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ABSTRACT 

 
Refractivity profiles obtained from the radio occultation measurements of the CHAMP satellite using GPS signals have 
been compared with that derived from the radiosonde data in the Indian region to validate the occultation 
measurements. A comparison between the temperature profiles from the CHAMP and radiosonde observations 
generally indicates a good agreement at heights above 10 km, and below 5 km the CHAMP-derived temperature is 
considerably lower than the radiosonde measurement due to the significant presence of water vapour.  The height and 
temperature of tropopause have been investigated in the Indian region using the CHAMP data on the basis of the cold 
point tropopause (CPT). The tropopause temperature shows a noticeable increase with latitude whereas no clear control 
of longitude on the tropopause temperature is noticed. 
 
INTRODUCTION 
 
The radio occultation measurements provided by the space based GPS receivers offer a unique opportunity for 
atmospheric sounding on a global basis. The German satellite CHAMP, launched on July15, 2000, carried a GPS 
receiver for radio occultation sounding of the neutral atmosphere and ionosphere. The radio occultation measurements 
of CHAMP, activated on February 11, 2005, are used to obtain vertical profiles of refractivity, temperature, humidity 
and electron density on a global scale . The CHAMP observations are analyzed to obtain atmospheric parameters at 
GeoForschungsZentrum Potsdam (GFZ) and first results were presented by Wickert et al. [1]. The atmospheric 
refractivity at different heights is obtained from the atmospheric excess phase using the geometrical optics (GO) 
approximation and the Abel inversion technique [2]. The density profiles of dry air are obtained using the known 
relation  between  refractivity and  density. ‘Dry’ temperatures are derived from the hydrostatic equation and the ideal 
gas law. The ECMWF data are used as a benchmark to check the quality of CHAMP measurement. A maximum 
deviation of 10% of the CHAMP refractivity from that obtained from the global analysis of  ECMWF data is allowed 
and the profiles are cut-off in the lower troposphere if the deviation exceeds this limit. The details of occultation 
analysis are given in [3].  
 
The present paper deals with the CHAMP measurement obtained in the Indian region. The validity of CHAMP 
measurement is tested by comparing the CHAMP data with the radiosonde observations obtained at 33 stations operated 
by IMD. The height profiles of temperature yielded by the CHAMP measurements in the upper and lower stratosphere, 
have been utilized to study some features of tropopause in the India region. 
 
DATA 
 
Refractivity, temperature and density of dry air obtained with the CHAMP occultation measurements are provided by 
the Information system and Data Center (ISDC) at GFZ (http://isdc.gfz-potsdam.de/champ). The CHAMP 
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measurements  yielded atmospheric data at altitudes ranging from a few hundred meters to 35 km above the ground 
with a height resolution of 200 m. The radiosonde data used for comparison were obtained from 33 stations in India that 
are operated by the Indian Meteorological Department (IMD) and the data are received from the British Atmospheric 
Data Centre (BADC). The refractivity profiles obtained with radiosonde observations are estimated from the 
measurements of pressure, temperature and dew point temperature. The height resolution of radiosonde data varies from 
a few tens of  meters  to a few kilometers depending on the availability of the data. About 600 CHAMP profiles for 
which the occultation occurred in the latitude range 4 to 400 N and the longitude range 70 to 1000 E, covering the Indian 
region, during the period from 1 January to 31 December 2003 are utilized.  
 
A CHAMP refractivity profile is considered for comparison with the radiosonde data only when the location of 
CHAMP profile is within  ±20 latitude and longitude range from the location of radiosonde station, and the time 
difference between two measurements is less than 6 hours. Thus 65 CHAMP profiles are considered for comparison 
with radiosonde data. 
 
