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Unificacao e refinamento de sistemas de referéncia

Sanchez, 2018 (http://www.sirg_;as.org_;/pt/sirgas-symposia/aguascalientesﬁZO18/)
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Unificacao e refinamento de sistemas de referéncia

Sanchez, 2018 (http://www.sirg_;as.org_;/pt/sirgas-symposia/aguascalientes=2018/)
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Unificacao e refinamento de sistemas de referéncia

Geocentric Cartesian coordinates e
IUGG ' memine,
refer to the International Terrestrial Reference System (ITRS) and Frame (ITRF)

« Standardized computation through the IERS (International Earth Rotation and
Reference Systems’ Service);

*  Worldwide unified reference frame;

» Reliability at the cm-level.

Before the ITRS/ITRF: many individual Today: one global unified
(local) horizontal reference systems geocentric reference system

Deutsches Geodatisches Forschungsinstitut (DGFI-TUM) | Technische Universitat Munchen 4
Sanchez, 2018 (http://www.sirgas.org/pt/sirgas-symposia/aguascalientes 2018/)
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Variagoes do NMM
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NMM semanais
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SALVADOR
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1-min sustained

wind speeds:

M upto25.5m/s
' upto32.5m/s

B upto 39.5m/s

B upto46.5 m/s

B >465m/s
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https://en.wikipedia.org/wiki/South_Atlantic_tropical_cyclone
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Variagoes do NMM
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Integracao de
informacoes de
multiplas fontes!

(adapt. de Tapley & Kim, 2001)

trajetdria do centro
cde massa do satelite

medida altimeétrica
incluindo
erros instrumentais, atmosféricos
e da superficie de reflexao

! superf. instantanea
YT

variagcoes de SSH

incluindo
marés oceanicas e terrestres,
variagdes temporais da TNMM etc

SMM

"barémetro inverso” meédio

SMM g
h TNMM média
SMM Fou " & H "
geoide "medio
maré permanente
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Variagcoes do NMM

Consistent Parameters

Example: Non-modelled seasonal variations of a tracking
station may enter into the orbit determination and affect
other parameters (e.g., altimetry, gravity), and vice versa.
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left: Height variation station BRAZ with 2 cm min. in spring;
right. Geoid variation from GRACE with 9 mm max. in spring
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(Drewes, Dynamic Planet 2005)
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Variacoes do NMM
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Maximenko et al., 2014 (http://apdrc.soest.hawaii.edu/projects/DOT/)
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International Height Reference System (IHRS)
IAG Resolution No. 1, Prague, July 2015

1) Vertical coordinates are potential ZJD
differences with respect to a =
conventionally fixed 777, value: W<y

0 {,( P)
C,= C(P) = W, ~W(P) = -AW(P)

W, = const. = 62 636 853.4 m*s™

Diretoria de Geociéncias DGC
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International Height Reference System (IHRS)
IAG Resolution No. 1, Prague, July 2015

1) Vertical coordinates are potential
differences with respect to a
conventionally fixed 777, value:

C, = C(P) = W,—W(P) = -AW(P)
W, = const. = 62 636 853.4 m?s
2) The position P is given in the ITRF
XX, Yo 2. 10, WP = (X))
3) The estimation of X(P), W (P) (or C(P))

includes their variation with time: i.e.,
X(P), W(P) (or C(P)).

Geo-centre

- BT RS e s
IHRS coordinates according to the
IAG Resolution No. 1, 2015
See: |hde J. et al.: Definition and proposed realization of the International Height Reference System (IHRS). Surv Geophy 38(3),
549-570, 10.1007/s10712-017-9409-3, 2017
Deutsches Geodatisches Forschungsinstitut (DGFI-TUM) | Technische Universitat Minchen 7

Sanchez, 2018 (http://www.sirgas.org/pt/sirgas-symposia/aguascalientes 2018/)
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International Height Reference System (IHRS)
IAG Resolution No. 1, Prague, July 2015

1) Vertical coordinates are potential
differences with respect to a
conventionally fixed 77, value:

Cp = C(P) = W, ~T(P) = -AT(P)
W, = const. = 62 636 853.4 m?s™>

Diretoria de Geociéncias DGC

2) The position P is given in the ITRF
X, (Xp, Yy, Zp); ie., W(P) = W(X,)

3) The estimation of X(P), "(P) (or C(P))

< includes their variation with time; i.e.,

El X(P), W(P) (or C(P)).

