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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

— ESA's magnetic field mission
— H-L Satellite-to-Satellite Tracking (CHAMP like 3 satellites)

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

Science 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




GRACE Applications

6 -3 0 3 6
Geoid Height (mm)

‘Q-; iy Tapley et al,,
/| Science, Vol. 305,

. - - 100 ,15 10 5 0 10 15
o %o w0 July, 2004 CSR RLO4 in mmH20/yr o 90*'”‘"‘55' o 165'“"'
2003/01 ~ 2010/12
Chan et al. (2006)
Landwater Ice Sheet Mass

Changes Changes Earthquakes



Imil
i
ct
Il
\z
\/I
LJ

ROTDEE

| >/~ GRACE (2002-)

GRACEF — & # 53K 8 7 th R B P D BS EA AL,

I 24 MARCH 2006 VOL 311 SCIENCE www.sciencemag.org
REPORTS

Measurements of Time-Variable
Gravity Show Mass Loss in Antarctica

Isabella Velicogna™®* and John Wahr™

Using measurements of time-variable gravity from the Gravity Recovery and Climate Experiment
satellites, we determined mass variations of the Antarctic ice sheet during 2002—-2005. We found
that the mass of the ice sheet decreased significantly, at a rate of 152 + 80 cubic kilometers of ice
per year which is equivalent to 0.4 + 0.2 millimeters of global sea-level rise per year. Most of this
mass loss came from the West Antarctic Ice Sheet.
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Measurements of Time-Var
Gravity Show Mass Loss irn

Isabella Velicogna™®* and John Wahr™

Using measurements of time-variable gravity from the Gravity Recov
satellites, we determined mass variations of the Antarctic ice sheet ¢
that the mass of the ice sheet decreased significantly, at a rate of 15:
per year, which is equivalent to 0.4 + 0.2 millimeters of global sea-le
mass loss came from the West Antarctic Ice Sheet.
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Nature Geoscience 6, 549-552 (2013) doi:10.1038/ngeo1829

éﬂ]]
S
B
il
Eﬂ

T s

I 24 MARCH 2006 VOL 311 §
REPORTS

Measurements of Time-V: oo
Gravity Show Mass Loss [

. Y :
isabella Velicogna™®* and John Wahr™ Argo steric  GRACE mass Steric + mass Observation

Using measurements of time-variable gravity from the Gravity Re ij{ﬁ%ﬂﬁ@ t 357-'(&9@ (200 5 = 20 1 1 ) E 2

satellites, we determined mass variations of the Antarctic ice she

that the mi:]s.s rt]Jf the i(le slhetettdti)(:leasgdzsigplilfli(aTtly, aft alrah'(el of G RACEZ)\ 5 ?% 5 nf_ *ﬁij[jj(ﬁ (\:_ |_|_| Ei_}(;j@%ﬁﬁ 7:)‘\\ ;-57](@0) f
er year, which is equivalent to 0.4 = 0.2 millimeters of global se
Fnasz loss came frogl the West Antarctic Ice Sheet. ? J:%ME tﬁi/\jé (/53,7J<0)fﬂiﬁﬂ gE@XB%‘gArgogﬁ EJD\ b)

FEBKERDBDZHDHT .
-5.,56-5.0-45-45-35-3.0-2.5-2.0-1.5-1.0-050.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0 45 5.0 55

2002~2005FNGRACEF—4" ;ﬁﬁd)?ﬁﬁﬁpﬂﬁ@d)mé
2 80km¥/yrCEEMRD L TNDCE KETEHITIE, BEFHIDOINE
HOISIB)IC . SKERBRARDMIE T B ibizh &
EE(C L DBEBNEN LIS OmES G S

v it FERAID R SIRIE CTOKREZIATD

> BH2EAIOBENMH




S/ — B o D e Ny e A mEm s A
RITDEE D00BEDA —2 51 PASR

2006 water storage anomaly [mm] Hasegawa et al., EGU General Assembly 2010

Historic drought struck in 2006
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Degree of Gravity model
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_Table 3-1: Static gravity field, scientific requirements in preparation for GOCE, from: Rummel (2005).

| Static gravity field, scientific requirsments in reparation for GOCE

| Application

Accuraoy Spatlal resolutlon

o Geond

Gravity Half wavelength

[em] [mGal] D [km]

| 1Solid Earth

Lithosphere/upper mantle density
Continental lithosphere  Sedimentary

Basins rifts

Tectonic motions

1-2 100

1-2 50-100.
12 20-100
12 100-500.

