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Key Points:

« Initialization with observed iceberg
positions and a realistic size
distribution

= Drift and melt of small (<2.2 km
length) to giant icebergs (=10 km) is
simulated Bremen, Germany
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and Thomas Jung'3

Pt

i

A simulation of small to giant Antarctic iceberg evolution:
Differential impact on climatology estimates
Thomas Rackow? (), Christine Wesche’, Ralph Timmermann’, Hartmut H. Hellmer?, Stephan Juricke?,

" Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research, Bremerhaven, Germany, “Atmospheric,
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Annual mean (1997-2008)
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Figure 6.Annual-mean freshwater input [mm d21] due to iceberg melting in the Southern Ocean in relation to precipitation minus evaporation (P-E) and sea ice production/melting.(top middle) Iceberg meltwater input in the ALL climatology estimate. (top left) Mean freshwater flux from P-E and (top right) from sea ice melting in 18318grid boxes from theFESOM-IB simulation with CORE.v2 forcing [Large and Yeager, 2009] for the period 1997–2008. For P-E, white areas indicate a balance below 1023mm d21, including negative values; forsea ice, white areas inside the area enclosed by sea ice indicate regions of sea ice production. (bottom left) Iceberg meltwater input in percentage ofP-E for the ALL climatology estimate[ALL/(P-E)]. Dark red areas indicate grid boxes where the meltwater input is at least of the same order as P-E, according to the criterion ‘‘meltwater>0.2(P-E)’’ from [Silva et al., 2006, Fig-ure 6]. (bottom right) Same as bottom left, but for sea ice production/melting [ALL/(sea ice)]. Dark blue areas indicate grid boxes where the meltwater input is at least of the same orderas sea ice production, with different sign


Ice shelves

ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG

AN/

Melting of ice shelves and the mass balance of Antarctica
S.S. Jacoss, H. H. Hellmer
Lamont—Doherty Geological Observatory of Columbia University, Palisades, New York 10964, U.S.A.

C.S. M. DOAKE, A. JENKINS AND R. M. FROLICH
British Antarctic Survey, Natural Envirenment Research Council, Cambridge CB3 OET, England

Accumulation Attrition Balance  Reference
Grounded Iee Total Calving Ice-shelf Run-off . _
ice shelf iccbergs melting 1956-67 Table. Melting rates of Antarctic ice shelves
Jacobs et al. (1996)
1749 -855 251 +487 Meier (1983
2000 1700 ~550 400 Losev (1963}) Feature Area Rate Meit
1490 356 1885 ~1053 293 Barkov (1971) 10°km cm yr Gt yr
2080 1450 -200 -10 +420  Bull (1971)
2000 -2400 ~320 -60 -720  Kotlyakov and others (1978)  —
2000 —1800 + 200 Budd and Smith (1985)
9300 = Orheim (1985) lce shelf bases:
14A8 405 19R3 Pt iael o AT rianes Filehooar 2 amas 4(}{} 55 2[]2
Table 1 | Mass balance of Antarctic ice shelves by oceanic sector 400 29 g1
Ocean sector Ice shelves GLF (Gtyr™!) SMB(Gtyr™Y) CF(Gtyr ) dh/dt (Gtyr™')  BMB (Gtyr~') Ice-shelfarea SBMB(myr ') MR i
(10°km?) (%) 65 23
West Indian Ocean AR, NE, AIS, W* 235+30 49+8 155+22 -11+8 -140+38 174 -080+022 47 190 44
West Indian Ocean+ 324 %31 = 204+29 == ~-179+43 = = 47 1000 28
East Indian Ocean SHA* VAN, TOT*,  333+16 48+7 213+44 -51+20 -219+48 65 ~335+073 51  8/nature10968 200 224
East Indian Ocean + MU, POR*, 508 + 26 = 306+ 75 = ~-300+80 = = 50 —]—
ADE* MER, NIN, 30 138
COO, REN*
Ross Sea DRY, RIS, SUL, 149+16 71+17 153+ 10 0+0 -67+26 492 -0.14+005 30 7y \
Ross Sea + 175+ 16 — 167+15 — ~79+28 — — 2 Total melting:
Amundsen Sea LAN* GET* CD*,  383+19 55+ 11 198 +43 -156+13 -395+48 56 -7.11+087 67
Amundsen Sea + THW=, PI*, COS 505 + 24 = 232+50 = —484 + 57 = = 68
Bellingshausen Sea ABB* VEN* GEO*, 139+11 82+16 31+10 -65+43  -255+22 86 -298+026 89
Bellingshausen Sea+ WOR 174 +12 — 41=+13 — —-281+23 — — 87 3
Weddell Sea LBC,FRIS,BRL, JFL  334+35  139+23  355+31 0+0 -118+52 608 ~019+009 25 ')
Weddell Sea + 363 +35 = 371+33 = ~131+53 = = 26
Fringing West Antarctica SUL, LAN*, GET*,  542+23  147+19  232+54 -221+45 -678+53 154 -440+035 74
Fringing West Antarctica+ CD*, THW*, PI*, 700 +27 = 275+ 63 = 792 +62 = = 74
COS*, ABB*, VEN*,
GEO*, WOR
Total surveyed = 1573+56 444+36 1106+141 -282+50 -1,193+163 1481 -081+011 52 .
Total upscglﬂieng — 476 * 67 — 6+ — 261 + 34 74 —-353+x047 55 Depoorter etal (2013) H E LM HDLTZ
Total Antarctica — 2,049 +87 — — 1555  -094+011 52
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Ice Shelf Thickness Changes (1994-2012)
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Observed interannual changes beneath Filchner-

