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Ice Shelf Cavity Circulation Response to Warm
Water Inflow (e.g., from Increased Westerlies)

What happens to the
Southern Ocean and sea ice?

Cartoons by Dr. Hartmut Hellmer
https://www.awi.de/en/about-us/service/press/archive/climate-scientists-
discover-new-weak-point-of-the-antarctic-ice-sheet.html



Annual Sea Ice Area Forced with RCP8.5 and Freshwater
in the EC-EARTH model

9

Bintanja et al (2014)

Sea-ice area (1 0° km2)

0.004 Sv

Model year since 2006

Swart & Fyfe (2013) found the “freshwater effect on sea ice trends

over the historical period is small and fails to reproduce the observed
regional pattern of trends”



HOW MUCh FreShwater from Anta rctica Surface Mass Exchange Thli:;ing

Is Reaching the Southern Ocean J ? l ? |
in reality? : |

If in balance, the net |

€«—— Grounding Line Flux

snowfall accumulation |
2,500 Gt/yr (0.08 Sv)
must equal iceberg

. . Surface Mass Exchange b
calving & ice shelf / \ (b)

basal melt flux T l : l '
|

" ) . Calving Rate
Independent” estimates of -

current ice shelf basal melt >
. . Basal Melt Rate
and iceberg flux is ~2,800

Ice Shelf
Thinning

|
Gt/yr |
| |

€—— Grounding Line Flux >

| Pauliné et al, 2016



How Much Freshwater from Antarctica
Is Reaching the Southern Ocean
in models?

Runoff
B

Runoff
—

CMIP5 Models

“White Mountain Approach”,
snow depths limited to 1 m s.w.e.
So P-E over Antarctica = Runoff

This “Runoff” averages 2,600 Gt/yr (0.08 Sv)
mimics iceberg calving & basal melt flux

Pauling et al, 2016



How has the freshwater source changed?

Recent gravimetric estimates of the GROUNDED ice mass
imbalance is ~30-250 Gt/yr ... This affects sea level rise

Ice
Thinning

l?l? |

B\l

€ Grounding Line Flux >

Surface Mass Exchange

Pauling et al, 2016



/ Surface Mass Exchange \ (b)

)

Calving Rate
—

A

Ice Shelf
Thinning

K

Basal Melt Rate

Grounding Line Flux

The ice shelf mass imbalance is 90-290 Gt/yr

The combination of grounded and shelf ice
mass imbalance is 120-550 Gt/yr

(perhaps equals the increase since pre industrial?)

Pauling et al, 2016



1994-2013 P-E on Antarctica in CMIP5
Historical Runs and Reanalyses
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~2,600 Gt/yr
Annual Antarctic mean

(CMIP5 up ~600 Gt/yr
since pre-industrial)

In models P-E = “runoff”
change since pre-industrial

miraculously (?) resembles
the current grounded ice

and shelf ice imbalance

Pauling et al, 2016



Numbers Summary

Real world sources of freshwater to Antarctica & Southern
Ocean

e Antarctica surface mass budget 2,500 Gt/yr

* jce shelf basal melt & iceberg flux 2,800 Gt/yr

e Antarctic land/shelf ice mass imbalance 120-550 Gt/yr

CMIP5 model sources of freshwater to Southern Ocean
e P-E (and hence “runoff”) from Antarctica 2,600 Gt/yr
* P-E (and hence “runoff”) from Antarctica increased by
600 Gt/yr since pre industrial

Bottomline: CMIP5 models look good, for now



1994-2013 P-E Directly into Southern Ocean* in
CESM1-CAMS5 and Merra Reanalyses

~8 X bigger than amount that falls on land/shelf ice

~20,000 Gt/yr
Annual mean
*oceans south of outer flank of ACC



Increase in P-E at 1994-2013 since Pre Industrial in
CESM1-CAMS Historical Runs over
Southern Ocean & Antarctica

~860 Gt/yr
Annual mean
*oceans south of outer flank of ACC

Much more than Antarctic land/shelf ice mass imbalance
120-550 Gt/yr



Increase in P-E at in CCSM3.5 due to
Ozone Depletion Only over
Southern Ocean™® & Antarctica

~300 Gt/yr
Annual mean
*oceans south of outer flank of ACC

~ 1/3 of the increase in P-E in same region in 1994-2013 since
pre industrial

Above middle of the range of Antarctic land/shelf ice mass
imbalance estimates



Annual Mean P-E Response

in CCSM3.5 due to in CESM1-CAM5 1994-2013
Ozone Depletion Only relative to pre industrial

- | - T
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¥ ~860 Gt/yr
~03-02 —-01 O 0.1 0.2 0.3 -0.%5-0.2 =0.1 O 0.1 0.2 0.3

Annual P-E Response in mm/day



Annual Mean P-E Response
to SAM* in CESM1-CAM5

*20% highest minus 20% lowest SAM summers

~640 Gt/yr

-0.5-0.2 =0.1 O 0.7 0.2 0.3

Annual P-E Response in mm/day



Annual Zonal Mean Response
of Sea Ice and P-E-R from Ozone Depletion Only

03l — Net Ice Melt ||
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Freshwater Enhancement Experiments

CESM1-CAMS5 Historical & RCP8.5 Forcing for 1980-2013
branched from “Large Ensemble”

In Set 1: We added freshwater at the surface in total amounts
of 1000, 2000 (3 ensemble members), and 3000 Gt/yr with

this distribution pattern:
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Mimics iceberg
melt input
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Freshwater Enhancement Experiments

In Set 2: We added freshwater at the depth of ice shelf
cavities at their calving front surface at 167 and 2000 Gt/
yr (2 ensemble members)

-100
Mimics ice
shelf basal
melt input

1 -200

1 -300

-400




Year 1994-2013 mean from 2000 Gt/yr experiments

Surface Freshwater Forcing Salinity Response
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Year 1994-2013 mean from 2000 Gt/yr experiments

Surface Freshwater Forcing Temperature Response

LD

70S

60S
latitude

50S

40S
Pauling et al, 2016



Advective Temperature Tendency

Year 1994-2013 mean from 2000 Gt/yr interior experiments

708 60S 508 408 Kyl
Latitude

dAT oT
7 R —AWres—=—.

0z

Explains cooling/warming south of 65 S
Enhanced northward heat transport and feedbacks cause cooling 40-60S

Pauling et al, 2016



Stabilizing Effect of the 3000Gt Surface Freshening on Overturning

Weakened Upwelling

Depth (km)
N

b
0.5 Sv Contour Interval |
5r 1 Sv anomalies in bold

60 -40 -20 0 20 40 60 80
Latitude

Weakened upwelling where ocean normally brings up warm water



Sea Ice Response

Summer (DJF)
8.5
LENS Members
8 L

N’_é LENS Mean
= SFW1000A
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At most 1 million square km greater, but still negative trend

Pauling et al, 2016



Surface Temperature Response

Year 1994-2013 mean of 2000 Gt/yr surface experiments
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Summary

Freshwater due to ozone depletion and all other
recent natural and anthropogenic sources has a small
but straightforward influence on the Southern Ocean

One study mysteriously found a very big response to
tiny amounts of freshwater

Similar climate impact of iceberg flux vs ice shelf basal
melt



Annual Zonal Mean of Sea Ice and P-E-R from

1994-2013
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