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1. Activities related to the Brazilian Geocentric andVertical Reference Frames

Sonia Maria Alves Costa

Roberto Teixeira Luz
In 2018 a considerable effort was carried out eyBinazilian Institute of Geography
and Statistics (IBGE) on the re-adjustment of téeeling network based on geopotential
numbers. The results provided normal heights tdodrech marks (BM) and a close solution
to the physical meaning of heights. Temporal anslyleveling sections from 1945 to 2017,
in a total of 74,169 BM, were undertaken. Files eveeformatted for processing with
GHOST (Geodetic adjustment using Helmert blockinigSpace and Terrestrial data), a
software package developed by the Canadian GeoB8eticey. New leveling campaigns
supported by GPS for checking inconsistencies vaemmmplished. The final results have

been the update of 69,590 BM information in thead=tse.

At the same time, IBGE is working on the integratiof heights system in the
International Height Reference System (IHRS). S&tiens of the continuous operating
GNSS were already chosen as candidates to thenamimnal Height Reference Frame
(IHRF). They will be connected by leveling netwaakd gravimetric observations will be
undertaken in a radius of 200 km around them, aiegrto Geocentric Reference System for

the Americas (SIRGAS) recommendations.

A special attention has been addressed to Geoddetimanent Tide Gauge Network
(RMPG, see Figure 1). A total of five stations gjdhe coast, Arraial do Cabo, Imbituba,
Salvador, Fortaleza and Santana, continuously ebsbe sea level. All stations contribute to
the Permanent Service for Mean Sea Level (PSMS3ig, ansequently to the Global Sea
Level Observing System network (GLOSS). Data fratke fgauge stations are available in

near real time at IBGE ftp server.
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Figure 1- Brazilian Network of Tide Gauges for Geesly — RMPG. In red is the spirit

IBGE carried outgravity surveys for the improvement of geoid monteBrazil. In
2018, a total of 3,800 new gravity points were tidleld in the gravity database, taking into
account the height values derived from the newsidjant of the leveling network. A big

effort has been addressed to gravity surveys inyraggas with gravity gaps (Figure 2).



An improved geoid model was released in 2015 (MABGELS), in substitution to
previous version MAPGEO2010. It was computed inpawation between IBGE and EPUSP
(Polytechnic School of the University of S&do Paulld)is product has been based ona 5’ x 5’
grid of geoidal undulations (Figure 3). The maineshve is to provide an alternative, based
on gravimetric data, to transform the ellipsoideights derived from GNSS to a height with
physical meaning, referred to an equipotentialaswgfof the gravity field. The area of the
model is limited by 6°N and 35°S in latitude and4®/W and 30°W in longitude. Terrestrial
gravity data from 947.953 points in Brazil and mdigr countries, validated with DIVA
software, a digital terrain model based on SRTM Hrel EIGEN-6C4 global geopotential
model to degree and order 200, as reference figlte used. The short wavelength
component was computed by Fast Fourier Transfomthé so called remove-compute-
restore technique. In areas where sufficient da&tee\available, the neural network technique
was used to complete the gravity anomaly infornmatiche current model, adopted officially
in Brazil (Fig. 3), has a consistency with GPS/BM)dL7 m. In order to improve the geoid

model evaluation, new GPS observations on BM aderxaken every year.

A new version of the geoid/quase-geoid model iseurmteparation and it will be
delivered in 2020.



Figure 2- Status of gravimetric surveys used forARGEO2015 geoid model.
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Figure 3- MAPGEO2015 geoid model.




2. Geodetic Reference Frame SIRGAS2000

SIRGAS2000 geodetic reference frame was officiatippted in Brazil on February
25, 2005, following developments carried out in se®pe of the multinational SIRGAS
initiative (Geocentric Reference System for the Apas — www.sirgas.org) towards the
establishment of an accurate, unique, up-to-dateé gaocentric reference system in the
continent, compatible with the most advanced staddased radionavigation systems. The
SIRGAS2000 frame corresponds to a densificatiothefinternational Terrestrial Reference
Frame (ITRF - http://www.iers.org/IERS/EN/DataProtdITRF/itrf.html?__nnn=true) in
the Americas/Brazil; thus being by definition a luhb geodetic (and geocentric) reference

frame.

