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A Study of Atmospheric Convection Using a Microwave Radiometer Varun S Murthy, G.S.Bhat Centre for Atmospheric and Oceanic Sciences (CAOS), Indian Institute of Science (IISc) [email protected]



ABSTRACT A study of atmospheric convection over a land-based station (Bangalore, India) has been performed at high temporal resolution by using the thermodynamic profiles provided by a ground based Microwave Radiometer. The variation of Convective Available Potential Energy (CAPE) has been examined at different timescales and has been found to vary at diurnal, semi-diurnal and intraseasonal timescales. The build-up and consumption of convective instability during precipitation events has been investigated and it has been found that convective instability reaches its maximum value ∼ 4 hours before peak precipitation and reaches its minimum value ∼ 1 hour after peak precipitation. We verify whether high values of CAPE can be used as a trigger for rainfall. The variation of convective instability with near-surface atmospheric temperature is studied to determine whether land based convection is triggered by a temperature threshold. Finally, the variation of two vertically integrated quantities: Integrated Water Vapor (IWV) and Liquid Water Path (LWP) is observed during precipitation events.



we use a ground based Microwave Radiometer. The details pertaining to the functioning and data received from the radiometer is discussed in Section 2. A few of the methods used to verify the data received from the radiometer are discussed in Section 8. Section 3 deals with two parameters used to measure convective instabilities: CAPE and CINE. We discuss the computation of CAPE and CINE from vertical profiles of temperature and humidity. We examine the different dominant timescales at which CAPE and CINE vary and also look at the magnitudes of variation. The variation of CAPE and CINE at longer timescales has been studied previously (Gettelman et al. (2002), DeMott and Randall (2004)), but its variation at shorter time scales has been limited to field campaigns and has rarely been studied during precipitation events. Section 4 deals with the evolution of convective instabilities during precipitation events. Previous studies (Monkam 2002) have indicated that CAPE is correlated with the amount of rainfall and we examine the variation of the amount of rainfall with CAPE. Convective instabilities depend on the environment properties (environment profiles of Temperature and Humidity) as well as the parcel properties (Near-Surface Temp. and Humidity). In section 5, we study the influence of nearsurface temperature on CAPE and CINE. There have been a large number of studies (Bretherton et al. (2010), Muller et al. (2009)) which try to derive the relationship between rainfall and vertically integrated quantities. Some commonly inspected parameters are Inte-



1. Introduction Convection plays a very important role in the atmosphere. Occurring at various spatial and temporal scales, it leads to the formation of systems that bring about a large percentage of all rainfall received. Convection also plays in important role in the transfer of moisture and energy in the atmosphere, by means of its interaction with large scale systems. The atmosphere is stable with respect to dry adiabatic displacements. Convection is possible due to the presence of moisture and the latent heat released during its condensation. The presence of convective instabilities is a necessary condition for convection to take place and deep convection is said to consume the built up convective instability (Emanuel 1994). Most previous observational programs that have studied convection have made use of either radiosondes or satellite data. Radiosondes don’t provide us with sufficient temporal resolution to study the interaction between precipitation and the convective instabilities since the radiosonde network observations are routinely carried out at 0000 Greenwich Mean Time (GMT) and 1200 GMT across the globe. While geo-stationary satellites provide constant coverage, they are not able to provide useful data during the presence of clouds (They make use of IR and Visible wavelengths). On the other hand, polar orbiting satellites are able to use microwave wavelengths, but the temporal resolution they provide is poor. Also, the vertical spatial resolution provided by the satellites near the surface of the earth is very poor. To overcome these disadvantages,
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Table 1. Temperature Profiles Parameter Troposphere Boundary Layer Frequency Bands Oxygen Bands Oxygen Bands (51-58GHz) (51-58GHz) Vertical Range 0-10 km 0-2 km Vertical resolution 39 levels 25 levels (∼200m) (∼40m) Temporal Resolu- 1 sample/5 min 1 sample/10 tion min Accuracy 0.5 - 1 K 0.25 - 0.75 K



