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¦ÉÉMÉÉå +Éè®ú ¤ÉÆMÉÉ±É EòÒ JÉÉc÷Ò EòÒ +{ÉäIÉÉ ¦ÉÒ iÉÊ¨É±ÉxÉÉbÖ÷ Eäò +Ænù°üxÉÒ ¦ÉÉMÉÉå ¨Éå ¨ÉäPÉÉSUôÉnùxÉ Ê´É¶Éä¹É °ü{É ºÉä ºÉPÉxÉ {ÉÉªÉÉ 
MÉªÉÉ ½èþ* 850-700 ½èþC]õÉ{ÉÉºEò±É EòÒ ºÉiÉ½þ ¨Éå ´ÉÉªÉÖ¨ÉÆb÷±É Eäò ºÉÆ´É½þxÉÒ ºlÉÉÊªÉi´É =kÉ®úÒ-{ÉÚ´ÉÔ ¨ÉÉxÉºÉÚxÉ Eäò Eò¨ÉVÉÉä®ú 
{Éc÷xÉä/´ÉÉ{ÉºÉÒ +´ÉºlÉÉ Eäò +xÉÚ°ü{É {ÉÉªÉÉ MÉªÉÉ ½èþ* iÉÊ¨É±ÉxÉÉbÖ÷ Eäò +Ænù°üxÉÒ ¦ÉÉMÉÉå ¨Éå =kÉ®úÒ-{ÉÚ´ÉÔ ¨ÉÉxÉºÉÚxÉ  Eäò Eò¨ÉVÉÉä®ú 
{Éc÷xÉä Eäò nùÉè®úÉxÉ ´É¹ÉÉÇ vÉÒ¨ÉÒ ½þÉäxÉä Eäò EòÉ®úhÉÉå ¨Éå ºÉä BEò Ê´É·ÉºÉxÉÒªÉ EòÉ®úhÉ <ºÉ IÉäjÉ ¨Éå 850-700 ½èþC]õÉ{ÉÉºEò±É ºÉiÉ½þ 
¨Éå ºÉÆ´É½þxÉÒ +ÎºlÉ®úiÉÉ ½þÉä ºÉEòiÉÒ ½èþ* ÊEòxiÉÖ iÉ]õÒªÉ iÉÊ¨É±ÉxÉÉbÖ÷ +Éè®ú ¤ÉÆMÉÉ±É EòÒ JÉÉc÷Ò ¨Éå VÉ½þÉÄ ¨ÉÉxÉºÉÚxÉ EòÒ Eò¨ÉVÉÉä®ú 

+´ÉºlÉÉ Eäò nùÉè®úÉxÉ ´É¹ÉÉÇ xÉ½þÓ ½þÉäiÉÒ ½èþ, ªÉ½þ ÎºlÉÊiÉ xÉ½þÓ {ÉÉ<Ç MÉ<Ç ½èþ* 6o Eäò /ÊEò.¨ÉÒ. (ºÉä Eò¨É) EòÒ +ÊvÉEòiÉÉ ´ÉÉ±ÉÒ 
850-700 ½èþC]õÉ{ÉÉºEò±É ºÉiÉ½þ ¨Éå +É¦ÉÉºÉÒ iÉÉ{É¨ÉÉxÉ ¿ÉºÉnù®ú, EòÉ ºÉÆ¤ÉÆvÉ iÉÊ¨É±ÉxÉÉbÖ÷ Eäò +Ænù°üxÉÒ ¦ÉÉMÉÉå, iÉ]õÒªÉ ¦ÉÉMÉÉå 
iÉlÉÉ ¤ÉÆMÉÉ±É EòÒ JÉÉc÷Ò EòÒ =kÉ®úÒ {ÉÚ´ÉÔ ¨ÉÉxÉºÉÚxÉ EòÒ ºÉÊGòªÉ +´ÉºlÉÉ ºÉä ½þÉäiÉÒ ½èþ* 

