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lkj & ge tkurs gS fd th- ih- ,l- vk¡dM+ksa dk lalk/ku th- ,- ,e- vkbZ- Vh- izkslsflax lkWQVos;j ds 
}kjk fd;k tkuk =qfV jfgr ugha gSA buesa ls dqN vk¡dM+sa izkslsflax esa fHkUu- fHkUu ekWM;wYl ds lg;ksx ls 
izkIr fd, x, gSaA vk¡dM+ksa dh xq.koRrk vusd dkjdksa ij fuHkZj djrh gS] tSls fd ekSle laca/kh midj.kksa dh 
xq.koRrk] ftlls ekSle laca/kh vk¡dM+sa izkIr gksrs gS] izkslsflax dk ,YxksfjFe tks midj.k latky dh le:irk 
;k vle:irk ij fuHkZj djrk gS ,oa LFkku dh vofLFkfr vFkkZr~ og LFkku fofHkUu fn’kkvksa esa vojks/k jfgr gS 
;k ughaA ubZ fnYyh] eqEcbZ] dksydkrk] xqokgkVh vkSj psUuS ds th- ih- ,l- LVs’kuksa ds oxZ ek/; ewy =qfV;k¡ 
LFkkfud :Ik ls vkil esa lacaf/kr gksrh gSa vkSj mixzg ds mUu;u dks.k ds vuqlkj buds izs{k.k izkIr fd, tkrs 
gSA ubZ fnYyh esa o"kZ 2008 ds ekWulwu ds nkSjku dqy o"kZ.kh; tyok"Ik ¼vkbZ- ih- MCY;w- oh-½ dh nSfud fHkUurk 
45 fe- eh- ls 65 fe- eh- ds chp n’kkZbZ xbZ gSA  

 
ABSTRACT. We are aware that the processing of GPS data through GAMIT processing software is not free from 

errors. Some of them are generated due to different modules involved in processing. The data quality depends so many 
factors, like quality of met-instrument, which supplies the meteorological data, algorithm of processing which based on 
the network homogeneity or heterogeneity and location of the site, whether it is free from multi-path etc. The root mean 
square errors for New Delhi, Mumbai, Kolkata, Guwahati and Chennai GPS stations are spatially correlated and 
observations are weighted according to the satellite elevation angle. Diurnal variability of Integrated Precipitable Water 
Vapour (IPWV) has been shown its range from 45 mm to 65 mm for New Delhi during the monsoon season, 2008.  
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1.  Introduction 
 

In Weather forecasting, various sources of data 
describing the atmospheric systems and processes are 
used. The GPS precipitable water vapour data is used in 
wide range of applications in meteorology, and its diurnal 
trend is useful in exploring the phases of weather systems, 
like summer monsoon in this work. Bouma and Steow, 
2001, used point-to-point GPS data processing in summer 
season. Systematic and random errors are modeled by 
functional and stochastic model approach. The functional 
approach describes the mathematical relationship between 
the GPS observations and the unknown parameters, while 
the stochastic model describes the statistics of the GPS 
observations (Leick, A. 1995). Many troublesome GPS 
biases can be removed by functional model approach by 
differencing and an unmodelled bias, which is not 
removed by differencing need stochastic model. 

Presently, near real time processing of GPS data is 
using the double-differenced GPS carrier phase 
measurements based on the least-squares (LS) principle 
for positioning but this is not free from systematic and 
random errors. The systematic errors are modeled through 
functional models but the random errors are realistic 
errors, stochastic modeling of these errors is very difficult 
task. Incorrect stochastic modeling will lead to unreliable 
estimates, which affect the overall accuracy of the 
measurements.  

