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Mission Systems
Instruments
      • HAIRS (JPL/SSL/APL)
      • SuperSTAR (ONERA)
      • Star Cameras (DTU)
      • GPS Receiver (JPL)
Satellite (JPL/Astrium)
Launcher (DLR/Eurockot)
Operations (DLR/GSOC)
Science (CSR/JPL/GFZ)

Orbit
Launched: March 17, 2002
Initial Altitude: 500 km
Inclination: 89 deg
Eccentricity: ~0.001
Separation Distance: ~220 km
Nominal Mission : 5 (extended to 8) years

Science Goals
High resolution, mean and time variable
gravity field for Earth System Science
applications.

GRACE MISSIONGRACE MISSION





Progress in Gravity Field ResolutionProgress in Gravity Field Resolution

Decades of tracking to geodetic satellites 111 days of GRACE data

13 months  of GRACE data



GRACE Main ProductsGRACE Main Products

 Time-variable gravity field solutions at approximatelyTime-variable gravity field solutions at approximately
monthly intervals.monthly intervals.

 Static mean gravity fields (e.g., GGM01C, GGM02C, Static mean gravity fields (e.g., GGM01C, GGM02C, ……).).

 In forms of fully normalized spherical harmonics (or StokesIn forms of fully normalized spherical harmonics (or Stokes
coefficients) up to degree and order 120.coefficients) up to degree and order 120.

 From three processing centers, CSR, GFZ, and JPL.From three processing centers, CSR, GFZ, and JPL.

 Supporting data products, GAC, GAB, GAA, and etc.Supporting data products, GAC, GAB, GAA, and etc.



Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2002

2003

2004

2005

2006

Example ProductExample Product

 CSR constrained RL01 solutions.CSR constrained RL01 solutions.

  44 monthly solutions, covering the period Apr 2002 - Mar 2006. 44 monthly solutions, covering the period Apr 2002 - Mar 2006.

 The longest GRACE time series so far.The longest GRACE time series so far.
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The EarthThe Earth’’s Time-Variable Gravitys Time-Variable Gravity

The geopotential field is determined by mass distribution
within the Earth’s system, and is conveniently expressed
in a spherical harmonic expansion as,

where,
r, φ, λ are the geocentric distance, latitude, and longitude;
G is the gravitational constant;
Me, Re are the mass and equatorial radius of the Earth;
Clm , Slm are the spherical harmonics of degree l and order m;

Plm (sinφ) are the Legendre polynomials of degree l and order m. 
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The EarthThe Earth’’s Time-Variable Gravitys Time-Variable Gravity

Clm & Slm are computed from mass changes as

Monthly changes of Clm & Slm are provided by GRACE,
which can be used to infer mass variations in the Earth
system.
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  Spherical Harmonics ΔClm & ΔSlm

  Surface mass load change ∆σ

  Geoid height change ∆N

Wl = Wl ( r ) is the Gaussian weighting as a function of spatial radius, r.

Three Representations:Three Representations:



Surface Mass Changes from GRACESurface Mass Changes from GRACE

Main issues to solve:Main issues to solve:
 Spatial smoothing is needed as high degree and order terms areSpatial smoothing is needed as high degree and order terms are

dominated by noise.dominated by noise.

 Appropriate treatments of low degree harmonics (e.g., the largeAppropriate treatments of low degree harmonics (e.g., the large
uncertainty of C20 in RL01 solutions, and the missing geocenter,uncertainty of C20 in RL01 solutions, and the missing geocenter,
degree-1 terms in GRACE data).degree-1 terms in GRACE data).

 How to validate GRACE estimates?How to validate GRACE estimates?

 How to minimize leakage effects due to the spatial smoothing?How to minimize leakage effects due to the spatial smoothing?

 What is the effective spatial resolution of GRACE?What is the effective spatial resolution of GRACE?



