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GRSS80 ellipsoid

a=6378137 m
b=6356752.314 m

Y f=(a-b)/a=1/298.257222101

®W=7292115x101lrad/s
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Face of the Earth ™

http://sps.unavco.org/crustal_motion/dxdt/images/nuvella_nnr.gif



I_f Jr i_lr:" (from http://itrf.ensg.ign.fr/)

Definitions

A Terrestrial Reference System (TRS) is a spatial
reference system co-rotating with the Earth in its diurnal motion in
space. In such a system, positions of points anchored on the Earth
solid surface have coordinates which undergo only small variations
with time, due to geophysical effects (tectonic or tidal

deformations).

A Terrestrial Reference Frame (TRF) is a set of physical
points with precisely determined coordinates in a specific
coordinate system (cartesian, geographic, mapping...) attached to
a Terrestrial Reference System. Such a TRF is said to be a

realization of the TRS.


../../地球惑星科学I/資料/ITRF.pdf
../../地球惑星科学I/資料/ITRF.pdf

ITRF2005 Map

http://itrf.ensg.ign.fr/ITRF_solutions/2005/doc/ITRF2005_ GPS.SSC.txt

ITRF2005_GPS. SSC. txt

ITRF2005 STATION POSITIONS AT EPOCH 2000.0 AND VELOCITIES
GPS STATIONS

DOMES NB. SITE NAME TECH. 1D. X/Vx Y/Vy Z/Vz Sigmas SOLN DATA_START
m/m/y
100015006 PARIS GPS OPMT 4202777. 434 171367. 913 4778660. 147 0. 005 0.002 0. 006
100015006 — 0118 0. 0170 0.0111 .0011 .0004 .0012
10002M006 GRASSE GPS GRAS 4581690. 969 556114. 738 4389360. 731 0.001 0.000 0.001 1 00:000:00000
10002M006 — 0139 0. 0186 0.0116 . 0001 . 0001 . 0001
10002M006 GRASSE GPS GRAS 4581690. 975 556114. 741 4389360. 734 0.001 0.000 0.001 2 03:113:00000
10002M006 — 0139 0. 0186 0.0116 . 0001 . 0001 . 0001
10002M006 GRASSE GPS GRAS 4581690. 974 556114. 744 4389360. 739 0.001 0.001 0.001 3 04:295:43200
10002M006 - 0139 0. 0186 0.0116 . 0001 . 0001 . 0001
10003M004 TOULOUSE GPS TOUL 4627846. 086 119629. 236 4372999. 754 0.001 0. 000 0.001
10003M004 - 0111 0. 0191 0.0117 . 0003 . 0001 . 0003
10003M009 TOULOUSE GPS TLSE 4627851. 889 119639. 921 4372993. 492 0.001 0.001 0.001
10003M009 — 0111 0. 0191 0.0117 . 0003 . 0001 . 0003
10004M004 BREST GPS BRST 4231162.638 —332746. 764 4745130. 859 0.004 0.001 0.004
10004M004 — 0111 0. 0162 0.0134 . 0009 . 0003 . 0009
10023M001 La Rochelle GPS LROC 4424632. 623 —94175. 321 4577544. 022 0.003 0.001 0. 003
10023M001 —. 0106 0. 0183 0.0123 . 0006 . 0002 . 0006
10090M001 SAINT JEAN DES GPS SJDV 4433469. 919 362672, 729 4556211. 652 0.002 0.001 0.002 1 00:000:00000
10090M001 — 0118 0. 0186 0.0121 . 0008 . 0002 . 0008
10090M001 SAINT JEAN DES GPS SJDV 4433469. 921 362672. 729 4556211. 656 0.001 0.000 0.001 2 99:071:57600
10090M001 — 0118 0. 0186 0.0121 . 0008 . 0002 . 0008
10202M001 REYKJAVIK GPS REYK 25687384. 422 —1043033. 508 5bH716563. 995 0.001 0.000 0.001 1 00:000:00000
10202M001 — 0216 —. 0028 0. 0059 . 0001 . 0001 . 0002
10202M001 REYKJAVIK GPS REYK 25687384.410 —1043033. 501 5716563. 980 0.006 0.003 0.012 2 00:169:56460
10202M001 — 0216 —. 0028 0.0059 . 0001 . 0001 . 0002
10202M001 REYKJAVIK GPS REYK 25687384. 415 —1043033. 509 5716564. 003 0.001 0.000 0.001 3 00:173:03120
10202M001 —. 0216 —. 0028 0.0059 . 0001 . 0001 . 0002
10202M003 REYKJAVIK GPS REYZ 25687383. 736 —1043032. 722 5716564. 472 0.001 0.001 0.001
10202M003 - 0216 —. 0028 0. 0059 . 0001 . 0001 . 0002
10204M002 HOFN GPS HOFN 2679689. 983 —727951. 292 5722789. 189 0.001 0.000 0.001 1 00:000:00000

