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Talk Outline

• Definition of Zenithal Tropospheric Delay (ZTD);

• Predictions of the ZTD from Numeric Weather Prediction;

• Evolution of ZTD prediction over South America;

• ZTD prediction using data assimilation;

• Assimilation of GNSS meteorological products from:

– based ground: IWV values

– based spatial: atmospheric profiles;

• Final remarks.
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Zenithal tropospheric Delay

• The tropospheric Delay:

• Appling the mapping functions:
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Signal path due troposphere influence.   

Some alternatives to minimize the ZTD influence
in the GPS positioning in real time.

Modeling of the Zenithal Tropospheric Delay:

• Empirical Models : Saastamoinem, Hopfield and other;

• Double differences in short bases applications;

• Combined solution using empirical model and resultant

residues estimated in the processing of GPS data;

• Appling correction obtained using reference station

(examples: DGPS, WADGPS);

• Prediction of the Zenithal tropospheric Delay from

Numerical Weather Prediction.



3

Prediction of the Zenithal Tropospheric Delay.
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Forecast of temperature and humidity profiles 

 from CPTEC NWP model are used to 

calculate ZTD predictions over

 South America.
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Animação 1

Prediction of the Zenithal Tropospheric Delay from CPTEC

Operational version since 2007 using

NWP Regional model (ETA 20x20 km) from CPTEC

satelite.cptec.inpe.br

satelite.cptec.inpe.br/zenital/
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Evolution of  the ZTD predictions over
South America

• The next version of ZTD predictions will

take into consideration:

– CPTEC´s Data assimilation results;

• Sophisticated assimilation system based in

Kalman Filter;

– Additional data source:

• GNSS meteorological products;

• New generation of satellites sensor;

– Model with high spatial resolution (5 km);

Data assimilation

• Complete cycle of data assimilation:

Fase de Desenvolvimento: assimilação
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The impact of the data assimilation into NWP
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The impact of the data assimilation into NWP

Prediction x Observation                                          
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Data assimilation improves
considerable the weather 

forecast
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Motivation: Improving data assimilation

• Acquisition of the super-computer CRAY;
– 30000 processor;

– 2° faster super computer applied in NWP;

• Significant increase of the number of researcher in

the Group for Data Assimilation Developments;

• Operationalization of a new data assimilation
system* in collaboration of University of Maryland
(USA);

*Local Ensemble Transform Kalman Filter

This improvement will permit the
inclusion of new data source:

• GNSS based ground: strong densification

in the Brazilian territory in progress:

                                                 Integrated Water

                                                 vapor (IWV) with

                                                 good quality and

                                                 high temporal

                                                 resolution.

Brazilian Network for Continuo monitoring
                  67 station in operation             

GNSS-SP project

11 new stations

SIPEG project 
85 new stations
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First experiment of IWV-GNSS data
assimilation are been carried out at CPTEC.

• Real time processing

is been done by

Laboratory of Spatial

Geodesy UNESP:
using  GAMIT and

GIPSY software.

•Operational implementation
of the IWV-GNSS assimilation

is in progress.

Expected results: similar ones obtained
 using IWV from satellites.
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• GNSS radio occultation data: temperature

and humidity profiles.

This improvement will permit the
inclusion of new data source:

Expected results: similar ones obtained
 by ECMWF.
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Final Remarks
Future new version of ZTD predictions

• ZTD will be produced
at higher spatial
resolution: 5km

 

Legenda 

    Receptores GNSS da RBMC: n= 67;   

    Projeto SIPEG (em implantação):  n=85;   

    Projeto GNSS-SP (em implantação): n=11;  

Total resultantes: 163 receptores GNSS. 

Assimilation of GNSS
meteorological products
 in the data assimilation
system.

The future integration of all these developments

will contribute to CPTEC/INPE’s ability to

generate the best ZTD prediction over South

America.

Thanks for your attention.
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