Ronne Ice Shelf linked to large-scale atmospheric
circulation
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Fig. 1 Overview of the Filchner-Ronne Ice Shelf system. a Map of Filchner-Ronne hot-water drilled boreholes (Site 5, FSW, FSE, FNE1, & FNE2) and High Salinity Shelf Water (HSSW) production regions, (b) located south of the Warm Deep Water (WDW) that circulates along the continental slope in the southern Weddell Sea. a Contours: water column thickness (m); open ocean colors: anomalous sea ice formation rate (SFR) after 2015 compared with all years since 2002; blue (green) squares (crosses): ship-based CTD stations in front of the Filchner Ice Shelf in 2018 (2017); Vectors indicate time-averaged current meter observations from the lowest (black) and highest (white) instrument in the water column and legends showing a 2 cm s−1 (10 cm s−1) scale for the Filchner sites (Site 5). Colored arrows indicate inferred pathways and transformation from HSSW into ISW in the Berkner mode (green to purple) and in the Ronne mode (orange to blue). c Monthly and 36-month low-pass filtered time series of Southern Annual Mode (SAM) and (d) relative SFR anomalies, area-averaged over the orange polygon in front of Ronne Ice Shelf. Black lines: linear trend; blue dots: enhanced SFR events greater than 1σ (green dashed line) above the time average; blue (red) letters: years of dominantly Ronne (Berkner) mode water masses in the Filchner Trough. Black (grey) crosses in (a) indicate significant correlations between low-pass filtered time series of local SFR anomalies and SAM at 99% (95%) confidence level. Color shaded areas in (c & d) indicate the 15 year period (orange and green) relative to which the spatial pattern of SFR anomalies (green only) is computed that is shown in (a).
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wind speed anomaly
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Figure 5. Atmospheric conditions associated with enhanced sea ice formation. (A) Composite of atmospheric anomalies in surface pressure (SP in Pa, above 99 % confidence level in hatched areas), wind vectors (arrows) and speed (color) associated with enhanced SFR events shown in Fig. 1D; red dots: monthly locations of the Amundsen Sea low since 1979 scattered around the time mean position indicated by the red cross. (B) Time series of SP anomalies located at the
blue square in the eastern Weddell Sea (EWS), and (C) the Eastern Bellingshausen Sea (EBS), averaged for all months (only months associated with enhanced SFR events) in 2 year (6 months) bins. Green dashed lines indicate the average for all enhanced SFR events, black lines show the linear trend over all months. Blue curves show the 36-month low pass filtered evolution of the large scale indicators associated with favorable negative (positive) SP anomalies at EWS (EBS) that lead to enhanced southerly (off-shore) winds at the Ronne Ice Shelf front. Negative ASL longitude anomalies indicate westward displacements that favor high pressure anomalies in the EBS.
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* FRIS cavity circulation has two modes contolled by the strength of sea
ice formation in front of Ronne Ice Shelf.
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* The two modes are mapped onto the strength of FIS basal melting.
‘ Strong interannual variability in patterns of basal melting.

melt rate [ma

* The two modes are mapped onto the ISW outflow in Filchner Trough
‘ Strong interannual variability in trough density structure.
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‘ Strong interannual variability in ISW flow across the sill.
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‘ Strong interannual variability in WSBW formation???
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Answers will be provided by the results of the COSMUS moorings! B
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Blue: sediment feeder
Red: filter feeder


Antarctica’s melt water — a global player?

m— Surface flow

= Deep flow water forma alinity < 34




Filchner Ice Shelf Project .

N\ LA
mlm

she=

Observations-Sub-Filchner

ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG

S

1l

' ‘

'
5]

i
N
¥

Temperature (degC)
o o

346
Salinity

Hattermann et al, Nature Comm (2021)

HS5W source sdinity

£

) 3
oo
w

T

£

c

L

u
Jan15  Juls

Jan16

Jul1é

Jan17

Juliy

Jan18

Jul18

Jul1g

O
o,
o
2 2019
-
&
@
[« X
E
Qo
o
=
= 2018
c » /
o S
5
8 0
o W
1 W
-2.3 2017

3475 3478 3481 34.84
absolute salinity [g kg'1]

_—y

date


Vorführender
Präsentationsnotizen
Figure 2. Indicators of a mode shift beneath Filchner Ice Shelf. Time series of (A) ice shelf basal melt rates near FNE1, and (B) ocean conservative temperature at FNE1. (C) Source water salinities observed at each ice shelf mooring, and (D) 15-day low-pass filtered daily SFRs in front of Ronne Ice Shelf in comparison with the long-term average (green dashed line). (E, F) CTD sections of ocean potential temperature at locations indicated in Fig. 1A along the Filchner Ice Shelf front. Red horizontal lines in A and D show time averaged values over shorter period of each time series.
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