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Atmospheric instabilities, mainly convection, depend on temperature distribution and
moisture availability. The development of convection can often lead to the formation of
clouds and precipitation, release of latent heat, etc. The initiation or development of
instabilities has to be studied in detail with high-resolution, ground-based instruments
such as ground-based microwave radiometric measurements. In this study we evalu-
ated ground-based microwave radiometer data (MWR)-retrieved temperature and
relative humidity profiles and compared these to radiosonde observations. Analysis
showed that MWR-measured temperature (specific humidity) has a warm (wet) bias
below 3 km and cold (dry) bias above that altitude. Correlation of stability indices
estimated from radiometer and radiosonde showed fairly good correlation, with a
correlation coefficient greater than 0.5 with 95% significance. MWR was then utilized
for the verification of atmospheric stability over Mahbubnagar (16° 44′ N, 77° 59′ E),
India, during the second half of the monsoon and start of post-monsoon seasons.
Radiometric observations showed strong day-to-day variation of atmospheric para-
meters as well as thermodynamic indices during the monsoon, which were weak
during the post-monsoon season. The seasonal mean of thermodynamic indices and
the associated seasonal difference showed that thunderstorm potential is higher during
the post-monsoon season over the study site.

1. Introduction

Temperature and water vapour play an important role in the atmosphere. The distribution
of water vapour influences various atmospheric processes such as deep convection,
precipitation, radiation transfer, and energy balance. Atmospheric instability/processes,
mainly development of convection, can often lead to formation of clouds and precipita-
tion, release of latent heat, etc. Several studies have reported on the seasonal and long-
term variation in various atmospheric parameters such as outgoing longwave radiation
(OLR), sea surface temperature (SST), precipitable water, and clouds, which have effects
on convective activity over different regions (Dai 2001; Gettelman et al. 2002; Ueno and
Aryal 2008; Sapra et al. 2011; Venkat Ratnam et al. 2013). Few studies have investigated
the diurnal variation in convection. In general, understanding atmospheric stability over
the tropics is a complex issue, but can be overcome to a certain extent by estimating
stability indices as well as through continuous monitoring of the atmosphere. In other
words, stability indices are essential for understanding the thermodynamic structure of the
atmosphere, especially in troposphere, which needs to be estimated from observations. We
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know that the estimation of stability indices derived from thermodynamical parameters
requires highly accurate data sets of temperature and water vapour.

Earlier studies using radiosondes have shown that they are suitable for measuring
vertical profiles of atmospheric parameters such as temperature (T), relative humidity
(RH), and pressure (Elliott and Gaffen 1991; Gettelman et al. 2006; Sun et al. 2010;
Kwon et al. 2012). However, there are limitations for example radiosonde measurements/
data are available at most only twice per day, which is not sufficient to capture the
thermodynamic state of the atmosphere. Apart from this, it is also seen that radiosonde
measurements are not satisfactory, especially during low-humidity conditions or when
there are large horizontal or temporal gradients in humidity structure (Han et al. 1994), as
these have poor temporal resolution. Recent studies have shown that ground-based
microwave radiometer data (MWR), is an alternative source or is suitable for the study
of thermodynamical state of atmosphere and its temporal evolution (Ware et al. 2003;
Cimini et al. 2006; Löhnert and Maier 2012; Madhulatha et al. 2013 and references there
within). All the above-mentioned studies have shown that MWR has the advantage of
continuous monitoring of the atmosphere up to a maximum altitude of 10 km with a time
interval of about 2 min. More details about MWR and its data retrieval are explained in
the following section. Apart from demonstrating the robustness of MWR, many studies
(e.g. Chan 2009; Chan and Hon 2011; Cimini et al. 2011) have shown that data from this
instrument can be used in nowcasting of convective weather. Although the above-men-
tioned studies discuss the advantages of MWR data, some have observed/ reported bias in
temperature and RH measurements. A recent study by Sanchez et al. (2012) reported a
bias in temperature and humidity measurements obtained by MWR. These authors applied
bias correction using a linear adjustment method, which significantly improved vertical
temperature and water vapour density profile accuracy. That study, along with some others
from the Indian region (Madhulatha et al. 2013; Venkat Ratnam et al. 2013), have also
shown bias in radiometer retrieved temperature and humidity profiles.