The adoption of SIRGAS2000 in the country has memoted by a national project
known as National Geospatial Frame-work Project —IGN° (PMRG,
http://www.ibge.gov.br/home/geociencias/geodesiaggpdefault_pmrg.shtm), which was
based on the active participation of several iastihs in Brazil since 2000, under the
leadership of the IBGE.

In this context, the following information/produtttols/services released to users in
Brazil have supported the adoption of this new famhich guarantees the required accuracy
for consistently integrating all information laydrsthe National Spatial Data Infrastructure

(www.inde.gov.br):

a) Coordinates of all stations (more than 8,000) hbgilogy to the Brazilian Horizontal
and GPS Geodetic Networks referred to SIRGAS2000ea2000.4 reference epoch.
These coordinates are available through the  GeandetDatabase

(http://www.bdg.ibge.gov.br/appbdg);

b) ProGriD: Coordinates Transformation Program, whitfansforms coordinates

referred to the former reference frames adopteBrazil (CorregoAlegre, SAD 69

and their realizations) to SIRGAS2000
(http://www.ibge.gov.br/home/geociencias/geodesic@m transf/default param tran
sf.shtm);

c) Geoid Model referred to SIRGAS2000, which convetlipsoidal heights determined
from satellite positioning techniques to the meaa Igvel. This model is continuously

improved by IBGE, in cooperation with EPUSP. Therent version is named



MAPGEO2015,
(http://www.ibge.gov.br/home/geociencias/geodesialeto _geoidal.shtm);

d) IBGE-PPP: IBGE's Precise Point Positioning Online enke
(http://www.ibge.gov.br/home/ geociencias/geodegip/default.shtm), a free service

which computes, in post-mission mode, precise doates referred to SIRGAS2000
and ITRF2000 based on GNSS data collected by useBsazil and surrounding
regions.

IBGE-PPP was delivered on April 2009 as a resué partnership with NRCan/GSD,
which has licensed to IBGE its PPP software andigeesatellite orbits and clocks,
necessary to process GNSS data. The expectedopasifiaccuracy processing data
collected by dual frequency receivers using thivise is better 10 cm. It has been
one of the most used GNSS positioning tools in Brazaking the connection to
SIRGAS2000 easy and straightforward. It has beepeaslly important in
applications related to measuring rural properpesimeter, as the standards and
specifications edited by the Brazilian Land Refdnstitute (INCRA) for this type of
application include the use of this service.

Figure 4 presents a histogram with the number GGBBPPP jobs processed monthly
from April 2009 to 2019. Figure 5 shows the geobramistribution of the stations whose
coordinates were computed by this service durimg 18-year period. The enormous use of

the service can be seen from both figures.
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Figure 5 - Geographic distribution of the stationghose coordinates were computed by
IBGE-PPP from April 2009 to 2017. Each red dot cesponds to a station.

2.1 RBMC — The most accurate geodetic framework iBrazil

Since December 1996 IBGE, along with several paringtitutions in Brazil, has

concentrated efforts towards the establishmenthef Brazilian Network for Continuous

10



Monitoring of GNSS (RBMC). The first national camtious operating GNSS network
deployed in South America, following standards reotended by the International GNSS
Service (IGS). RBMC is the most accurate geodeiméwork in the country, making the
connection of coordinates to SIRGAS2000 easilyrniazi.

Since 2006, RBMC has gone through an ambitious madeg and expanding
process based on a partnership between IBGE, BraSpace Agency (INPE) and INCRA,

which largely increased GNSS data availability ggifferent observation rates.