The Challenge of Spatial SmoothingThe Challenge of Spatial Smoothing



The Challenge of Low Degree TermsThe Challenge of Low Degree Terms
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The Global Water CycleThe Global Water Cycle



The Global Water CycleThe Global Water Cycle

(Courtesy of NASA Water and Energy Cycle Project) 



The Global Water CycleThe Global Water Cycle

Hydrological Cycle -Hydrological Cycle -
 Precipitation (P)Precipitation (P)

 Evapotranspiration (E)

 Runoff (R)Runoff (R)

 Water storage change (Water storage change (ΔΔS)S)

 Basic Conservation Equation Basic Conservation Equation ΔΔS = P - E - RS = P - E - R

P E

R
ΔΔSS



Hydrological InterestsHydrological Interests

 Terrestrial water storage change (Terrestrial water storage change (ΔΔS) - S) - soil moisture & ground watersoil moisture & ground water
   ΔΔ S = P - E - R S = P - E - R

 Polar ice sheet mass balance (Polar ice sheet mass balance (ΔΔS)S)
   ΔΔ S = P - E - R S = P - E - R

 Snow water equivalent (Snow water equivalent (ΔΔSWE)SWE)
   ΔΔ SWE = P - E - R -  SWE = P - E - R - ΔΔSS

 Evapotranspiration (E)

 E = P - R - ΔΔSS

 Runoff (R)Runoff (R)

 R = P - E - ΔΔSS
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Amazon

Mississippi

Bay of Bengal

OB



Antarctica Ice SheetAntarctica Ice Sheet

The Antarctic ice sheet has a total area of ~ 14,000,000 kmThe Antarctic ice sheet has a total area of ~ 14,000,000 km22 and averaged ice sheet thickness of and averaged ice sheet thickness of
~ 2.16 km, accounts for 90% of the world~ 2.16 km, accounts for 90% of the world’’s ice and 75% of the worlds ice and 75% of the world’’s fresh water resources,s fresh water resources,
and has the potential to raise the global sea level by over 70 meters if completely melt.and has the potential to raise the global sea level by over 70 meters if completely melt.



Greenland Ice SheetGreenland Ice Sheet

The Greenland ice sheet is the 2The Greenland ice sheet is the 2ndnd largest ice cap on Earth, and contains ~ largest ice cap on Earth, and contains ~
2.5 million cubic kilometers or 10% of  total global ice mass. The glacial2.5 million cubic kilometers or 10% of  total global ice mass. The glacial
complex in southeast Greenland is among the most active glaciers.complex in southeast Greenland is among the most active glaciers.



Mountain GlaciersMountain Glaciers

Mountain glaciers (e.g., those in the Gulf of Alaska region) only hold a small portion ofMountain glaciers (e.g., those in the Gulf of Alaska region) only hold a small portion of
the worldthe world’’s ice. However, they are more vulnerable to the global warming and regionals ice. However, they are more vulnerable to the global warming and regional
climate change, and thus may have comparable amount of melting (as compared withclimate change, and thus may have comparable amount of melting (as compared with
polar ice sheets) and contribute significantly to the global sea level rise.polar ice sheets) and contribute significantly to the global sea level rise.
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 Terrestrial water storage (TWS) changeTerrestrial water storage (TWS) change
   Global, continental, & basin scalesGlobal, continental, & basin scales

   ComparisonComparison  between GRACE and model estimatesbetween GRACE and model estimates

 Basin scale Basin scale evapotranspiration (E)
  E = P - R - ΔΔS

  ΔΔS from GRACE,  P-R from model & gauge measurements

 Basin scale Basin scale surface runoff (R)
  R = P - E - ΔΔS

  ΔΔS from GRACE & P-E from models

 Ground water (Ground water (ΔΔGWS)
  ΔΔGWGWS = ΔΔS(GRACE) - ΔΔS_soil_snow_water (model)