Fig. 1. Atmospheric emission of liquid water, water vapour and oxygen. The frequency bands marked in blue are utilized by RPGs radiometers to derive LWP, IWV, Humidity and Temperature Profiles. (RPG-HATPRO Operating Manual) grated Water Vapor (IWV) and Liquid Water Path (LWP). In section 6, we conduct a basic study of the variation of these quantities during precipitation events. The ground-based sensing enables a high vertical resolution, but the radiometer is unable to sense any radiation above the height of 10 km. This leads to a few inaccuracies in the computation of CAPE and CINE since deep convection is rarely limited to 10 km, especially in the tropics. In section 7, we examine the effect of this truncation of atmospheric profiles on the computation of CAPE and CINE. We also compute CAPE and CINE at coarser vertical resolutions (500m, like those used in climate models), to check whether models use an inadequate vertical resolution. Since the microwave radiometer was being used for the first time, the profiles of temperature and humidity had to be validated. The profiles were compared with the radiosonde profiles at Bangalore for the corresponding duration from the University of Wyoming Upper Air Data repository. The near-surface values provided by the radiometer were compared with that of the Automatic Weather Station (AWS), placed close to the radiometer. The details of the comparisons and the corrections are discussed in section 8.



Figure 1 shows the emission due to oxygen, water vapor and liquid water in the 10-100 GHz range. The frequencies in the Oxygen band (51-58 GHz) are used for sensing the temperature at various heights. In the centre of the oxygen absorption complex the atmosphere is optically thick and the measured radiation originates from regions close to the surface. For frequencies further away from the line centre the atmosphere becomes more transparent and the channels receive radiation which originates from higher altitudes. Atmospheric water vapour profile information is derived from frequency channels covering 6 GHz of the high frequency wing of the pressure broadened water vapour line (22-28 GHz). The cloud liquid water contribution to the microwave signal increases roughly with the frequency squared. It depends on temperature and is proportional to the third power of the particle radius. Therefore measurements at two channels, one influenced mainly by the water vapor line and one in the 30 GHz window region lead to good estimates of LWP and IWV (RPG-HATPRO Operating Manual). Temperature Profiles:



As mentioned earlier, the temperature values are retrieved from the radiation received in the Oxygen emission bands. The radiometer performs one vertical scan across the 7 frequency bands to retrieve the temperature profile. Additionally, it also performs scans at multiple angles to obtain a higher vertical resolution within the boundary layer. Two temperature profiles are obtained: a troposphere profile (0-10km) and a boundary layer profile (02km) and are combined to give a composite profile. Table 1 lists the features of these profiles.



2. Tools and Data Humidity Profiles:



The microwave radiation received at the surface is a function of the state (Temperature, Humidity, Liquid Water Content) of the atmosphere. Hence, in principle, sufficient knowledge of the radiation received can be used to retrieve the state of the atmosphere. This is achieved by sensing the radiation received at multiple frequencies, usually around the emission band of a particular gas.



The humidity profiles are retrieved from the water vapor band. The details of the retrieved humidity profile are provided in Table 2.
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Table 2. Humidity Profiles Parameter Troposphere Frequency Bands Water vapor Bands (22-28GHz) Vertical Range 0-10 km Vertical resolution 39 levels (∼200m) Temporal Resolu- 1 sample/5 min tion Accuracy 0.4 g/m3



IWV and LWP:



Integrated Water Vapor (IWV) and Liquid Water Path (LWP) are both determined by using the water vapor and liquid water bands. IWV values are retrieved once in 5 min with an accuracy of 0.2 kg/m2 and LWP values are retrieved once in 5 min with an accuracy of 20 g/m2 . The Microwave Radiometer is placed on the terrace of a 3 storeyed building in the Indian Institute of Science (IISc), Bangalore, where it is not obstructed by other buildings and trees. Bangalore is located in the southern peninsula of India, midway between the Arabian Sea and the Bay of Bengal. It has co-ordinates of 13 deg N, 78 deg E and is located at an altitude of 921m above sea level. The data from the radiometer is available for the period Nov, 2010 - Jul, 2011. Figure 2 shows the site installation of the Microwave Radiometer. Further details concerning data validation are presented in section 8.



