Introduction

Intraseasonal tropical climate variability has important implications on mid- and high- latitude
climate. Recent studies have found modulation of a number of weather processes in the Northern
Hemisphere, such as snow depth (Guan et al. 2012; Barrett et al. 2015; Li et al. 2016), sea ice
concentration (Henderson et al. 2014), precipitation (Donald et al. 2006), atmospheric rivers
(Higgins et al. 2000), and air temperature (Vecchi and Bond 2004; Seo et al. 2016; Zhou et al.
2016). In such studies, the leading mode of tropical intraseasonal variability, the Madden-Julian
Oscillation (MJO), has tended to lag tropical convection by approximately 7 days. However, such
consensus is still absent when considering the relationship and lag between the MJO and the
Antarctic atmosphere. Flatau and Kim (2013) suggested a lag of 7-10 days between the Antarctic
Oscillation (AAO) and the MJO, while Fauchereau et al. (2016) and Henderson et al. (2018)
suggested important lags between MJO convection and extratropical circulation out to 20 days.

This study builds on previous work by further examining the time-lagged response of
Southern Hemisphere tropospheric circulation to tropical MJO forcing, with specific focus on the
latitude belt associated with the AAO, during the months of June (Austral winter) and December
(Austral summer).
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What is the MJO?
* A large-scale mode of atmospheric tropical
variability
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time scale of 30-60 days.
* Most active in the eastern hemisphere (Indian
Ocean to Western Pacific Ocean).
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How is the MJO connected to Antarctica?
* Large-scale latent heat release of the MJO
convection excites poleward-moving Rossby Waves
* Those Rossby waves modulate surface pressure and
circulation, which then modulate ice (Fig. 1)
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Figure 1: Schematic the MJO’s influence from the
tropics to the extratropics
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o In September, the month of
maximum sea ice
concentration, the Southern
Hemisphere is characterized
by largely neutral sea ice
concentration anomalies for
the first 25 years of the
period of record (Fig. 3a).

o The last five years however,
show negative anomalies
after a peakin 2014.

o When considering regional
ice variability, the five sectors
within Southern Hemisphere
display variable anomalies
among the first 25 years,
with the last 5 years
characterized by negative
anomalies in most sectors.

o The Bellingshausen and
Amundsen Seas sector
(sector V) shows positive
anomalies in most recent

Data & Methods

 This study utilized the National Snow and Ice Data Center (NSIDC) daily climate record of

Passive Microwave Sea Ice Concentration, version 3

o Daily observations of sea ice concentration from 1989 to 2018 were considered.

o Seaice area was calculated from concentration by multiplying the concentration for all grid
boxes with concentration > 0.00001 by the area the box (25 km x 25 km).

o Sea ice extent by sector was determined from concentration if the concentration > 0.15 for
a grid box in a specific sector.

o Daily change in sea ice concentration (ASIC) was determined by subtracting the given day
from the previous day to calculate the change in ice concentration.

o Positive or negative ASIC represents a net gain or loss of sea ice concentration
respectively.

B) March o September displays

maximum sea ice
concentration with largest
magnitudes located in the
Weddell Sea Sector (Fig. 23,
sector 1) .

o March displays minimum sea
ice concentration with

<05 smallest values in the Indian
Ocean Sector (Fig. 2b, sector
1% ).

o June is a transitional month
of sea ice concentration with
highest values in the
Weddell Sea Sector (Fig. 2c,
sector ).

o December is also a
transitional month with the

Figure 2: Southern Hemisphere 30-year average ice concentration for a) September, lowest values in the Indian
the month of maximum sea ice extent, b) March, the month of minimum sea ice Ocean Sector (Fig_ Zd’ sector
extent, and for the transitional months of June c) and December d). Sectors I-V refer

to; I- Weddell Sea Sector, II- Indian Ocean Sector, IlI- Western Pacific Ocean Sector, ”)'

IV- Ross Sea Sector and V- Bellingshausen & Amundsen Seas.

The month of June experiences the
most positive ASIC over the 30-year
period.

When considering regional daily ice
variability, every sector shows positive
sea ice change within every phase.
However, each sector and phase varies
in magnitude of ASIC.

The Weddell Sea sector (cyan) shows
the most positive ASIC throughout,
however, there is also as negative ASIC
present throughout this sector in
phases 3-7.

The Western Pacific sector (green)
shows the least positive daily ASIC,
with phase 8 being the least overall.

The Indian Ocean sector (red) shows the
most positive ASIC in phase 6.

Phase 1 and phase 8 show the smallest
positive ASIC compared to the other
phases.

Phase 5 and phase 6 show the most
positive ASIC in all sectors compared to
other phases, while phase 3 in the Ross
Sea (magenta) shows both positive and
negative ASIC.
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Figure 3: Standard anomalies for September from 1989-2018 for (a) Southern
Hemisphere and (b) the five sectors; Indian Ocean, Western Pacific, Bellingshausen &
Amundsen Seas, Ross Sea and Weddell Sea.

years (Fig. 3b, blue line).
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Figure 4: As in Fig. 3 for March.

ea Ice Concentration Change by Phase of MJO: June (left) and December (right

o In March, the month of

minimum sea ice
concentration, the Southern
Hemisphere is characterized
by largely neutral anomalies
for the first 25 years of the
period record (Fig. 4a).

Sea ice concentration
anomalies from 2008-2011
and 2015-2017 displayed
negative anomalies after
both having a maximum
peak.

When considering regional
ice variability, the five
sectors within Southern
Hemisphere display variable
anomalies among the first 27
years, with the following 2
years characterized by
negative anomalies in most
sectors.

Every sector, besides
Weddell Sea (sector |),
demonstrated positive
anomalies in 2018.

The month of December experiences
predominantly negative ASIC over the
30-year period.

When considering regional daily ice
variability, every sector shows negative
sea ice change within every phase.
However, each sector and phase varies
in magnitude of ASIC.

The Weddell Sea sector (cyan) displays
the most negative daily ASIC
throughout, however, there is also a
small area of positive ASIC in this
sector in phases 1 and 8.

The Western Pacific sector (green)
shows the least positive daily ASIC with
phase 8 being the least overall.

Phase 3 and phase 4 show the most
positive ASIC in the Weddell Sea (cyan).
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Figure 5: Daily change in sea ice concentration for June from 1989-2018 for the Southern Hemisphere and the five sectors; Indian
Ocean (red), Western Pacific (green), Bellingshausen & Amundsen Seas (blue), Ross Sea (magenta) and Weddell Sea (cyan).
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Future work:

The next steps in this work include:
» Separating and normalizing
positive and negative anomalies
» Analyzing MJO in all 12 months
» Exploring magnitudes of :
anomalies per sector e

» Discovering time lags between

MJO phase and ASIC
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