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CHAPTER – 6 

RESULTS AND DISCUSSION-FUTURE STUDIES 

 

 

 

 

 

 

 

 



136 
 

 

 

 

 

 

 

 

This Research study was concerned with the investigation of Earth’s lower atmospheric dynamics 

and their impact on upper atmosphere and important atmosphere indices using COSMIC radio 

occultation (RO) technique with emphasis on Kelvin waves and mechanism of their interactive flow 

patterns with other waves and oscillations using GPS-RO data. Observational analysis pertaining to 

the same has been presented along with the key aspects of quasi biennial and El nino Southern 

oscillations in addition to identification of wave like nature using CAPE trends. With the recent GPS 

RO technique performed on six COSMIC micro-satellites, it has become possible for us to understand 

the atmospheric planetary-scale equatorially trapped waves and other large-scale wave structures 

including ENSO and QBO in temperature profiles. The promising results of the present study 

encourage us to apply the analysis procedures used in this study to datasets to be provided by 

ensuing RO techniques including COSMIC-2 that is going to be launched during the mid-2016, with 

which more details can be revealed as COSMIC-2 will be capable of producing 4 to 5 times higher 

volume of data compared to COSMIC, particularly over tropical regions as the inclination of the six 

COSMIC-2 satellites is only 24ᵒ (Mannucci et al., 2012). The results of the planetary scale wave 

structure study are summarized as follows: 

 1) A preliminary comparison between COSMIC retrieved and radiosonde measured temperature 

profiles reveals a one-to-one correspondence between them, indicating the applicability of the GPS 

RO retrieved profiles. 

 2) The Kelvin waves derived from the temperature profiles show zonal wavenumbers of either 1 or 

2, with eastward phase propagation in longitude-time section and at periodicities of greater than 10 

days (slow Kelvin waves).  

3) The Kelvin waves show decreasing tendencies during the eastward phase of QBO, but increasing 

tendencies during the westward phase of QBO.  
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4) The OLR data confirm the presence of deep convection around the 600E to 1800E longitude 

sectors, which could have acted as a source for the observed Kelvin waves.  

5) With the help of recently developed HHT- MEED decomposition, ENSO and QBO signatures have 

been clearly identified in the COSMIC retrieved temperature anomalies. The ENSO and the QBO 

features are most significant at around 1-15 km altitude and between 16 and 30 km. These results 

are consistent with previous observational results.  

6) The temperature anomalies computed using the COSMIC retrieved temperatures during different 

phases of ENSO is critically evaluated. Higher (lower) positive values occur during the warm (cool) 

phase of ENSO above the tropical tropopause height. 

These results have encouraged us to investigate the role of Kelvin waves on tropopause using 

COSMIC GPS RO technique by performing a validation study of the global atmosphere with relatively 

higher resolution from the surface of the Earth to an altitude of 800 km. Effective utilization of huge 

database provided by COSMIC mission have allowed us to carry out the study of long-term trends of 

tropopause both seasonally and monthly during 2007-2013. Within this context, several important 

results are found and a glimpse of the same are presented hereunder.  

1) Validation studies of both pressure and temperature trends at individual locations and over the 

globe between COSMIC retrieved, nearby radiosonde measured and provided by NCEP reanalysis 

showed a good agreement in results between them with few exceptions. 

2) Both monthly and seasonal trends are observed to be quite similar with trends that are present in 

earlier studies made by several researchers using the COSMIC RO technique. Although both equinox 

seasons (March and September) are exhibiting equal trends, a systematic difference is identified 

between June and December solstice seasons. 

3) No specific relation had been identified between tropical tropopause and outgoing long-wave 

radiation (OLR) trends during different seasons of the observation period, indicating that the tropical 

tropopause may not be solely controlled by localized deep convection and expected that 

convectively generated waves might play a role. 

4) Although tropical tropopause heights resemble nearly constant trends, the highest values are 

found during northern winter months, i.e. December solstice in deep tropics during different months 

during 2007-12. 
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5) Climatological OLR exhibited maximum temperatures in global tropopause during March and 

September equinox seasons over Africa, south- east Asia and both eastern and western pacific 

locations while during June and December solstice seasons over Atlantic regions. 

6) Kelvin waves are found to be associated with zonal wavenumber-2 with wave periodicities 

between around 12 and 18 days (slow Kelvin waves) at an altitudinal range of 15, 17 and 19 km 

during March equinox of 2007. 

7) CPT is observed to be present at an altitude of ~17.5 km from temperature profile and at 100hpa 

level from pressure profiles during March equinox of 2007, and 

8)  The amplitude level of CPT is observed to be largest at 80-100hpa level, which diminishes rapidly 

below and more slowly above during March equinox 2007, in agreement with earlier results. 

To examine CAPE trends on other time scales, we have assessed the COSMIC-derived CAPE indices 

by comparing with the radiosonde derived CAPE indices. The Pattern of increasing and decreasing 

trends of CAPE gives an insight to identify the sign of changes in different seasons. The significance 

of the earlier results observed from COSMIC GPS RO technique suggested that they are real and 

related to the previously reported increases in surface temperature and moisture. The salient results 

of the CAPE study are summarized hereunder: 

1) Seasonal and diurnal variations of CAPE are presented for the first time during different 

seasons between 2007 and 2012 by properly utilizing the advantage of the OL tracking technique 

implemented on COSMIC which revealed few interesting results. 

2) A wave like feature in CAPE seasonal and diurnal trends is noticed consistently that has been 

confined between the northern hemisphere during the June solstice as well as September equinox 

and southern hemisphere during the  December solstice as well as March equinox seasons. 

3) From the present study, it has been observed that CAPE trends seem to be following ITCZ 

movements, thereby reconfirming the same by analysing OLR database during different seasons.  

4) CAPE values are observed to be maximized during daytime while minimum during night 

time, which are consistent with earlier studies. 

5) Dependence on solar activity is clearly witnessed with highest CAPE values in 2007 and 

minimum values in 2012 indicating a decreasing trend with the progress of time over the study 

period. 
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6) Monthly trends revealed maximum values during July-September over Delhi and during 

June-August over Kolkata during most of the years when the above two typical northern and 

southern locations of the Indian subcontinent were examined, and 

7) Monthly trends of CAPE at individual locations are not only consistent with earlier 

observational results, but few differences are also noticed in their magnitudes that occurred during 

the onset time of the monsoon at Indian region. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