£ 4) Coordinates are given in mean-tide

&) Geo-centre 5

g system / mean (zero) crust. >y

S 5) The unit of length is the meter and the unit x< T

- . : IHRS coordinates according to the

= of time is the second (SI). IAG Resolution No. 1, 2015

z

% See: |hde J. et al.: Definition and proposed realization of the International Height Reference System (IHRS). Surv Geophy 38(3),

= 549-570, 10.1007/s10712-017-9409-3, 2017
%, Deutsches Geodétisches Forschungsinstitut (DGFI-TUM) | Technische Universitat Mlnchen 7
A0s-x- Sanchez, 2018 (http://www.sirgas.org/pt/sirgas-symposia/aguascalientes _2018/)
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Computation of potential values W(P)

1) Global gravity models of high-degree (with RTM)
wW,=f(X,.GGM)

2) High-resolution gravity field modelling:

Diretoria de Geociéncias DGC

];VP - WP,sareHifg—an{v + ];VP,hfgh—resofm‘ion
Satellite-only gravity field modelling: High-resolution gravity field modelling:
Satellite orbits and gradiometry analysis Stokes or Molodenskii approach
Satellite tracking from ground stations (SLR) Satellite altimetry (oceans only)
Satellite-to-satellite tracking (CHAMP, GRACE) Gravimetry, astro-geodetic methods, levelling, etc.
Satellite gravity gradiometry (GOCE) Terrain effects

Satellite alfimetry (oceans only)

3) Potential values recovered from existing (quasi)-geoid models:

W,=U,+y¢,+(W, -U,)

4) Levelling + gravimetry (after vertical datum unification):

WP — (I/]'/I::F()Cﬂ']r + (W)_ CP; CSWr — W'OHLBEF o WI;OC(TJF

Departamento de Engenharia Cartografica (CARTO)

S0 Deutsches Geodatisches Forschungsinstitut (DGFI-TUM) | Technische Universitat Munchen 20
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Materializacao (realizagao) do IHRS :: IHRF (... Frame)
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Sanchez, 2018 (http://www.sirgas.org/pt/sirgas-symposia/aguascalientes 2018/)
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® nivelamento anterior a 1998
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Estacoes do IHRF
preliminar no Brz
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Estacoes do IHRF preliminar no Brasil
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Estacoes do IHRF preliminar no Brasil
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Estacoes do IHRF preliminar no Brasil
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The Vision of a
Global Geodetic Observing System

A system
which
iIntegrates
different
geodetic
techniques,
different
models, and
different
approaches

(Drewes, Dynamic Planet 2005)
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Agradecemos a oportunidade e a atencao!

(segue material adicional)
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Scientific Requirements for Efficient Integration

The rigorous integration of observations requires:

- Consistent observations (stations, networks, missions);
- Consistent reference frames;

- Consistent constants, conventions, models;

- Consistent processing methodologies and algorithms;
- Consistent parameters;

- Consistent product generation;

- Consistent applications.

GGwsS

(Drewes, Dynamic Planet 2005)
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W(P) obtenido del modelado detallado del
campo de gravedad

Es el unico metodo que actualmente permite el mayor acercamiento possible
a la precision necesaria para establecer el IHRS

WP = WP.sareHite—onfy + WP}rfgh—resofuﬁon
Modelo global de gravedad basado en Modelado de alta resolucion
técnicas satelitales + (Stokes o Molodensky)

Altimetria satelital (solo en océanos)
Gravimetria terrestre (a'rea, marina), metodos

Satellite fracking from ground stations (SLR)
Satellite-to-satellite tracking (CHAMP, GRACE)

Satellite gravity gradiometry (GOCE) astrogeodesicos, nivelacion, etc.
Altimetria satelital (solo en océanos) Efectos topograficos.
W,=U,+1,

» Si el potencial de perturbacién Ty se

TP = TP.SateHr'r‘e—orr{l-' + TP.resr'duaf + TP.rermfn Ut|||Za para el CalCL”O del (CuaSI)geOIde
1,
—_ _ P
/ l \ Np = Cp_—
un GGM Gravimetria un DTM Tp
terrestre se garantiza consitencia entre la
(aerea) realizacion ,regional/nacional” del geoide y

el marco global IHRF.

