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INTRODUCING THE NEW

lG FraV ™ s meter

SIMPLIFIED SUPERCONDUCTING GRAVIMETER
FOR PORTABLE OPERATION

iGrav™ FEATURES
Superconducting persistent currents (/) produce the most stable relative gravity meter in existence.

Drift less than 0.5 nGal/month

Scale factor constant to better than 1 part in 10* for years!
1 nanoGal (10 uGal) in frequency domain

0.05 uGal in the time domain for 1 minute averaging

0.3 uGal/(Hz)"?

e Super stable:
e Super precise:

e Super low noise:
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56 T. Sato et al./Physics of the Earth and Planetary Interiors 123 (2001) 45-63

90°N L SN Y S U N LI Y CAR A SN ¢ [ v Y SR V7 A VGV i (| L 1

60°N A

30°N A

0"
30°s
60's |
WS T et teoE | 10 120w eow o
T .
0 0.2 0.4 0.6 0.8 1.0 wnGal

Fig. 4. Variability of the annual gravity changes induced by the SSH variations. This variability was computed based on the POCM SSH
data which were corrected for the steric effect using the coefficient of 0.60 x 10~2m/°C.
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Fig. 5. Phasor plots of the observed annual components and predicted ones. The horizontal and vertical axes correspond to the cosine and
sine terms, respectively. The phase angle of each vector is referred to an analysis epoch of 00.00h UTC, 1 January 2000, and the angle
is measured from the cosine axis, counter clockwise for a lag. From the left, the results for Esashi, Canberra and Syowa are displayed,
respectively. The three vectors of black, red and green show the observation, the polar motion effect and the effect of solid tide, respectively.
The effects of the Sa ocean wave are very small to display with the scale of this plot. Its effect is only displayed in the plot for Syowa as
the small vector picked with white seeing at the top of the solid tide vector. The three vectors of yellow, blue and pink show the effect
of SSH variations evaluated using the steric coefficients of 0.0 x 1072, 0.60 x 1072 and 1.0 x 10~2m/°C, respectively.
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2006 A —A ST DFRFIED

» Australia suffered historic drought due to rainfall deficiency in 2006

« BoM (Australian Government Bureau of Meteorology) reported that,
in the historical record dating from 1900,

— the driest August to November period averaged across south
Australia,

— the second driest averaged over the Murray Darling Basin, and
— the third driest across Australia and the fourth driest for Victoria.

http://www.br‘eitbart.com/

Rainfall Percentile Ranking
(2006 — 12 months)
BoM drought Statement, (2006
Dec.)

Rainfall Deficiencies: 12 Months
1 January to 31 December 2006
Distribution Based on Gridded Data
Prosduct of the National Climate Centre

ittp:fvem w b gov.au
o Comenomrealth of Ausiraia 2007, Australian Buroad ol Melecrolooy Essund: 012007
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Ag (mgal) = (-0.3086 + 2mGdp) dh (meter) + 2TGP 5, (meter)
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http://topex.ucsd.edu/marine_grav/mar_grav.htmi
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Satellite Gravity Predicted Topography
http://www.ngdc.noaa.gov/mgg/bathymetry/predicted/explore.HTML#depth_pred
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Fig. 1. A schematic view of the satellite altimetry. Sea Surface
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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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Figure 2-6. Global dynamic height relative to 2,000 dbar determined from
historical hydrographic data [from Levitus, 1982]. Contours in geopotential
meters, m2/sec2, show the major surface circulation patterns [after Cheney

et al., 1983].
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G0 (=  (2009.03.17, ESA)

—

Electrostatic Gravity Gradiometer (EGG) :
- 3 pairs of 3-axis, servo-controlled, capacitive accelerometers

Satellite to Satellite Tracking Instrument (SSTI): &
- 12 channel, dual-frequency satellite-to-satellite tracking rece

