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lkjlkjlkjlkj − xakxs; {ks= d¢ eSnkuksa esa 1990 d¢ nkSjku ekulwu nzks.kh d¢ izns’kksa esa ok;qeaMyh; ifjlhek Lrj ij 
tk¡p iM+rky djus d¢ fy, ekulwu nzks.kh ifjlhek Lrj iz;ksx ¼ekSaV cySDl½ ,d cgqlaLFkkuh; iz;kl FkkA bl 
iz;ksx dks djus d¢  fy, mRrjh Hkkjr esa nzks.kh v{k dh lkekU; fLFkfr  d¢ lkFk lkFk pkj fofHkUu LFkkuksasa ij 
pkj lw{e ekSle oSKkfud LraHk yxk, x,A tks/kiqj ¼26-3°m-] 73°iw-½] jktLFkku fLFkr dsanzh; 'kq"d  {ks= 
vuqla/kku laLFkku d¢ ifjlj esa 30 eh- dh m¡pkbZ okyk ,d blh izdkj dk LraHk yxk;k x;k gSA bl LraHk d¢ 
1 eh-] 2 eh-] 4 eh-] 8 eh-] 15 eh- vkSj 30 eh- dh m¡pkbZ okys miLdjksa d¢ N% Lrj gSa ftUgsa ;gk¡ Øe’k% igyk] 
nwljk] rhljk] pkSFkk] ik¡pok vkSj NBk Lrj dgk x;k gSA bu LraHkksa ¼:nz dqekj vkSj izHkw 1991½ d¢ fofHkUu Lrjksa 
ij rst+ vkSj /khes nksuksa izdkj dh izfrfØ;k laosnh dk mi;ksx fd;k x;k gSA geus bl v/;;u esa rst+ vkSj 
/khesa izfrfØ;k vk¡dM+ksa] di iouosxekih vkSj iou fnd~ lwpd d¢ 6 Lrjksa] /kheh izfrfØ;k rkieku laosnh d¢   
4 Lrjksa vkSj rhoz izfrfØ;k rkieku laosnh d¢ 2 Lrjksa ls izkIr ifj.kkeksa dks izLrqr fd;k gSA  

 
bl 'kks/k&dk;Z dk mn~ns’; tks/kiqj {ks= esa cgqLrjh; vuqeku dh lgk;rk ls ;qfDr;qDr m"ek vfHkokg dk 

ewY;kadu djus d¢ fy, mi;qDr Lrj dk irk yxkkuk  gSA 
 

ABSTRACT. The Monsoon Trough Boundary Layer Experiment (MONTBLEX) was an intense multi-
institutional effort to probe the atmospheric boundary layer (ABL) over the monsoon trough region of the Gangetic Plains 
in 1990. For this experiment, four micrometeorological towers were set up at four different locations along the normal 
position of the trough axis over Northern India. One such tower of 30 m height was located at Jodhpur (26.3° N, 73° E), 
Rajasthan in the campus of Central Arid Zone Research Institute. This tower had six levels of instrumentation at 1m, 2m, 
4m, 8m, 15m and 30m heights, which are termed here as Ist, 2nd, 3rd, 4th, 5th and 6th level respectively. Both fast as 
well as slow response sensors at various levels of the tower (Rudrakumar and Prabhu, 1991) were utilized. In the present 
study, we have presented the results evaluated both from fast and slow response data, 6 levels of cup anemometers and 
wind vanes, 4 levels of slow response temperature sensors and 2 levels of fast response temperature sensors are 
presented. 

 
The purpose of the present work is to find out the suitable layer for evaluating sensible heat flux for the Jodhpur 

region with the help of multilayer hypothesis. 
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1. Introduction  
 
Atmospheric Boundary Layer (ABL) is a very 

interesting part of study for the researchers, as it is directly 
influenced by the earth’s surface, and responds to surface 
forcings with a time scale of about an hour or less (Stull, 
1994). Thus, it plays an important role to control the 
weather system. ABL Experiments started during the late 
sixties. The pioneering work in this field in India was the 
Monsoon Experiment (MONEX-79) where, a 10m high 
mast was installed at a coastal station close to the Bay of 
Bengal to probe the boundary layer (Mohanty et al., 

