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GOP tropospheric production & support 

 
Operational status: 

 Regional GPS solution (official solution) 

 Global hourly solution (official solution) 

 Regional GPS+GLONASS solution (testing) 

 Real-time solution (demonstration campaign) 

2 

Progress 

 Trop-NET solution (distributed system) 

 GOP TropDB  (tropospheric parameters evaluation) 

 GOP TropModel (online service) 

 GOP EUREF Repro1+, Repro2 (homogeneous reprocessing) 
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 Bernese GNSS software v5.0 (BSW v5.2 ready) 

 Data: hourly RINEX 

 Orbits: official IGS ultra-rapid GPS orbits (IGU) 

 Stations (80): Czech Rep, SuperSites, fiducial stations 

 4 hourly data batches for stacking 

NEQ: 12-hour for ZTDs 

NEQ: 28-day for coordinates 

 

NOTE:  GOP2 is testing using 

ambiguity-fixed solution in ZTD 

 

During summer 2014, the change  

of internet domain at GOP 

caused many missing national stations .. 

GOP1: NRT regional GPS solution 

Data  

Data 

GPS 
regional 

GNSS 
regional 

Data 

GPS 
global 

Data 
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 Bernese GNSS software v5.0 (BSW v5.2 almost ready) 

 Data: hourly RINEX 

 Orbits: testing IGS ultra-rapid GPS+GLONASS orbits (IGV) 

 Stations (100): Czech Rep, Latvia, Bulgaria, Greece, SuperSites, 
fiducial stations 

 4 hourly data batches for stacking 

NEQ: 12-hour for ZTDs 

NEQ: 28-day for coordinates 

 

 

 

During summer 2014, the change  

of internet domain at GOP 

caused many missing extra stations .. 

 

GOP3: NRT regional GPS+GLO 

Data  

Data 

GPS 
regional 

GNSS 
regional 

Data 

GPS 
global 

Data 
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 Bernese GNSS software v5.0 (BSW v5.2 ready) 

 Data: hourly RINEX 

 Orbits: official IGS ultra-rapid GPS orbits (IGU) 

 Stations (120): global stations, SuperSites 

 Specific features for robust processing 

 4 hourly data batches for stacking 

NEQ: 12-hour for ZTDs 

NEQ: 28-day for coordinates 

 

 

 

During summer 2014, the change  

of internet domain at GOP 

caused many missing global stations .. 

 

GOPG: NRT global GPS solution 

Data  

Data 

GPS 
regional 

GNSS 
regional 

Data 

GPS 
global 

Data 



R
e

s
e

a
rc

h
 I

n
s

ti
tu

te
 o

f 
G

e
o

d
e

s
y,

T
o

p
o

g
ra

p
h

y
 a

n
d

 C
a

rt
o

g
ra

p
h

y
 

G
e

o
d

e
ti

c
 O

b
s

e
rv

a
to

ry
 P

e
c

n
ý

 (
G

O
P

) 
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GOP NRT tropospheric products 

Basic characteristics 

 ZTDs represented as a piece-wise linear function every hour  

◦ (HH:00 + HH:59) 

 coordinates (reported in COST-716 format) are heavily constrained 
to the estimated values realizing the IGS-yy reference frame 

 active QC (filtering) for regional ZTD product: 

◦ Sites with less than 4h of data in ZTD solution are excluded from the product 

◦ Sites with less than 2 days of data in coordinate solution are excluded 

 + global solution filtering 
◦ Formal error filtering applied 

 

 

Note: ZTDs estimated and provided  

at the end of observation window 

last hour 
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GOPR: real-time demonstration 
G-Nut/Tefnut: in-house PPP software, real-time products: IGS01, IGS02, IGS03, CNES 

 GPS, GPS+GLONASS (preparing full multi-GNSS) 
 ZTD, ZTD + gradients (preparing slant delays) 
 Preparing conversion to COST-716 
 Preparing a sub-hourly estimation 
 GNSS4SWEC - coordinating a common RT demonstration campaign 
 Availability > 95 % 

 
TEF:RT - GOP (Tefnut) PPP real-time ZTD solution using IGS01 
TEF:RT01 - GOP (Tefnut) PPP real-time ZTD solution using IGS02 
GLO:NRT - GOP (Bernese) near real-time global solution 
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Near real-time products - traditional approach 

NRT regional product (GPS) – Bernese GNSS software (2001-today) 

NRT global product (GPS) – Bernese GNSS software (2010-today) 

NRT regional product (GPS+GLONASS) – Bernese GNSS software (2011-today) 

New products - PPP 
Real-time product (2013, demonstration) 

Sub-hourly product (2014, development) 

Summary for GOP troposphere products 

vs. final ZTD     AbsBias  StdDev 
ZTD regional   0-3 mm   3-6 mm 
ZTD global   0-1 mm   3-9 mm 
ZTD real-time       ~0-20 mm  5-10 mm 

rel   abs PCV model strategy 
update 
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Trop-Net: a new co-operation project  

 Develop distribute NRT Troposphere network solution 

 Easy support for new analysis centre, networks 

 Close cooperation for coordinated and shared development 

 Initiated by JD during STSMs in support of AUT, KTU & BEU, ... 

