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Motivacion ‘&
H/'-:;.W(P
&P[X,Y,Z, ]
Realizacion del IHRF emm=) Coordenadas verticals son diferencias del potencial con respecto al
valor (W,) convencional (que representa la superficie de referencia global): 5
Cp = Wo— W, = -AW, W, = const. = 62.636.853,4 m2s2
S ,
s x <
Possibilidades para la determinacion del W, ot I TR Ot 05T 2ot

10 = 180, @ = 4,7 nPs2 ~ 0,47 m

® g = 360, € = 221752 ~ 0,23 m
® = 720,=1,0ns?~0,10m
® e = 2190, € = 0,2m%s2 ~ 0,02 m

1

1) Modelos Globales del Geopotencial (de alta resolucion) combinados

0.1

. | Requisito IHRS:
Oweey = 0,01 m?s2
Imax ~

0.01 ——t *
2 1020 50 200 1000 5000 10000 ™

2) Calculo regional del campo de gravedad (método para determinar el geoide/cuasigeoide)
W=U-+T _ _
Primera parte de la ponencia
' N~ T “El modelo geoidal para América del Sur)”

3) Conversion de los sistemas de alturas existentes al IHRF
Segunda parte de la ponencia
Wp = (Wolocal + 5W) —Cp;  6W = WJHRF — Wlocal “conexion de los data verticales locales com IHRF *
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Ultimos modelos geoidais calculados para la América del Sur

Esfuerzo colectivo que involucra institutos geograficos, universidades, agencias nacionais y la coordinacion de modelos geoidais del GT-II|

de SIRGAS.
SAM GEOID2010 SAM GEOID2015 SAM GEOID2021 SAM GEOID2023
Grid resolution 5 5° 5° 5’
Number of gravity points 925,878 947,953 959 404 959.930
DEM SAM3sv28 SAM3sv2 SRTMv3 SRTMv3
Gravimetric information Not completed Not completed XGM2019%e XGM2019e
gaps (full degree) (full degree)
GGM — remove and EGM?2008 EIGEN6-C4 XGM2019%e XGM2019%e
restore long and medium (n=m=150) (n=m=200) (n=m=200) (n=m=300)
wavelengths
Software package SHGeo SHGeo SHGeo SHGeo
Downward continuation No No No Yes
Integral Modified Stokes Modified Stokes Modified Stokes Modified Stokes
Modified Stokes function Molodenskii-Meissl® Molodenskii-Meissl Vanic¢ek and Kleusberg!® Vanicek and Kleusberg
Permanent Tide Tide-free Tide-free Zero-tide Zero-tide
Zero-degree term [m] -0.41 -0.41 -0.17 -0.93 5 Matos and Blitzkow (2005).
Wo [m2/s2] 62,636,855.69 62,636,855.69 62,636,853.4 62,636,853 .4 0V i 557,

\

J

Y
Disponibles en el Servicio Internacional para el Geoide (ISG):
https://www.isgeoid.polimi.it/Geoid/America/Southamerica/reg_listSOUTHAMERICA.html
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El modelo geoidal para la América del Sur (SAM_GEOID2023)

Continental area : n | e o] =
_‘g Oceanic area !
= Az, g and H x
_E' survey EGM XGM2019e nmax = Zﬂl'ﬂj @Fﬂ{p’a\?}llj I } " e
T T e
To fill areas | | e ——
10° _5 ﬁgﬂﬂ = without
E Age® Ag>E +CT gravimetric — Real space
0° = punctual information
5 —
U il
-10° | AgC® GEOGRID
1Tx1 grid (GRAVSOFT software)
5 o ) E— [ ............ A i e A R SR AR A
u A BLOCKMEAN
Ag"* grid
_30° 3 5 x 5’ (GMT software)
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El modelo geoidal para la América del Sur (SAM_GEOID2023)

Correcciones disponibles en el paquete SHGeo

i

‘ﬂ . . . . e e
Direct Topographical Effect (DTE) 5 GP Geoid-quasigeoid correction (G-QG)
2 Helmert’s space -
_ _ £ | DTE (64°), DAE(5A%), SITE (= &V*) G-Q6(x) P
Direct Atmospheric Effect (DAE) g () ”@" @ Earth surface
The Secondary Indirect Topographical — o
Effect (SITE) Do R Ag" grid Helmert’s space - geoid surface .
Ellipsoidal corrections o .

| Q Diferencias (SAM_GEOID2021 ® ' F
y SAM_GEOID2023) entre los ™ & ([

numeros geopotenciales, en las
estaciones IHRF.

40°S

50°S.