1995). After a long development, in the summer monsoon 
season (June-September) of 1990, the Monsoon Trough 
Boundary Layer Experiment, acronym as MONTBLEX, 
was designed to carry out exclusive surface boundary 
layer observations over land surfaces along the monsoon 
trough. During this experiment, a micrometeorological 
tower of 30m height with slow and fast response sensors 
fixed at six nearly logarithmic levels were installed at four 
locations along the normal position of trough over 
northern India. These locations represent the dry 
convective to moist convective nature of the atmosphere 
along the normal axis of the monsoon trough.  
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As a part of this experiment, one such tower is 
placed at the Central Arid Zone Research Institute 
(CAZRI), Jodhpur, Rajasthan, which represents the dry 
convective end of the monsoon trough.  

 
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, 4th, 5th and 
6th levels respectively. In these 6 levels data for wind 
velocity, wind direction and temperature of both slow 
response as well as fast response type were collected. The 
details about instrumentation are available in the literature 
(Rudra Kumar et al., 1995). The Lyman-Alpha 
instrument, which measures the absolute humidity, was 
placed at one level and three Humicups were placed at 
three different levels measures relative humidity. The 
validation of the available data was carried out at Indian 
Institute of Science, Bangalore (Rudra Kumar and Prabhu, 
1991). 

 
As the tower of 30m falls within the lower part of 

ABL, i.e., surface layer, so studies has been undertaken, 
with this tower data to evolve this surface layer. The study 
of the surface layer is based on Monin-Obukhov similarity 
theory (Stull, 1994), which describes that the layer is 
constant flux layer, i.e., the gradients of the vertical flux 
of mass and momentum can be neglected. But the actual 
observations show that, there is a non-negligible amount 
of fluxes in the layer. To make a bridge between the 
theory and actual phenomenon Kramm gives an idea of 
multilayer hypothesis (Kramm, 1989). Although choosing 
of the layer efficiently, is a challenging task. Pradhan et 
al. (1994) have chosen the layer using a special technique 
which was already established for Kharagpur region. But 
this technique is not tested over Jodhpur region. 
Chattopadhyay and De (2000) have used a different 
layered hypothesis for their study over Jodhpur region.   
Here two methods are used namely Approach A and 
Approach B. In the present work, an attempt has been 
made to compare between two different types of layered 
hypothesis over Jodhpur region.            

 
The main objective is to develop a suitable 

methodology for evaluation of the sensible heat flux over 
Jodhpur region, such that each isolated layer may be taken 
to have a definite stability parameter where the concept of 
constant heat flux should be supported.  
 
2.   Methodology and procedure 

 
Since, the tower placed at 30m height lies within the 

surface layer of ABL, so all the parameters derived in the 
course of the present work are the surface layer 
parameters. Incidentally, as the potential temperature 
gradient has both signs successively even within a 30 m 

height in both fast and slow response data, one needs to 
introduce the concept of a number of isolated layers even 
within the surface layer so that each distinct layer can 
have a particular stability parameter and the concept of 
constant heat flux should preserve.  

 
 

The slow response temperature and wind data are 
available at all six levels, which is generally continuous as 
one-minute averaging (Rudra Kumar et al., 1995). These 
one minute averaging data are further averaged for 30-
minute period, as it has been observed that for 30 minute 
averaged, shows best diurnal variation (Pradhan et al., 
1994). Surface heat flux (H) is evaluated using flux-
profile technique and implementing two-layer concept, 
using 30 minute averaging data. In the present work, for 
formation of layer structure two different methods are 
used. One is mentioned as Approach A and another as 
Approach B. In Approach A, for the pre-monsoon period, 
the two layers have constructed between 2m & 8m, and 
between 8m & 30m heights. At the same time, the 
corresponding layers are between 1m & 15m heights, and 
between 15m & 30m heights for the monsoon period (Das 
et al., 2001). 

 
In approach B, the lower level and the upper level is 

kept undisturbed, i.e., the lower level is taken at 1m height 
and the upper level is at 30m. Then the middle level is 
chosen in the following way. The slow response data at 
4m and 8m levels among the six levels are ignored, as 
temperature gradient is very high between these two 
levels. The mean of the meteorological parameters of 2m 
and 15m heights is placed at geometric mean height of 
these two levels, i.e., at 5.477m height. So two layers are 
being conceived, one is between 1m and 5.477m heights 
and another between 5.477m and 30m heights. The mean 
of data at 2m and 15m heights has been considered for the 
generation of the parameters at 5.77m height (Pradhan     
et al., 1994). 

