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Science Area Required Main Periods Required Comment
Theme Resolution (km) Accuracy
Geoid or
gravity
Solid Earth
Glacial isostatic adjustment =500 10 000-100 000 y 1-10 g y total geoid effect:
1-2 mm/y
Co-/post-seismic deformation, regional instantaneous—decadal sub-mm requires monitoring
slow/silent earthquakes mission
Plate tectonics, mantle convection, =10 secular, instantaneous <1 mm/fy requires monitoring
volcanos mission
Core motion (nutation, Slichter), > 5000

seismic normal modes
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solid Earth

Surface Gravity Effect
T ] T | T

1sec 1hr 1day 1month 1year

1004gal

P
°
2
TEL 1ngal |-
<
B 1oonm
2
=
g 1008
z
1 ngal
Slichter
Tripi
T T T T o
w0 f0F 100 1ot 10° Crossley et al 1999
Log Period (secs)
Science Area Required Main Periods Required Comment
Theme Resolution (km) Accuracy
Geoid or
gravity
Solid Earth
Glacial isostatic adjustment =500 10 000-100 000 y 1-10 umfy total geoid effect:
1-2 mm/y
Co-/post-seismic deformation, regional instantaneous-——decadal sub-mm requires monitoring
slow/silent earthquakes mission
Plate tectonics, mantle convection, =10 secular, instantaneous <1 mmjy requires monitoring
volcanos mission
Core motion (nutation, Slichter), >35000 10s-18y 1 nGal - 1 uGal

seismic normal modes
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Science Area Required Main Periods Required Comment
Theme Resolution (km) Accuracy
Geoid or
gravity
Tce
Ice mass balance 100-4000 seasonal — secular <0.01 mm/y monitoring mission
desired
Bottom topography, ice compaction 20-50 quasi-static 0.01-0.1 mGal
Geoid for sea ice thickness 10-100 static 100 mm



270

’;‘”_I“\\{?ao.

o

10-8-6-4-20 2 4 6 8 10

cmiyr

Gunter et al 2009

-20-16-12-8 -4 0 4 8 12 16 20

cmiyr

Science Area Required Main Periods Required Comment
Theme Resolution (km) Accuracy
Geoid or
gravity
Ice

Ice mass balance

Bottom topography, ice compaction
Geoid for sea ice thickness

1004000 seasonal — secular
20-50 quasi-static
10-100

static

<0.01 mm/y

0.01-0.1 mGal
100 mm

monitoring mission
desired



continental hydrology

Units: mm (EWH)

annual signal amplitude

Science Area Required Main Periods Required Comment
Theme Resolution (km) Accuracy
Geoid or
gravity
Hydrology
Snow, precipitation, ground water, 10-5000 1 h-secular 0.5-1 mm high spatial resolution
monthly more important than

dams, soil moisture, run-off,
evapo-transpiration

accuracy



continental hydrology
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Science Area Required Main Periods Required Comment
Theme Resolution (km) Accuracy
Geoid or
gravity
Hydrology
Snow, precipitation, ground water, 10-5000 1 h-secular 0.5-1 mm high spatial resolution
dams, soil moisture, run-off, monthly more important than

evapo-transpiration

accuracy



ocean
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Science Area Required Main Periods Required Comment
Theme Resolution (km) Accuracy
Geoid or
gravity
Ocean
Mean flow: narrow currents, 20-50 quasi-static 5-10 mm
topographic control
Coastal currents along shelf edges 10-50 quasi-static 5-10 mm
Interaction mean and eddy flow, 10-100 quasi-static 5-10 mm
ocean fronts position
Bathymetry 1-10 static
Basin scale mass change, deep 1000-5000 months — decades 10 mm sea level, oscillations
water formation
Bottom currents 10-200 months — decades 0.1-1 mm
Sea Level
Global sea level change monitoring >2000 interannual, secular 0.1 mm/y monitoring mission

desired



geodesy

«» residuals GPS/leveling vs.
EGGO07 geoid (Denker et al

2008)
£ *
Science Area Required Main Periods Required Comment
Theme Resolution (km) Accuracy
Geoid or
gravity
Geodesy
Precise heights for engineering, GNSS 20-50 static 520 mm for some areas also geoid
levelling, coastal height reference, time variation
sea level monitoring
Inertial navigation 5-10 static 0.1 mGal, 0”1 combination with
deflection terrestrial data required
of vertical
Atmosphere gravity field improvement may be interesting for future atmospheric modeling

Planets dedicated autonomous gravity field missions with very high spatial resolution
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objectives
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challenges
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basic scenarios

Numbers of Observable PSD h L Po Comment
(unit/y/Hz)  (km) (km)
1. Very High AltitudeMonitoring Missions
la Ax 1 cm 6000 30 - hi-lo SST at
LAGEOS altitude
b Ap 0.1 pm 6000 30 1000 lo-lo SST at LAGEOS
altitude

2. Gradiometry Missions

2a Tt Ty Tz 1 mE 180 400 -

2b Tx, Ty, T 0.1 mE 180 600 -

2c Tox, Tyy, Tz 1 mE 100 600 - represents high e mission
2d ey T A s 0.l mE oo 720 -

2e full tensor 10 mE 50 600 - planetary mission

3. Low-Low SST Missions

3a Ap 10 um 400 150 50 current GRACE, short p;
3b Ap 10 ym 200 300 30 very low GRACE

3c Ap 0.1 um 400 300 50 3a 100x better (laser)

3d Ap 0.1 yum 200 300 50 3b 100x better (laser)

3e Ap 0.1 yum 200 500 200 3d with larger baseline

3f Ap 0.1 ym 200 500 1000  3d with very large baseline

4. ConfigurationFlights
4a Tixy Tyzy T2z 10 uE 400 400 0.1-1 CartWheel-like (coplanar)
4b full tensor 10 400 400 0.1-1 LISA-like (non-coplanar)



basic scenarios lo-lo SST

degree RMS ~ cumulative geoid error cumulative gravity error
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3a: 10um SST @400km
3b: 10pm SST @200km
3c: 0.1um SST @400km
3d: 0.1um SST @200km

very promising for GIA, core, ocean mass change, ...



basic scenarios gradiometry

degree RMS \ cumulative geoid error cumulative gravity error
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2a: TmE gradio @180km
2b: 0.1mE gradio @180km
2c: 1mE gradio @100km (ecc.)
2d: 0.1mE gradio @100km (ecc.)



simulation vs. requirements

accuracy levels from mission

simulations (geoid):
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simulation vs. requirements

1 pm
accuracy levels from mission :
simulations (geoid): 0.1 mm

SIN=1

3d: SST @ 200 km 2d: gradio @ 100 km

0.1 um (ecc.orbit), 0.1 mE
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conclusions

>

>

GRACE (GOCE) results (achievements, limitations): good
starting point for future requirements,

science expectations/requirements beyond GRACE/GOCE
are well established:

» more spatial resolution
» more time resolution
» better accuracy

increased priority since GRACE launch: ice melting, sea
level, ocean circulation, hydrology, water management,
tectonic hazards, ...

length of time series is critical for quality of results,
= quick GRACE-2 desirable

= long term funding (e.g., mission operations cost)?
enough papers?