Fig. 2. Site Installation of the RPG-HATPRO Microwave Radiometer due to gravity, Tv0 is the virtual temperature of the parcel and Tv is the virtual temperature of the environment. If we integrate the work done over the domain where the parcel is positively buoyant, we get the magnitude of the convective instability (Convective Available Potential Energy: CAPE) and similarly, integration over the domain where the parcel is negatively buoyant results in the magnitude of convective inhibition (Convective Inhibition Energy: CINE). The altitude at which the parcel becomes positively buoyant is called the Level of Free Convection (LFC) and the altitude at which the parcel becomes negatively buoyant again is called the Level of Neutral Buoyancy (LNB). Hence, we can compute CAPE and CINE as follows:



3. CAPE and CINE For convection to take place, the presence of convective instabilities is necessary, along with the presence of boundary layer moisture and supportive synoptic conditions. Convective instabilities primarily exist due to the differences in buoyancy between the parcel air and the environment air. We need to define parameters that measure the strength of these convective instabilities.



Z



LF C



(i → f )



where F is buoyancy force and δz is the displacement. On simplifying, we get the work done Wif as Z i



f



LF C



CIN E(z) = g



If a parcel is displaced from its initial position i to another position f, the work done, δw, either by or against the buoyancy force is given by



Wif = mg



Tv0 − Tv dz Tv



Tv0 − Tv dz Tv z The above formulae show that CAPE and CINE depend on the near-surface conditions (which govern Tv0 ) and the environment (which governs Tv ). Also, since the profiles retrieved by the radiometer reach only up to 10km, the Level of Neutral Buoyancy is set to 10km if the parcel is positively buoyant at 10km. This leads to the under-estimation of CAPE and this has been examined in Section 7. During the initial part of the ascent, the parcel follows a dry adiabatic lapse rate (up to the Lifting Condensation Level (LCL)), which is given by Z



Computation of CAPE and CINE:



δW = F δz



LN B



CAP E(z) = g



Tv0 − Tv dz Tv



Γd =



g cp (1 + .87q)



where cp is the Specific Heat Capacity and q is the Specific Humidity. Once the condensation starts taking



where m is the mass of the parcel, g is the acceleration 3



Fig. 3. Computation of CAPE and CINE for two separate days. Left: Convective Day. Right: Clear Sky Day Fig. 4. CAPE and CINE computed for the duration Nov, 2010 - Jul, 2011.



place at the LCL, the parcel follows a pseudo-adiabatic lapse rate given by Γm = Γd



lv qs Rd T 2q lv s cp Rv T 2



1+ 1+



where lv is the Latent Heat of Vaporisation, qs is the Saturation Specific Humidity and Rd andRv are the Specific Gas Constants for dry air and water vapor (Iribarne and Godson 1981). As a demonstration of the computation of CAPE and CINE, we consider two instances: a convective day with precipitation and a non-convective day with clear skies. The construction of profiles is shown in Figure 3. For the convective day, CAPE and CINE are computed to be ∼ 3340 J/Kg and 0 J/Kg respectively. For the clear sky day, CAPE and CINE are computed to be 0 J/Kg and ∼ 2400 J/Kg respectively. Note that, by definition, CINE values are computed as negative values.



Fig. 5. CAPE and CINE computed for the duration Nov 13-15, 2010 responds to the cold and dry winter months in Bangalore.



Variation of CAPE and CINE:



• Large values of CAPE and decreasing values of CINE during Mar-May, coinciding with the onset of the Indian Summer Monsoon.