 
For both the approaches stated above, surface heat 

flux (H) is calculated for each of the isolated layer 
separately. Then the surface heat flux for the total 30m 
height is calculated using the square root of the height 
weightage (Pradhan et al., 1994). Now, the flux profile 
technique, by which the surface heat flux calculated, is 
described in brief. 
 
 
3. The method of Flux-profile technique for 

calculation of surface layer parameters 
    

Slow response sensors data for all the six levels are 
available. For the use of flux-profile technique, wind 
speed and temperature data are only taken care of.  
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The non-dimensional wind shear and temperature 
stratification may be expressed as (Pradhan et al., 1994), 
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Φ                                                        (1)       

 
Where,  
 
z =  Height,  
 
k  =  Von-Karmann constant,  
 
u  =  Wind speed,  
    
φh(ξ) = (kz/θ*) (∂θ /∂z )                              (2)                  
 
 
Where  
 
θ  =  Potential temperature,  
 
u* =  Frictional velocity, 
 
θ*  =  Frictional temperature, 
 
φm(ξ) =  Non-dimensional wind shear  
 
φh(ξ) = Non-dimensional temperature 

stratification. 

 ξ  =  z / L 
  
 

The flux-profile technique is based on Monin-
Obukhov similarity relations (Pradhan et al., 1994) for 
φm(ξ) and φh(ξ). The  generally accepted form of the 
similarity relations are : 

 
 

φm(ξ)  =   ( 1 - γξ )-a                                                             (3) 
             
 

and 
 
 
φh(ξ)  =   ( 1 - γξ )-b                                       (4) 
 
 
Where γ is a free constant and it is taken as 5 for 

Jodhpur region (Chattopadhyay and De, 2000) and a, b are 
the constants. The widely accepted values for  (a, b) are  
(1/4, 1/2) and (1/3, 1/2). It has been seen that (1/4,1/2) law 
holds good for Jodhpur region (Chattopadhyay and De, 

2000). In the stable condition, the corresponding 
expressions are, 

 
 

φm(ξ) = φh(ξ) = ( 1 + βξ )                                      (5)      
 
 

where, β is the constant and the value of β may be 
taken as 5.   

 
Integrating the profile relations (1) and  (2), with the 

help of  'Similarity', i.e., Eqns. (3), (4), or (5), the 
following relations are generated.  
 
 

u(z)  =  (u* / k )  [ ln (z - d) / z0 - Ψm( ξ, ξ0)]  
                                                      (6) 
 
 

θ (z)  =  (θ* / k )  [ ln (z - d) / z0 -]             (7) 
 

Where,  
 

z0   =  Roughness length, 
 

d   =  Zero plane displacement,  
 

ξ0  =  z0 / L, 
 

L  =  Monin-Obukhov length, 
 

Ψm(ξ, ξ0)  =  surface layer stability correction term 
for momentum, 

 
Ψh ( ξ , ξ0 )  =  surface layer stability correction term    

for heat. 
  

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

  
 

Ψm ( ξ , ξ0 ) =  -5 / L ( z - z0 - d )   for   L > 0        
              =    0       for   L→∞ 
                            =   2ln{(1+y)/(1+y0)}+ln{(1+ y2)/(1+y02)} 

      -2tan-1{( y-y0)/(1+yy0)} for L< 0                            
                                                                           (8) 

               
and 

 
 Ψh ( ξ , ξ0 )  =  -5 / L ( z - z0 - d ) for   L > 0        

             =   0    for   L→∞ 
                      = 2ln{(1+y2)/(1+y02) for  L< 0       (9) 
 

Here,  y = φm
-1 (ξ) =  ( 1 - γξ )1 / 4                         (10) 
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Figs. 1(a-c).  Comparison of variation of heat flux obtained from 
approach A and B using flux-profile method in the       
(a) 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 
wind shear. 