GRACE Applications in HydrologyGRACE Applications in Hydrology



 Polar ice sheet mass balancePolar ice sheet mass balance
 Continental & drainage basin scalesContinental & drainage basin scales

 ComparisonComparison  between GRACE and remote sensingbetween GRACE and remote sensing

 Mountain glacial mass balanceMountain glacial mass balance
 Alaskan and other glacial complexes

 Comparison between GRACE and remote sensing or available massComparison between GRACE and remote sensing or available mass
balance databalance data

 Reconstruction of ice history at Last Glacial MaximumReconstruction of ice history at Last Glacial Maximum
 GRACE = (Ice) Mass Balance - Postglacial Rebound (PGR)
  PGR = GRACE - Ice Mass BalancePGR = GRACE - Ice Mass Balance

 Global mean sea level riseGlobal mean sea level rise

 Long-term ground water storage changeLong-term ground water storage change

GRACE Applications inGRACE Applications in  Climate ChangeClimate Change



 Global water storage change from GRACEGlobal water storage change from GRACE

 GRACE estimated river runoff in the Amazon basinGRACE estimated river runoff in the Amazon basin

 Antarctic long-term mass change from GRACEAntarctic long-term mass change from GRACE

 Mountain glacial melting from GRACEMountain glacial melting from GRACE

 GRACE confirms accelerated melting over GreenlandGRACE confirms accelerated melting over Greenland

GRACE Application ExamplesGRACE Application Examples



Global Water Storage Change from GRACEGlobal Water Storage Change from GRACE

 GRACEGRACE  time-variable gravity datatime-variable gravity data
 CSR constrained RL01 solutions up to degree 120CSR constrained RL01 solutions up to degree 120

 35 monthly solutions covering the period April 2002 - June 200535 monthly solutions covering the period April 2002 - June 2005

 C20 excluded, truncation at degree 60C20 excluded, truncation at degree 60

 800 km Gaussian smoothing800 km Gaussian smoothing

 GlobalGlobal  land data assimilation system (GLDAS)land data assimilation system (GLDAS)
 GLDAS estimated TWS changes

 Converted into spherical harmonics of degree 100Converted into spherical harmonics of degree 100

 Drop C20 and geocenter terms (to be consistent with GRACE)Drop C20 and geocenter terms (to be consistent with GRACE)

 800 km Gaussian smoothing800 km Gaussian smoothing & truncation at degree 60 & truncation at degree 60

 ComparisonsComparisons
  Global scale

  Basin scaleBasin scale



Global Water Storage Change from GRACEGlobal Water Storage Change from GRACE



GRACEGRACE

GLDASGLDAS

    800 Gaussian800 Gaussian



GRACE/GLDAS Comparison  in AmazonGRACE/GLDAS Comparison  in Amazon



GRACE/GLDAS Comparison  in MississippiGRACE/GLDAS Comparison  in Mississippi



GRACE/GLDAS Comparison  in GangesGRACE/GLDAS Comparison  in Ganges



GRACE/GLDAS Comparison  in ObGRACE/GLDAS Comparison  in Ob



GRACE/GLDAS Comparison  in ZambeziGRACE/GLDAS Comparison  in Zambezi



GRACE/GLDAS Comparison  in VictoriaGRACE/GLDAS Comparison  in Victoria



 Global water storage change from GRACEGlobal water storage change from GRACE

 GRACE estimated river runoff in the Amazon basinGRACE estimated river runoff in the Amazon basin

 Antarctic long-term mass change from GRACEAntarctic long-term mass change from GRACE

 Mountain glacial melting from GRACEMountain glacial melting from GRACE

 GRACE confirms accelerated melting over GreenlandGRACE confirms accelerated melting over Greenland

GRACE Application ExamplesGRACE Application Examples





GRACE Estimated River Runoff in the Amazon BasinGRACE Estimated River Runoff in the Amazon Basin