We now discuss the variation of CAPE and CINE at different timescales. We have data available for the period Nov, 2010 - Jul, 2011. Figure 4 shows the variation of CAPE and CINE for this period. The time series for CAPE and CINE shows that the entire duration from Nov, 2010 - Jul, 2011 can be divided into 4 predominant sub-periods :



• High values of CAPE and low values of CINE during the monsoon months of Jun-Jul. Before we take a look at the energy spectrum, let’s examine the variation of the convective instabilities over a shorter time period, say 3 days. Figure 5 shows the variation of CAPE and CINE during a 3 day period Nov 13-15, 2011. We clearly see that CAPE and CINE vary strongly at the diurnal cycle. The atmosphere is severely inhibitive for convection during early morning, as shown by high values of CINE. As the day progresses, the atmosphere becomes more conducive to convection and CAPE reaches a



• Low values of CAPE and increasing values of CINE during the months of Nov and Dec. This period corresponds to the end of the rainfall season in Bangalore. • Zero values of CAPE and extremely large values of CINE during the months of Jan and Feb. This cor-
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Fig. 6. The Energy Spectrum for CAPE (above) and CINE (below)



Fig. 8. The daily rainfall (in mm) at Bangalore for the period Nov, 2010 - Jul, 2010. The red arrows indicate the heavy precipitation events being studied. of convection is well established (Gray and Jacobson 1977) and is an important characteristic of the tropics. It is also known that the diurnal cycle of convection is the reason behind the strong diurnal cycle for precipitation in the tropics (Dai 2001). The spectrum also shows the presence of a semidiurnal cycle (.5 days/12 hours). The presence of a diurnal cycle in the rainfall patterns has been observed before (Dai 2001). It has been hypothesized in the same study that tidal variations in the pressure and wind fields cause low level convergence and hence moist convection leading to precipitation. The energy spectrum also shows a continuous variation of instabilities in the 10-100 day period, with dominance in the 40-60 day period. To describe these variations with longer time period, we consider the daily averages of the data shown in Figure 3. This filters out the diurnal and semidiurnal energies. The energy spectrum of the daily averaged data is shown in Figure 7.



Fig. 7. The Energy Spectrum for CAPE (above) and CINE (below), for daily averaged data. maximum value of ∼ 1.5 KJ/Kg at around 17:00 in the evening. After sunset, the atmosphere again starts to become inhibitive to convection. To examine the dominant time scales ay which CAPE and CINE vary, we subject the time series to a Fourier spectrum analysis. Since we have a temporal resolution of 10 min, the highest frequency we can resolve is of 20 min duration. Also, since we have data for a period of ∼ 280 days, the duration that corresponds to the lowest frequency is 280 days. Figure 6 shows the energy spectrum of CAPE (above) and CINE (below), focussing on the energy present in the 0-100 day periods. The spectrum shows that both CAPE and CINE have a strong diurnal cycle (1 day period). The diurnal cycle



4. Precipitation Events Convective instabilities give rise to moist convection, which in turn lead to the formation of clouds and precipitation. An observational study of convection preceding and following precipitation hasn’t been performed. In this study, we concentrate on a few heavy precipitation events (rainfall>10mm) and study the behavior of CAPE and CINE during these events. Figure 8 shows the daily rainfall (in mm) at Bangalore for the period Nov, 2010 Jul, 2010. The red arrows indicate the heavy precipitation events that we are interested in.
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Fig. 10. The precipitation event of Jun 25, 2011



Fig. 9. The precipitation event of Apr 22, 2011 Analysis of Individual Events :



heavy rainfall events. Figure 11 shows the variation of CAPE and CINE for all the rainfall events, super-imposed on each other. The top-most plot shows the occurrence of the precipitation events during the natural time of the day (As expected, most heavy rainfall events occur during the late afternoons). The rainfall events have then been time-shifted so that their onset times are synchronized. We can see a general trend of increasing CAPE values preceding the precipitation event and increasing CINE values following the event. To obtain a clearer picture, we create the mean pattern for all the events considered together. This is depicted in Figure 12. We see that there is a lag between the occurrences of maximum CAPE and peak precipitation. Similarly, there is also a lag between the occurrences of peak rainfall and maximum CINE. These lag durations can be determined by using the principles of auto-correlation and cross-correlation. Figure 13 depicts the plots required for the Lead-Lag analysis for CAPE-Rainfall and CINE-Rainfall. The red curves indicate the auto-correlation of CAPE and CINE with themselves and the blue curves represent the crosscorrelation of CAPE and CINE with precipitation. The upper plot determines the lag between the occurrences of maximum CAPE and peak precipitation and the lower plot determines the lag between peak precipitation and maximum CINE. We can conclude that