Considering these features of MWR, as a first step in the present study we validated
the MWR observations with radiosonde observations by comparing the temperature and
humidity profiles from each. For a detailed comparison we correlated several other
atmospheric parameters and stability indices derived from MWR with parameters esti-
mated from radiosonde measurements. Finally, considering the advantages of MWR, we
utilized it to verify atmospheric stability during the monsoon and post-monsoon seasons
over Mahbubnagar, a site within a rain shadow region. This work will be useful to chart
the evolution of the thermodynamic state of the atmosphere over a rain shadow region, as
well as to verify the robustness of microwave radiometric observations.

2. Instruments used

The Integrated Ground Observational Campaign during the Cloud Aerosol Interaction and
Precipitation Enhancement Experiment (CAIPEEX-IGOC) campaign was conducted by the
Indian Institute of Tropical Meteorology (IITM) from 21 June to 11 November 2011 over the
Indian southern peninsular region at Mahbubnagar (16° 44′ N, 77° 59′ E). The observational
site is a semi-urban region located on the edge of the Deccan Plateau 440 m above mean sea
level (AMSL). It is to be noted that the study location is subject to both SW and NE
monsoons; during the study period the region received part of the former. Along with a
host of other instruments, a microwave radiometer was operated continuously during the
entire period of the campaign. This provides vertical profiles of temperature, water vapour,
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and liquid water. The radiosonde was launched once per day around noon local time (about
06.00 GMT). A detailed description of the instrument and data used are presented below.

2.1. Microwave radiometer

The ground-based microwave radiometer used in the CAIPEEX IGOC campaign was a
MP-3000A (Radiometrics Corp., USA), a 35-channel temperature, water vapour, and
liquid water profiler. The MP-3000A incorporates two radiofrequency (RF) subsystems
in the same cabinet, which share the same antenna and antenna pointing system.
Temperature profiles are obtained by measuring the radiation intensity or brightness
temperature at points along the side of the oxygen absorption band at 60 GHz.
Similarly, water vapour profiles can be obtained by observing the intensity and shape of
emission from pressure-broadened water vapour lines. The line near 22 GHz is suitable
for ground-based profiling in relatively moist areas. Several retrieval techniques are
currently available but traditionally, microwave radiometer retrieval uses non-linear (e.g.
iterative), linear (e.g. regression), or neural network (NN) methods, partially overcoming
the lack of sensitivity at higher levels by incorporating statistical correlations between
lower and higher levels (Cimini et al. 2011). With the microwave radiometer used in this
study, the brightness temperature algorithm for level 1 products is a four-point non-linear
model whereas retrieval algorithms for level 2 products are NNs. Neural networks
supplied by Radiometrics Corp. are derived using the history of radiosonde profiles
(more details can be obtained from the Radiometrics profiler operator’s manual, http://
radiometrics.com or http://doi.org/10.12898/ES0702FR). For the present study region, a
NN trained on radiosonde data from the University of Wyoming for the station Hyderabad
(located about 102 km from campaign region) is used. This retrieves temperature and RH
profiles with a temporal resolution of 2 min and with height resolution as follows: up to
500 m with 50 m, 500 m–2 km with 100 m, and 2–10 km with 250 m. For the present
study, the entire data set was interpolated to height intervals of 100 m resolution and the
hourly average recorded. Apart from obtaining vertical profiles, the radiometer also
provides surface parameters (i.e. temperature, pressure, and RH) and integrated products
such as vapour, liquid, and cloud base height.

It is to be noted that radiometer retrieval accuracy depends on calibration, and thus it is
important to describe the quality and timeliness of liquid nitrogen (LN2) calibration. The
instrument was calibrated on 24 June 2011 and this procedure typically takes 1–2 hours, after
which the regular observation cycle is resumed. The manufacturer supplied a calibration
target, which comprises a box of expanded polystyrene foam containing a permeable
microwave absorber. This is filled with LN2 and placed on top of the radiometer, and it
views emissions from the absorber through the base of the polystyrene box, which has low
loss at microwave frequencies. This provides a black body at low temperature that can be
accurately calculated. The contrast between radiometer measurements when viewing this and
the internal black body near ambient temperatures is used to derive values of the brightness
temperature of the noise diode (ND) (Hewison and Gaffard 2003). The time series of the ND
for different frequencies is shown in Figure 1, and was found to be stable during calibration.
The average value of the ND is then used for the entire campaign.