 
ABSTRACT.  Thermodynamic structure of atmospheric boundary layer during October - December covering southwest 

and northeast monsoon activities over interior Tamilnadu (ITN), coastal Tamilnadu (CTN) and adjoining Bay of Bengal (BOB) 
has been studied using  TIROS Operational Vertical Sounder (TOVS) data of 1996-98. Heights of neutral stratified mixed 
layer, cloud layer and planetary boundary layer (PBL) have been estimated through available standard pressure level data. 
Highest PBL occurs during active northeast monsoon. Cloud layer thickness during weak northeast monsoon over interior 
Tamilnadu  is significantly higher than that over coastal Tamilnadu and  also over Bay of Bengal. Convective stability 
(instability)  of the atmosphere in 850-700 hPa layer is associated with weak / withdrawal (active) phase of northeast monsoon. 
One of  the plausible reasons for  subdued rainfall activity during weak northeast monsoon over interior Tamilnadu could be 
convective instability  seen over this region in 850-700 hPa layer. But the same is absent in CTN and BOB where no rainfall 
activity exists during weak monsoon phase. Virtual temperature lapse rate in 850-700 hPa layer exceeding (less than) 6oK/km is 
associated with active (weak) phase of northeast monsoon over the interior, coastal Tamilnadu and Bay of Bengal. 

 
Key words    Planetary boundary layer, Cloud layer, Convective instability, Equivalent potential temperature, Virtual 

potential temperature, Lifting condensation level, Northeast monsoon. 

 
 
 
1. Introduction 
  

Planetary Boundary Layer (PBL) comprises of surface 
layer, neutral stratified mixed layer, transition layer and a 
cloud layer. On an average the surface layer extends upto a 
height of about 100m above ground and is characterised by 

super-adiabatic lapse rate. Immediately above surface layer 
is the neutral stratified (having dry adiabatic lapse rate) 
mixed layer extending approximately upto 500m. The top of 
transition layer of about 100m thickness in which specific 
humidity is constant normally coincides with lifting 
condensation  level  (Augustein et al., 1974).   The  study  of  
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Figs. 1(a-c).  Sample validation of  TOVS data with colocated RS/RW data during  November – December 1996-98. (a) Temperature, (b) gpm 
and (c) dew point temperature 

 
 
PBL assumes significance as it is this layer in which the 
turbulent exchange of momentum heat and moisture takes 
place from the underlying land/ocean. PBL during southwest 
(SW) monsoon season over Indian sub-continent and 
adjoining ocean and sea areas have been studied using 
ISMEX and MONTBLEX data by many authors [Pant 
(1978), Ramanathan (1978) and Tyagi et al. (1994)]. 
Northeast (NE) monsoon affects  southern peninsular India 
south of 14o N, especially the Tamilnadu state. Detailed 
study of PBL during NE monsoon has not been attempted 
for want of upper air soundings from this  region.  As the 
study of PBL requires vertical exploration of atmosphere at 
very small intervals through special ascents and/or 
sophisticated instrumentation, such a study could not be 
made through conventional RS/RW data. Moreover, the 
RS/RW data over ocean is practically absent but for one 
each in BOB and Arabian sea. However, with the 
availability of TIROS Operational Vertical Sounder (TOVS) 
data from NOAA satellites at Chennai, it has now become 
possible to get upper air soundings over data sparse and 
oceanic areas. An attempt has been made to use the TOVS 
derived upper air meteorological data to study the vertical 
structure of the PBL over southern peninsular India and 
adjoining BOB during NE monsoon. 
 
2. TOVS 
  

TOVS data obtained from NOAA satellite gives 
temperature, dew point, gpm values at standard pressure 

levels besides liquid water content (LWC), outgoing long 
wave radiation, total ozone content and stability index at the 
point of sounding. These data are available approximately at 
80sq km horizontal resolution at the sub-satellite points 
through different sounding units. Details of TOVS sounding 
have been  described, in detail, by  Smith and Schreiner 
(1985). Validation of TOVS data has been done for Indian 
region by Khanna and Kelkar (1993) and Gupta et al. 
(1996). The validation has shown  that the TOVS derived 
temperature profile is in good agreement with radio-sonde 
derived temperature between 850 and 200 hPa  levels. 
 
3. Data 
  

High Resolution Picture Transmission (HRPT) direct 
readout ground station at Chennai has the facility to receive 
and process imageries and TOVS data from NOAA 12 and 
14 satellites. The system configuration and its capabilities 
have been described by Gupta et al. (1996). One step 
physical retrieval scheme of the International TOVS 
Processing Package (ITPP) version 4.0 developed by the 
University of Wisconsin, Madison is used to derive the 
vertical profiles of upper air data. As the microwave 
sounding unit (MSU) undergoes calibration at every scan 
and the microwave radiation is well-nigh unaffected by 
cloud contamination (Kidder and Vonder Harr, 1995) this 
data together with stratospheric level  High Resolution 
Infrared Scanner (HIRS) channels data have been used to get 
regression  estimates  which  in  turn  are  used  as first guess  
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Fig. 2.  Mean monthly temperature biases (satellite – radiosonde) during 1996-1998 

