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Learning Objectives

By the end of this presentation, I hope that you are able to:

1. Outline recent changes on the Greenland and Antarctic ice sheets

2. Describe how:
1. ocean variability influences the ice sheets

2. ice sheet melt influences the ocean

3. Understand how ECCO and MITgcm can (and currently cannot) be 
used to study ice ocean interactions



 Questions for you:

How much would sea level 
ǊƛǎŜ ƛŦ ŀƭƭ ƻŦ DǊŜŜƴƭŀƴŘΩǎ ƛŎŜ 
melted? Antarctica?  

How much is Greenland contributing to the 3.2 mm/yr of global sea 
level rise? Antarctica? (percents ok) 

Greenland: 7.4 m
Antarctica: 66 m

Greenland: 0.74 mm/yr (23%)
Antarctica: 0.39 mm/yr (12%)





Mass Loss Occurs Along the Coast

Ice height changes from 
ICESat and ICESat-2

(laser altimetry)



Melt from the 
Atmosphere

Data from 
RACMO2.3p2,
Noël et al 2019

ÅDuring the winter, net snowfall 
results in a mass gain on the ice 
sheets

ÅDuring summer, there is extreme 
melt on the edges

ÅThe annual mean is the Surface 
Mass Balance
ÅWarmer air temperatures -> ice loss





Ocean Forcing Ice



 Question for you:

Some of the major factors:

ÅTemperature

ÅSalinity

ÅPressure

ÅWater Velocity 

Increase with depth at high latitudes

What oceanographic parameters dictate ice melt rate?

Follow-up question: What does the ice feel?



A Difference of Scales

Sermeq Kujalleq
(One of the most active glaciers in Greenland)

Pine Island Glacier
(One of the most active glaciers in Antarctica)

2 km 10 km



Ocean Melt in Antarctica

Å Ice shelves form at the 
front of most glaciers in 
Antarctica

ÅShelves are melted from 
below by warm 
Circumpolar Deep Water

1200 m 
deep at 
Pine 
Island



ÅA little more than half 
of mass loss from 
glaciers is due to 
ocean melt

ÅThe rest of mass loss 
results from calving 

ÅCollectively, this is 
about  2400 Gt/yr of 
ice discharge to the 
ocean 

Ocean Melt in
Antarctica

Rignot et al 2013



Ocean Melt in Greenland

ÅGlacier geometry is 
different
ÅFronts are mostly vertical 
ÅVery few ice shelves
ÅGrounding lines are 

shallower

ÅGlaciers also encounter 
warmer water at depth

ÅBut, melt is also 
modulated by runoff from 
the ice sheet





Dynamic Glacier Changes

In steady state:

Ice FluxMelt + Calving

Glacier shape remains constant in steady state

=

Dynamic Changes:

Ice FluxMelt + Calving >

Glaciers undergoing dynamic change
1) retreat, 2) accelerate and 3) thin



Assessing melt in Greenland

Some issues (circa 2015):

ÅMost fjords had no bathymetric data
ÅNo idea how deep the fjords were

ÅMost fjords had no ocean observations
Åno CTDs or moorings,

ÅNo ADCPs or other observations

ÅNo observations -> no idea how to 
model it

Solution:



b!{!Ωǎ hŎŜŀƴǎ aŜƭǘƛƴƎ DǊŜŜƴƭŀƴŘ ŎŀƳǇŀƛƎƴ

Objective: Measure the ice and ocean simultaneously for 5 years (2015-2021)

How is the ice volume changing?

How is the temperature of the water 
changing?

GIF from OMG Image Archive

How deep is the water near glaciers?

Bathymetry surveys

Gravimetry surveys

Airborne CTDs

Airborne DEMs



Multibeam Sonar Surveys in Greenland

MV Cape Race, Northwest Greenland 2015 Upernavik, Greenland 2017

Photo credit: Chris Kemp



How deep is 
the ocean 
near the 
glaciers?

Old Map New Map

Ice SheetIce Sheet

Ocean Ocean

GlaciersGlaciers

Shallow water 
on the coast in 

old map!

800m

0m



How deep is 
the ocean 
near the 
glaciers?

New Map

Deep channels 
connect ocean 

to glaciers

800m

0m



Airborne AXCTD Surveys in Greenland

DC3 Survey Plane

Ian Deploying AXCTD

Mike Retrieving Data



How does the ocean 
temperature vary?

Cold Layer 
on Top

Warmer 
on Bottom

Yellow dots show 
measurement 

locations

Map from Josh Willis



View of Greenland Science after OMG

ÅGlacier retreat is driven substantially by 
variations in ocean melt
ÅWood et al 2021

ÅAtmospheric variations also have an 
important role in modulating melt
ÅSlater et al 2022

ÅMany ice models do not include an 
accurate representation of ocean 
forcing (yet)

Low temp,
Low Retreat

Increasing temp,
Retreat increases

Decreasing temp,
Retreat tapers off

From Wood et al 2021



Ice Forcing Ocean



 Question for you:

What is the barystatic 
contribution to sea level over the 
ECCO period (aka the altimetry 
era)?

(percents ok)


