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Total delay = Ionosphere + dry + wet 

Meteorological 
data (Ps, Ts) & 
estimated Tm 

Dual-frequency GNSS mea.: 
GNSS Ephemeris 
Station position 

Timing 

Forward model 
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Application 
Area Uncertainty Horizontal 

Resolution 
Observation 

Cycle Timeliness Coverage 

GNSS-PW 
Final: 
NRT: 

< 1mm  
<2 mm 

Point 5 min 
5 min 

<1 month 
2-3h 

Global* 

Climate-AOPC 1 mm 
1.4 mm  
3 mm 

50 km 
100 km 
200 km 

3 h 
4 h 
6 h 

7 d 
14 d 
60 d 

Global 

Global NWP 1 mm  
2 mm  
5 mm 

15 km 
50 km 

250 km 

60 min 
6 h 
12 h 

6 min 
30 min 

6 h 

Global 

High Res 
NWP 

1 mm  
2 mm  
5 mm 

0.5 km 
5 km 
20 km 

15 min 
60 min 

6 h 

15 min 
30 min 

2 h 

Global 

Nowcasting / 
VSRF 

1 mm  
2 mm  
5 mm 

5 km 
10 km 
50 km 

15 min 
30 min 
60 min 

5 min 
10 min 
30 min 

Global 
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Equipment Costs (EURO) 
GPS Receiver/Antenna 15,000-20,000 

Surface Observations 700-1,600 

Station Monumentation 700-13,000 

Installation 5000 

Communication (Internet) Variable 

Total 21,400-39,600 

Maintenance Average Costs (EURO) 
2 Site Visits per year 

(1 maintenance & 1 emergency) 
3000 

Spares 2500 
Rent Costs Variable 

Local Archiving 500-2000 
Total 6000-7500 
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2.5  Instrument Co-location 

Yokota et al. 2014 (ICM4)  
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𝝈𝝈𝑷𝑷𝑷𝑷 =
𝝈𝝈𝒁𝒁𝒁𝒁𝒁𝒁
𝚷𝚷

𝟐𝟐
+

𝟐𝟐.𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝝈𝝈𝑷𝑷𝟎𝟎
𝒇𝒇 𝝀𝝀,𝑯𝑯 𝚷𝚷

𝟐𝟐

+
𝑷𝑷𝟎𝟎𝝈𝝈𝒄𝒄

𝒇𝒇 𝝀𝝀,𝑯𝑯 𝚷𝚷

𝟐𝟐

+ 𝑷𝑷𝑷𝑷
𝝈𝝈𝚷𝚷
𝚷𝚷

𝟐𝟐
 



10 From Jan Dousa 



11 

9. Site Assessment and Certification 
(“Strictly required” & “Optional but desired”) 

Equipment Requirement 

GPS Receiver/Antenna Geodetic quality dual frequency carrier phase 
observations are needed for any GRUAN site. 

Surface Observations 
(pressure and temp.) 

Pressure accurate to <0.5 hPa to remove 
hydrostatic delay. A 0.5 hPa error in surface 

pressure ~0.2 mm error in PW. 

Station Monumentation GPS antenna should be installed in a manner 
that conforms to IGS standards. 

Installation   
Communication 

(Internet) 
Data need to be provided to analysis center(s) 
in timely manner to ensure that are included in 

routine processing. 
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Momumentation 
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