 

profile to retrieve atmospheric temperature at various levels. 
TOVS data from August 1995 to December 1998 have been 

used in this paper for the validation and understanding the 
vertical structure of  PBL during northeast monsoon. 
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TABLE  1 
 

Depth  of  mixed and cloud layers ( metres)  over  southern peninsular India during October-December 1996-98 
 

 
Area 

             Active NE 

    Mixed            Cloud 
      layer               layer 

             Weak NE  

     Mixed           Cloud 
      layer              layer  

             Wdl  NE  

    Mixed            Cloud 
      layer              layer 

           Active  SW 

   Mixed             Cloud 
     layer               layer   

           Weak  SW 

    Mixed            Cloud 
      layer              layer 

ITN 901 2189 689 2405 724 714 945 2179 953 2170 

CTN 870 2214 888 549 911 525 951 2146 941 2156 

BOB 891 2190 910 525 921 509 926 2166 895 2201 

          NE-Northeast monsoon,  SW-Southwest  monsoon,   Wdl - Post withdrawal, 
          CTN - Coastal Tamilnadu,  ITN - Interior Tamilnadu,  BOB - Bay of Bengal 

 
 
4. Methodology 
 

4.1.  Validation of TOVS data  
 
Validation of temperature, dew point and gpm data at 

standard pressure levels derived through TOVS has been 
done for all satellite passes within three hours of 0000 and 
1200 UTC RS/RW soundings at locations within a radial 
distance of about 100 km from the RS/RW stations. Sample 
validation, selected at random, is shown in Fig 1.  Validation 
of temperature, dew point and height (gpm) of pressure 
levels from  TOVS derived data from August 1995 to 
December 1998 indicates that the average root mean squared 
differences (also called biases) between conventional 
RS/RW soundings and TOVS derived upper air soundings is 
from 1.9 to 2.5o C in respect of temperature, 2.2 to 4.5o C in 
respect of dew point and 30 to 55 gpm in respect of height of 
standard pressure level between 1000 and 200 hPa. It was 
also found that on some days there had been perfect 
agreement between these values within an absolute bias of 
1o C (40 gpm) in respect of temperature (height of standard 
pressure levels - gpm) between 1000 and 100 hPa. However 
such validation done elsewhere for more than three years 
with three to four passes a day close to conventional RS/RW 
sounding timings was not readily available to the authors. 

  
There is every likely that  the values of meteorological 

parameters derived through TOVS and RS/RW may differ 
considerably, since (i) the sounding devices, timings and 
methods are different. (ii)  the meso scale variability in the 
upper air is not readily known to us in the absence of 
RS/RW sounding values at less than 50  50 km grid points 
and (iii)  the root mean squared difference between the 
TOVS and RS/RW values includes the error from the 
RS/RW as well. However since the root mean squared 
differences of temperature and height values are less than 
the natural variability, the TOVS soundings explain a 
substantial fraction of the variance of temperature and  
heights. In order to compare TOVS derived data on a larger 

scale with the climatological normal of RS/RW data, 
monthly means of all the parameters were computed. The 
comparison is presented  in Fig. 2.  It can be seen that biases 
vary with seasons, geographical locations and with height. 
This is in agreement with earlier studies reported by Kidder 
and Vonder Harr (1995). As the TOVS data is in reasonable 
agreement with conventional data and as we have 
voluminous data over data sparse and oceanic region which 
are unrepresented through conventional sondes, a study on 
the PBL during NE monsoon has been attempted in this 
paper with the available standard pressure level data. For 
this purpose, soundings close to even degree latitude  
longitude (within 75 km) are averaged in the domain  Lat. 8 
to 14o  N /  Long. 78 to 86o E. Through this the ITN is 
represented by  Long. 78o E, CTN by  Long. 80o E and BOB 
by  Long. 82 to 86o E. As the soundings are averaged over 
even degree Lat.  Long., CTN may sometimes cover upto 
75 km in the oceanic region also.   
 