  Basic equation: R = (P - E) - ΔΔS

  ΔΔS from GRACE time-variable gravity

 22 CSR RL01 unconstrained solutions April 2002 - July 2004

 C20 excluded

 1000 km Gaussian smoothing

  P-E from ECMWF model estimates

 Based on land-atmosphere water mass balance

   Comparison with gauge measurements (at Comparison with gauge measurements (at Obidos, Brazil)



Land-Atmosphere Water Mass BalanceLand-Atmosphere Water Mass Balance
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Land-Atmosphere Water Mass BalanceLand-Atmosphere Water Mass Balance

Details of this land-atmosphere water mass balanceDetails of this land-atmosphere water mass balance

methodology and some related resultsmethodology and some related results  are presented inare presented in

 Syed, T.H., J.S. Famiglietti, J.L. Chen, M. Rodell, S.I. Seneviratne, P. Viterbo,

C.R. Wilson, Amazon and Mississippi River Discharge Estimated from

GRACE and a Land-Atmosphere Water Balance, Geophys. Res. Lett., 32,

L24404, doi:10.1029/2005GL024851, 2005.



Runoff Estimates in the Amazon River Basin



Annual Runoff Estimates in the Amazon River Basin



 Global water storage change from GRACEGlobal water storage change from GRACE

 GRACE estimated river runoff in the Amazon basinGRACE estimated river runoff in the Amazon basin

 Antarctic long-term mass change from GRACEAntarctic long-term mass change from GRACE

 Mountain glacial melting from GRACEMountain glacial melting from GRACE

 GRACE confirms accelerated Greenland ice meltingGRACE confirms accelerated Greenland ice melting

GRACE Application ExamplesGRACE Application Examples







Antarctic Long-Term Mass Change From GRACEAntarctic Long-Term Mass Change From GRACE

 GRACEGRACE  time-variable gravity datatime-variable gravity data
 CSR constrained RL01 solutions up to degree 120CSR constrained RL01 solutions up to degree 120

 40 monthly solutions covering the period Apr 2002 - Nov 200540 monthly solutions covering the period Apr 2002 - Nov 2005

 C20 excluded, truncation at degree 60C20 excluded, truncation at degree 60

 500, 800, 1000 km Gaussian smoothing500, 800, 1000 km Gaussian smoothing

 Forward ModelingForward Modeling
 A numerical simulation technique to more effectively quantityA numerical simulation technique to more effectively quantity

leakage effects from smoothing.leakage effects from smoothing.

 Successfully applied in a number of recent studies.Successfully applied in a number of recent studies.

 The main purpose is to determine what original mass change signalsThe main purpose is to determine what original mass change signals
could generate the changes observed by GRACE.could generate the changes observed by GRACE.

 Postglacial rebound (PGR) effectsPostglacial rebound (PGR) effects

 Comparison with remote sensing measurementsComparison with remote sensing measurements



Global Long-Term Mass Change Rates From GRACEGlobal Long-Term Mass Change Rates From GRACE



Antarctic Mass Rates From GRACEAntarctic Mass Rates From GRACE
(Apr 2002 - Nov 2005)(Apr 2002 - Nov 2005)



Antarctic mass changes  at points A & B from GRACEAntarctic mass changes  at points A & B from GRACE



PGR effects (in mass equivalent) overPGR effects (in mass equivalent) over
Antarctica from the IJ05 PGR modelAntarctica from the IJ05 PGR model
[[Ivins Ivins and James, 2005], Noand James, 2005], No smoothing. smoothing.

PGR effects (in mass equivalent) overPGR effects (in mass equivalent) over
Antarctica from the IJ05 PGR model,Antarctica from the IJ05 PGR model,
800 km Gaussian smoothing800 km Gaussian smoothing..



PGR effects over Antarctica (IJ05)PGR effects over Antarctica (IJ05)
800 km Gaussian smoothing800 km Gaussian smoothing..