In 2009, the RBMC service was further expanded i establishment of a real
time component, named RBMC-IP, to support kinempasitioning (RTK) and other real
time applications. Data corrections are made availaising the Network Transport of
RTCM via Internet Protocol (NTRIP) by a ‘NTRIPcasteoftware, which has been released
to IBGE by the German Federal Agency for Cartogyaphd Geodesy (BKG) based on a
cooperation with the IGS Real Time group (IGS-RAgcording to this cooperation, real
time data of nine RBMC stations are released to t&Support computation of precise

satellite orbits, among other IGS products.

RBMC is currently (June 2017) composed by 153 GMN&&ions, most of them
equipped with receivers capable of tracking GPS+NASS signals and meteorological
devices, allowing the improvement of troposphend asnospheric correction models. Out of
them, 121 stations operate in real time and theam@ng ones in post-mission mode (Figure
6). All RBMC stations belong to SIRGAS continentatwork, providing the necessary

integration of the Brazilian geodetic frame inte dontinental one.

Among several public institutions that participateRBMC operations, INCRA, as
previously mentioned, has made great contributiassyell as INPE, which uses RBMC data
in the Brazilian Space Weather Program (EMBRACE)he Positioning Integrated System
for Geodynamics Studies (SIPEG) and in the CermdeM{eather Forecasting and Climate
Research (CPTEC).

11
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2.2 SIRGAS Analysis Center

As seen in the previous sections, Brazil has dgteegaged in the multinational and
national cooperation initiatives, which have cdmited to the advanced geodetic activities
carried out in the country during the last decaderong these initiatives, SIRGAS one,
which has relied on IBGE’s participation sincebtginning in 1993, should be emphasized.
In addition to many roles played along these p@sty®ars, IBGE is one of the analysis (i.e.,
processing and combination) centers since 2008glreisponsible for the weekly processing
of GNSS data collected by SIRGAS continuous opegatietwork, SIRGAS-CON and for
the combination of weekly solutions of nine procegxenters, the latter responsibility being
shared with the German Geodetic Research InstitiD@FIl). SIRGAS-CON stations’
coordinates time series feed the computation diostavelocities, which are very important
for the maintenance of the SIRGAS reference fram@ far geodynamics studies of the
South American plate. In this perspective, the SNS@000 frame, officially adopted in

Brazil can be continuously monitored.
3. Earth Tide Program
Daniel Arana

University of Sdo Paulo, supported by a few orgatiins, is involved in a project for
Earth Tide model for Brazil. The idea was to occ@pgequence of 13 stations along the
country, keeping the instrument for one year inhestation. To this point, field campaigns
were carried out using two gPhones, Micro-g LaCoste7 stations. In 2012 data were
collected in the city of Sdo Paulo - SP and Val;hoSP, next in 2013 and 2014, the
collection was carried out in the cities of PresigePrudente - SP and Cananeia - SP. In
2015, gravimeters were installed in Porto VelhoO &d Manaus - AM. Subsequently one
of the gravimeters was installed in Brasilia - DRilev the other remained one more year in
Manaus. At the moment, the campaigns are interdyme that the following stations are
expected to be observed in the future: Fortale2&,- Salvador - BA, Cuiabd - MT, Campo
Grande - MS, Curitiba - PR and Santa Maria - Rguild 7 shows the distribution of the

stations already observed.

13
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Figure 7 - Distribution of sites observed for Eartides.

The project has interesting results in Presidenteléhte (PPP)and Cananeia (NEIA)
due a careful processing. However, heterogeneitthén data were detected during pre-
processing and processing stage. For comparingopespand conclusive studies it is
suggested:

(1) Pre-processing systematization:
a. Software: Tsoft 2.2.15 (at least);
b. Time-resolution: 1 minute;
c. Remove-Restore technique: considering a theoreétzdtic Earth tidal
model and atmospheric load with -0.3 pGal/mBatr;

14



d. No interpolation for gaps bigger than 12 hours ¢gsgjon); and
e. Low-pass filter: Zero-phase digital filter 6 cpd.
(2) Processing systematization:
a. Software: ETERNA 3.4 V60-B (at least)
b. Catalog for wave constituents: HW95;
c. High-pass filter: NIH60KSP;
d

. Estimation of 15 wave constituents (at lea®t): O, NOy, P1, Ky, 31, OO,

2N2’ N2’ MZ! L2’ 3! K21 M3, M4
(3) Analysis of residue observations: It must be cosrgid in-phase and out-phase

residuals in each wave constituents;

(4) Identification of components associated with geajutg} effects: the use of global
models are useful in this process such as: GLDAS Kdrology); FES2014 or
TPX09 (for ocean load); empirical or theoreticalmassibility functions (for
atmospheric load).