1A ANAONOD ~ xRN O N1 5y Y1 %77 raYavYanl raYavYanl raYavarrl



=P 59 3

. ://solarsystem.nasa.gov/scitech/display.cfm?ST_ID:186

GRACE

?.jp/roduct/astronom /sien.html

GLR

- s Sl

ARA L - —BERE

MBGRE T HLEL,
AURILEEE2.15m | T Gt 685 ke HER
T, %iliiz121,436 WL —H—Hi
R L 318 HORRER T KA
dottuwt, Znick), MEs
MEH TED L L b, KL RS
FTENTRIMRL L TREZ L4 TR,
G L AIETT, #1500k
o W& 2 BF RO R TR R %
EHEL T ¥, 19869 8 HI il
T RERECIoTHLETLNELL,




~
S
3
|
{
(e
M
S~
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Lengtn of day (LOD)

— %I, FACT=2R T, TORADAEHE (ARELEBEE—ALIDTE) DL
MEIZELGWELVSHEEFHERFHARYID. thBkOFOAEH =D K
(X, BEl{A#hIkD BERIZCLHBEFHETHHID, TDIENZKENEFOAEH =D
L, HhEETCOEREZESLTCEAMBKEDBEFEDIREMAIREIY, &ERE
LTHhEkD BEREIZELZE £1-57.

Filte l'“"‘r:;] of the Len gth of El'ij::,"': trend, seasonnal va rintion and residuals
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(http://npiers.obspm.fr/eop-pc/)
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Changes in length-of-day and atmospheric circulation
Kurt Lambeck, Nature, 1980
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— CHAllenging Mini-satellite Payload for geophysical research
applications

— H-L Satellite-to-Satellite Tracking

— Gravity Recovery And Climate Experiment
— L-L Satellite-to-Satellite Tracking (Microwave Link)

— Gravity field and steady-state Ocean Circulation Explorer
— Gravity Gradiometer

— GRACE GAP Filler (Microwave Radar)
— L-L Satellite-to-Satellite Tracking (Laser Link)



http://op.gfz-
potsdam.de/champ/science/inde
X_SCIENCE.html



24 & 32 GHz
Crosslink

NASA Stations
LEOP & Contingency.._
(Also McMurdo) - S~
& Spi&be/yen RDC
(DLR-DFD)

L N

N

Poker Flat™

+ /Veus‘!rvllnr,e po——
-

weilheim (% 3‘:’:’;'\

(CSR/IPL/GFZ)

GRACE Mission

Sc/ence Goals

High resolution, mean & time
variable gravity field mapping
for Earth System Science
applications.

Mission Systems
Instruments

*KBR (JPL/SSL)

*ACC (ONERA)

*SCA (DTU)

*GPS (JPL)
Satellite (JPL/DSS)
Launcher (DLR/Eurockot)
Operations (DLR/GSOC)
Science (CSR/JPL/GFZ)

Orbit

Launch: November 2001
Altitude: 485 km
Inclination : 89 deg
Eccentricity: ~0.001
Lifetime: 5 years
Non-Repeat Ground Track
Earth Pointed, 3-Axis Stable
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Sectorial
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CHAMP

8 NIZDRTE

5 + P_(sin ¢)@cos(m/1) +@5in(mﬂ))

TTW WNNNERE RO —

m
0
0
1
0
1
2
0
1

Clm SIm
0.100000000000D+01 0.000000000000D+00
0.000000000000D+00 0.000000000000D+00
0.000000000000D+00 0.000000000000D+00
-.484165815935D-03 0.000000000000D+00
-.139274044771D-09 0.141275625216D-08
.243930491835D-05 -.140027520233D-05
0.957730216460D-06 0.000000000000D+00
0.203054457836D-05 0.248146553306D-06

Up to Degree 120 / Order 120

ERETNC,,. S, ZofEETRET D&




Degree of Gravity model

120 X
i EIGEN3S
1o GGMO1S

100
90
80

- EGM96S

70 JGM-3= =

60
| GEM-T3
50 | GRIM4-S2= =

| GRIM3-L1
_ GEM-10B = =
30 - GEM'g.

