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Abstract

Ice shelf basal melting, caused by seawater intrusion and a consequence of ocean-ice
shelf interaction, is a significant process that occupies over half of Antarctic ice mass loss.
However, It is difficult to evaluate the properties of the ocean in the ice shelf cavity due to
restrictive spatiotemporal observation beneath the ice shelf. Terra Nova Bay (TNB) in
western Ross Sea, where high-salinity shelf water (HSSW) is formed by polynya activity,
has seasonal water mass variations. Nansen Ice Shelf (NIS) near the TNB is a cold-cavity ice
shelf with seasonal variations of basal melting influenced by water mass. Previous studies
suggested that eddies are vital in heat transport and would support enhanced basal melting in
summertime by pushing seawater into the cavity. This study presents the relationship
between summertime fluctuations about local circulation and basal melting using 3-
dimensional high resolution numerical model with considering ocean-ice interaction.
Simulated sea conditions and eddies are analogous to hydrographic data from the same

period.

The result implies that mesoscale perturbations in TNB dominate regional circulation and
lead to NIS basal melting variability by shifting the warm surface water inflow direction.
Empirical orthogonal function (EOF) analysis for sea surface height presents mesoscale
eddies and the intensity of seasonal mean current. High basal melt arises partially at the
western NIS front when cyclonic (clockwise) eddy exists forward the NIS. On the other hand,
high basal melt arises at the eastern NIS front when anticyclonic (anticlockwise) eddy exists.
Eddies in front of the NIS play a role in adjusting the direction of warm surface water into
the cavity. The surface mean current is shifted southward (northward) by cyclonic

(anticyclonic) eddy; thus, higher basal melt rates are present intensively at the western

Vi



(eastern) NIS front. Moreover, vertical distribution of heat advection shows that warm
surface water intrudes deeper into the cavity in presence of eddies. This study suggests that
the variability of seasonal mean current induced by mesoscale eddies affects surface inflows
into the cavity, enhancing local basal melting. Furthermore, spatial variation for NIS melt

rates implies the possibility for NIS calving event transpired in April 2016.
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77°S~T72"S,

range 159 °E ~ 177" E
Resolution 1km eqmpllstance and
36 vertical layers
Pomain DT 60 seconds

Grid parameters

Vtransform = 2
Vstretching = 4
6s=2.0
Op=1.0

Vertical mixing

KPP

Initial conditions

GLORYS + GREP
(1993~2012 monthly climatology)

Conditions
Boundary conditions

GLORYS + GREP
(1993~2012 monthly climatology)

Surface forcing

ERA5
(1993~2012 monthly climatology)

Tidal forcing

None

Simulation period

15 years

Table 1. ROMS-TNB model configuration for spin-up.
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77°S~T72"S,

range 159 °E ~ 177" E
Resolution 1km eqmpllstance and
36 vertical layers
Pomain DT 60 seconds

Grid parameters

Vtransform = 2
Vstretching = 4
6s=2.0
Op=1.0

Vertical mixing

KPP

Initial conditions

15 years spin-up conditions

Conditions
Boundary conditions

GLORYS + GREP (monthly)

Surface forcing

ERA5 monthly (Pair, Quir, rain, SST,
shortwave and longwave radiation)
+
ERA5 6 hOUfly (Uwind, Vwind, Tair)

Tidal forcing

None

Simulation period

1993-01-01 ~ 2019-03-01

Table 2. ROMS-TNB model configuration for the experiment after spin-up.
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¥ Z JetdS 9 (Figure 6¢ and 6e), 9153 TNBE FASE 3= U

ox Y3235 (Antarctic  Surface  Water, AASW), mCDW,
W3 o 585 (modified Shelf Water, mSW), El2}=nbit W34 (TNB Ice Shelf
Water, TISW), HSSWZ2] 571+ 32 FAF o] ¢t} (Budillon and Spezie,
2000; Yoon et al., 2020). 93} 1.85 ° C o]A2] =23} 34.4psu ©|3}e] G4Ho =&
Jol== AASW7ZE 3230 veEbbal, 34.75psu o] 93 28kg/m? o]
FALER Qs HSSW7F 7Hg ofglel f1xgd. CDW7F e %
TdEY vE s EdEel gl WAdd mCDW7F AASWE st
A8k, mCDW ek TISW7F =3¢ mSW7F mCDW 3H-efl 9] 2] ghvh. HSSW o}
A AA gHl S (glacier meltwater) d] 302 JA = WEF(ice shelf
water) Q] TISW+ WA o]ste] 23 oF 34.73psu?] A+ 7FAH HSSW
el 3l dek= 300m ~ 600m Zle]e 3 sk} (Rusciano et al., 2013). -
A toloj g A7 FxoA YEhs TISW+ 59zt #5 5 H 34

AZo|A ¢ 2713 AGsle s EAS Hol=d (Lee et al, 2019), o] NIS
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FHR A AxkE AA A 717k NIS Hi £§E52 oF 1.74m/yr =, ol&
A4 BHo 2 FA3 NIS o €85 1.6 1.1m/yr FAFHI B (Adusumilli
et al.,, 2020). NIS F7 <¢F 150m ©]3}2] (Figure 3 right pannel) 9153 3+
714 EEES H 39 & V1A &8o] dAste] TISW 54 WEe 3¢S
 Adat (Table 3), AAFH 714 &§o] o] LAt Joo] Aay A9}
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Season 14/15 15/16 16/17 17/18 18/19

Melt rates

(miyr) 241 2.44 3.36 2.45 2.67

Table 3. Average seasonal basal melt rates for NIS with ice thickness of less than
150m.
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Figure 7. Spatial distributions of seasonal average of sea ice concentrations from AMSR-2
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Figure 9. Spatial distribution of eigenvector for sea surface height calculated from ROMS
model. The black dashed line indicates zero.
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Figure 25. Schematic figures for the mechanism of the NIS basal melting induced by current field variability in (a) ‘strong,” (b) ‘anticyclonic,’ and (c)
‘cyclonic’ cases. Purple arrows indicate the surface current. A pink hashed area means the place where high basal melting occurs.
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