4.2.  Lifting condensation level 
  

As we do not have data at the surface and between 
1000 and 850 hPa, it is very difficult to estimate the lowest 
layers of PBL, viz., surface layer, neutral stratified mixed 
layer, transition layer separately with the available data set. 
Lifting Condensation Level (LCL) is considered as the top 
of the mixed layer (Augustein et al., 1974; Pant,1978). 
Hence in the absence of TOVS derived surface data, LCL of 
1000 hPa is considered as the top of mixed layer, as an 
approximation, since surface pressure during NE monsoon 
season over peninsular India is around 1000 hPa. LCL has 
been computed numerically based on method outlined in 
WMO (1986). The depth of mixed layer has been estimated 
in this fashion for ITN, CTN and BOB for the active, weak 
and post withdrawal phases of NE monsoon and also for the 
active and weak phases of southwest (SW) monsoon during 
October prior to onset of NE monsoon. The results            
are summarised in Table 1. Over ITN during active           
NE monsoon,  the  mixed  layer height is about 175 to 200 m 
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Fig. 3. Equivalent potential temperature profiles during various phases of northeast monsoon, 1996-98 

 
 

 
 

Fig. 4. Equivalent potential temperature profiles over coastal, interior Tamilnadu and adjoining Bay of Bengal during northeast monsoon, 1996-98 
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Fig. 5.   Plot of equivalent potential temperature difference between (a) active and week, (b) active and post 
withdrawal phases of northeast monsoon, 1996-98 
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TABLE  2 
 

Profiles of equivalent potential temperature and virtual potential 
temperature (oK) during active northeast monsoon 1996-98 

 
Pressure  

(hPa) 
Coastal 

Tamilnadu 

     e                   v 

Interior  
Tamilnadu 

     e                     v 

Bay  
of Bengal 

       e                          v 

1000 

850 

700 

500 

400 

300 

369.9 

349.0 

343.5 

342.6 

341.1 

342.8 

304.7 

307.6 

314.2 

327.5 

333.9 

340.6 

359.4 

355.2 

346.4 

343.4 

341.8 

343.2 

302.2 

309.2 

315.1 

327.8 

334.3 

340.9 

371.3 

347.9 

344.1 

343.3 

341.8 

343.3 

305.0 

307.3 

314.2 

327.7 

334.3 

341.0 

 
 
higher than that of post withdrawal/weak phase. However 
over CTN and BOB instead of such a contrasting difference, 
it is seen that mixed layer height is 20 to 30 m lower during 
active phase than the other two phases. In other words, the 
mixed layer height is almost constant during all the three 
phases of NE monsoon over BOB and CTN presumably due 
to the perpetual availability of moisture. This is also 
confirmed during active and weak phases of SW monsoon 
over these regions albeit there is no contrasting difference 
over ITN also from active to weak phase. 
 

4.3.  Cloud layer 
 

4.3.1. Equivalent potential temperature profile 
  

Cloud layer extends from LCL to the base of trade 
inversion wherein the lapse rate is slightly steeper than moist 
adiabat and specific humidity decreases weakly upward. 
This layer could not be clearly determined during disturbed 
conditions during SW monsoon (Pant,1978; Tyagi et al., 
1994). In order to identify this layer in the absence high 
vertical resolution data, equivalent potential temperature (e) 
has been computed for standard pressure levels for all 
phases of NE  monsoon. The mean values of e have been 
presented for the active phase of NE monsoon, as  a sample, 
in Table 2. Gradient of equivalent potential temperature  
(de / dz)  has been worked out for all phases of NE  and SW 
monsoon over all the three regions and presented in Table 3. 
Typical plots of e during various phases of NE monsoon 
over different regions are depicted in Figs. 3&4. During 
active NE monsoon conditions, convective instability was 
seen in the lower level upto 500 hPa. This layer is capped by 
convective stability which is most favourable for the 
development of convective clouds.  

  
 

Compared to CTN and BOB, ITN has a low vertical 
gradient of e in 1000-850 hPa layer in view of temperature 
contrast in these layers between oceanic and land region. 
de/dz in 850-700 hPa layer is crucial in determining various 

 
Fig. 6.  Plot of virtual temperature difference between various phases 

of northeast monsoon, 1996-98 over (a) interior, (b) coastal 
Tamilnadu and (c) Bay of Bengal 



 
 
82                   MAUSAM, 53, 1 (January 2002) 

TABLE  3 
 

Gradient of equivalent potential temperature and virtual potential temperature (oK/km) during northeast monsoon 1996-98 
 

Pressure 
(hPa) 

Coastal Tamilnadu 

           de /dz                      dv/dz 

Interior Tamilnadu 

           de /dz                     dv /dz 

Bay of Bengal 

           de /dz                      dv /dz 

Active  northeast monsoon 

1000-850 -14.7 2.0 -2.9 4.9 -16.5 1.6 
850-700 - 3.3 4.0 -5.4 3.6 - 2.3 4.2 
700-500 - 0.3 4.9 -1.1 4.7 - 0.3 5.0 
500-400 - 0.9 3.7 -1.0 3.7 - 0.9 3.8 
400-300 0.8 3.2 0.7 3.2 0.7 3.2 