20 | Gaposchkin
- Kaula_ReIOIO

0 JZKozai.ltZS_c'slk (Montenbruck et al. 20001Z/0%&)

1950 1960 1970 1980 1990 2000 2010
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GRIMS-S1 model (2000)

Up to Degree 99 and Order 95
DBKE HIHET L

30FE(ICHT=221FEDENEXE
B RGT—2ENT
R T T[T e — T T s

-118100-80 -80 -70-60-50 -40-3020-10 0 10 20 30 40 50 60 70 80 90 ER81 — 1 ERS1

GRIMS-81 Geoid (2a=6378136.46m, 1/f=298.25765) in meter

ERS2 .| —— 1 ERS2

GEOT - 1 GEOT

GFZ1 . 1 GFZ1

METS — 1 MET3

o o PEOL p+a +{ PEOL
7IL3YX L WEST | 5 s

DIC - 1 DI1C
ATREEER e | O O R -
ABIEIR azos | T T e
e NiGZERETEDD(E Lacz | | LAa

—>E
» NOV3 - - 4 NOV3
HED—EDTIL—T st = | =p=| | qseoz
8POS + - - - 41 SPO3
STAR + - s ma - STAR
STEL | -4 STEL

TOPX + 1 - - -l - 4 TOPX

1971 ... 1985 86 87 88 B9 80 91 92 93 94 95 98 §7 98 99 2000
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CHAMP (GFZ, 2000)
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range
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range rate
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range acceleration
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http://icgem.gfz-potsdam.de/ICGEM/ICGEM.html

ICGEM Homepage http:/ /icgem. gfz-potsdam. de/ICGEM/Main. html

GFZ Potsdam

|[CGEM Home

Table of Available Models

Evaluation of Models
Model References Table
Visualization of Geoid Models
Tutorial
Service for Computing Data from Models
Models from Dedicated Time Periods
Latest Changes
Guest Book
Evaluation Service

Software Download Service

International G F Z

Association of
Geodesy POTSDAM

ICGEM

International Centre for Global Earth
Models (ICGEM)

ICGEM is one of six centres of the International Gravity Field Service
(IGFS) of the International Association of Geodesy (IAG).
The other five Centres are

e Bureau Gravimetrigue International (BGI) at CNES / CRGS, Toulouse,
France

¢ Digital Elevation Model Centre (DEM) at Montfort University, UK

e |nternational Centre for Earth Tides (ICET) at Obs. Royal de Belgique,
Brussels, Belgium

e |nternational Geoid Service (IGeS) at Politecnico di Milano, Milan, Italy

e Technical Support Centre of IGFS at NGA, Saint Louis, USA




http://icgem.gfz-potsdam.de/ICGEM/ICGEM.html
Global Gravity Field Models

[6o_coNs_GCF_2 DIR [2010]