We first consider a few individual cases of rainfall events and then consider all the events in an aggregated manner. Figure 9 depicts the rainfall event of Apr 22, 2011. The total amount of rain during this event is 65 mm (∼ 10 % of Bangalore’s annual rainfall). The Meteosat satellite image shows the synoptic conditions during this event. In the following plots, the rainfall depicted is the amount of rainfall received every 10 minutes (in mm). The evolution of CAPE and CINE are in accordance with the diurnal variation discussed previously. However, the onset of precipitation is accompanied by a sharp decline and increase in CAPE and CINE respectively. A few pertinent observations are: • Time of Rainfall Event: 16:45 • Time at which CAPE starts building up: 07:10 • Amount of CAPE build up: 2500 J/Kg Another rainfall event we depict is that of Jun 25, 2011 (31.88 mm) in Figure 10. The evolution of CAPE and CINE are very similar to the previous rain event, with the onset of precipitation consuming the convective instability. The corresponding set of observations for this event are as follows: • Time of Rainfall Event: 17:00



• Rainfall reaches its maxima ∼ 4 hours after CAPE.



• Time at which CAPE starts building up: 07:40



• CINE (absolute value) reaches its minima ∼ 1 hour after peak rainfall.



• Amount of CAPE build up: 2200 J/Kg Lead-Lag Analysis:



Effect of CAPE on Precipitation:



As shown in the above 2 case studies, the convective stability gets consumed by the precipitation. Now, we examine the evolution of CAPE and CINE during all the



Previous work (Monkam 2002) has indicated that CAPE has a good correlation with precipitation. Here, we examine the relation between the CAPE value at the beginning 6



Fig. 11. Variation of CAPE and CINE for all the rainfall events, super-imposed on each other. (a) Occurrence of the precipitation events during the natural time of the day. (b, c, d) Time shifted values of rainfall, CAPE and CINE.



Fig. 12. Mean patterns for rainfall, CAPE and CINE for heavy precipitation events. high near surface temperatures. We perform a similar study on the variation of CAPE on all rainy days, as shown in Figure 17. This tells us that, provided all other conditions are conducive for convection, it is very likely that CAPE values will be > 0 J/Kg for near surface temperatures > 298K. The effect that other factors such as boundary layer humidity and surface wind properties have on convective instabilities has to be studied in the future.



of the event and the precipitation event characteristics. Figure 14 shows the effect of CAPE on two parameters: the amount of rainfall and the duration of the precipitation events. For this study, all precipitation events with total rainfall > 1 mm have been considered. The plots show that most events require a minimum value of CAPE (∼ 1000 J/Kg) for precipitation to begin. However, analysis of the time series of CAPE and CINE shows that CAPE is only a necessary condition for rainfall and not a sufficient condition. While CAPE is necessary, it doesn’t seem to influence either the amount or duration of rainfall.



6. Vertically Integrated Quantities: Previous studies (Bretherton et al. (2010), Muller et al. (2009)) have suggested that there exist relationships between rainfall and vertically integrated quantities such as Integrated Water Vapor(IWV) and Liquid Water Path(LWP). We performed an observational study to study the variation of IWV and LWP during precipitation events. Figure 18 depicts the variation of CAPE, LWP and IWV during the period of observation. It is clear that the IWV and LWP values are low during the dry winter months and increase during the onset of the monsoon. A very simple study examines the probability distribution function of IWV during the duration of the observation study and compares it to the distribution obtained when only rainy days are considered. This comparison is depicted in Figure 19. While the distribution representing the period of observation is bi-modal, the distribution during rainy days has one central frequency. This information could be used in further studies to detect the onset of convection. A similar study is applied to the distribution of LWP. The distribution of LWP during the complete observation period is swamped by the large occurrence of low LWP values (< 400-500 g/m2 ), which correspond to shallow,