GRACE mass rates over Antarctica,GRACE mass rates over Antarctica,
800 km Gaussian800 km Gaussian smoothing. smoothing.



GRACE mass rates over Antarctica,GRACE mass rates over Antarctica,
800 km Gaussian800 km Gaussian smoothing. smoothing.

GRACE - PGR (IJ05) over Antarctica,GRACE - PGR (IJ05) over Antarctica,
800 km Gaussian smoothing800 km Gaussian smoothing..



Forward ModelingForward Modeling

 Step-1:Step-1:  To calculate the total variance in the two  To calculate the total variance in the two
predefined regions (circled by white lines).predefined regions (circled by white lines).

 Step-2:Step-2: To place the two calculated total mass rates evenly To place the two calculated total mass rates evenly
distributed in the two shaded areas in West and Eastdistributed in the two shaded areas in West and East
Antarctic, & convert into spherical harmonics.Antarctic, & convert into spherical harmonics.

 Step-3:Step-3: To replicate procedures (used to transform To replicate procedures (used to transform
GRACE data) to compute surface mass changes (no C20GRACE data) to compute surface mass changes (no C20
& degree-1 terms, same truncation and smoothing, & degree-1 terms, same truncation and smoothing, ……).).

 Step-4:Step-4: To compute the total variance of the simulated To compute the total variance of the simulated
mass rates in the same regions (circled by white lines).mass rates in the same regions (circled by white lines).

 Step-5:Step-5: To adjust the total mass rates and the sizes and To adjust the total mass rates and the sizes and
locations of the two simulated areas, and repeat steps 1-4,locations of the two simulated areas, and repeat steps 1-4,
until the simulated total mass rates until the simulated total mass rates ‘‘bestbest’’ match GRACE match GRACE
estimates.estimates.



GRACE - PGR (IJ05)GRACE - PGR (IJ05)
800 km Gaussian800 km Gaussian

Forward modelingForward modeling
800 km Gaussian800 km Gaussian

Simulation SchemeSimulation Scheme



Sensitivity of Spatial Radii on GRACE EstimatesSensitivity of Spatial Radii on GRACE Estimates

Cases W. Antarctica E. Antarctica

500 km − 85 ± 21 + 88 ± 23

800 km − 77 ± 14 + 80 ± 16

1000 km − 73 ± 14 + 77 ± 15

Average − 78 ± 10 + 82 ± 11

Table 1. Long-term snow/ice mass change rates (in kmTable 1. Long-term snow/ice mass change rates (in km33/yr) in West (W.) and East/yr) in West (W.) and East
(E.) Antarctica estimated from numerical simulations in 3 cases when using 500(E.) Antarctica estimated from numerical simulations in 3 cases when using 500
km, 800 km, and 1000 km Gaussian smoothings.km, 800 km, and 1000 km Gaussian smoothings.



What do we learn over Antarctica from GRACE?What do we learn over Antarctica from GRACE?

Conclusions:Conclusions:

 The first 3.5 years of GRACE data The first 3.5 years of GRACE data show two prominent features, a region ofshow two prominent features, a region of
mass loss along the coast ofmass loss along the coast of  Amundsen Sea Embayment Amundsen Sea Embayment in in West Antarctica,West Antarctica,
and one of accumulation in and one of accumulation in EnderbyEnderby Land in  Land in East Antarctica.East Antarctica.

 Through forward modeling to quantify attenuation effects and leakageThrough forward modeling to quantify attenuation effects and leakage
errors from spatial smoothing, and removing PGR effects, the rate in Westerrors from spatial smoothing, and removing PGR effects, the rate in West
Antarctica is Antarctica is –– 77  77 ±± 14 km 14 km33/year, consistent with recent assessment from/year, consistent with recent assessment from
satellite altimetry and remote sensing data.satellite altimetry and remote sensing data.