 
 Now following the methodology of Kramm 

(Kramm, 1989; Businger, 1973; Brook, 1978) and taking 
d as zero, as the terrain of Jodhpur is flat, one can obtain 
the converged values of u*, θ* and L for a layer formed   
out of two levels. Then, following   the procedure of   
Pradhan et al. (1994), a second iterative process is carried 
out so that the equations (1) and  (3) or  (2) and  (4) are 
exactly satisfied. After these two successive iterative 
processes, stable values of u*, θ* and L are obtained. The 
stable parameters are evaluated for both the layers. From 
these parameters the surface heat flux can be evaluated for 
each layer from the following relation 10,  
                

 H  =  - ρCpu*θ*.                  (11) 
 

Where,       
 
ρ  =  Density, 

 
Cp = Specific heat at constant pressure for 

moist air.  
  
4. Heat flux for 30 m layer 
   

For the heat flux of the entire 30m layer, the various 
weightages for the depth of each isolated layer can be 
introduced. But here √z weightage for the averaging 
technique has been accepted for the Indian region 
(Pradhan et al., 1994). 

 
Let us put H1 and H2 as the heat flux for the two 

layers and z1 and z2 are the depth of the two layers. Then 
considering the √z weightage for the depth of each 
isolated layer, the heat flux of the entire 30m layer can be 
written as, 
                   

H  =   (H1√z1  + H2 √z2) /  (√z1  + √ z2) 
 
 

Approach B is basically identical with Approach A 
so far as the evaluation of layer parameters are concerned. 
During the study, the surface heat flux, obtained by both 
approach, is compared and they show almost similar 
diurnal variational pattern although the magnitude of the 
parameters are different. Comparison is done between the 
surface heat fluxes obtained by both the approach 
graphically. Separate graph is drawn for pre-monsoon and 
monsoon period to clearly distinguish the difference 
between the surface heat fluxes obtained by two approach 
[Figs. 1(a&b)]. Again, another graph is plotted combining 
the above mentioned two, to compare the characteristics 
of pre-monsoon and monsoon period [Fig. 1(c)].  

5.   Results and discussions 
  

Comparison between the surface heat fluxes obtained 
from two different types of layer hypothesis has been 
made and the results are presented in Figs. 1(a&b).  
 

From the Figs. 1(a&b), one finds that both the 
methods give identical diurnal variational pattern of heat 
flux though the amplitudes are different. In a previous 
work (Das et al., 2001), it has been noted that, there are 
two significant days when deep convection is present in 
the pre-monsoon period (i.e., in the month of June) for 
Jodhpur region. For those two days when a system is 
present (i.e., 27th June and 28th June), eddy correlation 
method unusually indicates high magnitude of surface 
heat flux (Das et al., 2001). In the present study, for these 
two particular days, both the methods can not provide 
satisfactory result, in comparison to eddy correlation 
output; though from the Figs. 1(a&b), it is evident that for 
these two days both the approaches exhibit peaks in 
surface heat flux. Again, one can accept that the eddy 
correlation method is an ideal one (Chattopadhyay and 
De, 2000), for calculation of surface layer parameters. In 
that context, it has been shown that, flux-profile method is 
in same status with eddy correlation method, but the only 
deficit is in the amplitude, i.e., flux-profile method always 
lags in amplitude compared to eddy correlation method, 
which supports the fact that flux-profile method is less 
sensitive than eddy correlation method. However, for the 
peak value of the surface heat flux in the Figs. 1(a&b), 
Approach B is better in monsoon situation as this 
Approach gives higher magnitude of heat flux. When 
considering the sensitivity, Approach B is more reliable 
than Approach A, for monsoon period. 

 
For the pre-monsoon phase Approach B is, in 

general, more sensitive but for the two deep convective 
days Approach A indicates high magnitude of surface heat 
flux. So it has been observed that the Approach A is better 
only for those days when a system was present, and for 
the other days, i.e., when deep convection is not present, 
Approach B is better than Approach A.  

 
6. Conclusions 

 
For the flux profile technique, two methodologies for 

calculation of surface layer parameters have been adopted. 
Between these two approaches of flux-profile 
methodology, it has been observed that Approach B is 
better in both the pre-monsoon and as well as in the 
monsoon period except for the deep convective situation 
over Jodhpur region. Therefore, to measure the heat flux 
for Jodhpur region, Approach B is appropriate for all 
monsoon days as well as pre-monsoon days except those 
days with deep convection.  
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