Seismic hazards
Ocear lithosphere/asthenosphere

1 100

| [Oceanography

Short-scale

Basin scale

100
200
1000

02
*Qﬂ;

| lcesheets:

| Sealevel
E;Change

Rock basement

lee vertical movements
Levelling by GPS
Unified helght system

INS

Orbits

15 50-100
2 100-1000
100-1000
1 10020000
~1-5 100-1000
A4 1001000
Mariy of the above applications, with

their specific requirements, are relevant

to studies of sealevel change,
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Fig. 2. A schematic view of the sea surface dynamic topography which is caused by geostrophic
balance between occan current and the slope of the sea surface.
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Fig. 5. Magnitude of the geostrophic velocities in the Antarctic circumpolar area. The velocity estimates from
GRACE-derived geoid (ITG-Grace2010) (a), GOCE-derived geoid (GOCE-TIM3) (b), the CNES-CLS09 model

(c) and the in situ drifters’ measurements (d)
(Feng et al., J. Geodyn., 2013)



Global Gravity Field Models

http://icgem.gfz-potsdam.de/ICGEM/ICGEM.htt

Model Year |[Degree Data Reference download
AlUB-GRACE02S 2009 | 150 |S(Grace) Jaggi et al, 2009 X
GGMO03C 2009 | 360 |S(Grace),G.A Tapley et al, 2007 X
GGMO03S 2008 | 180 [S(Grace) Tapley et al, 2007 X
AIUB-GRACE01S 2008 | 120 |S(Grace) Jaggi et al, 2008 X
EIGEN-5S 2008 | 150 |S(Grace Lageos) Forste et al, 2008 X
EIGEN-5C 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
AIUB-CHAMPO01S 2007 0  |S(Champ) Prange, L. et al, 2007 X
ITG-Grace02s 2006 | 170 [S(Grace) Mayer-Gurr et al, 2006 X
EIGEN-GL04$1 2006 | 150 [S(Grace Lageos) Forste et al, 2006 X
EIGEN-GL04C 2006 | 360 |S(Grace Lageos),G,A |Forste et al, 2006 X
EIGEN-CGO03C 2005 | 360 [(S(Champ,Grace),G,A |Forste et al, 2005¢ X
GGMO02C 2004 | 200 |S(Grace),G.A UTEX CSR, 2004 X
GGMO02S 2004 | 160 |S(Grace) UTEX CSR, 2004 X
EIGEN-CG01C 2004 | 360 [S(Champ,Grace),G,A [Reigber et al, 2006 X
EIGEN-CHAMPO03S (2004 | 140 |S(Champ) Reigber et al, 2005b X
EIGEN-GRACE02S (2004 | 150 |S(Grace) Reigber et al, 2005a X
TUM-2S 2004 70 [S(Champ) Wermuth et al., 2004 X
IDEOS_CHAMP-01C (2004 70 [S(Champ) Ditmar et al, 2006 B



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

‘ Model ’Yea r ’ Degree ‘ Data ‘ Reference |download
[VYY_GOCE02s 12013 | 230 [S(Goce) |Yi etal, 2013 | ozipe
|GOGRAO02S 12013 | 230 [S(Goce,Grace) |Yietal, 2013 | ozipe
|ULux_CHAMP2013s 12013 | 120 [S(Champ) |Weigelt et al, 2013 | ozipe
ITG-Goce02 12013 | 240  [S(Goce) |Schall et al, 2013 | ozipe
|GO_CONS_GCF_2_TIM_R4 [2013 | 250 [S(Goce) |Pail et al, 2011 | ozipe
|GO_CONS_GCF_2_DIR_R4 |2013 | 260 |[S(Goce,Grace,Lageos)  |Bruinsma etal, 2013 | ezipe
|EIGEN-6C2 12012 | 1949 [S(Goce,Grace,Lageos),G,A [Forste et al, 2012 | ozipe
DGM-1S ’2012 ’ 250 ‘S(Goce,Graoe) Hashemi Farahani, et al. +zipe
2012
|cocooss 12012 | 250 [S(Goce,Grace,...) |Mayer-Gurr, et al. 2012 | ozipe
|GO_CONS_GCF_2_DIR_R3 | 2011 | 240 [S(Goce,Grace,Lageos)  |Bruinsma etal, 2010 | ezipe
|GO_CONS_GCF_2_TIM_R3 | 2011 | 250 [S(Goce) |Pail et al, 2011 | ozipe
|GIF48 | 2011 | 360 [S(Grace)G,A |Ries te al, 2011 | ezipe
|[EIGEN-6C | 2011 | 1420 [S(Goce,Grace,Lageos),G A [Forste et al, 2011 | ozipe
|EIGEN-6S | 2011 | 240 [S(Goce,Grace,Lageos)  |Forste etal, 2011 | ozipe
|cocoo2s | 2011 | 250 [S(Goce,Grace,...) |Goiginger et al, 2011 | ezipe
|AIUB-GRACE03S | 2011 | 160 [S(Grace) |Jaggi et al, 2011 | ozipe
|GO_CONS_GCF_2_DIR_R2 | 2011 | 240 [S(Goce) Bruinsma et al, 2010 | ozipe
|GO_CONS_GCF_2_TIM_R2 | 2011 | 250 [S(Goce) |Pail et al, 2011 | ezipe
|GO_CONS_GCF_2_SPW_R2| 2011 | 240 |[S(Goce) IMigliaccio et al, 2011 | ozipe
|GO_CONS_GCF_2_DIR_R1 [2010 | 240 [S(Goce) Bruinsma et al, 2010 | ozipe
|GO_CONS_GCF_2_TIM_R1 |2010 | 224 [S(Goce) |Pail et al, 2010a | ozipe
|GO_CONS_GCF_2_SPW_R1[2010 | 210 [S(Goce) Migliaccio et al, 2010 | ezipe
|cocoo1s 12010 | 224  |S(Goce,Grace) |Pail et al, 2010b | ezipe
|EIGEN-51C 12010 | 359 |S(Grace,Champ),G,A |Bruinsma et al, 2010 | ezipe
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Measurement error | AOD model error
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Gravity, Altimeter Missions