2.2. Radiosonde

GPS radiosonde balloon flights were carried out to probe the atmosphere vertically up to a
maximum of 30 km, with good spatial resolution. This instrument uses sensors to measure

2922 P.P. Leena et al.

D
ow

nl
oa

de
d 

by
 [

In
di

an
 I

ns
tit

ut
e 

of
 T

ro
pi

ca
l M

et
eo

ro
lo

gy
] 

at
 2

1:
14

 0
9 

Ju
ne

 2
01

5 

http://radiometrics.com
http://radiometrics.com
http://doi.org/10.12898/ES0702FR


atmospheric parameters such as temperature, pressure, and RH, and the GPS incorporated
helps in deriving horizontal wind speed and direction. In the present campaign, balloon
flights were carried out using Vaisala RS92-SGP sensors. This is the DigiCORA®

Sounding System MW31 with DigiCORA® sounding software (The Vaisala
DigiCORA® Sounding System MW31 is a sounding receiving station for meteorological
and defence applications). These sensors operate on the 400 MHz meteorological band
with code-correlating GPS wind finding (further details at www.vaisala.com). As a part of
this campaign, the radiosonde was launched daily from 2 August to 10 November 2011 at
the observation site around noon, local time (about 06.00 GMT).

The data obtained from both instruments were interpolated to height intervals of
100 m resolution. Thus we used 100 m interpolated temperature and RH data for the
present study.

3. Validation of MWR with GPS radiosonde

Three months’ (August–October 2011) data from radiosonde and radiometer were used for
the comparison of T and specific humidity (SH). Figure 2(a) shows a typical comparison of
T and SH for 31 August 2011. The temperature profiles (Figure 2(a)) from both instruments
and the trends match well. The difference between the instruments was estimated by using
radiosonde (RS) as the reference, and it is observed that this varies between −2 K and 3 K for
a single day. To determine the variation in humidity with respect to altitude in the tropo-
sphere, we derived SH using temperature, pressure, and RH separately for both instruments
using the method of Ross and Elliott (1996), and a typical example is presented in Figure 2
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Figure 1. Plot showing the time series of TND for different frequencies (GHz) obtained from LN2

calibration on 24 June 2011.
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(b). It is observed that SH profiles from both instruments match well with a variation of −3.2
to 0.5 g kg−1. This variation in SH is consistent with previously reported values over the
tropics (Kishore et al. 2011). The difference (radiosonde minus radiometry) is also compar-
able to previously reported results (e.g. Venkat Ratnam et al. 2013) over the Indian region.
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Figure 2. Plot showing the comparison for a typical day (31 August 2011) (a, b), three-month
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standard deviation (e, f).
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As part of the detailed quantitative analysis, we calculated the monthly bias (data not
shown) as well as root mean square error (RMSE), along with mean bias or difference and
RMSE for T and SH (Figures 2(c)–(f)). From Figure 2(c), a temperature bias of −1 to 3 K,
excluding the error, can be observed in MWR with a warm bias of about 2 K below 3 km
and a cold bias of 3 K above 3 km. From Figure 2(d), the mean difference in SH varies
between −2.5 and 0.5 g kg−1 with a wet bias below 3 km and dry bias above that altitude.
The maximum wet and dry bias observed is about −2 and about 0.5 g kg−1, respectively.
The mean difference with respect to altitude showed different behaviour above and below
6 km: above 6 km the profiles are very close, with a negligible dry bias.

RMSE illustrates that the error in retrieved temperature (Figure 2(e)) increases with
altitude whereas that in SH decreases with altitude (Figure 2(f)). Below 4 km the mean
RMSE showed a maximum of 2 K in temperature, suggesting that retrievals are almost
similar to radiosonde measurements in the lower troposphere. In case of SH, it showed
better matching above 4 km, possibly due to the exponential decay of SH with altitude.
Hence, from the overall analysis it is clear that MWR retrieval matches well with radio-
sonde, especially in the lower troposphere. This suggests that MWR can be used for
meteorological applications. We have seen the comparison between temperature and SH
in this section but we know that T and SH values alone are not sufficient to describe the
stability of the atmosphere quantitatively. In order to verify this, we need several other
atmospheric parameters and thermodynamic indices. For detailed comparison, different
thermodynamic indices were derived from MWR and GPS radiosonde observations and we
examined their correlation. Various atmospheric parameters such as cloud base height
(CBH), dew point temperature (Td) at 850 hpa, and seven other thermodynamic indices
were calculated. Different thermodynamic indices (along with abbreviations) and their
correlation (r) are given in Table 1, and Figure 3 shows the correlation plots of these indices.

