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• Arctic sea ice extent has been declining over the past four decades with
the most significant loss in summer months.

• The decline caused by anthropogenic global warming is superimposed over
large interannual and decadal oscillations caused in part by internal
variability in the coupled Earth system.

• Estimates of timing for a seasonally ice-free Arctic depend on a better
understanding of the dynamics and variation of this strongly coupled
system.

Data and Approach
Ice concentration, thickness, surface air temperature and sea surface
temperature were obtained from 1-degree global coupled simulations of the
Energy Exascale Earth System Model (E3SM) [1,2].
• Pre-Industrial Control, 500 years, 1850 level CO2

• Historical, 1850-2014, 5 ensemble members

• 1pctCO2, 150 years - prescribed 1 percent per year CO2 increase

Observational data and reanalysis products are used for comparison.

• NOAA/NSIDC, passive microwave sea ice extent, 1979-2018 [3]

• NCEP Reanalysis 2, surface air temperature 1979-2018 [4]

• ERSSTv2, sea surface temperature 1979-2018 [5]

• PIOMAS, Arctic sea ice volume 1979-2018 [6]

We evaluate variability and trends of September average sea ice extent and
volume with respect to average annual global surface temperature and annual
polar sea surface temperature. Linear fits and trends are computed in all
cases using least squares.

Historical and 1 pct CO2 Simulation Results
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Pre-Industrial Control Simulation Results
E3SM Pre-industrial Control September Sea Ice Extent
Compared to NSIDC sea ice extent from 1979-2018 in red.
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Average over 500 years (left). Average over 10 years with largest sea ice
extent (middle). Average over 10 years with smallest sea ice extent (right).

E3SM Pre-industrial Control September Sea Ice Volume
Compared to PIOMAS sea ice volume from 1979-2018 in red.

\I ti

100

SSIV Trends

(103 km3 /decade)

PIOMAS

Historical 1

[Historical 2

Historical 3

LHistorical 4
Historical 5

pct CO2

-3.22

-6.01

-2.79

-4.59

-5.54

-4.77

-2.86

Trends computed for years 1979-2014 in historical ensemble and for first 40 years of 1 pct CO2 simulation.

200 300

Years

400 500 600

1

0.9

0.8

0.

0.6

0.5

0.4

0.3

0.2

0.1

0

Statistics (103 km3)

Average 11.10

Std. Dev. _ 2.55

Minimum _ 4.66

Maximum 19.69

ArcticSca Icc Dec.ciaLTrcracts_

• Observations/Reanalysis

Historical Ensembles

1 pct CO2

* Pre-Industrial Control

c

El2 -0.5
÷"a)

• -1 •
co

Zr) -1.5

a)

cn • -2
-0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Global surface temperature trend ( °C/decade)

•

.

.

•

•

• Observations/Reanalysis
Historical Ensembles
1 pct CO2

* Pre-Industrial Control

0 0

•

'6 -6 •
•

aEi

(/) -8
-0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Global surface temperature trend ( °C/decade)

We compute sensitivity as the linear least squares fit of September sea ice extent or volume
and yearly global average surface temperature or polar sea surface temperature [7].
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Discussion
• We provide a preliminary evaluation of September sea ice extent and

volume trends in E3SM.
• Trends for the E3SM historical ensembles are generally faster than

observational and reanalysis trends and 35-year pseudo-ensembles of the
500-year pre-industrial control simulation exhibit trends that are
significantly slower than either the forced simulations or observations.

• Results are consistent with other analyses that have predicted September
ice free conditions at 1.5 C above pre-industrial levels [8].

• Future work will investigate drivers of sea ice extent and volume variability

Global surface temperature versus sea ice extent (left) and sea ice volume (right) trends.
Historical ensemble trends are computed for the years 1979-2014 and overlapping 35-year
pseudo-ensembles are created from the pre-industrial control simulation for the computed
trends.

in LI IC coupled model.
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