Mission Launched | 2000|2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011|2012{ 2013|2014 | 2015|2016 | 2017|2018 | Period/Until a"(‘li:n“‘)"e (id":;)
Ol N 2000AI0) AN 20050010 454/ 87.18
GRAGE 2002.3.17 | |201722 485 89
GO 2009.3.17 | i i it i) iii i idlai i it R, | | | 1G] ATIE IOy 250|  96.5
S 2003 1.04) 4 L L L L L L L RN | (4 years
GRAGE-FO 2017.12
HeRERYesidon] Rigo22hi0) 1336 66
JASON-1 2001.12.7 | |
JASON-2 2008.6.20 | i | »
BB
ERS-1 1991.7.17 HIIEIIB“E 2000.3.10 780 985
ERS-2 1995.4.21 . RE 2011.9.5
Envisat 2002.3.1 | i:| i |[EEAEERREEERE R R 2012.4.8 700| 986
CryoSat 2010.4.8 N i 1[3.5 years 717 92

F . [T e

Sentinel-3 2014.4 N n | i | 7-25 years 815 98.65
ICESat 2003.1.13 Ik | |2010.8.14 590 04
ICESat-2 2016.7 Hil 5 vears
GEOSAT _ Hil
GEOSAT-FO 1998.02 E i 2008.11 soo| 108
Bozes 2011.8.15 SIRRRNEREN RN REENRERN NN EREN ERERE . HAEERARERERERR AR . 971 99.3
SARAL Alti-Ka [2013.02.25| i : _ [3yrs (ARGOS § 790 98.6
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Gravity Recovery and Climate Experiment-Follow-On
(GRACE-FO) Mission

The Gravity Recovery and Climate Experiment-Follow-On (GRACE-FO) Mission, due for
launch in August 2017, is a NASA directed mission to continue the goals of the original
GRACE mission and provide continuity for the GRACE data set.

The primary goal of the GRACE-FO Mission is to obtain accurate global and high-resolution
models for both the static and the time variable components of the Earth's gravity field. As
in the original GRACE mission, this goal is achieved by making accurate measurements of
the inter-satellite range between two co-planar, low altitude polar orbiting twin satellites
using a K/Ka-Band microwave tracking system. Additionally, each satellite carries geodetic
quality Global Navigation Satellite System (GNSS) receivers, a Laser Retro-Reflector (LRR)
for ground station ranging, and high accuracy accelerometers to precisely measure the
non-gravitational accelerations acting on the satellite.

As a secondary goal, GRACE-FO will carry a Laser Ranging Interferometer (LRI) as a
technology demonstration. It will provide laser interferometry measurements of inter-
satellite range changes in orbit to demonstrate laser-ranging technology in support of
future GRACE-like missions. Another secondary objective is the continuation of GRACE
radio occultation measurements.

The GRACE-FO project will be executed in the US under the direction of the NASA Earth
Science Division (ESD) within the NASA Science Mission Directorate (SMD) and the Earth
Systematic Missions Program Office at Goddard Space Flight Center (GSFC). The Jet
Propulsion Laboratory (JPL) is assigned responsibility for the GRACE-FO project.
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Contact

Prof, Dr. Frank Flechtner

Head of Section 1.2:
Global Geomonitoring and
Gravity Field

Telegrafenberg
building A17 room 00.12

tel. +49(0)331 288-1130

email

¢/o DLR Oberpfaffenhofen
Minchner Str. 20
D-82234 Wessling
building 126 room 113

tel. +49(0)8153 28-1297



GRACE-FO Mission

« GRACE-FO Mission, due for launch in August 2017, Is a
NASA directed mission to continue the goals of the
original GRACE mission and provide continuity for the
GRACE data set.

« The primary goal of the GRACE-FO Mission is to obtain
accurate global and high-resolution models for both
the static and the time variable components of the
Earth's gravity field.

« As a secondary goal, GRACE-FO will carry a Laser
Ranging Interferometer (LRI) as a technology
demonstration.
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