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VALIDATION

Moreover, this halosteric impact is mainly 
restricted to the upper 300m of the ocean 
as it can be seen by the strong similarities 
between the SSH, steric and halosteric maps 
and the adjacent figure.  
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INTRODUCTION
The IPCC indicates that Global Mean Sea Level (GMSL) 
very likely increased from 72 mm to 117 mm over the 
period 1971–2018 with the largest contributions from 
ocean thermal expansion (50%) and melting of ice 
sheets and glaciers (42%). The Greenland Ice Sheet 
(GIS) lost 4890 [4140–5640] Gt of ice between 1992 
and 2020, causing sea level to rise by 13.5 [11.4 to 15.
6] mm (The IMBIE Team, 2021, AR6). The GIS mass 
losses are increasingly dominated by surface mass 
balance (SMB, increased surface melting and runoff). 
Mass loss varies strongly, due to large interannual 
variability in SMB.

Figure 1: Time series of mass changes in GIS 
for each of the major drainage basins shown in 
the inset figure (Bamber et al., 2018b; 
Mouginot et al., 2019; The IMBIE Team, 2021) 
for the periods 1972–2016, 1992–2018, and 
1992–2020 (IPCC, AR6, fig.9.16a). 

OBJECTIVES
Evaluate the impact of 
the increased rate of 
Greenland Ice Sheet (GIS) 
melting between 1998 
and 2011 on sea level 
and ocean circulation.

METHOD

The main added values of 
this sensitivity approach 
are that it enables us to 
isolate GIS impact, to take 
into account the complex 
interactions between the 
GIS and ocean and sea ice, 
and to quantify them.

Figure 2: Numerical approach of the sensitivity experiments. 

Figure 5: Maps of  GIS impact (GAI-AI) on SSH trends (a) and on its decomposition in steric (b) and manometric trends (c).

Figure 6: Maps of  GIS impact on the upper 300m halosteric (a) and 
thermosteric (b) sea level trends over 1998-2011 in mm/yr.

Figure 7: Vertical distribution of steric, halosteric, and 
thermosteric trend contributions averaged over the box 

defined in the Canada Basin.

Figure 3: The CCI DTU/TUM SLA trends map (a) and the SLA trends 
maps of the run GAI (b) from January 1998 to December 2011 (mm/yr). 

The global mean sea level time series has been removed as well
as the annual and semiannual signals.

Figure 4: Observed SLA trend maps (Copernicus SSALTO/DUACS DT L4 
product) (a) and the simulated SLA trends maps from the run GAI (b) from 
January 1993 to December 2018 (mm/yr). The global mean sea level time 
series has been removed as well as the annual and semiannual signals.
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RESULTS
We find that GIS melting 
have a positive impact 
on regional sea level 
trends in the BG (Fig.5a). 
The decomposition of the 
SSH trends into their 
steric (Fig.5b) and 
manometric (Fig.5c) 
components show that 
GIS impact is maily 
steric, that is via density 
changes.

SLA trends maps from 1998 to 2011 in the Arctic

Trends maps from 1998 to 2011 of GIS impact on SSH, steric, and manometric sea level

GIS impact on the halosteric and thermosteric sea level trends from 1998 to 2011 

Global SLA trends maps from 1993 to 2018
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The decomposition of the steric sea level trends into their halosteric and 
thermosteric components shows that the impact of GIS melting is fully driven by 
salinity changes (i.e halosteric sea level) (Figure 6).

a. b. c.

(1) LOPS, Plouzané, France. (2) IGE, Grenoble, France. (3) 
LEGOS, Toulouse, France. (4) MARBEC, Sète, France. 
(5) LOCEAN, Paris, France. 


