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INTRODU! ON
= The GNSS satellites signals are received in multiple
and azimuth angles. When a signal reaches the neutral atmosphere (from the surface to
approximately 50 km) at a different angle (¢) of incidence than the normal (or zenith (z))
angle, resulting in a delay () in signal propagation (Figure 1)-
= The delay errors in the e and carrier phase of at
least 2.5 m (zenithal) and greater than 25 m (honzon) which must be eliminated or
minimized;

ized by

Figure 1 - GNSS signal when
propagating in the atmosphere, from
satellite to receiver, and the effect of the
propagation delay of the GNSS signal
carrier wave, and the delay modeling.

DELAY AND E BRAZILIAN CLIMAT]

DELAY PRODUCTS

* Different approaches can be applied to obtain_information describing_the

among the p

numerical weather

and climate prediction models, GNSS measurements, theoretical and empirical

models;

= The delay in the South America is calculated by different data sources (empirical,
ground and altitude stations, NWP models) zenithal, as well as the ray tracing
technique to obtain the slant delay or mapping functions, is presented in Table 1.

the different data sources and

Table 1- Neutral

delay modeling

different models of the zenith and mapping functions.
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= In calculating the delay, the vanablhty of the conshtuents of the neutral P
and ) is phic region, time
(seasonality and year) and the direction to the satellite (elevanon and azimuth);

= Brazilian territory is in the tropical region, and it has great climatic variation, which
usually varies according to the regions and seasons of the year (Figure 2). The Brazilian
climate has a strong influence of the Amazon rainforest because of the forest emitted
gases and water vapor, which cause a variation in the density of gases and water vapor;

Figure 3 - Humidity (H), Temperature (T) and

Figuse 2~ Braclan imalology, preciplationend tpertics. B el U v rosln g, .

variation according to the season and location.

Zenith delay automatic
Ground (INMET)/ Altitude (Un.
yoming)

a7, dF df,
‘Time resolution: 6h or 12h (24h/day)
Spatial resolution: Brazil

In development

BMF
Raytracer+NWP/CPTEC/INPE

Figure 4 - Assessment of
the Blind Models in the
Brazil regions.
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= The main impact on -
ZTD quality () is
directly  related  to
ZWD quality (b);

= The model with the
worst  performance
was GTP?, in 786 of
he cases, compared
ZTD/Bhnd models |
with ZTD/GNSS;

= The GPT2w (85.7%) :‘:.Z"“
and GPT3 (57%) were ' %

showed  the  best®
performances.

i

m ,m

i, dy, d, din, mfy fun
Time resolution: Th (24h/ day)
Spatial resolutior South America

In development

"6 s 3 101 V6 4 4 6 mw e arion s v \/um m\m " e

BRAZILIAN PRODUCTS
= Regional WRF NWM model - South America;

» Spatial resolution: 5km;

| Figure 5 - Brazilian Mapping Function (BMF)

= Temporal resolution: 1 hour;
= Vertical resolution: 25 pressure levels;
= Product

lant, Zenith and Mapping function.

Figure 6 - Assessment of ZTD from ground (INMET) and altitude (radiosonde) meteorological station
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* The Hopfield and Saastamoinen models are worse up o 30 cm in relation to these models

improved with INMET data (Hop/INMET and Saas (INMET));
= The BMF/WRF has the best performance in relation to the ZWD estimated with radiosondes
reference measurement
CHALLEN

= The climatic variation in Brazil has strong impact on the quality of the neutral
atmospheric delay, mainly in no-hydrostatic delay (or wet);
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SIDER.

ON:

S AND FINAL C

= Global empirical models are not capable of expressing the real variability of the delay

over a day or hours, but they can be applied in the absence of other models;

. Reglonal NWP models, such as those of CPTEC/INPE, have high horizontal, vertical and
ions and can be considered the best options for Brazil and South America;

. Better delay modeling in Brazilian regions, of the BMF and the ZTD/GNSS estimation,

has being developed.
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