|Bruinsma et al, 2010

( X
|co_coNs_GCF_2 Tim [2010| 224 |s¢( |Pail et al, 2010a I X
|co_coNs_GcF_2 sPw|2010| 210 |s¢( |Migliaccio et al, 2010 | X
|socoo1s [2010[ 224 s [Pail et al, 20100 B
|EIGEN-51C |2010| 359 |S(Grace,Champ),G,A [Bruinsma et al, 2010 | X
|AlUB-CHAMPO3S [2010[ 100 [S(Champ) [Prange, L. et al, 2010 [ X
|EIGEN-CHAMPOSS 2010 | 150 |S(Champ) |Flechtner et al, 2010 | X
ITG-Grace2010s |2010| 180 |S(Grace) [Mayer-Gurr et al, 2010 | X
|AIlUB-GRACEO2S |2009| 150 |S(Grace) |Jaggi et al, 2009 | X
|caMozc |2009| 360 |[S(Grace),G,A |Tapley et al, 2007 | X
|cGMo3s |2008| 180 |S(Grace) |Tapley et al, 2007 | X
|AlUB-GRACEO1S |2008| 120 |S(Grace) |Jaggi et al, 2008 | X
|EIGEN-55 |2008| 150 |[S(Grace Lageos)  |Forste et al, 2008 | X
|EIGEN-5¢ |2008 | 360 |S(Grace,Lageos),G,A [Forste et al, 2008 | X
|EGM2008 |2008 | 2190 |S(Grace),G,A |Pavlis et al, 2008 | X
ITG-Grace03 |2007 | 180 |S(Grace) [Mayer-Gurr et al, 2007 | X
|AlUB-CHAMPO1S [2007| 90  [S(Champ) |Prange, L. et al, 2007 | X
ITG-Grace02s |2006| 170 |S(Grace) [Mayer-Gurr et al, 2006 | X
|EIGEN-GLO4s1 |2006 | 150 |S(Grace,Lageos)  |Forste et al, 2006 | X
|EIGEN-GL04C |2006 | 360 |S(Grace,Lageos),G,A|F0rste et al, 2006 | X
|EIGEN-CGOSC |2005 | 360 |S(Champ,Grace),G,A|F0rste et al, 2005¢ | X
lcamozc |2004| 200 |[S(Grace),G,A |UTEX CSR, 2004 | X
|cemoz2s |2004| 160 |S(Grace) |UTEX CSR, 2004 | X
|EIGEN-CGO1C |2004 | 360 |S(Champ,Grace),G,A|Reigber et al, 2006 | X
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Degres Variancs|ZLdiFENDRiF®Y
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PO.DAAC GRACE Home http://podaac-www.jpl.nasa.gov/grace/index.html

Search JPL
+ Wiewthe NASA P ortal

@ Jet Propulsion Laboratory

California Institute of Technology
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(51 GRACE Tellus web site

GRACE Science Team Meeting

December 8 & 9, 2006
4# GER& San Francisco, Califomia
DLR P-I:Hstu- "
@uestions and comments o . . . e -
concerning the GRACE GRACE is a joint parthership hetween the National Aeronautics and Space Administration (NASA)
Science Data Products in the United States and Deutsches Zentrum Fur Luft und Raumfahrt (DLR) in Germany. Prof.
should be directed to Byron Tapley of The University of Texas Center for Space Research (UTCSR) is the Principal

grace@podaac.jpl.nasa.gov Investigator (Ply, and Prof. Christoph Reigher of the GeoF orschungsZentrum (GF Z) Potsdam is
the Co-Principa Investigator {Co-Pl). The Jet Propulsion Laboratory carries out project
management ahd systems engineering activities.

The twin GRACE satellites were launched on March 17, 2002, Since that time, the
GRACE Science Data System (S05) has produced and distributed estimates of the Earth
gravity field onan ongoing basis. These estimates, in conjunction with other data and
models, have provided ohservations of terrestrial water storage changes, ice-mass
wariations, ocean hottom pressure changes and sea-level wariations. This portal, together
with 150C, is responsible for the distribution of the data and documentation for the
GRACE project. A brief overview of the science data flow is given at
http: ey C5r UtEXas edusgracesasdp html and more details are provided in the project
documents. A complete list of relevant project documents has been made available (click
hiere). Users are strongly urged 1o read these documents before proceeding with data
analysis.