 
Tiberius and Kanselaar (2000, 2003) considered 

satellite elevation dependent, time-correlation and cross-
correlation of the GPS observables. The setting of the 
elevation cut off angle for this study is 15°.  These spatial 
and temporal correlations in the observations are a 
function of baseline length and arise from errors caused by 
the  satellite  and  receiver  clock,  troposphere, ionosphere  
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Fig. 1. RMSE (mm) in range measurement for Chennai 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. RMSE (mm) in range measurement for Guwahati 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. RMSE (mm) in range measurement for Delhi 

 
 
 
and orbits. The spatial correlation between the 
measurements is the basis for the double differencing 
procedure, whereby one receiver is positioned relative to 
another receiver with known coordinates but it is very 
difficult to estimate (Hofmann-Wellenhof et al., 1993).    
In  this  present  study,  we  have  neglected  the spatial 
correlation estimates. The temporal correlation mean that 
one ground based receiver receives the signal from at least 
two satellites almost at the same time. 

 
 
 
 
 
 
 
 
 
 
 

 

RMSE statistics for Kolkata
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Fig. 4. RMSE (mm) in range measurement for Kolkata 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

RMSE statistics for Mumbai
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 RMSE statistics for Guwahati
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Fig. 5. RMSE (mm) in range measurement for Mumbai 

 
 RMSE statistics for Delhi
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  Number of observations for Chennai
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Fig. 6. Elevation angle histogram for Chennai 

 
 
2.  Data and methodology 
 
 

GNSS raw observations data in Receiver 
Independent Exchange Format (RINEX for five stations 
have been taken from India Meteorological Department, 
Lodi Road New Delhi. The observation data is processed 
using the GAMIT 10.3.1 software (King and Bock, 1999).  
From   the  raw  data  file  troposheric  delay  parameter  is  
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Fig. 7. Elevation angle histogram for Guwahati 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. Elevation angle histogram for Delhi 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9. Elevation angle histogram for Kolkata 

 
 
extracted which is further processed by double difference 
method for Integrated Precipitable Water Vapour (IPWV). 
 
3.  Analysis of results 
 

From double differences, linear combinations of 
observations on two wavelengths have been made which 
is used to eliminate the ionospheric errors. If the baseline 
length  is  more  than  or equal to 100 km then accuracy of  

  
Number of observations for Guwahati

0

100

200

300

400

500

600

700

800

900

1000

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Elevation angle (Degree)

O
b

s
e

rv
a

ti
o

n
s

 r
e

c
e

iv
e

d
 a

t 
re

c
e

iv
e

r

 Number of observation for Mumbai
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Fig. 10. Elevation angle histogram for Mumbai 
 

 
 Number of observations for Delhi
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Signal to Noise Ratio (SNR) with elevation
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Fig. 11.  Elevation dependent SNR values for both L1 and L2 GPS 

signals 
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Fig. 12. Diurnal variability of IPWV (mm) for New Delhi (June, 2008) 

 
 
the positioning is affected because the lower amount of 
observations common for both sites building the baseline. 
In the GAMIT processing a variance-covariance (VC) 
matrix of zero order difference for raw observations is 
made (Mikhail, 1976). It is assumed that all the 
measurements are independent and having the same 
variance. But this assumption is not true due to 
unmodelled or residual errors having varying noise levels 
in the doubly differenced observable. 
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Fig. 13. Diurnal variability of IPWV (mm) for New Delhi (July, 2008) 

 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 14.  Diurnal variability of IPWV (mm) for New Delhi (August, 2008) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 15.  Diurnal variability of IPWV (mm) for New Delhi (September, 2008) 
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Fig. 16. Annual and seasonal variation of IPWV (mm) for New Delhi, 2008 
 

 
TABLE 1 

 
Baseline length dependent weighting 

 