All the above-mentioned parameters are well correlated except for lapse rate (LR) upto
500 from 700 hpa and lifted index (LI). In general, most of the variables showed
correlation coefficient above 0.5. The correlation coefficient of thermodynamic indices
(see Table 1) obtained from this analysis matches with that reported by Madhulatha et al.
(2013) for another Indian tropical station, Gadanki. Indices such as total total index (TTI)
and K-index (KI) showed correlation similar to that reported by Chan and Hon (2011). It
is to be noted that CBH obtained from radiometeric observation was correlated with the
lifting condensation level (LCL) of radiosonde for which the highest correlation was
observed. The non-zero intercept for all correlated parameters suggests that there is a bias
which may be due to that in for either T or RH. It is also observed that the slope obtained
from each correlation analysis is not 1, which suggests that there is a bias in temperature
and humidity with respect to altitude, which is clear from the previous section. However,
the overall analysis suggests that the quality of MWR profiles is sufficient to calculate
thermodynamic indices, which help in explaining the stability of the troposphere.
Therefore, for further analysis, we used MWR data to verify atmospheric stability during
the monsoon and post-monsoon seasons.

4. Results and discussion

4.1. Day-to-day variation in atmospheric parameters and thermodynamic indices

In order to study the atmospheric stability during the monsoon (August–September) and
post-monsoon (October–November) seasons we first examined the variation in atmo-
spheric parameters obtained from the radiometer, some being direct measurements and
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some estimated. The temperature and RH were directly measured, whereas dew point
temperature and equivalent potential temperature (EPT) were estimated from radiometer
data. It should be noted that as a representation of each season we considered three
consecutive days in August for the monsoon and also in October for the post-monsoon. In
order to demonstrate day-to-day variation along with a seasonal picture, we made
recordings on three consecutive days. It should be noted that more than 90% of the
days in each month show the same level of diurnal variation with corresponding seasonal/
monthly change. The day-to-day variation in all four parameters with respect to altitude is
shown Figure 4. From this figure it will be seen that all parameters exhibit a strong day-to-
day variation with respect to altitude in the monsoon, but a weak variation during the
post-monsoon season. It is observed that in both seasons, temperature (Figure 4(a))
exhibits a clear diurnal variation up to a maximum altitude of 2 km with more heating
below 1 km altitude. It is also seen that diurnal variation in temperature is weak in higher
altitudes. Even radiometric observation showed variation in the convective boundary
layer. From the temperature variation it will be seen that heating is well defined in the
post-monsoon compared with the monsoon season.

In regard to RH (Figure 4(b)) there is marked day-to-day variation with respect to
altitude during the monsoon, whereas as it is relatively weak in the post-monsoon
season. Below 2 km altitude, RH was at a maximum of 100% very early in the morning

Table 1. List of thermodynamic indices used in the study and their correlation (r) values between
GPS and MWR.

S. No Thermodynamic indices r

1 Lapse rate (LR) 700–500 hpa [K km−1] −0.11
Helps in explaining the instability present in the atmosphere (Madhulatha et al.
2013)

2 Lifted index (LI) [°C] 0.31
Mainly considers temperature difference between an air parcel lifted
adiabatically (Tp) and the temperature of the environment at a given pressure
in the troposphere, usually at 500 mbar (Galway 1956), and is given by

Tp500 – T500
3 Total total index (TTI) [°C] 0.59

TTI is a commonly used convective index (Miller 1967) and is given by
T850 + Td850 – 2T500

4 K-index (KI) [°C] 0.61
KI was developed by George (1960) for forecasting air mass thunderstorm) and
it is given by,

(T850 – T500) + Td850 + (T700 – Td700)
5 Showalter index (SI) [°C] 0.56

This index mainly considers the difference between the observed temperature at
500 hPa (T500) and the temperature of an air parcel after it has been lifted
pseudo-adiabatically to 500 from 850 hPa (Showalter 1953)

6 Convective temperature (Conv temp) [°C] 0.69
Mainly explains the surface heating effect resulting from the rising of an air
parcel with no mechanical lifting

(http://www.theweatherprediction.com or Madhulatha et al. 2013)
7 Convective available potential energy (0–3 km) [J kg−1] 0.53