 The accumulation rate in the Enderby Land region is ~ + 80 The accumulation rate in the Enderby Land region is ~ + 80 ±± 16 km 16 km33/year,/year,
contrary to estimates from remote sensing data, which show approximate icecontrary to estimates from remote sensing data, which show approximate ice
mass balance in this region, suggesting that this feature is either frommass balance in this region, suggesting that this feature is either from
unquantified snow accumulation in this region or more likely due tounquantified snow accumulation in this region or more likely due to
unmodeled PGR.unmodeled PGR.

 The surprisingly steady increasing trend in theThe surprisingly steady increasing trend in the Enderby Enderby Land region Land region
appears to support the PGR hypothesis. Longer GRACE time series willappears to support the PGR hypothesis. Longer GRACE time series will
provide a more convincing conclusion in the future.provide a more convincing conclusion in the future.



Details of the forward modeling methodology and related
results on Antarctic mass rates have been published in

Chen, J.L., C.R. Wilson, D.D. Blankenship, and B.D. Tapley (2006), AntarcticChen, J.L., C.R. Wilson, D.D. Blankenship, and B.D. Tapley (2006), Antarctic
Mass Change Rates From GRACE, Mass Change Rates From GRACE, Geophys. Geophys. ResRes. Lett. Lett., ., 33, L11502,
doi:10.1029/2006GL026369..

Reprints are available (chen@csr.Reprints are available (chen@csr.utexasutexas.edu)..edu).

Antarctic Mass Change Rates From GRACEAntarctic Mass Change Rates From GRACE



 Global water storage change from GRACEGlobal water storage change from GRACE

 GRACE estimated river runoff in the Amazon basinGRACE estimated river runoff in the Amazon basin

 Antarctic long-term mass change from GRACEAntarctic long-term mass change from GRACE

 Mountain glacial melting from GRACEMountain glacial melting from GRACE

 GRACE confirms accelerated Greenland ice meltingGRACE confirms accelerated Greenland ice melting

GRACE Application ExamplesGRACE Application Examples
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Alaskan Mountain Glacial Melting From GRACEAlaskan Mountain Glacial Melting From GRACE

 GRACEGRACE  time-variable gravity datatime-variable gravity data
 40 CSR constrained RL01 solutions (Apr 2002 - Nov 2005)40 CSR constrained RL01 solutions (Apr 2002 - Nov 2005)

 2-Step 2-Step optimized smoothingoptimized smoothing (to maximize signal-to-noise ratio) (to maximize signal-to-noise ratio)

 Similar Forward ModelingSimilar Forward Modeling
 Glacial meltingGlacial melting

 Water storage changeWater storage change

 PGR effectsPGR effects

 ComparisonsComparisons
 GRACE estimatesGRACE estimates

 Remote sensingRemote sensing

 USGS glacial mass balanceUSGS glacial mass balance

Alaskan Mountain GlaciersAlaskan Mountain Glaciers



2-Step Optimized Smoothing of GRACE Data2-Step Optimized Smoothing of GRACE Data

OptimizedOptimized GaussianGaussian



Alaskan Glacial Melting Observed by GRACEAlaskan Glacial Melting Observed by GRACE

            Gulkana & Wolverine - TwoGulkana & Wolverine - Two
      USGS Benchmark Glaciers      USGS Benchmark Glaciers

      Major Alaskan Glaciers      Major Alaskan Glaciers
              with area with area ≥≥ 1000 km 1000 km22

PGR Leakage EffectPGR Leakage Effect
A Big ChallengeA Big Challenge

Land Water StorageLand Water Storage
A Big ChallengeA Big Challenge



Comparison Between GRACE & USGS MassComparison Between GRACE & USGS Mass
Balance Data at Two Benchmark GlaciersBalance Data at Two Benchmark Glaciers



Forward Modeling of Alaskan Glacial MeltingForward Modeling of Alaskan Glacial Melting
Glacial Melting + GLDAS Water Storage = GRACEGlacial Melting + GLDAS Water Storage = GRACE

