Climate Change Research Letters S{RZEALIF AR, 2019, 8(4), 473-483 Hans Y
Published Online July 2019 in Hans. http://www.hanspub.org/journal/ccrl

https://doi.org/10.12677/ccrl.2019.84052

Analysis on the Characteristics of Greenland
Ice Sheet Mass Change and a Preliminary
Study on Mechanism

Ruomei Ruan

College of Oceanic and Atmospheric Science, Ocean University of China, Qingdao Shandong
Email: ruanruomei@126.com

Received: Jun. 22", 2019; accepted: Jul. 2™, 2019; published: Jul. 9", 2019

Abstract

Greenland ice sheet (GrlS) is an important regulator of global climate. The melting water of the ice
sheet not only increases the global sea level, but also weakens the deep convection in the North
Atlantic Subpolar Region, thus slowing down the meridional reversal circulation of the Atlantic
Ocean, which will affect the global thermohaline circulation and change the global heat distribu-
tion [1] [2]. Based on GRACE gravity satellite data, MAR regional model data, DMI weather station
data and ERA global reanalysis data, the temporal and spatial characteristics of GrIS mass change
during GRACE observation period are analyzed. The main factors that control GrIS mass change
are studied by means of mass balance and surface energy balance method, and the dynamic me-
chanism of GrIS mass change is preliminarily discussed. The results show that the accelerated
mass loss of GrIS in 2003-2012 has decelerated since 2013, and the main slowdown area is in the
southeast of GrIS. The GrIS mitigation events started in 2013 were due to increased cloud cover,
enhanced albedo, reduced net shortwave radiation and subsequent summer melting, which may
be related to the sea level pressure of the summer North Atlantic Oscillation changes.
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Figure 1. The time series of GrIS mass change observed by GRACE satellite since 2003. The grey points represent the data
of missing months filled with linear interpolation method
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Figure 2. (a) The linear trend of GrIS melting observed by GRACE satellite in 2003-2012 and (b) the spatial pattern in
2013-2016, respectively. Except for the light grey dotted area in (b), all other spatial lattice points have passed 95% confi-
dence test for linear trend estimation
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Figure 3. The anomaly time series of melt, runoff, snowfall, rainfall and SMB in MAR model data from 1979 to 2017
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Figure 4. The anomaly time series of summer melt, runoff, snowfall, rainfall and SMB in MAR model data from 1979 to 2017
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Figure 5. The anomaly time series of winter melt, runoff, snowfall, rainfall and SMB in MAR model data from 1979 to 2017
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Figure 6. Variation of melting water (blue line) and melting water volume (red line) calculated by net
heat flux from 1979 to 2017 based on MAR model data
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Figure 7. Time series of surface net heat flux, short wave radiation, long wave radiation, sensible heat flux and latent heat
flux in Greenland from 1979 to 2016
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Figure 8. Time series of ice sheet melting in Greenland in summer (a) and winter (b) based on net heat flux and its components
(net short wave radiation, net long wave radiation, sensible heat flux and latent heat flux) and MAR model melt production
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Figure 9. Trends of GrlS cloud cover (blue line) and albedo (red line) in summer
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Figure 10. Summer time series and mean values of near-surface temperature in Greenland; changes in summer melting of
GrlS (black line)
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Figure 11. Empirical mode decomposition (EMD) components (IMF) of GrT in summer of 1910-2016
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Figure 12. The spatial pattern of IMF components of GrT in summer that projected to sea level pressure field (SLP) and sea
surface temperature field (SST) from 1982 to 2016, respectively
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