). The generally accepted form of the
similarity relations are :

W) = (1-¢)° 3)
and
OXCI I (1-8)° (4)

Wherey is a free constant and it is taken as 5 for
Jodhpur region (Chattopadhyay and De, 2000) abdcse
the constants. The widely accepted values forb)are
(1/4, 1/2) and (1/3, 1/2). It has been seen thidt 112) law
holds good for Jodhpur region (Chattopadhyay and De
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In the stable condition,
expressions are,

the corresponding

On(€) = (&) = (1 +BE) ®)

where,[3 is the constant and the value [bimay be
taken as 5.

Integrating the profile relations (1) and (2), lwthe
help of 'Similarity’,i.e.,, Eqns. (3), (4), or (5), the
following relations are generated.

u2 = W/k) [In@z-d)/z-¥Ym(E, &)
(6)
6 (2 = @/k) [In@z-d)/z-] )
Where,
Z = Roughness length,
= Zero plane displacement,
&o = /L,
L = Monin-Obukhov length,
W& &) = surface layer stability correction term
for momentum,
W, (&,& ) = surface layer stability correction term

for heat.

Applying (1/4, 1/2) power law, the expressions are
modified as

Wn(&,8&)= -5/L(z-2z-d) for L>0
=0 for Loo
= 2In{(3/(1+yo)H+IN{(1+ y2)/(1+yo2)}
-2tan{(y-yo)/(1+yyo)} for L< 0
(8)
and
Wh(&,&%) = -5/L(z-z-d)for L>0
= 0 for Lo
= 2In{(1y»)/(1+yqy) for L< O (9)
Here,y =qy" (€)= (1-y¢)*"* (10)
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Figs 1(a-c). Comparison of variation of heat flux obtained nfro

approach A and B using flux-profile method in the
(&) pre-monsoon phase, (b) monsoon phase and
(c) combination of pre-monsoon & monsoon phase
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Obviously,y is the reciprocal of the dimensionless 5. Resultsand discussions
wind shear.
Comparison between the surface heat fluxes obtained
Now following the methodology of Kramm from two different types of layer hypothesis hasrbe
(Kramm, 1989; Businger, 1973; Brook, 1978) andrtgki made and the results are presented in Figs. 1(a&b).
d as zero, as the terrain of Jodhpur is flat, oneatztain
the converged values of, 6 and L for a layer formed From the Figs. 1(a&b), one finds that both the
out of two levels. Then, following the proceduré methods give identical diurnal variational pattefnheat
Pradharet al. (1994), a second iterative process is carried flux though the amplitudes are different. In a oes
out so that the equations (1) and (3) or (2) gAdlare  work (Daset al., 2001), it has been noted that, there are
exactly satisfied. After these two successive fteea  two significant days when deep convection is pregen
processes, stable valueswsf 6. and L are obtained. The the pre-monsoon period.€, in the month of June) for
stable parameters are evaluated for both the lafgeosn ~ Jodhpur region. For those two days when a system is
these parameters the surface heat flux can beatedltor ~ presenti(e., 27th June and 28th June), eddy correlation
each layer from the following relation 10, method unusually indicates high magnitude of sarfac
heat flux (Dast al., 2001). In the present study, for these
H = -pCoUk6:. (11)  two particular days, both the methods can not pi@vi
satisfactory result, in comparison to eddy coriefat
Where, output; though from the Figs. 1(a&b), it is evidémat for
these two days both the approaches exhibit peaks in
Density, surface heat flux. Again, one can accept that thdye
correlation method is an ideal one (Chattopadhyag a

p

Cp = Specific heat at constant pressure for D&, 2000), for calculation of surface layer pararetin
moist air. that context, it has been shown that, flux-prafilethod is

in same status with eddy correlation method, betahly
4. Heat flux for 30 m layer deficit is in the amplitudd,e., flux-profile method always

lags in amplitude compared to eddy correlation weth

For the heat flux of the entire 30m layer, the masi ~ Which supports the fact that flux-profile method léss
introduced. But herevz weightage for the averaging Pe€ak value of the surface heat flux in the Figaaby,

technique has been accepted for the Indian regiorf\PProach B is better in monsoon situation as this
(Pradharet al., 1994). Approach gives higher magnitude of heat flux. When

considering the sensitivity, Approach B is moreatge
Let us putH; and H, as the heat flux for the two than Approach A, for monsoon period.
layers andz andz, are the depth of the two layers. Then
considering thevz weightage for the depth of each
isolated layer, the heat flux of the entire 30nmetagan be
written as,

For the pre-monsoon phase Approach B is, in
general, more sensitive but for the two deep caiwec
days Approach A indicates high magnitude of surfaeat
flux. So it has been observed that the Approach Better

_ only for those days when a system was present,f@and
H = Bz +HVz) [ (V2 +V2) the other days.e., when deep convection is not present,
Approach B is better than Approach A.

Approach B is basically identical with Approach A
so far as the evaluation of layer parameters aneeroed. 6. Conclusions
During the study, the surface heat flux, obtaingdobth
approach, is compared and they show almost similar For the flux profile technique, two methodologies f
diurnal variational pattern although the magnitedehe calculation of surface layer parameters have bdeptad.
parameters are different. Comparison is done betwee Between these two approaches of flux-profile
surface heat fluxes obtained by both the approachmethodology, it has been observed that Approacts B i
graphically. Separate graph is drawn for pre-monsaa better in both the pre-monsoon and as well as & th
monsoon period to clearly distinguish the diffe®nc monsoon period except for the deep convective tina
between the surface heat fluxes obtained by twoceszh over Jodhpur region. Therefore, to measure the fheat
[Figs. 1(a&b)]. Again, another graph is plotted doning for Jodhpur region, Approach B is appropriate fdr a
the above mentioned two, to compare the charatitaris monsoon days as well as pre-monsoon days excege tho
of pre-monsoon and monsoon period [Fig. 1(c)]. days with deep convection.
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