Weak northeast  monsoon 

1000-850 -14.6 1.9 -5.1 4.3 -15.8 1.6 
850-700 - 0.1 4.8 -4.5 3.5 0.8 5.0 
700-500 0.4 5.4 -0.0 5.3 0.3 5.4 
500-400 - 0.8 4.3 -1.1 4.2 - 1.2 4.0 
400-300 0.4 3.3 0.3 3.3 0.4 3.2 

Post-withdrawal  of  northeast monsoon 

1000-850 -15.0 1.7 -3.5 4.5 -17.2 1.0 
850-700 1.2 5.1 -0.9 4.5 2.6 5.6 
700-500 0.6 5.5 -0.3 5.2 0.8 5.5 
500-400 - 1.1 4.2 -1.3 4.0 - 1.0 4.2 
400-300 0.2 3.2 0.1 3.0 0.1 3.1 

Active southwest  monsoon 

1000-850 -13.0 2.6 - 7.6 4.3 -14.2 2.3 
850-700 - 4.3 3.9 -12.0 2.3 - 3.5 4.1 
700-500 0.5 5.4 0.0 5.2 1.0 5.6 
500-400 - 1.3 4.1 - 1.1 4.3 - 1.1 4.4 
400-300 0.5 3.5 0.2 3.5 0.4 3.6 

Weak  southwest  monsoon 

1000-850 -13.3 2.6 - 7.9 4.3 -13.9 2.4 
850-700 - 3.9 3.8 -11.1 2.3 - 3.1 4.0 
700-500 1.1 5.7 0.1 5.4 1.0 5.7 
500-400 - 1.2 4.4 - 1.7 4.5 - 1.4 4.3 
400-300 0.2 3.5 0.1 3.4 0.3 3.5 

 

 
 

phases of monsoon. e either very slowly decreases with 
height at the rate of 0.1o K/km or increases with height at the 
rate of  0.8 to 2.7o K/km over CTN and BOB during weak 
and post withdrawal of NE monsoon. This  suggests  the 
prevalence of dryness in this convectively stable layer.  In 
the active phase of NE monsoon e drops with height by 
more than 2.3o K/km. In the case of ITN, e decreases at 
psuedo-adiabatic rate during active phase while during post 
withdrawal of NE monsoon very small decrease at the rate 
of 0.9o K/km only could be noticed. However, during weak 
phase de/dz over ITN is on par with that of active phase 
implying existence of convectively unstable atmosphere and 
thereby causing some rainfall activity over ITN while 
rainfall activity is normally absent over CTN and BOB 
during weak phase of NE monsoon. 
  

Strong convective instability extends in 850-700 hPa 
layer over ITN during active SW monsoon in October than 
during active NE monsoon in October to December. This is 

in conformity with the observed fact that ITN receives 
maximum rainfall during active SW monsoon than active 
NE monsoon. Middle level dryness/convective stability is a 
common feature during active and weak SW monsoon over 
CTN, ITN and BOB while convective instability (though not 
so strong) extends upto 400 hPa during active phase of NE 
monsoon over these regions. 
  

Fig. 5 shows the difference between active and 
weak/post withdrawal NE monsoon over different regions. 
e values during active NE monsoon  are warmer than the 
weak  (post withdrawal) NE monsoon by 3 to 4o C (4 to 7o 

C) at 1000 and 850 hPa and colder by 2 to 4o C (1 to 5o C) 
from 700 to 250 hPa over BOB and CTN. Warmer e at 
lower levels and colder e at middle and upper troposphere 
reflect the warmer lower troposphere and colder middle and 
upper troposphere which is a favourable sign for active 
monsoon conditions. However it is seen over ITN that e 
values  during  weak  monsoon  are warmer than that  during  
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TABLE  4 
 

Virtual temperature profile during northeast monsoon over southern peninsular India, October-December 1996-98 
 

 
Type 

Pressure      levels (hPa) 

       1000                  850                   700                     500                     400                    300 