Units: cm/yearUnits: cm/yearUnits: cm/yearUnits: cm/year



GRACE Estimates in Alaskan &GRACE Estimates in Alaskan &
Hudson Bay AreaHudson Bay Area

Forward Modeling of Mass RatesForward Modeling of Mass Rates
in Alaskan & Hudson Bay Areain Alaskan & Hudson Bay Area

Glacial Melting: Glacial Melting: –– 101 km 101 km33/year/year
GLDAS Water Storage: GLDAS Water Storage: –– 79 km 79 km33/year/year



Conclusions Conclusions (Mountain Glacial Melting From GRACE):(Mountain Glacial Melting From GRACE):

 The first 3.5 years of GRACE data The first 3.5 years of GRACE data suggest significant mountainsuggest significant mountain
glacial melting in the Gulf of Alaska regionglacial melting in the Gulf of Alaska region..

 Through forward modeling to quantify attenuation effects andThrough forward modeling to quantify attenuation effects and
leakage errors from spatial smoothing, and removing PGR leakageleakage errors from spatial smoothing, and removing PGR leakage
effects, the melting rate is ~ effects, the melting rate is ~ –– 101  101 ±± 22 km 22 km33/year./year.

 This estimate agrees remarkably well with the airborne laserThis estimate agrees remarkably well with the airborne laser
altimetry measurement of ~ altimetry measurement of ~ –– 96  96 ±± 35 km 35 km33/year [/year [Arendt Arendt et al. 2002],et al. 2002],
consistent with an independent estimate of ~ consistent with an independent estimate of ~ –– 115  115 ±± 20 km 20 km33/year/year
based on the first 2 years of GRACE data [Tamisiea et al. 2005].based on the first 2 years of GRACE data [Tamisiea et al. 2005].

 Terrestrial water storage change may account for a significantTerrestrial water storage change may account for a significant
portion of GRACE observed mass loss in the Alaskan region.portion of GRACE observed mass loss in the Alaskan region.

 The forward modeling technique is proved to be successful inThe forward modeling technique is proved to be successful in
quantifying leakage effects from spatial smoothing.quantifying leakage effects from spatial smoothing.



Alaskan Glacial Melting Observed by GRACEAlaskan Glacial Melting Observed by GRACE

Details of the above analysis (e.g., the 2-step optimized
smoothing methodology, forward modeling of Alaskan
glacial melting, land water storage change, and PGR
leakage effects) are being published in,

Chen, J.L., B.D. Tapley, C.R. Wilson, Alaskan Mountain Glacial MeltingChen, J.L., B.D. Tapley, C.R. Wilson, Alaskan Mountain Glacial Melting
Observed by Satellite Gravimetry, Observed by Satellite Gravimetry, Earth and Planetary Science LettersEarth and Planetary Science Letters,,
2006 (in press).2006 (in press).

Preprints are available (chen@csr.Preprints are available (chen@csr.utexasutexas.edu)..edu).



 Global water storage change from GRACEGlobal water storage change from GRACE

 GRACE estimated river runoff in the Amazon basinGRACE estimated river runoff in the Amazon basin

 Antarctic long-term mass change from GRACEAntarctic long-term mass change from GRACE

 Mountain glacial melting from GRACEMountain glacial melting from GRACE

 GRACE confirms accelerated Greenland ice meltingGRACE confirms accelerated Greenland ice melting

GRACE Application ExamplesGRACE Application Examples
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Greenland Ice SheetGreenland Ice Sheet
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 40 CSR RL01 constrained solutions40 CSR RL01 constrained solutions

 3.5 years (Apr 2002 - Nov 2005)3.5 years (Apr 2002 - Nov 2005)

 2-step optimized filtering2-step optimized filtering
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GRACE EstimatesGRACE Estimates Forward modelingForward modeling

Simulation SchemeSimulation Scheme

Involving more complicatedInvolving more complicated
simulation scheme thansimulation scheme than

previous studies.previous studies.
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Main Conclusions:Main Conclusions:

 The first 3.5 years of GRACE gravity measurements show prominent iceThe first 3.5 years of GRACE gravity measurements show prominent ice
melting over Greenland. After correcting leakage effects through forwardmelting over Greenland. After correcting leakage effects through forward
modeling, the Greenland ice loss rate is ~ modeling, the Greenland ice loss rate is ~ ––  239 239 ±±  23 km23 km33/year./year.