Drag-free Attitude-Control System (DFACS) comprising:
- lon Thruster Assembly (Xenon propellant) and magnetotorq
- Sensors — Star trackers, a 3-axis magnetometer, a digital sun sensor,

and a coarse Earth and Sun sensor
-Cold-gas thrusters for gradiometer calibration only

http://www.esa.int/
SPECIALS/GOCE/i

Sun-synchronous, dusk/dawn or dawn/dusk circular orbit pcexcatn:

- 250 km mean altitude
- 96.5° inclination

Nominal mission duration of 20 months including:

- 3-month commissioning and calibration

- two nominal 6-month measurement phases separated by long-
eclipse hibernation period
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Table 3-1. Static gravity field, scientific requirements in preparation for GOCE, from: Rummef (2005).

| Static gravity field, scientific requirements in reparation for GOCE

| Application

Accuracy

 Spatial resolution
Gravity Half wavelength
[mGal]  Dfkm]

) Gecud
CJem]

PrTe——

'-Li.’f‘héfsphereiu-pper m'a-m-t-ll"e:.d.'en:sit--_y -
Continental lithosphere  Sedimentary

Basinsrifts

Tectonic motions
Seismic hazards
Ocean lithosphere/asthenosphere

12 100
= 50-100
12 20-100
12 100-500

| [Oceanography

Shotrt scale

Basin scale

100
200
1000

02

| lcesheets:

| Geodesy

| ‘Sed level
| ‘change

Rock basement

lee vertical movements
Levelling by GPS
Unified height system

INS

Orbits

A5 50-100
ol 100-1000
100-1000
4 100-20000
“15 1001000
~13 100-1000
Mahy of the above applications, with

their specific requirements; are relevant. -

to studies:of sea level change.
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- Recent Sea Level Rise Y

23 Annual Tide Gauge Records -
= Three Year Average | S i
= Satellite Altimetry (4

1880

1900 1920 1940 1960 1980 2000

http://sealevel.colorado.edu/results.php

Sea Level Change (cm)
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Satellite and

tide gauge
observations
3.1+ 0.7 mmiyr

Greenland Ice

Sheet

0.2 + 0.1 mm/yr

Antarctic Ice

Sheet

0.2 + 0.4 mm/yr

Glaciers and

ice caps

0.8 £ 0.2 mm/yr

Ocean thermal

expansion

1.6 £ 0.5 mm/iyr

Estimated contributions Observed
| to sea-level rise | | sea-level rise |
2.83 3.15
. mm/yr . mm/yr

Estimated contributions
to sea-level rise (1993-2003)
http://maps.grida.no/go/graphic/
estimated-contributions-to-sea-level-rise-1993-2003

Table 1

Current estimates of sea-level trends from geophysical sources

Geophysical sources

Sea-level contributions (mm/yr)

Thermosteric
(1950—2003)

Glaciers and ice caps
(1961—-2004)

Greenland ice sheet

(1992—2005)

Antarctic ice sheet
(1992—2006)

Hydrologic

Anthropogenic
Total

0.4

(Levitus et al., 2005; Ishii et al., 2006)
0.51 to 0.8

(Arendt et al., 2002; Dyurgerov and Meier,
2005; Kaser et al., 2006). Summary:

0.66 £ .15 mm/yr

—0.03 to 0.57

(Abdalafi et al., 2001; Rignot and Thomas,
2002; Krabill et al., 2004; Zwally et al., 2005;
Johannessen et al., 2005; Rignot &
Kanagaratnam, 2006); (.3 to (.63
(Ramillien et al., 2006; Luthcke et al., 2006;
Chen et al., 2006a). Summary:

0.30 & 0.33 mm/yr

—0.12 to 0.17

(Thomas et al., 2004; Davis et al., 2005;
Wingham et al., 2006; Zwally et al., 2005);
(.14 to 0.52

(Ramillien et al., 2006; Chen et al., 2006b;
Velicogna and Wahr, 2(06a,b; this study).
Summary: 0.20 =+ 0.32 mm/yr