This systematization has brought interesting gamsPresidente Prudente and
Cananeia stations. The preliminary results are showable 1 and 2.

Table 1 - Preliminary processing Presidente Prident

Wave | Grav. Factor CSIEALEIE EIASID Phase [9] PhaF]e =2
Q1 1.19706 0.00048 -0.014  0.023
O, 1.17244 0.00010 -0.540  0.005
NO, 1.18110 0.00131 1.501 0.064
Py 1.14927 0.00018 -1.254  0.009
Ky 1.14998 0.00007 0.629 0.003
A 1.14617 0.00114 -0.097  0.057
00, 1.20388 0.00360 -0.937 0.171
2N, 1.17287 0.00061 2.34J7  0.030
N, 1.18018 0.00013 1.421 0.006
M, 1.17428 0.00003 1.21j7  0.001
L, 1.17470 0.00095 0.726  0.046
S 1.17556 0.00006 1.162 0.003
K> 1.17344 0.00028 0.890 0.014
M3 1.08129 0.00136 0.587 0.072
Mg 0.53234 0.07759 -5.594  8.352

15



Table 2 - Preliminary processing Cananeia

Wave | Grav. Factor CSIEALEIE EIASID Phase [9] PhaF]e ==
o)1 1.21068 0.00042 -1.540  0.020
O, 1.16986 0.00008 -1.843  0.004
NO, 1.14323 0.00128 -0.216  0.064
Py 1.14792 0.00015 -1.535 0.008
K1 1.13088 0.00005 -0.555 0.003
A 1.17342 0.00100 -0.518  0.049
00, 1.18245 0.00283 0.917 0.137
2N, 1.20625 0.00066 4.805 0.031
N, 1.18951 0.00013 1.891 0.006
M, 1.16327 0.00003 2.401 0.001
L, 1.16833 0.00101 5.257 0.050
S 1.16896 0.00006 2.741  0.003
Ko 1.15052 0.00026 2.847 0.013
M3 1.28273 0.00136 -3.137  0.061
M, 7.92876 0.07891 24.194 0.570

Three major studies are being implemented: a) gihergc correction: it was
proposed an analyzes of different atmospheric cboms in each wave constituents; b)
global ocean load consistency: the dispersion eslual components of ocean load models
suggests that costal region (<500km) does not shemagh reliability for Earth tidal
inelastic studies; and c) application of empiriEalrth tide models: since some geophysical
effects are not well modeled by global load modedsidual components may still be present
in absolute gravimetric data. Empirical models aloée to better correct these geophysical
effects and consequently better define the Zer@ Bgstem, mainly in coastal and basins

region.

4. Absolute gravity network

luri Moraes Bjorkstrom

Valéria Cristina Silva
The Institute of Geography and Cartography of tteeSof S&o Paulo (IGC) owns an
absolute gravitymeter A-10 (Figure 8), with the ig®n under the responsibility of the
EPUSP. The gravitymeter is involved in various\atiéis in Sdo Paulo and in Brazil, out of

Argentina, Costa Rica, Ecuador and Venezuela. Eiushows the establishment of new

16



(green point) and reobserved (red points) absai#igons in S&o Paulo state. From north to
south of Brazil a set of absolute stations have béen established (Figure 10). The idea is to
maintain a progress in the establishment of absaravity networks in Brazil and in Latin
America. At the moment the efforts are addressetthéostate of Minas Gerais (Figure 11)

with stations observed and to be observed.

Figure 8 - Absolute gravitymeter A10-32.

17
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Figure 9 - Absolute gravity stations in Sado Paultage.
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