 This assessment is consistent This assessment is consistent with a very recent with a very recent estimate estimate of of –– 224  224 ±± 41 km 41 km33/year/year
from satellite radar from satellite radar interferometry [Rignot and Kanagaratnam, 2006, Science].

 Our analysis indicates that most of the Our analysis indicates that most of the –– 239  239 ±±  23 km23 km33/year is from East/year is from East
Greenland, with ~ Greenland, with ~ ––  90 km90 km33/year in the Southeast Glacier, which are also/year in the Southeast Glacier, which are also
consistent consistent with the recent with the recent satellite radar satellite radar interferometry estimates.

 Our forward modeling also suggests significant ice mass loss (~ ––  75 km75 km33/year)/year)
in Svalbard, supported by a recent study based on supperconducting
gravimeter and GPS measurements in that region.

 PGR leakage effect is significant, although direct PGR effect over Greenland is
negligible (–– 5 km 5 km33/year)./year).



The above results are presented in,

Chen, J.L., C.R. Wilson, B.D. Tapley, Satellite Gravity Measurements Confirm AcceleratedChen, J.L., C.R. Wilson, B.D. Tapley, Satellite Gravity Measurements Confirm Accelerated
Melting of Greenland Ice Sheet, Melting of Greenland Ice Sheet, ScienceScience, 2006 (under in-depth review)., 2006 (under in-depth review).

Reprints & preprints of our GRACE related studies is available atReprints & preprints of our GRACE related studies is available at

http://www.csr.http://www.csr.utexasutexas.edu/personal/chen/publication.html.edu/personal/chen/publication.html

GRACE Confirms Accelerated Greenland Ice MeltingGRACE Confirms Accelerated Greenland Ice Melting

Comments: Comments: chen@csr.chen@csr.utexasutexas.edu.edu



 Global water storage change from GRACEGlobal water storage change from GRACE

 GRACE estimated river runoff in the Amazon basinGRACE estimated river runoff in the Amazon basin

 Antarctic long-term mass change from GRACEAntarctic long-term mass change from GRACE

 Mountain glacial melting from GRACEMountain glacial melting from GRACE

 GRACE confirms accelerated Greenland ice meltingGRACE confirms accelerated Greenland ice melting

So, what do we learn from GRACE?So, what do we learn from GRACE?
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 PGR & Reconstruction of Ice History at LGMPGR & Reconstruction of Ice History at LGM

 Global Warming & Sea Level RiseGlobal Warming & Sea Level Rise

 Drought &Drought &  FloodingFlooding

 OceanographyOceanography

 AtmosphereAtmosphere

 Solid EarthSolid Earth

 ……

 Or, you name it.Or, you name it.

What else can we learn from GRACE?What else can we learn from GRACE?



Amazing GRACE !Amazing GRACE !



Thanks !Thanks !

GRACE Web Links:GRACE Web Links:

PODAAC GRACE Webpage: PODAAC GRACE Webpage: http://http://podaacpodaac.jpl.nasa.gov/grace/.jpl.nasa.gov/grace/

CSR GRACE Webpage: CSR GRACE Webpage: http://www.csr.http://www.csr.utexasutexas.edu/grace/.edu/grace/

GFZ GRACE: GFZ GRACE: http://www.http://www.gfzgfz-potsdam.de/grace/-potsdam.de/grace/