Deutsches Geodatisches Forschungsinstitut (DGFI-TUM) | Technische Universitat Minchen 17
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W(P) derivado de modelos globales de gravedad de e = TLUM
alta resolucién (n = 2190) UGG =i

— Diferencias de valores
de potencial 7,
obtenidos del
EGM2008 (Pavlis et
al. 2008) y EIGEN6C4
(Forste et al. 2014), )
ambos con n=2190

— Discrepancias
mayores que £20 cm
(algunos valores,
especialmente en
Ameérica del Sur,
sobrepasan £ 2 m)

Diretoria de Geociéncias DGC

200 -150 -100 -50 0 50 100 150 200
1x102m2s?2

T,

» Este método no puede utilizarse (aun) en la realizacion del IHRS.

Departamento de Engenharia Cartografica (CARTO)

SN Deutsches Geodatisches Forschungsinstitut (DGFI-TUM) | Technische Universitat Minchen 11
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W(P) obtenido de nivelacion + gravimetria

Ejemplo: ol para los sistemas de alturas de América del Sur con respecto al
valor 7, del IHRS. 270 Jes “o0- ss:

330°

Datos de entrada:

— Estaciones de referencia
SIRGAS2000, SIRGAS-CON,
densificaciones nacionales.

Diretoria de Geociéncias DGC

— Con alturas niveladas
conocidas.

— Modelos de geoide
nacionales o GGM.

— Datos proporcionados
parcialmente por los paises

Departamento de Engenharia Cartografica (CARTO)

miembros de SIRGAS, otros (@0 &9 | esmorscon
datos obtenidos de los sitios | DR R G i
web de los Institutos B EEEE:ZJ:E:Z%?
Geograficos, otros datos bt I Al
simulados. 2 5
270° 285° 300° N5 330°
SN 0, Deutsches Geodatisches Forschungsinstitut (DGFI-TUM) | Technische Universitdt MUnchen 15
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W(P) obtenido de nivelacion + gravimetria

Ejemplo: 017 (en cm) para los sistemas de alturas de América del Sur con
respecto al valor 17, del IHRS.

Baliva

Diretoria de Geociéncias DGC
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» Esta estrategia se puede utilizar para integrar al IHRS/IHRF los sistemas
de alturas existentes, pero no es lo suficientemente precisa para establecer la
red de referencia del IHRF.

Departamento de Engenharia Cartografica (CARTO)
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= O tratamento dos efeitos periodicos
= da atracao lunissolar (“maré”) nao oferece
dificuldades, mas, para a componente “permanente” (nao periddica):
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=TOra de Leoclencias

) L. deformacao
= O tratamento dos efeitos periodicos permanente
= da atragao lunissolar (“maré”) nao oferece

dificuldades, mas, para a componente “permanente” (nao periddica):

a. “livre da maré” (“tide-free” ou

“non-tidal’) : completa reducao dos efeitos diretos (gravitacao) e indiretos
(deformacgao), incluindo M,S, : : ITRF, SIRGAS, EGM9%6 ...

b. “maré média” (“mean tide”) : sdo reduzidos apenas os termos periodicos,
mantendo-se os efeitos de M,S, : : IGSN-71, altimetria por satélites ...

Resolucao da IAG n. 1 (2015) para IHRS / IHRF

c. “‘maré zero” (“zero tide”) : redugao total dos efeitos diretos (incluindo M,S,)

e somente das componentes periodicas do efeito indireto :: Resolucoes
dalAG n.9e n. 16 (1983)

29
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