CAPE is a measure of amount of energy that is available during convection
(Venkat Ratnam et al. 2013) and it is a potential indicator of the convective
activity in the atmosphere
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(a) CBH (km) (b) Td 850hpa (°C) (c) LR700–500hpa (K km–1)

(d) Lifted Index (°C) (e) Total Total  Index (°C)

(f) K Index (°C)

(g) Showalter Index (°C) (h) Conv Temp (°C) (i) CAPE 0–3 km (J kg–1)
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and late evening during the monsoon season while at noon time it was about 80% in the
boundary layer, as expected. As in the case of temperature, RH also showed weak
diurnal variation with respect to altitude. It is also observed that RH is comparatively
low in the post-monsoon season (50–90%). These variations in T and RH can contribute
to instability in the atmosphere, which is clearly seen even from the estimated dew point
temperature (Td) and EPT. Td clearly shows diurnal variation like that of T and RH, with
a maximum up to 2 km altitude in the monsoon but it is weak in the post-monsoon
season. Up to 1 km altitude Td was very high, implying the presence of a large quantity
of moisture during the monsoon, and the converse in the post-monsoon. This clearly
shows the presence of large low level moisture content during the monsoon season.
Apart from the variation in T, RH, and Td, we also observed variation in the EPT to see
the variability of moist static energy of the atmosphere. According to the definition of
EPT, under stable conditions EPT increases with altitude and, if it decreases with
altitude, convection can occur. The EPT of air parcels at different altitudes provides a
measure of instability of the air column. EPT also showed day-to-day variation similar
to that of temperature in the monsoon, which is absent during the post-monsoon season.
In general, during the monsoon season low EPT is observed early in the morning,
increasing as the temperature rises during the day. Variation in EPT with respect to
altitude showed that it reached maximum up to 2 km altitude, suggesting an increase in
moist static energy. The strong day-to-day variation in atmospheric parameters suggests
that the monsoon is well established over the study site and that instability accompanies
large-scale convection or moisture transport. In order to investigate thermodynamic
structure or instability in the troposphere in detail, we recorded the day-to-day variation
in the nine above-mentioned parameters for the monsoon and post-monsoon seasons
separately, which is shown in Figures 5 and 6. It should be noted that we present a five-
point running mean (i.e. 10-min averaged points) in these figures. Since the data are
available for every 2-min interval, we represented them in such a way as to provide a
smooth behaviour for the variables.

In general all the atmospheric parameters and thermodynamic indices showed strong
day-to-day variation during the monsoon compared with the post-monsoon. As mentioned
above, the Td at 850 hPa is comparatively high in the monsoon compared with the post-
monsoon season, confirming the availability of low-level moisture. This will help in the
formation of rain-bearing clouds with low CBH over the study region, which can even
precipitate. Formation of clouds with lower CBH is clearly seen from the diurnal variation
in CBH. During the monsoon season, CBH is confined within or less than 1 km whereas it
is twice in post-monsoon season, with strong day-to-day variation in both seasons. The
CBH has its maximum around 12.00 GMT and the minimum (<200 m above ground
level) in the evening and very early morning. This is consistent with variation in water
vapour levels. This variation in low-level moisture and CBH shows that there is a
possibility of the development of deep convective or rain-bearing clouds either in the
early morning or late evening over the study site during the second half of the monsoon
season.