5. CAPE, CINE and Near Surface Temperature Convective instabilities depend on the near surface conditions (which influence the properties of the parcel) as well as the state of the free atmosphere (which influences the environment profiles). In this study, we examine the effect of near-surface temperature on CAPE and CINE. Figure 15 shows the variation of CAPE, CINE and Near Surface Temperature for the period Nov, 2010 - Jul, 2011. The increase in near surface temperature during the summer months is associated with the increase in CAPE values. We examine the variation of CAPE values with near surface temperature for the entire duration. Figure 16 plots the variation of CAPE against near surface temperature. As expected, there is a nonlinear relationship between CAPE and near surface temperature. If the near surface temperature is below 292K, the values of CAPE tend to be negligible. However, above the threshold near surface temperature doesn’t seem to affect the values of CAPE. Extremely high values of CAPE (> 2000 J/Kg) do require 7



Fig. 13. Lead Lag Analysis. Red : auto-correlation of CAPE(above) and CINE(below). Blue: Cross Correlation of CAPE and Precipitation(above) and CINE and Precipitation(below) Fig. 14. Above: Effect of CAPE on amount of rainfall. Below: Effect of CAPE on duration of rainfall event.



non-rain bearing clouds. This is in accordance with other LWP measurements made worldwide, and indicates the absence of deep clouds for a large duration of the observation period. The distribution of LWP values on rainy days is shown in Figure 20. The distribution shows that the LWP is grouped into two separate modes during rainy days: one mode between 0.5-2 kg/m2 and another between 4-6 kg/m2 . This could indicate the presence of deep and shallow convective clouds and needs to be investigated further.



and CINE. The comparisons were done using soundings from land and ocean stations. Soundings for Bangalore were obtained from the University of Wyoming radiosonde repository and those for the oceans were obtained from two field experiments conducted in the Arabian Sea (ARMEX: Arabian Sea Monsoon Experiment) and the Bay of Bengal (BOBMEX: Bay of Bengal Monsoon Experiment). Figure 21 shows the effect of truncation of profiles on CAPE and CINE. This comparison allows us to obtain the true value of CAPE given the CAPE computed using the 10km profile (as done by the Microwave Radiometer). The truncation of the profile is found to have no effect on the computation of CINE. This is due to the fact that the contribution to CINE is made by layers close to the surface.



7. A Few Miscellaneous Comparisons In this section, we perform two comparisons, which are due to our use of the Microwave Radiometer. Since the radiometer retrieves profiles up to 10km, it might lead to inaccuracies during the computation of CAPE and CINE. We examine the inaccuracies that occur due to the truncation of profiles. Additionally, we compare the values of CAPE and CINE computed at the fine vertical resolutions supported by the radiometer with the values computed with a coarser vertical resolution, similar to those used in climate models.



Effect of coarse vertical resolution on CAPE and CINE:



In this study, we examine the inaccuracies that might be caused by CAPE computations at low vertical resolutions. CAPE and CINE computed by using the profiles provided by the radiometer are compared with those calculated by using profiles with a lower vertical resolution of 500m. The results of this comparison are shown in Figure 22. As the comparison shows, the coarse vertical resolution causes the under estimation of CAPE values at certain instants. This occurs due to the over estimation of the Lifting Condensation Level (LCL) when coarser vertical resolutions are used. In the case of climate models, the inaccuracies caused



Effect of Truncation of Profile on CAPE and CINE:



We examine the inaccuracies caused by the truncation of the profile by considering profiles obtained by radiosondes. Since the radiosondes provide us with profiles which reach the tropopause, CAPE and CINE values computed by using these profiles can be considered as the true values. We then consider the same profiles and limit them to 10km, using these modified profiles to compute CAPE
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Fig. 15. The variation of CAPE, CINE and Near Surface Temperature for the period Nov, 2010 - Jul, 2011



Fig. 16. The variation of CAPE, CINE and Near Surface Temperature for the period Nov, 2010 - Jul, 2011



by the coarser vertical resolution get cancelled out by the effect of larger time steps. If averaged over a larger time step (∼ few hours), the values of CAPE in both the cases will be similar.