S. No. Name of Baseline Length in meter RMSE in meter RMSE after post fitting the model in meter 

1. Chennai-Guwahati 1861310.64 0.00912 0.00632 

2. Chennai-Delhi 1741263.27 0.00752 0.00587 

3. Chennai-Kolkata 1350289.93 0.00793 0.00521 

4. Chennai-Mumbai 1022902.15 0.00735 0.00396 

5. Guwahati-Delhi 1444136.08 0.00961 0.00561 

6. Guwahati-Kolkata 515138.66 0.00665 0.00353 

7. Guwahati-Mumbai 2078063.75 0.01079 0.00749 

8. Delhi-Kolkata 1299045.58 0.00905 0.00749 

9. Delhi-Mumbai 1161670.13 0.00567 0.00433 

10. Kolkata-Mumbai 1660166.70 0.0100 0.00657 

 
 

3.1.1.  Diurnal variation of IPWV (mm) 
 

The diurnal variation of monsoon season, 2008, 
IPWV of New Delhi has been shown in the (Figs. 12-15).  
The trend of June and September months is almost the 
same and the IPWV values lies from 45-60 mm. During 
the active phase of monsoon the IPWV values lies from 
60-65 mm. 
 

3.1.2.  Annual and seasonal variation 
 
The annual and seasonal mean of IPWV (mm) for 

New Delhi during 2008 indicates that the annual mean is 
equivalent to that of the pre-monsoon season and during 
monsoon season it is maximum (Fig. 16). 

3.2.  Satellite elevation angle dependent weighting 
 

Systematic errors in GPS measurement are related to 
the signal to noise ratio, atmospheric delay and multi path 
errors, which may be closely connected to satellite 
elevation angles. The effects of these errors are different 
for each satellite. Therefore GPS measurements from 
different satellites may not have the same accuracy. In the 
present paper the following satellite angle based sine 
function proposed by (King and Bock, 1999) is used.   

 
2 = A2 + B2/[sin (elv)] 2  

 
Where, 2 is the variance in raw GPS measurements, 

A and B are constants.   
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The root mean square (mm) statistics in range 
(Satellite to receiver) for five GPS stations are shown in 
the (Figs. 1-5) along with the elevation angle histograms 
(Figs. 6-10). It is seen from the graphs that the RMSE 
values are higher at lower elevations, it may be due to the 
multi-path signal errors. So, we can say that the site for 
the new installation of GPS stations should be away from 
tall buildings, trees and other satellite antennas to avoid 
interference. 
 
 

3.3.  Baseline length dependent weighting 
 

From Table 1 it is clear that, the estimation error in 
baseline length is reduced appreciably after using the 
elevation dependent stochastic model approach. The 
reference value used in Table 1 is the fitting solution of 
three years daily position estimates of the IGS solution 
processed by Scripps Orbit and Permanent Array Centre 
(SOPAC) USA.  The sine angle dependence of the model 
is sensitive to tropospheric measurements. It is suitable for 
Integrated Precipitable Water Vapour (IPWV) 
measurement from tropospheric time delay. 

 
 
3.4.  Signal to Noise Ratio (SNR) 

 
The L1 (1.5 GHz) L2 (1.2 GHz) signals affected by 

the atmosphere and are the key parameters for GPS 
receiver performance, which directly affects the precisions 
of GPS observations (Langley, 1997). For GPS 
observations SNR is introduced as a quality indicator and 
used in constructing the stochastic model for high 
accuracy applications. The idea is that each satellite has a 
different precision, which is dependent on the SNR 
information. The satellite that has a high SNR value will 
be less noisy than the satellite with a low SNR value. For 
the present stochastic model approach the SNR values at 
different elevations are shown in the Fig. 11. 

4.  Conclusions 
 
(i) The IPWV of New Delhi trend for June and 
September months lies between 45-60 mm and during the 
active phases of monsoon in July and August the IPWV 
values lies between 60-65 mm. 
 
(ii) The root mean square error (RMSE), decreases as 
the satellite elevation increases. It may be due to multi-
path errors which contribute more at lower elevations. 
 
(iii) The strength of the satellite signals in terms of Signal 
to Noise Ratio (SNR) increases with the elevation for both 
the frequencies L1 & L2. 
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