 Implemented as a flexible modular system 

 GNSS processing: Bernese GNSS software + BPE (V5.0/V52) 

 Developed by GOP exploiting 15-year experience in the domain 

 GPS NRT solution since 1999 

 GLONASS-only solution (2008-2010) 

 GPS+GLONASS NRT solutions since 2011 

 Global NRT solution since 2010 

 GPS ultra-rapid orbits  since 2004 

 GPS + GLONASS ultra-rapid orbits since 2008 
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Trop-Net  partners 

 Karadeniz Technical University (KTU), Trabzon, Turkey 

 Bülent Ecevit University (BEU), Zonguldak, Turkey 

 Aristotle University of Thessaloniki (AUT), Greece 

 Geodetic Observatory Pecný (GOP), Czech Republic 
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Implemented modules for Trop-Net 

Individual nodes 

 Downloads & mirroring 

 Universal modules for data/product collections 

 NRT GNSS processing (Bernese GNSS software) 

 Converting duplicate stations 

 Upload of products 

 Support of last COST-716  format incl. new file naming  

 IWV conversion (to be implemented at AUT) 

 Specific monitoring (e.g. IWV visualization) 

Central (currently at GOP) 

 Versioning repository & software archive 

 Real-time monitoring & inter-comparison 

 Archive + long-term assessment 

 Installation/operation manual and documentation 



R
e

s
e

a
rc

h
 I

n
s

ti
tu

te
 o

f 
G

e
o

d
e

s
y,

T
o

p
o

g
ra

p
h

y
 a

n
d

 C
a

rt
o

g
ra

p
h

y
 

G
e

o
d

e
ti

c
 O

b
s

e
rv

a
to

ry
 P

e
c

n
ý

 (
G

O
P

) 



R
e

s
e

a
rc

h
 I

n
s

ti
tu

te
 o

f 
G

e
o

d
e

s
y,

T
o

p
o

g
ra

p
h

y
 a

n
d

 C
a

rt
o

g
ra

p
h

y
 

G
e

o
d

e
ti

c
 O

b
s

e
rv

a
to

ry
 P

e
c

n
ý

 (
G

O
P

) 



R
e

s
e

a
rc

h
 I

n
s

ti
tu

te
 o

f 
G

e
o

d
e

s
y,

T
o

p
o

g
ra

p
h

y
 a

n
d

 C
a

rt
o

g
ra

p
h

y
 

G
e

o
d

e
ti

c
 O

b
s

e
rv

a
to

ry
 P

e
c

n
ý

 (
G

O
P

) 

14 

GOP-TropDB – tropo evaluations 

Intra-technique comparison (currently GNSS) 
 Reference products: IGS, EUREF (legacy, Repro1, Repro2) 

 IGS Individual ACs: CODE Repro2 (COF/COD), interests ? 

 Other individual contributions from EUREF, GNSS4SWEC, interests ? 

 GOP products: Repro1, Repro2, Multi-GNSS NRT, Global NRT, Real-time etc. 

Inter-technique comparison 
 VLBI – IVS combined products (preliminary  need for better tropospheric ties!) 

 DORIS – GOP internally only (study of SAA), lack of official products 

 RAOBS – BADC/MetOffice global data set, IGRA (preliminary), … 

 WV Radiometers – GOP WVR  (no other available) 

 NWM – ERA-Interim (NCEP GFS) a global background NWM data set (1990-present) 

 potential other NWMs in Europe within E-GVAP/GNSS4SWEC projects 

Additional sources (auxiliary) 
 GPT2 – Global Pressure and Temperature model, (grid) + geoid, … 

 EGM2008 – geoid model (grid) 

 (ERA-Interim orography + land/sea mask) 

 Temporal and spatial interpolations 



R
e

s
e

a
rc

h
 I

n
s

ti
tu

te
 o

f 
G

e
o

d
e

s
y,

T
o

p
o

g
ra

p
h

y
 a

n
d

 C
a

rt
o

g
ra

p
h

y
 

G
e

o
d

e
ti

c
 O

b
s

e
rv

a
to

ry
 P

e
c

n
ý

 (
G

O
P

) 
ERA-Interim long-term evaluation 
… total statistics of ZTD from ERA-Interim compared to IGS (top) and EUREF (bottom) 

 

 

 

IGS 

EUREF 
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ERA-Interim long-term evaluation 
... monthly statistics of ZTD from ERA-Interim compared to IGS (top) and EUREF (bottom) 

 

 

 

Estimated 
Interpolated 
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TropModel - output  
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 Improved ZWD physical model of Askne and Nordius (1987)  

 Needs for assessment various NWM models as a potential input for GNSS real-time 
positioning  

 Enhanced ZWD vertical approximation  used in GOP-TropDB tropo-ties 

Douša and Eliaš (2014) An improved model for tropospheric wet delay, Geophys. Res. Lett. 41 

New tropo model for positioning 

Global ERA-Interim data (2005-06-05:00) 
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