 Active   northeast   monsoon 

CTN 304.7 293.7 283.7 268.6 256.9 241.4 

ITN 302.2 295.1 284.6 268.9 257.2 241.6 

BOB 305.1 293.3 283.7 268.8 257.2 241.7 

 Weak   northeast   monsoon 

CTN 304.0 292.7 283.9 270.0 259.0 243.5 

ITN 303.4 265.5 284.7 270.4 259.2 243.7 

BOB 304.1 292.4 284.0 270.0 258.6 243.0 

 Post withdrawal of  northeast  monsoon 

CTN 303.8 292.3 284.1 270.3 259.2 243.5 

ITN 301.3 293.7 284.5 270.0 258.6 242.7 

BOB 303.5 291.1 283.6 270.0 258.8 243.0 

 Active  southwest    monsoon 

CTN 305.5 295.2 285.0 271.0 259.8 244.5 

ITN 307.2 299.2 286.5 272.0 261.0 245.7 

BOB 305.5 294.8 284.9 271.4 260.5 245.3 

 Weak   southwest   monsoon 

CTN 305.6 295.2 284.9 271.7 260.8 245.5 

ITN 307.1 299.0 286.2 272.1 260.8 245.3 

BOB 305.6 294.9 285.0 271.6 260.6 245.3 

CTN - Coastal Tamilnadu,  ITN - Interior Tamilnadu, BOB - Bay of Bengal 

 
 
active monsoon by 3.2o C at 1000 hPa and 0.2o C  at 850 
hPa.  This shows the presence  of warmer lower atmosphere 
during weak NE monsoon - a condition conducive for 
convective activity. 
 

4.3.2. Thickness of cloud layer 
  

The cloud layer was determined during undisturbed 
condition for SW monsoon over Indian ocean and over 
Arabian Sea by Pant (1978) and over monsoon trough 
regions by Tyagi et al. (1994) by identifying the region 
wherein  e shows a decrease from surface upto the base of 
trade inversion. Under disturbed conditions, minimum e at 
inversion base is less pronounced and it nearly vanishes 
whence there is no inversion (Pant, 1978). The importance 
of minimum e and thereby prevalence of dry air at mid 
level in producing strong wet microburst has been well 
documented by Caracena and Maier (1987). During active 
NE monsoon, the minimum  e is seen at 400 hPa over CTN, 
ITN and BOB indicating the presence of convective 

instability upto 400 hPa. However in other phases of 
monsoons, the minimum e was mostly restricted to 850 hPa 
except in ITN wherein very weak dropping with height is 
observed upto 400 hPa. i.e. convective instability ceases 
atop 850 hPa during weak and post withdrawal phase of NE 
monsoon over CTN and BOB while very weak convective 
instability extends upto 400 hPa over ITN. During SW 
monsoon minimum  e was seen at 700 hPa in both phases 
over all the regions. This is in agreement with Srinivasan 
and Sadasivam (1975). 
  

As we are unable to identify the capping inversion 
from the data set considered, the top of the cloud layer is 
identified as the height above which de/dz either drops very 
slowly, say between 0 and -1.0o K/km, or becomes positive 
in the case of oceanic areas and between 0 and -2.0o K/km or 
positive in the case of land areas. In other words, as the 
cloud development requires moisture and convective 
instability, without loss of generality the layer upto which 
de/dz  is  relatively  more  negative  is  considered  as  cloud  
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TABLE  5 
 

Heights of  planetary boundary layer during October- December 1996-98 over southern peninsular India 
 

Phase Latitude (oN) 

        8               10              12              14 

Region 

     ITN              CTN              BOB 

Act NE 2142 2155 2197 2203 2362 2165 2089 

Wk NE 1961 2066 2072 2056 2232 1995 1952 

Wdl NE 1953 1966 2010 2001 2165 1957 1904 

Act SW 1977 2054 2050 2046 2205 2031 1936 

Wk SW 2090 2110 2103 2088 2289 2087 2016 

Act NE - Active northeast monsoon,  Wk NE - Weak northeast monsoon 
Wdl NE - Post-withdrawal of northeast monsoon 
Act SW - Active southwest monsoon; Wk SW - Weak southwest monsoon 
CTN - Coastal Tamilnadu, ITN - Interior Tamilnadu, BOB - Bay of Bengal 

 
 
layer in this study. The cloud layer thickness thus worked 
out has been presented in Table 1.  Cloud layer during active 
phase of NE monsoon is higher than its weak phase  over 
CTN and BOB. However over ITN, weak NE monsoon 
cloud layer is higher than its active phase. This is  perhaps 
due to the fact that the lower level temperatures are warmer 
during weak phase over ITN. More over, the thickness of 
cloud layer over ITN during weak NE monsoon is 
significantly higher than that over CTN and BOB. No 
appreciable difference in cloud layer thickness could be 
noticed during active and weak phases of SW monsoon over 
all the three regions.  The assumption we made to work out 
the cloud layer appears to be valid as  

 
(i) The cloud layer worked out tallies with that 

computed through special ascents by Tyagi et al. (1994) 
using MONTBLEX data and by Pant (1978) using ISMEX 
data and  

 
(ii)  They are similar to those made by Holt and 

Raman (1985) and Parasnis and Goyal (1990) in some 
earlier studies. 

