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Update on the state of the Cryosphere with GRACE
Ice sheet mass balance using GRACE data: 2002-2017
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{%@ Update on the state of the Cryosphere with GRACE
Ice mass trend and acceleration (2002-2017)
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Update on the state of the Cryosphere with GRACE

Evaluation of climate models: Greenland
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Velicogna et al., GRL, 2014, updated.

RACMO (Ettema et al., 2009), MAR (Fettweis, 2007), MERRAZ2 (Cullather et al, 2014)
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%@ Update on the state of the Cryosphere with GRACE
Comparison GFZ-CSR-JPL harmonics

oo = = - JPL and GFZ time series are noisier
- Differences in the 2016/2017 time series
- Trends agree within error
E - Months 179-186 do not affect significantly trends,
= spurious picks, may have a larger impact on the
acceleration
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Update on the state of the Cryosphere with GRACE

GFZ-CSR-JPL harmonics: 150-186, Impact of C54-Cs,
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mid-2016 - 2017

- C30/Cs4 do not explain most of the differences

- Error impact all coefficients (not only zonal)
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Update on the state of the Cryosphere with GRACE

Evaluation of climate models: Antarctica
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RACMO (Ettema et al., 2009), MAR (Fettweis, 2016), MERRA (Cullather et al, 2014)
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Update on the state of the Cryosphere with GRACE
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- JPL and GFZ time series are noisier
- Differences in the mid-2016 - 2017 time series
- Trends agree within errors

- Months 179-186 do not affect significantly trends,
spurious picks, may have a larger impact on the
acceleration
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Update on the state of the Cryosphere with GRACE
Comparison of GFZ-CSR-JPL harmonics: 150-186, Impact of C;,
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Update on the state of the Cryosphere with GRACE
Replacing GRACE C;,with C55 from SLR

AlS - Replaced Degrees: 3, Replaced Orders: 0 EAIS - Replaced Degrees: 3, Replaced Orders: 0 WAIS - Replaced Degrees: 3 , Replaced Orders: APIS - Replaced Degrees: 3, Replaced Orders: 0 DDpi - Replaced Degrees: 3, Replaced Orders: 0
1500 200  original
1000 300 771 SLR replacment
2000 1000
00 200 200
1000 500 100
100
H z 0 0 H z
I H o0 §oo
H £ o H H
B -500 -100 -
-1000 100
~1000 -200 -200
2000 -1000
~1s00 = original —300 -30
3000 7 SLR replacment -1500 o 400
2002 2004 2006 2008 2010 2012 2014 2016 2002 2004 2006 2008 2010 2012 2014 2016 2002 2004 2006 2008 2010 2012 2014 2016 2002 2004 2006 2008 2010 2012 2014 2016 2002 2004 2006 2008 2010 2012 2014 2016
Time [years] Time [years] Time [years] Time [years] Time [years]
AIS - Replaced Degrees: 3 , Replaced Orders: 0 EAIS - Replaced Degrees: 3 , Replaced Orders: 0 WAIS - Replaced Degrees: 3 , Replaced Orders: 0 APIS - Replaced Degrees: 3 , Replaced Orders: 0 DDpi - Replaced Degrees: 3 , Replaced Orders: 0
1500
5004 " Original ~ original ~ original = original = original
SLR replacment SLR replacment —600 SLR replacment. SLR replacment 200 SLR replacment
0
o 1000
100
s00 ~800
500 -100
z z z z g °
3 i 3 i § 100
= 1500 = = = -200 =
-1200 200
~2000 _s00
-300
~2500 -1400 -300
~1000
-3000 400
20145 20150 20155 20160 20165 2017.0 20175 20145 20150 20155 20160 20165 2017.0 20175 20145 20150 20155 20160 20165 2017.0 20175 20145 20150 20155 20160 20165 2017.0 20175 20145 20150 20155 20160 20165 2017.0 20175
Time [years] Time [years] Time [years] Time [years] Time [years]

G6STM - Oct 2017

abella Velicogna




. Update on the state of the Cryosphere with GRACE
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Comparison of CSR-JPL-GFZ harmonics and CSR-JPIl-Goddard Mascons
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- Comparison on the JPL mascon Grid

- Good agreement in trend and acceleration between CSR- harmonics mascon and JPL 3-deg mascon

- CSR 1-deg mascons appear to underestimate the mass loss = need to account coast line and mascon location
- Goddard mascons show smaller trend in a few regions
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(é‘v» Update on the state of the Cryosphere with GRACE
= Glaciers and Ice Caps (GIC): End of a difficult problem
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| Update on the state of the Cryosphere with GRACE
GIC mass balance: 2002-2017
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Update on the state of the Cryosphere with GRACE
GIC mass balance: Comparison with surface mass balance
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%’@ Update on the state of the Cryosphere with GRACE

w=< Comparison of CSR harmonics mascon and JPL-CSR-Goddard mascons
Months 13-175
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-Overall trends agree within error
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-Good agreement between CSR mascon solutions from harmonics and JPL
mascon solution
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%@ Update on the state of the Cryosphere with GRACE
Conclusions

« In Antarctica (ALS) and Greenland (6IS) GRACE data can be used to evaluate SMB from regional and
global climate model.

« JPL and GFZ solutions are noisier than CSR harmonics solutions.

* Largest differences between mass balance times series from harmonics solution after mid-2016

* Including months after Nov 2016 generally does not impact ice sheet and glacier mass balance estimates
trends, but caution should be used in interpreting annual signal and accelerations using these months.

* InGreenland and for the GIC C;,/C5 coefficients do not account for much of the difference between
the solutions after Nov 2016, in Antarctica C; , component account for a large portion of the
difference. Replacing C3, with SLR coefficients is not recommended at this time

* Overadll good agreement between different mascon solutions and CSR harmonics based mascon solutions.
Need fo compare consistently

*  Monthly solutions after Mid 2016 should be evaluated using independent datasets.
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