- - 4
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El modelo geoidal para la América del Sur (SAM_GEOID2023)
©

> Aguge =Zi-28g5 (1. 1)
E e AFSEIJ g XGM2019¢e (d/o 300)
o
o
Esf»‘u(fa-ﬂ)
5 -
. e :
Modelo geoidal SAM_GEOID2023 s Nres > Modified Stokes integral
G!P - Nca-g&oid
R 2
@ Nuce =5z Zn=257—; A9n (79, @) XGM2019e (d/o 300)
g M=300
o
6
g SVi(r,, Q) SV (ry, Q)
83 | Neipat = New_ o + PITE( ——Z=—) + PIAE (——Z%—) 4zero degree term
- final = Zeomimeld ( Yo(¢) ) ( Yol(¢) ) 8
Real space

Primary Indirect Topographic Effectf| (PITE)

1Y Primary Indirect Atmospheric Effect (PIAE)
90 80 70 60 50 40

S — i (o GM = GMo\ Wy — U
50 -40 -30 -20 -10 0 10 20 30 40 50 NG Yo

0
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Validacion de los modelos (SAM_ GEOID2023 e SAM_QGEOID2023) con estaciones

¢STUDOS, Dl'p
4

\J
D

GNSS/nivelacion
o
H g dF iy
,J! 1
A e
Buenaventuray fi3¥¢ - ! Country number of Institution Vertical Datum Height Website
A ' " points responsible characteristic Data
. v Santana
La Li . ERAR - ic hei

2 Ibenadi\“: l e L T Argentina 2931 IGN-AR Mar del Plata Orthometric height? Yes*
; Brazil 1350 IBGE Imbituba (mainly) and Santana Normal height Yes?

Chile 368 IGM-Chile Arica, Talcahuano, Normal-orthometric No

Valparaiso (mainly), Puerto Montt heighto
Colombia 5921 IGAC Buenaventura Normal-orthometric Yes’
Aricayy LA ’ height
S AN N Ecuador 704 IGM-Ecuador La Libertad Normal-orthometric No
height*
Uruguay 44 IGM- Montevideo Orthometric height No
Valparaisoif; Uruguay
Venezuela 190 IGVSB La Guaira Normal-orthometric No
height*

Talcahuanoy= ('

Puerto Montt

Okm  750km 1500 km




Universidade
Uj Federal de
Uberlandia

- SJIRGAS

sirgas.ipgh.org

4 Escola Politécnica da
Z A Universidade de Sao Paulo

Validacion de los modelos (SAM_GEOID2023 e SAM_QGEQOID2023) con estaciones

- 4
G N SS / nive | acion Country EGM2008 EIGEN6C4 XGM2019e SGG-UGM-2 SAM_GEOID2023
(2190) (2190) (2190) (2190) SAM_QGEOID2023
Argentina
(2,922 points) 0.28 (0.76) 0.27 (0.76) 0.26 (0.75) 0.26 (0.76) 0.25 (0.72)
Comparacion con los Brazil - Imbituba
. 0.27 (0.41 0.21 (0.42 0.18 (0.42 0.21 (0.43 0.18 (0.44
MGGs: EGM2008, (1,271 points) (0.41) (0.42) (0.42) (0.43) (0.44)
EIGEN6C4, XGM2019e y Brazil = Santana 5, () 79) 0.11(1.76) 0.10 (1.74) 0.11 (1.77) 0.08 (1.78)
SGG-UGM-2 (66 points)
Chile-Arica
(27 points) 0.28 (0.94) 0.33(0.77) 0.29 (0.67) 0.28 (0.80) 0.17 (0.66)
Chile-Valparaiso
(127 points) 0.24 (0.80) 0.20 (0.46) 0.20 (0.55) 0.22 (0.53) 0.20 (0.52)
Chile-Talcahuano
(118 points) 0.18 (0.18) 0.16 (0.29) 0.14(0.32) 0.16 (0.32) 0.16 (0.29)
Chile-Puerto Montt
(84 points) 0.29 (0.70) 0.34 (0.69) 0.34 (0.69) 0.35 (0.71) 0.34 (0.78)
Colombia
(5,837 points) 0.45 (1.10) 0.40 (1.13) 0.38 (1.09) 0.40 (1.13) 0.34 (0.92)
Ecuador
(692 points) 0.47 (1.01) 0.43 (1.03) 0.44 (0.99) 0.44 (1.02) 0.39 (0.86)
(il“;i“ u?f;) 0.09 (0.80) 0.09 (0.81) 0.08 (0.79) 0.08 (0.79) 0.08 (0.83)
v | Desviacion standard
enezuela R L
(180 poiats) 0.23 (0.79) 0.21(0.79) 0.20 (0.78) 0.21 (0.79) 0.19(0.78)  (média) - en metros
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Validacion de los modelos (SAM_GEOID2023 e SAM_QGEQOID2023) con estaciones

GNSS/nivelacion

El caso ideal

F=h—H
0]
N=h-H

Por otro lado

 Inconsistencia en Datum vertical;

» Errores aleatorios y sistematicos;

« Efectos geodinamicos (deformacion
de la superficie, sismos, datos de
diferentes épocas).