 
4.4. Variation of virtual temperature 

  
Virtual temperature (Tv) has been computed based on 

the formula  Tv = T (1.0+0.61q) where T is the temperature 
and q is specific humidity, for all regions for different phases 
of monsoon. Table 4 lists the values of Tv and Fig. 6 presents 
the virtual temperature difference between active and 
weak/withdrawal phases of NE monsoon over ITN, CTN 
and BOB. Tv  at 1000 hPa over BOB is  warmer than ITN by 
2.8 (0.7 / 2.2)oK  during active(weak/post withdrawal) 
phase. During active NE monsoon Tv  at 1000 hPa, over 
BOB is 0.9(1.5)oK warmer than weak (withdrawal) phase of 
while over CTN it is warmer by 0.8(1.0)oK respectively. 
Contrastingly over ITN, weak phase Tv  is warmer than 
active phase upto 300 hPa (1.2oK at 1000 hPa, 1.5 to 2.0oK 

in 500 to 300 hPa). During active phase of NE monsoon, 
CTN and BOB are warmer by more than 2.5oK at 1000 hPa 
and cooler by more than 1.5o K at 850 hPa and about 0.9oK 
at 700 hPa than ITN. This causes higher lapse rate at lower 
levels over CTN.  Lapse rate of  Tv  (i.e. -dTv /dz) in 850-700 
hPa is above 6.0oK/km during active NE monsoon while it is 
less than 6.0o K/km in weak and post withdrawal phase over 
all the regions.  The increased gradient of Tv produces a 
larger negative buoyancy in active phase causing intense 
convective activity and vertical development of clouds. 
However over ITN,  lapse rate of Tv in this layer during 
weak NE monsoon is more than 6.0oK/km which contributes 
the rainfall activity even during weak phase. No signal could 
be detected above 700 hPa level to identify the different 
phases of monsoon. 

 
4.5. Variation of virtual potential temperature 

  
Virtual potential temperature (v) has been computed 

from the virtual temperature. Mean values of v  have been 
tabulated in Table 2 and its gradient in Table 3. Over CTN 
and BOB compared to active NE monsoon, dv/dz increases 
by 0.7 to 1.4 oK/km in 850-700 hPa layer during weak/post 
withdrawal phase. Cooling in lower troposphere is observed  
in weak/post withdrawal phase. However over ITN during 
weak NE phase such an increase of dv/dz in 850-700 hPa 
layer could not be seen but on the contrary the gradient is 
almost equal to that of active phase. Increased gradient of  v 
during weak monsoon phase could be seen from 700 to 400 
hPa over ITN though the magnitude of its difference from 
that of active NE phase is very small (varying from 0.5 to 
0.6oK/km). Warming upto 700 hPa and cooling aloft could 
be the reason for some convective activity over ITN during 
weak NE monsoon. This sort of variation of gradient is not 
seen during active and weak phases of SW monsoon during 
October over these regions.  This result agrees with the 
earlier findings by Srinivasan and Sadasivam (1975). 
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TABLE  6 
 

Gradient  of  specific humidity (dq/dz) during October-December 1996-98  
over  southern  peninsular  India 

 
 

dq/dz 

 

1000-850 

Pressure 

850-700 

levels  (hPa) 

700-500 

 

500-400 

 

400-300 
 

Active  northeast  monsoon 

CTN -3.1 -3.3 -1.5 -0.9 -0.2 

ITN -1.4 -3.1 -1.5 -0.9 -0.2 

BOB -3.2 -3.7 -1.3 -0.8 -0.2 

 Weak  northeast   monsoon 

CTN -3.2 -4.5 -0.9 -0.5 -0.1 

ITN -2.2 -5.4 -1.1 -0.6 -0.1 

BOB -3.3 -4.4 -0.8 -0.5 -0.1 

 Post withdrawal of  northeast  monsoon 

CTN -3.3 -4.4 -0.9 -0.4 -0.1 

ITN -2.1 -4.8 -1.0 -0.4 -0.1 

BOB -3.3 -4.1 -1.0 -0.4 -0.1 

 Active  southwest  monsoon 

CTN -3.1 -3.6 -1.5 -0.7 -0.2 

ITN -1.9 -3.5 -2.0 -1.3 -0.3 

BOB -3.1 -3.6 -1.4 -0.8 -0.2 

 Weak  southwest  monsoon 

CTN -3.1 -4.4 -1.2 -0.7 -0.2 

ITN -2.0 -4.7 -1.5 -0.9 -0.3 

BOB -3.3 -4.4 -1.2 -0.6 -0.2 

CTN - Coastal Tamilnadu,   ITN - Interior Tamilnadu,  BOB - Bay of Bengal 

 
 