As mentioned above, the variation in thermodynamic indices such as LI, TTI, KI,
Showalter index (SI), convective temperature (Conv temp), and convective available
potential energy (CAPE) will be also useful to explain the thermodynamic state of the
atmosphere during the monsoon and post-monsoon seasons. Considering this, for the
present study we estimated seven thermodynamic indices (Table 1) from microwave
radiometer observation, and these are shown in Figures 5 and 6. Most of the indices
exhibit strong day-to-day variation in the monsoon compared with post-monsoon. In
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general we find a similar diurnal variation in indices in both seasons. Most lR, which
indicates the stability/instability of the atmosphere, did not show a clear diurnal cycle or
day-to-day variation but negative LR showed that the atmosphere is highly unstable in
both seasons. From the variation in LI it is observed that this is negative throughout both
day and night, suggesting an unstable atmosphere. In both seasons the values vary within
the same range and with similar temporal variation. TTI and KI, which represent the
availability of moisture, also exhibited a clear diurnal variation similar to that of Td (high
at noon and low early in morning and in the evening). TTI values exceeded 50 after 04.00
UTC but after 12.00 UTC they decreased; similarly KI was >40 after 04.00 UTC. This
variation is consistent with variation in moisture. SI showed a similar diurnal variation to
that of LI, with negative values, indicating that the planetary boundary layer is unstable
with respect to the middle troposphere. Conv temp did not show significant day-to-day
variation in the post-monsoon season but interestingly it is observed that the lower limit is
higher in this season compared with the monsoon. It is also seen that it started increasing
around 04.00 UTC and followed the same temporal variation as that of temperature in the
monsoon. CAPE (0–3 km) also showed a clear diurnal cycle with a maximum between
04.00 and 12.00 UTC, thereafter decreasing in the monsoon. In the boundary layer itself it
is observed that CAPE reached a maximum of 200 J kg−1 for both seasons, and sometimes
300 J kg−1 in the post-monsoon. Our analysis suggests that during the monsoon season as
the day progresses the atmosphere becomes more conducive to convection, with all the
stability parameters showing instability up to 12.00 UTC; in the evening the atmosphere
becomes inhibitive to convection. In the post-monsoon season the stability indices did not
show such clear temporal variation as in the monsoon season, which suggests that in post-
monsoon season localized convective activity such as thunderstorms will be more likely.

4.2. Seasonal variation in thermodynamic indices

As a quantitative measure of atmospheric instability during both seasons, we observed
seasonal variation in six thermodynamic indices along with the difference (August–
September minus October–November), which are shown in Figure 7. It should be noted
that these six indices are well established in explaining the thermodynamic state of the
atmosphere, including the possibility of severe convective events over a single location. In
general, from the figure it is noted that all thermodynamic indices show a clear diurnal
variation in both seasons, which is similar to previously mentioned results. Although LI
showed similar diurnal variation in both seasons, with negative values, it is observed that
LI is more likely to be negative in the early morning (before 04.00 GMT) in the post-
monsoon season. This is clear from the fact that there is a positive difference (about 2)
during that time, suggesting the possibility of thunderstorms. Interestingly, TTI showed a
higher seasonal mean during the post-monsoon than the monsoon season, which suggests
high moisture availability at both low and higher levels (500 hpa) during the post-
monsoon season. KI and SI showed no distinct between-season variation, which is clear
from their negligible difference. Conv temp showed higher values during the post-
monsoon season than the monsoon. It is well known that Conv temp is the temperature
required that the surface of the earth must warm to in order for thunderstorms to occur in
the absence of synoptic forcing mechanisms. The difference between the two seasons
showed a negative value (about 3°C),suggesting that the thunderstorm potential is higher
during the post-monsoon season over the study site. Though CAPE showed no distinct
variation between monsoon and post-monsoon, it is interesting to observe that it was
higher before 04.00 GMT during the post-monsoon season, with a difference of about
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60 J kg−1. This is similar to that for LI (i.e. during the period when LI was negative,
CAPE was higher). The seasonal variation suggests that thunderstorm potential is higher
during the post-monsoon season (mainly early morning) over the study site.

5. Conclusions

In the present study, we first evaluated how well the retrieved temperature and RH profiles
from MWR match with radiosonde observations. Validation of the radiometric retrieval of
atmospheric temperature and humidity with radiosonde was done for the first time over
this region. It is observed that the retrieved temperature (specific humidity) has a warm
(wet) bias for MWR below 3 km and a cold (dry) bias above that. Also, the correlation
analysis suggested that there is a bias (intercept not 0) which is height dependent (slope
not 1). The RMSE calculated showed that the error in temperature (specific humidity) is
less (more) below 4 km altitude. Moreover, we compared other atmospheric parameters
and thermodynamic variables derived from MWR data to radiosonde observations and
these were well correlated (statistically significant) with correlation greater than 0.5 for
most variables. Next, considering the advantages of MWR, we utilized this for the
verification of atmospheric stability over Mahbubnagar during the monsoon and post-
monsoon seasons. Radiometric observations showed strong day-to-day variation in both
atmospheric parameters and thermodynamic indices during the monsoon, but this was
weak during the post-monsoon season. The seasonal mean of thermodynamic indices and
the associated seasonal difference showed that thunderstorm potential is higher during the
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post-monsoon season over the study site. Our results have not only shown the variation in
atmospheric stability during two different seasons, but also the robustness of ground-
based microwave radiometry in meteorological applications. This is a preliminary study
which needs to be verified in detail using long-term data sets.
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