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Gravity Variability

Milligal = 10-° m/s?
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Earth flattening & rotation
Internal mass distribution

Earth & Ocean tides
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The constituents of 'g' |

g= 9.8072467...m/s

source: ESA web site

Gravity varies from 9.83 (poles) to 9.76 (equ)

% Gravitation Potential (N) given by Laplace Equation
A in Spherical Coordinate System
T 1 & ,‘ZU"V 1 o aN i 1 2N B
4 W= r2or (I or ) N r2sinf 60 (>1119 08 ) " r2sin® 0% 9
Solution is an orthogonal series summation for
a given: lat(¢), lon(0), and radius(r)
source: MM Watkin, The GRACE Mission: e

N(t) = Prn(cos(8)) [Cin(t) cos(md) + Sim(t) si H)]
Status and Latest Results ®) “;ZZO im (€08(0)) [Ctm(t) cOS(m@) + St (£) S0 (m))]



Why Gravity Measurement?

Oceanography - combining gravity based
sea-level geopotential with altimeter data to
map ocean currents.

Sea-Level Rise - measure glacier mass lost
from polar ice caps and non-mass related sea
level rise based on ocean warming.

Geodesy - establishment of a vertical
measurement datum.

Solid Earth Physics - combined with
topography to understand internal earth
processes.

Surface Fluid Motion - the short term
fluctuations of gravity are related to the
redistribution of near surface fluids (water &
air)




Three Gravity Measuring Systems

CHAMP GOCE
(CHAIllenging Minisatellite Payload)

(Gravity and Ocean Circulation Explorer)

Alt: 450 km GRACE Alt: 250 km

Tech: GPS (GRavity And Climate Experiment) T?Ch: SGG
Life: 5-years (2000) Life: 2-years (2009)

Alt: 500 km
Tech: SST
Life: 5-years (2002)

?Future?: SSI



Satellite Error Inter-comparison
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Global Coverage of GRACE Satellite on Monthly Time Scale

2002 08 — 26218 B
CM eqH20

source: http://grace.jpl.nasa.gov/data/mass/



GRACE Evaluation of Great Lakes Storage

GRACE One—Deqree Anomaly (cm H20)
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Averaging Mask for Great Lakes

Great Lakes Watershed Mask
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GRACE Comparison to Great Lake Levels

GrADS: COLAIGES

Water Level Anomaly (cm)
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Ere Watershed Mosk

GRACE Comparison to Lake Erie Levels

Constant_field. ‘Vafua =_4

GRACE vs Lake Level Anomaly (Erie) #
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GRACE Comparison to Lake Ontario

GRACE vs Lake Level Anomaly {Ontario)
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GRACE Comparison to Lake Superior

GRACE vs Lake Level Anomaly (Superior)
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Michigan+Huron Watershed Mask

GRACE Comparison to Michigan-Huron
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EXTRA SLIDES



GRACE Water Balance Comparison

Atmospheric-Land Surface
Water Balance
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GRACE Water Balance Comparison
Mackenzie River Basin

Correlation for G vs. A=0.86
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GRACE Water Balance Comparison
Saskatchewan River Basin
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Assiniboine Delta Aquifer

GRACE Application
Well Comparison

Downscaling GRACE data

to fit well observations.
Useful for aquifer model

studies.
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GRACE Application (Future Work)

Seasonal Forecasting

—, Surface

0, Excess

Determined|via GRACE

——Drainage

.*. Environment  Environnement
Canada Canada =

Historical Percent Correct
Pourcentage correct historique

0 to 3 month Precipitation Anomaly Forecast

Prévision des anomalies de précipitations de
0 a3 mois

Period: June—July-Aug. 1969-1394
Période : juin—juil —aolt 1969-1934

NOT SIGNIFICANTLY BETTER THAN CHANCE
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For more information on this product see the following Web page:
http://weatheroffice.ec.gc.ca/saisons/info_prev_e.html

Pour de plus amples informations, consultez la page web suivante :
http:/meteo.ec.gc.ca/saisons/info_prev_f.html

Does storage initialization improve
seasonal forecasts?

Test with 7 years of GRACE data



I GRACE Satellite Errors

I ~100.00
Q= - i
= & i 1
I & 10.00¢
= 0 5 :
02 1.00¢ -
>5 ? ?
o= 0.10;
D - :
0.010

1000 100
averaqing radius (km)

source: MM Watkin, The GRACE Mission: Status and Latest Results

Corrections required: i) Earth Tides, ii) Ocean Tides, iii) atmospheric mass,
IV) isostatic rebound, v) wind driven ocean waves.



GRACE Satellite System

24 & 32 GHz
Crosslink

NASA Stations
LEOP & Contingency. e
(Also McMurdo) - S

Poker Flat™ ﬂ Sp/t?beryen

’(’ . 3 Raw %Centre
5 . (DLR-DFD)

Science Data System y ission Control ’“}\
5 (t/s
Abits,

(CSR/IPL/GFZ) * (DLR-GSOC) Weilheim @33"3

Orbit

Launched: March 17, 2002

Initial Altitude: 500 km

Current Altitude: 476 km (30 m/d)
Inclination: 89 deg

Eccentricity: ~0.001

Separation Distance: ~220 km

Mission Time Frame
Original Length : 5 years
Current End of Life: 2011-2015
(Depends on solar activity, etc)

source: MM Watkin, The GRACE Mission:
Status and Latest Results