4.6. PBL heights 
  

PBL is the lowest part of atmosphere in which 
humidity is almost constant it decreases sharply above this 
layer. The height of PBL can be found out by working out 
the point of inflexion i.e. where the derivatives of humidity 
with height changes its sign. The computation has been 
carried out iteratively using the interpolated humidity values 
between standard pressure levels. The PBL heights are thus 
estimated for different phases of NE and SW monsoon. The 
mean PBL heights for CTN, ITN and BOB are tabulated in 
Table 5. The highest PBL height is seen during active NE 
monsoon and it is maximum over ITN. The mean PBL 
heights during active  NE monsoon  phase over 
CTN/BOB/ITN are higher than that of weak phase by 
169/137/129 m and that of the post withdrawal phase by 
207/185/196 m respectively. The higher PBL during active 
NE monsoon phase is in conformity with realised 
precipitation over Tamilnadu in this phase. Active NE 
monsoon PBL height is higher than that of active SW 

monsoon and the maximum height difference is observed 
over ITN and also over low (8o N) latitude. 
 

4.7.  Specific humidity 
  

Specific humidity (q) has been estimated from dew 
point temperature using Teten's formula (WMO,1986). 
Gradient of q has been worked out for all phases of NE and 
SW monsoon over all the three regions. The mean values of 
dq/dz are summarised in Table 6. Drop of q with height is 
comparatively very less over ITN in 1000-850 hPa layer 
during active phase of NE monsoon. Compared to active 
phase, dq/dz of weak phase of NE monsoon diminishes in 
850-700 hPa layer by 1.2g/kg/km  over CTN, 0.7g/kg/km 
over BOB. The drop over ITN is substantially high 
(2.3g/kg/km). Despite this higher drop in q, ITN gets some 
precipitation during weak phase due to the prevalence of 
convective instability in the lower atmosphere which is 
normally absent over CTN and BOB in this phase. Specific 
humidity and its gradient is very small over all three regions 
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atop 700 hPa during weak and withdrawal phases of NE 
monsoon. However substantial amount of moisture extends 
upto 500 hPa during active NE monsoon and weak SW 
monsoon over all the three regions but upto 400 hPa over 
ITN during active SW monsoon. This is in partial agreement 
with Raj (1996) who reported higher liquid water content 
over CTN during the active phase of SW monsoon in 
October than the active phase of NE monsoon based on 
computation using only  Chennai RS/RW data.  
 
5. Conclusions 
  

(i) Neutral stratified mixed layer of active northeast 
monsoon over interior Tamilnadu is 175-200 m higher than 
that observed during weak/post withdrawal phase. 
  

(ii) During weak NE monsoon, cloud layer thickness 
over interior Tamilnadu is higher than that over coastal 
Tamilnadu and Bay of Bengal.  
  

(iii) The existence of convective instability upto 700 
hPa decides the active phase of NE and SW monsoon over 
interior, coastal Tamilnadu and adjoining Bay of Bengal. 
  

(iv) During weak phase of NE monsoon, convective 
stability prevails over CTN and BOB in 850-700 hPa 
whereas convective instability exists in this layer over ITN 
causing some rainfall activity. 
  

(v) Convective instability extends upto 400 hPa 
during active NE monsoon whereas stability prevails atop 
700 hPa during active SW monsoon over all the regions. 
  

(vi) Substantial amount of moisture extends upto   
500 hPa during active NE monsoon whereas very little 
moisture is available aloft 700 hPa over CTN, ITN and 
BOB. 
  

(vii) PBL height of active NE monsoon is higher than 
active SW monsoon and the maximum height difference is 
noticed over ITN and also at 8o N latitude. Compared to all 
phases of NE and SW monsoons over ITN, CTN and BOB, 
the maximum height of PBL is seen during active phase of 
NE monsoon over ITN. 
  

(viii) Virtual temperature lapse rate in 850-700 hPa  
exceeding (less than) 6o K /km is associated with active 
(weak) phase of NE monsoon over ITN, CTN and BOB.  
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