hf _Hf —Nj=ﬂ}l"x+ Vj

Modelo de cuatro parametros

a;X=x,+x COSQ;Ccos A+ X, cOSQ, sin A; + x5 sin @,

EGM2008 EIGEN6C4 XGM2019¢ SGG-UGM-2 SAM GEOID2023
(2190) (2190) (2190) (2190) SAM QGEOID2023
Argentina (2,922 points)
0.27 025 0.24 025 023
-1.28 -1.06 -1.00 -1.04 -122
177 1.80 2.00 1.79 1.84
Brazil — Imbituba (1,271 points)
0.22 0.15 0.13 0.1e 0.12
-0.63 -1.60 -0.60 -1.74 -0.71
271 071 0.69 098 0.63
Brazil — Santana (66 points)
0.18 0.09 0.08 0.10 0.06
-0.49 -0.22 -0.18 -0.24 -0.11
0.37 022 0.20 021 0.17
Chile-Arica (27 points)
0.17 022 0.17 0.17 0.09
0.02 -0.22 0.34 -0.11 -0.26
0.59 0.51 -0.22 046 0.13
Chile-Valparaiso (127 points)
0.18 0.16 0.16 0.16 0.15
-0.28 -0.29 -0.31 -0.30 -0.34
0.51 0.51 0.59 0.50 0.54
Chile-Talcahuano (118 points)
0.16 0.14 0.15 0.15 0.15
-0.61 -0.60 -0.63 -0.63 -0.64
0.60 065 072 065 073

0.26

-0.28

1.11

0.40

275

202

0.46

-1.31

1.72

0.09

-0.18

0.17

0.20

-0.51

0.66

Chile-Puerto Montt (84 points)

022 0.25
-0.27 -0.34
096 1.04
Colombia (5,837 points)
036 035
-2.43 -2.48
168 1.97
Ecuador (692 points)
0.43 0.42
-1.21 -1.41
2.10 2.00
Uruguay (44 points)
0.08 0.08
-0.18 -0.18
0.16 0.14
Venezuela (180 points)
0.16 0.16
-0.46 -0.46
0.53 0.53

0.21
-0.24
0.95

0.35
-2.39
1.73

0.42
-1.27
2.08

0.07
-0.16
0.17

0.16
-0.47
0.56

0.20
-0.49
0.53

032
-2.38
1.62

0.36
-1.40
1.26

0.07
-0.13
0.20

0.15
-0.43
0.61
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Validacion de los modelos (SAM_GEOID2023 e SAM_QGEQOID2023) con estaciones
GNSS/nivelacion
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Conexion de los referenciales verticales locales al IHRF

7 Country LVD Reference Potential Vertical East-West  North—South
Calculo del W local Potential (m?s?) Parameter Parameter  Tilt (m/°) Tilt (m/°)
(m’s?) (m)
LVD Z:};l[h! - Hi - Nf)?;‘ .
Wyts =W, — - Argentina  Mar del Plata 02.636.846.37+0.271 6.953 £0.271 0.710 £ 0.028 0.023 -0.014
m - GNSS/lev _ _ Imbituba  62,636.849.87+0.224  3.500+0.224  0.358+0.023 0.033 -0.012
B Ziz1(N; - N)V; Brazil
=W, — - Santana 62,636.836.88 +4.108  16.519+4.108 1.689 = 0.420 0.096 -0.039
, : Arica 62,636.847.57+2.442  S5818+2442  0.595+0.250 3.041 -0.842
Parametro vertical
Chil Valparaiso  62.636.848.42+0.936  4.993+0.936  0.510+0.096 -0.522 0.713
6Hp = hp —Hp — Np He Talcahuano  62.636.850.54+0.557  2.870+0.557  0.293 £ 0.057 -0.273 0.034
Puerto Montt 62,636,849.40+1.295  4.036+1295 0.412+0.132 -1.802 1.281
Por otro lado
Colombia Buenaventura 62.636.843.74+0.259  9.701+0.259  0.992+0.026 -0.166 -0.024
. Er_rores_sisteméticos; _ 5 Ecuador La Libertad 62,636.843.28+0.793 10.076+0.793  1.030+0.081 0.248 0.084
» Distorsiones en la red de nivelacion;
 Errores aleatorios en el célculo de Uruguay  Montevideo 62,636,845.35+2.520  8.030+2.520  0.822+0.257 -0.049 -0.008
ondulaciones geoides y alturas elipsoidales.
Venezuela ~ La Guaria  62,636,846.62+1.042  6.802+1.042  0.695+0.107 -0.016 -0.049

lp = hp —Hp — Np = 6H + x1(¢p — @o) + x2(Ap — Ap)cosep
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Conexion de los referenciales verticales locales al IHRF

Parametro vertical local en cada Datum
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Conclusiones

v Desafios en el calculo del modelo geoidal: Topografia (efectos del terreno), vacios gravimétricos y calidad de los datos de
entrada (gravedad y alturas).
v" Preferencia por modelos geoides y cuasigeoidales nacionales y no continentales (para calcular el IHRF).
« Al menos dos soluciones distintas para cada estacion IHRF.

v Profundizar los métodos para conectar los referenciales vertical locales al IHRF.
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iGracias!
Thank you!
Obrigado!

Gabriel do Nascimento Guimarades
(gabriel@ufu.br)
Ana Cristina Oliveira Cancoro de Matos
(accmatos@alumni.usp.br)
Denizar Blitzkow
(dblitzko@usp.br)
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