Liquid Water Path Values:



The Liquid Water Path values are compared against the adiabatic cloud liquid water (LW Cad ) (Karstens et al. 1994).



8. Microwave Radiometer Data Validation



Z



h



LW Cad (h) =



Since the microwave radiometer is being used for the first time at this location, the profiles provided need to be validated. The temperature and humidity profiles are validated against the radiosonde soundings available from the University of Wyoming Radiosonde data repository. The near surface data is verified with the measurements made by the Automatic Weather Station (AWS) placed on the terrace of the same building as the Microwave Radiometer.



ρ(z) CB



cp (Γd − Γm ) dz lv



where • CB : Cloud Base • ρ (z) : Density, calculated at each level • Γd , Γm : Lapse rates, calculated at each level



Temperature Profiles:



• cp , lv : Specfic heat capacity, latent heat



The Microwave Radiometer tends to under estimate the temperature at the lower layers of the atmosphere and over estimate it in the upper atmosphere. The data obtained is post processed (offsets are applied at all the altitudes) to make the profiles closer to the true values.



LW Pad is obtained by integrating LW Cad over the cloud layers. The cloud layers are identified as the layers with Relative Humidity > 95%. The computation of LW Pad is demonstrated in figure 23. The LWP values provided by the microwave radiometer are verified to be lesser than the adiabatic values.



Humidity Profiles:



The Microwave Radiometer tends to under estimate the humidity at the lower values of the atmosphere and over estimate it at higher altitudes. A correction similar to that applied for the temperature profiles is used.



9. Summary and Conclusions Profiles of temperature and humidity, retrieved by a microwave radiometer, were used to study the evolution
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Fig. 18. The variation of CAPE, IWV and LWP for the period Nov,2010 - Jul,2011.



Fig. 17. The variation of CAPE, CINE and Near Surface Temperature for the period Nov, 2010 - Jul, 2011, for all rainy days. of convective instabilities at fine time scales. CAPE and CINE, indicators of convective instability and convective inhibition respectively, exhibit variations at the semi-diurnal, diurnal and intra seasonal time scales. The evolution of CAPE and CINE on either side of precipitation events have also been studied. CAPE is found to reach a maximum ∼ 4 hours before peak precipitation and CINE is found to reach a maximum ∼ 1 hour after peak precipitation. CAPE has been found to be only a necessary condition for rainfall, and doesn’t influence the amount or duration of rainfall. The non-linear variation of CAPE with near surface temperature has also been examined. It is very unlikely for convection to take place when the near surface temperatures are below 292K and it is very likely that convection will take place when the near surface temperatures are greater than 298K. A few basic observational studies have been performed on the vertically integrated quantities of Integrated Water Vapor(IWV) and Liquid Water Path(LWP).
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Fig. 21. The effect of truncation of profiles on CAPE. Left: Soundings over oceans. Right: Soundings over land (Bangalore). Horizontal Axis: CAPE computed with 10km profile. Vertical Axis: CAPE computed with complete profile.



Fig. 19. Comparison of distribution for IWV. Left: Entire Observation period. Right: Rainy Days.



Fig. 22. Effect of coarse vertical resolutions on CAPE and CINE



Fig. 20. The distribution of LWP during rainy days.
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Fig. 23. Computation of Adiabatic LWC and LWP
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A few of the methods used to verify the data received from the radiometer are discussed in Section 8. Section 3 deals with two parameters used to measure convective instabilities: CAPE and CINE. We discuss the computation of CAPE and CINE from vertical profiles of temperature and humidity. We examine the different. 
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