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Motivation

Mass Anomaly [Gt]

GRACE(FO) observed West Antarctic Ice Sheet (WAIS) mass anomalies
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Ice mass loss rate (biennial):

2003~2015 &  50~150Gt/yr
2015~2017 N ~20Gt/yr
Data gap

2017~2019 &  ~130Gt/yr

Mass loss rate abruptly changed
e Rapid ice mass loss signal?
* An inter-mission bias (low mass loss rate)?
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Method _
Antarctica Trend map (2015-2020)

Swarm d20 GRACE(FO) d20 Swarm — GRACE(FO)

Swarm mission spans the GRACE and GRACE-FO
time.

Can we use lower resolution Swarm gravity
solutions to patch the gap and resolve the puzzle?

Main ingredient: Swarm kinematic orbit
Method: Modified Decorrelated Acceleration Approach e e e .
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Quiality: good overlap up to d/o 12, 1 order of magnitude
WAIS apparent mass anomalies (d20)
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Swarm(a) vs GRACE (b): trend differences within several mm/yr
D20(b) vs D60 (d): captured main features but lost details

WAIS time series: Swarm is noisier but has good agreement with
GRACE(FO) observations, CC=0.78.
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Result
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GRACE(FO) and Swarm observed WAIS mass anomalies
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Biennial trend GRACE(FO) [Gt/yr] Swarm [Gt/yr]

2003~2015 & 50~160
2015-2017 Y 213+ 5.7 38.9 1+ 47.5
2017-2019 & 134.6 + 13.0 161.5 + 48.4

* Rapid ice mass loss S|gn

* An inter-mission tx

What is the origin of the observed abrupt change?
What is the climate driver?




Origin and climate driver

WAIS inter-annual mass anomalies
(rm trd, ann, semi-ann)
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™ MB= SMB + D, SMB:D = 10:1 at inter-annual scale

The dramatic change in the precipitation (enhanced
- anomalous low) explains the
transition observed by Swarm and GRACE(FO)
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Residual Geopotential height at 500 hPa

2013-2015 (-PSA/La Nifia) 2015-2017 (+PSA/ El Nifio) 2017-2019(-PSA/La Nifia)
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Dominated by the Pacific-South America (PSA) patterns
* high (low) pressure anomalies persist at the Pacific sector
* Air flow: high (blue) = low (red) pressure

* -PSA /La Nifia low precipitation, +PSA/ El Nifio rich precipitation

The shift from +PSA to —PSA, coupled with the

unusually pronounced El Nifio to La Nifa transition,
are the main driver.




Summary

* The rapid ice mass loss in WAIS paused in 2015 and lasted until the end of GRACE
mission in2017.

* The critical 1-year GRACE(FO) intermission data gap raises the question of whether the
reduced mass loss rate persists

* The lower resolution Swarm gravimetry data show good agreement with GRACE(FO) in
WAIS, i.e., high correlation (0.78) and consistent trend estimates.

* Swarm data efficiently bridge the GRACE/GRACE-FO data gap and reveal that WAIS
has returned to the rapid mass loss state that prevailed prior to 2015 during the
GRACE(FO) intermission data gap.

* The changes in precipitation patterns, driven by the climate cycles (e.g. PSA and
ENSO), further explain and confirm the dramatic shifts in the WAIS mass loss regime
implied by the Swarm observations.

More details can be found in our paper:
6 —CSR B o oo Eneinecring. == Zhang et al., 2021 GRL.



https://doi.org/10.1029/2021GL095141

Acknowledgments

SR’
7 — C SR
Center for Space Research

This research is partially supported by Strategic Priority Research Program of the Chinese Academy of Sciences (XDA19070302),
National Key Research & Development Program of China (2017YFA0603103), the Natural Science Foundation of China (41974040),
the European Space Agency (contracts SW-CO-DTU-GS-111 and SW-CN-DTU-GS-027, part of contract 4000109587/13/I-NB) and
MSMT Czech Republic (LTT18011).

We would like to acknowledge UT-CSR and NASA for making the GRACE(FO) Level-2 product (https://podaac-
tools.jpl.nasa.gov/drive/files/allData/grace/L2/CSR/RL06) and SLR monthly solutions
(http://download.csr.utexas.edu/pub/sir/degree s5/) freely accessible, ECMWF for making the ERA5
(https://cds.climate.copernicus.eu/#!/search?text=ERA5&type=dataset) online, UT Graz-ITSG group for providing Swarm
kinematic orbit (https://www.tugraz.at/institute/ifg/downloads/satellite-orbit-products/), GFZ and NASA for providing RLo6
AOD21B product (https://podaac-tools.jpl.nasa.gov/drive/files/allData/grace/L1B/GFZ/AOD1B).

We also thank Melchior van Wessem (J.M.vanWessem@uu.nl) and Michiel van den Broeke for providing the latest RACMO2
model output (http://www.projects.science.uu.nl/iceclimate/publications/data/2018/index.php), Cécile Agosta
(cecile.agosta@gmail.com) for providing the MAR3.11 model output (https://zenodo.org/record/2547638#.YYsbup6ZOUk), Wei
Feng (fengwei.igg@gmail.com) for making the GRACE postprocessing software GRAMAT
(https://www.mathworks.com/matlabcentral/fileexchange/58184-fengweiigg-grace_matlab_toolbox) open-source.

More details can be found in our paper:
D e ineering == Zhang et al., 2021 GRL. https://doi.org/10.1029/2021GL095141



https://podaac-tools.jpl.nasa.gov/drive/files/allData/grace/L2/CSR/RL06
http://download.csr.utexas.edu/pub/slr/degree_5/
https://cds.climate.copernicus.eu/
https://www.tugraz.at/institute/ifg/downloads/satellite-orbit-products/
https://podaac-tools.jpl.nasa.gov/drive/files/allData/grace/L1B/GFZ/AOD1B
mailto:J.M.vanWessem@uu.nl
http://www.projects.science.uu.nl/iceclimate/publications/data/2018/index.php
mailto:cecile.agosta@gmail.com
https://zenodo.org/record/2547638#.YYsbup6ZOUk
mailto:fengwei.igg@gmail.com
https://www.mathworks.com/matlabcentral/fileexchange/58184-fengweiigg-grace_matlab_toolbox
https://doi.org/10.1029/2021GL095141

Extra slides

Degree variance relative to GGMO05 (2015-2020)
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WAIS mass anomaly GRACE(FO) d60 vs d20
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WAIS mass anomaly time series estimated from GRACE/GRACE-FO with different
maximum degree (degree 60 in yellow and 20 in green). 300km/1100km (degree
60/20) Gaussian smoothing, and forward modeling (FM) leakage reduction are applied.

More details can be found in our paper:
Zhang et al., 2021 GRL. https://doi.org/10.1029/2021GL095141
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