0.0 to 0.12

(Milly et al., 2003; Ngo-Duc et al., 2005).
Summary: 0.06 £ .06 mm/yr

0.05 (Sahagian et al., 1994)

1.11 to 3.01 mm/yr, or 2.10 £ (.99 mm/yr

C.K. Shum et al., Polar Science, 2008
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Steric sea level Depth
Reference change withrms | Period range Data

errors (mm/year) (meters)
Antonov et al. (2005) 0.40 = 0.05 1955-1998 0-3000 Levitus et al. (2005b)
Antonov et al. (2005) 0.34 = 0.04 1955-2003 0-700 Levitus et al. (2005b)
Ishii et al. (2005) 0.38 = 0.04 1955-2003 0-700 Ishii et al. (2005)
Antonov et al. (2005) 1.23 = 0.2 1993-2003 0-700 Levitus et al. (2005b)
Ishii et al. (2005) 1.8 = 0.2 1993-2003 0-700 Ishii et al. (2005)

| Willis et al. (2005) | 16=+03 1993-2003 0-750 Willis et al. (2005)

Recent estimates for steric sea level trends from different studies

0" 30" 60° 90° 120" 150" 180" 210" 240" 270" 300" 330" O’
L | L | L | L | L | L

BHEDRLUER: 391 Gt (=1.1mmlyr)
BB LIS DEDRL K -207 Gt
BB OD KKK -185 Gt ?

Yy -3 Steric Be
3.0£0.4 >7? (1.2~18)+ 1.1

1 I T 1
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Mass variation in water thickness equivalence [mm)]
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Figure: S.Kawamura

2007 08 09 10 11 12 13 14 15 16 17 18 19 20. 21 22 23 24 25 26
. R&D R&D R&D
< Fabrication | Fabrication Fabrication
S &
DECIGO
Pathfinder Pre-DECIGO
(DPF) DEC!GO
8— . Detect GW
‘,-'g' Space test of key tech. with min. spec GW astronomy
?: GW observation FP between S/ C
&  Single small satellite 3S/C : 38/C
. cg' Short FP interferometer 1 interferometer unit x 3-4 units

8th Edoardo Amaldl Conference on Grawtatlonal Waves (June 24,2009, New York, USA)




DECIGO-PF

DECIGO Pathfinder (DPF)

First milestone mission for DECIGO
Shrink arm cavity .
-DECIGO 1000km - DPF 30cm

Single satellite

(Payload ~1m3, 350kg)
Low-earth orbit

(Altitude 500km, sun synchronous)
30cm FP cavity with 2 test masses
Stabilized laser source
Drag-free control

Local Sensor

Actuator

Thruster

mmmmmmmmmmm
8th Edoardo Amaldi Conference on Gravitational Waves (June 24, 2009, New York, USA)



GOCE
(ESA, 2009-)

_Earth observation by gravity gradiometer
Drag-free control of satellite

Altitude 295km, 3-axis GG Altitude 500km, 1-axis GG 2
Sens. 5x1012 m/s2/Hzl/2 Sens. 1x10-15 m/s2/Hz1/2
Baseline 0.5m '

> Baseline 0.3m
Weight 1,200 kg Weight 350 kg

Grav:ty ofthe Earth (October 18 2010 NASA/Goddard SFC Greenbelt USA)



Comparison of sensitivities

Better in low orders (large scale) € Sensqfs

Report for Mission Selection
Gravity Field and Steady-State

Worse in high orders (small scale) € Altitude Ocean Circulation Mission
B ' ESA SP-1233(1) July 1999.

10 7 b T AT S T T
*~._Kaula Model

Coefficient Error
=

10—12
107" £ —— i
SGG (DPF) = = 5
_14 ' .(with margin 10) ; 3 0 )]
10 0 " 50 100 150 200 250 300

Spherlcal harmonlcs degree

. d

Grawty ofthe Earth (October 18 2010 NASA/Goddard SFC Greenbelt USA)
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