RESULTS 
 
Fig. 1 gives a typical comparison of refractivity profiles obtained from CHAMP observations and radiosonde data at  
Kochin (9.950 N, 76.270 E) and Patiala (30.30 N, 76.470 E). There is a quite good agreement between the refractivity 
profiles  in  the overlapping  region, the radiosonde  profile  reaching up to  a  height of  8-9 km and the CHAMP profile  
 

       

 

       

 

                          
 

Fig. 1.  Vertical profiles of  refractivity obtained from CHAMP occultation measurements (black) and  
             radiosonde observation (red) at Cochin (9.950 N, 76.270 E  ) and Patiala (30.30 N, 76.470 E )  

 
 
 
from 2-3 km to 35 km.  A statistical comparison of the refractivities obtained from the CHAMP measurements with that 
from the radiosonde data is shown in Fig. 2. This figure gives the mean and standard deviation of the differences 
between the two refractivity values (CHAMP-radiosonde), ∆N, at different heights. The mean value of ∆N, which is 
within about ± 5, is small above 8 km whereas the CHAMP measurement shows a significant positive bias in the lower 
troposphere. The matching between temperature profiles obtained with the CHAMP data and the radiosonde 
observations is very good in the upper troposphere (>10 km), and in the lower troposphere  the CHAMP temperature  is 
significantly lower than the radiosonde measurement. This is because the CHAMP-derived values do not take into 
account the presence of water vapour and, hence, the CHAMP temperature is noticeably colder than the radiosonde 
temperature in the lower troposphere where the water vapour content is significant.  
 
The tropopause structure has been studied using the temperature profile obtained with CHAMP data. The tropopause 
height and the tropopause temperature have been sensed on the basis cold point tropopause (CPT) that is identified by 
the coldest point in the temperature profile. Fig. 4 shows a typical temperature profile obtained at Cochin and Patiala. 
The variation of tropopause temperature, obtained on the basis of CPT, with respect to latitude in the Indian region is 
shown in Fig. 4. An increase of tropopause temperature from 1920 K to 2090 K with the latitude has been noted in the 
range 40 to 400 N.  However, there is no noticeable change in the tropopause temperature with longitude in the range 700 



to 1000 E.  Seidel et al. [4] also found, based on long term radiosonde data, that there is a significant increase of the 
CPT temperature in the tropical region beyond 50 latitude in the northern hemisphere.  This indicates that the 
tropopause temperature is significantly correlated with the temperature of the lower stratosphere and the surface and 
tropospheric temperature have less influence on the tropopause temperature [4].   
 
 
                         

                                     
 
 

Fig. 2.  Statistical comparison between refractivity values derived from the CHAMP and the radiosonde
             data in  the Indian region. The profile of  the mean value of the difference in  refractivities, ∆N,
            (CHAMP – radiosonde),  is  shown  by   (          )   and  the  shaded  region  indicates  the height
            variation of the standard  deviation of ∆N . 
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Fig. 3.  Vertical profiles of temperature obtained with CHAMP and radiosonde at Cochin (9.950 N, 76.270 E)  
             and Patiala (30.30 N, 76.470 E ). Cold-point tropopause (CPT) is indicated on the CHAMP profiles. 

 
 



           

 
 
                                                                                                                                                            
                                                                                       

Fig. 4   Variation of the cold-point tropopause (CPT) temperature with latitude and longitude in the  
             Indian region as revealed by CHAMP data 

 
 
 
CONCLUSION 
 
The results of validation of CHAMP data using the radiosonde observations in the Indian region have been presented in 
this paper. Although the inadequate number of passes of CHAMP satellite in the Indian region has hindered a more 
exhaustive validation, from the available data it has been shown that the CHAMP data can be effectively used for 
obtaining the vertical profiles of a number of atmospheric parameters, such as refractivity and dry temperature in the 
upper troposphere and stratosphere. The temperature profiles with high vertical resolution can provide a means to study 
the temperature structure in the upper troposphere and tropopause. The available vertical resolution of CHAMP 
measurements allows to identify the cold-point tropopause (CPT) which can be used to study many features of the 
tropopause region. There are evidences that the CPT temperature increases with latitude in the Indian region.  
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