A Guide To Available Data
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« GRACE SDS(Sceince Data System)
—JPL-RLO4.1
— UTCSR-RL04
— GFZ-RL0O4

http://podaac.jpl.nasa.gov/grace/data_access.html#Level2

« GRGS 10-day Solution RLO2

http://grgs.obs-mip.fr/iindex.php/fre/Donnees-
scientifiqgues/Champ-de-gravite/grace/release02
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Gaussian filter (Jekeli 1981, Wahr 1998)

Spectrum domain
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regional rilterl) s

(Swenson et al., 2004)

Gaussian filterZbase&L . LSMIZ &Y
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- (losses by melting and ice discharge)
*ice-core measurements

-ice thickness + velocity (by GPS, INSAR)

(2)KKRFZED S EZEEDEIE
-air-borne altimetry

-satellite altimetry (ERS1 & 2, ICESat, == *)
3) EEXILDAE
GRACE (2002 - )

1915 B EIZHhBRE HI5 D fEZ IRt
SBEaMOBRZEE




GRACEZHF->T=-FENEEET DL

Velicogna and Wahr (Science, 311, 2006)

(34 months data from April 2002 to August 2005)
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Fig. 3. Monthly ice mass
changes and their best-
fitting linear trends for
WAIS (red) and EAIS {green)
for Apnl 2002 to August
2005. The GRACE data have
been corrected for hydrolo-
gy leakage and for PGR.
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PGER Models

gdot ICE-3G gdot ARC3+HB gdot ARC3+D91
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gdot ARC3+ANT4 gdot ARC3+ANT6
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PGR

PGR Model | WAIS | EAIS | Total

ICE-3G 34.1 91| 15.7

Nakada et al. (2000) Water thickness eq,.

ARC3+HB 20.2 0.3 5.5

ARC3+D91 25.6 6.9| 11.9
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ARC3+ANT3 21.6 7.1 10.9

ARC3+ANT4 18.1 6.3 9.4

ARC3+ANTS 10.5 5.3 6.6

ARC3+ANT6 54 1.7 2.7

[mm/yr] (water thickness eq.)




Vv A WAIS | EAIS | Total
= UTCSR| -02| -01| -0.1
N 1\ N_ GFZ 10.1 9.5 7.1
JPL 14| -1.7| -07
GRACE PGR Model | WAIS | EAIS | Total
ICE-3G 34.1 9.1| 15.7
ARC3+HB 20.2 03| 55
A AL ARC3+D91 25.6| 6.9| 11.9
ARC3+ANT3 21.6 7.1 10.9
Post Glacial Rebound ARC3+ANT4 18.1 6.3 9.4
ARC3+ANT5 10.5 53| 6.6
_) ARC3+ANT6 5.4 17| 2.7
0 WAIS EAIS Total
= = UTCSR -34.3~-5.6 -9.2~-18| -158~-2.8
|Ce MaSS Ch anges GFZ =24 ~ +4.7 +0.5~+7.8 -8.6 ~+4.4
JPL -32.7~-4.0 -10.7~-3.3| -16.3~-34

[mm/yr] (water thickness eq.)




GlA (Glacial Isostatic Adjustment)
=PGR
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BIFELE: 391 Gt/yr
(BKEZFEDEE)
B LIS DREIKZE): -207 Gtlyr

EEOKEEE: 185 Gtyr | __

FMBDGIA+IKKRZEE): -34 Gt
TRSINSBBDGIAM 2k :-34-(-185) = 151 Gt

ICESG: 162 Gt
1JO6: 4 Gt
ARC3+ANTS: 99 Gt
ARC3+ANTG: 40 Gt
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GRACE Level 17—4%%RAUL\ -2

Crustal Dilatation Observed by GRACE
After the 2004 Sumatra-Andaman Earthquake

Chan et al. (2006) FEEEEETIL

X

Gravity changes (in uGal) after the Predicted coseismic gravity changes
Sumatra-Andaman earthquake (in uGal), inferred by combining
computed from GRACE Level-1 data. vertical displacement and dilatation.
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Chan et al. (2006)

Cumulated gravity anomaly with respect to a reference model for the
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PostseismicZs:

ENEIE

(A)
20°

This cannot be explained with simple afterslip or
viscous relaxation of Maxwellian upper mantle.
It suggests the relaxation of coseismic dilatation
and compression by the diffusion of supercritical
H20 abundant in the upper mantle.

(Ogawa and Heki, GRL, 2007)
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Cumulative displacements
After Sumatra-Andaman EQ
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gravity time-series [uGal]
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Gravity difference (Smoothing Radius=0300km) L2
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HEKI AND MATSUO: OOSEISMIC GRAVITY CHAMNGES IN CHILE

2451 8 .
2010F ) Hh =

Heki, K. and K. Matsuo,
GRL., 37, 2010
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