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üZTD:  

ïEGNOS/UNB3 et al 

ïSaastamoinen/Hopfield et al using : 

Åweather data at the site 

Ånumerical weather model (NWM) 

Åempirical pressure/temperature model (GPT2/GPT2w)  

ïRay-traced delays (VMF1/UNB-VMF) 

ïEmpirical model based on GNSS ZTD  
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üEmpirical regional ZTD model over China continent 

üGNSS ZTD estimates (of 223 continuous GNSS sites) at 

Shanghai Astronomical Observatory 

üZTD is modeled by a function of station height and the ZTD 

at geoidal surface (ZTD-Geiod). 

üGrid model with high spatial resolution (2°×2.5° ) 

üWithout weather data, easy to implement 

 

SHAtrop: overview 
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6 SLR + 3 VLBI 
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http://neiscn.org/ 

üCMONOC (Crustal Movement Observation Network of China) 

 

  

SHAtrop: data 
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260 continuous GNSS stations 
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üCMONOC (Crustal Movement Observation Network of China) 

 

  

260 continuous GNSS stations 

SHAtrop: data 

2000 GNSS campaign stations 



 

 

b) Valid Days
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ü4 yearsô GNSS ZTD estimates (of 223 continuous GNSS 

sites) at Shanghai Astronomical Observatory; 

üModel determination: 152; model validation: 152+71; 

üSpanning: 2012-2014 

 

 

SHAtrop: data 
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ü4 yearsô GNSS ZTD estimates (of 223 continuous GNSS 

sites) at Shanghai Astronomical Observatory; 

üModel determination: 152; model validation: 152+71; 

üSpanning: 2012-2014 

 

 

SHAtrop: data 
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üMean annual ZTD with respect to station height 

 
a) Site Altitude(km)
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b) Mean ZTD(m)

  75¯ E   90¯ E  105¯ E  120
¯ E  135  ̄E 

 30¯ N 

 45¯ N 

 

 

1.5

2

2.5

SHAtrop: ZTD v.s. station height 
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üFitting of annual ZTD with respect to station height: ɓ 

varies with station latitude 
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SHAtrop: ZTD v.s. station height 
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üFitting of annual ZTD with respect to station height: ɓ 

varies with station latitude 
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SHAtrop: ZTD v.s. station height 
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üZTD time series fitting with annual and semi-annual 

terms 

üamplitude derived from fast Fourier transform 
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SHAtrop: ZTD period term 
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üZTD modeled with function of station height over Geoid 

(constant term)  and periodical terms 

 

SHAtrop: ZTD model over China continent 
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üConstant term of all sites 

üConstant term v.s. site latitude 
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SHAtrop: ZTD constant term 
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üAnnual amplitude 

 

SHAtrop: ZTD annual term 
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Annual Amplitude(m)
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üAnnual phase 

 

SHAtrop: ZTD annual term 
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Semi-Annual Amplitude(m)
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SHAtrop: ZTD semi-annual term 

üSemi-annual amplitude 
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Semi-Annual Phase
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SHAtrop: ZTD semi-annual term 

üSemi-annual phase 
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üParameters of 152 sites 

üLatitude-Longitude: 2°× 2.5°grid 

ü [70°E~135°E, 18°N~54°N] 

 Grid Points Distribution
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SHAtrop: ZTD Grid model over China continent 
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üSelect four grid points around the site 

üBilinear interpolation (ZTDm, A1, d1, A2, d2) 

üReduction to the site height 

üZTD at each grid point is modeled by: 
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SHAtrop: ZTD calculation for user 
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üCompare to precise ZTD estimates of SHAO 
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SHAtrop: model validation - bias 
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a) EGNOS(cm)
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b) UNB3m(cm)
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SHAtrop: model validation - bias 

üCompare to precise ZTD estimates of SHAO 
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SHAtrop  RMS   (cm)
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SHAtrop: model validation - rms 

üCompare to precise ZTD estimates of SHAO 
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SHAtrop: model validation - rms 

üCompare to precise ZTD estimates of SHAO 
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