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Using the atmospheric general circulation model for the Earth Simulator (AFES), various-range forecast experiments were
conducted: (1) Climate simulation experiments to explore the impact of the warm sea surface temperature anomalies over the

Tasman Sea on Antarctic climate variability. It was clarified that the anomalies contribute Antarctic Peninsula warm winters.

(2) Weekly ensemble forecast experiments for observing system experiments at different geographical locations in the Northern

Hemisphere. It was found that observation impacts for all the experiments keep amplifying during the early periods, and Arctic

observations have most influential and have beneficial impacts in Arctic and midlatitude North American areas even in the late

periods of the weekly forecast.

Keywords : AFES, global prediction, predictability, observation impacts

1. Introduction
We have conducted weather forecasting experiments using
multiple global models and multiple initial atmospheric
conditions prepared from operational centers, reanalysis datasets,
and our data assimilation system. Each model is run from
different initial conditions: we call this approach the “multi-
model multi-analysis experiment”. In this project, forecast
experiments using two general circulation models, i.e., the
Atmospheric general circulation model for the Earth Simulator
(AFES [1]) and Non-hydrostatic Icosahedral Atmospheric
Model (NICAM) from an ensemble analysis that is ALERA2
20S

(AFES-LETKF experimental ensemble reanalysis version 2,
where the LETKF stands for the local ensemble transform
Kalman filter) have been conducted in order to clarify
mechanisms of predictability variations in high-impact weather
events found in global numerical weather prediction.

2. Antarctic Peninsula warm winters influenced by
Tasman Sea temperatures (Sato et al. 2021 [2])

The Antarctic Peninsula (AP) in West Antarctica experienced
dramatic temperature changes with the highest warming rate in
winter. The Amundsen Sea Low, the sea level pressure (SLP)

30S
40S
50S

60S £—

70S Fima
80S :

o=
——

=3 — —
140E 160E 180 160W

140W

120W 10

| |
-1.5 -1.2 -08 -0.6 -03

20S

I
0.3 0.6 0.9 1.2 1.5 (G

30S
40S
50s
60S
70S
80S

160E 180 160W

140W

120W 100W 60W  40W  20W

I

-05 —-04 -—-03 -0.2

—0.1

T T I —
0.1 0.2 0.3 0.4 0.5 o

Figure 1: (upper) Difference maps for air temperature at 700 hPa (T700) (°C: shaded) and sea level pressure (SLP)

(hPa: contours) for between warm and cold winters. (bottom) Difference maps for simulated air temperature at 700
hPa (T700) (°C: shaded) and sea level pressure (SLP) (hPa: contours) for between TAS and CTL.
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structure of which is related to the number and intensity of low-
pressure systems over the Amundsen Sea, plays an important role
in the West Antarctic warming, particularly during winter. The El
Nifo-Southern Oscillation (ENSO) is known to modulate the
position and strength of the ASL via planetary waves triggered
from the tropics to the Antarctic region. However, no previous
study has reported the impact of change in SSTs in the Southern
Hemisphere mid-latitudes on Antarctic climate variability. In this
study, we assess the impact of warming in the Tasman Sea on AP
warming using reanalysis data and the Atmospheric general
circulation model For the Earth Simulator (AFES).

To understand the connection between interannual variability
of SSTs in the mid-latitudes and changes in AP air temperature,
we typical warm and cold AP winters from a time series of
averaged surface air temperature anomalies for winter (June to
August) and the other three seasons over the period 19792019
at six stations in the AP. Figure 2a shows the differences in
temperature at 700 hPa (T700) and SLP between warm and cold
AP winters. A strong SLP gradient over the Drake Passage, which
is induced by a cyclonic anomaly over the Amundsen Sea and an
anti-cyclonic anomaly off the east coast of Argentina, leads to
northerly warm advection over the Weddell Sea and AP. Because
the Tasman Sea warming strengthens the meridional SST
gradient between the Tasman Sea and the SO, causing poleward
shift of cyclone tracks due to change in upper-layer jet in warm
AP winters.

To address the atmospheric response to the SST anomalies
over the Tasman Sea in warm AP winters, we conducted
experiments using the AFES. For the control experiment (CTL),
climatological daily SST and sea ice cover data were used as
boundary conditions. The SST anomalies over the Tasman Sea
regions (48-32°S, 160°-180°E) between warm and cold AP
winters superposed on the daily global climatology were used as
forcing for a TAS experiment (TAS). Figure 1 (bottom) shows
difference maps in atmospheric circulations (T700 & SLP)
between the TAS and CTL experiment. The atmospheric
response to only Tasman Sea warming is similar to that shown in
Figure 1 (upper). Our model experiments show that the increase
in SST in Tasman Sea alone produce warming in the AP even

Time sequences of obs. impacts [J/kg]

without anomalous tropical SST cooling.

3. Weekly ensemble forecast experiments for OSEs at
different geographical locations in the NH (Yamazaki
et al. 2021 [3])

We have used AFES and ALERA2 to evaluate impacts of
observations obtained in observational campaigns in various
regions on weekly forecasts. Using in-house developed data
assimilation system, we conducted 12 data denial experiments at
3 adjacent sites of routine radiosonde observations, selected from
Arctic, midlatitude, and tropical latitudinal bands in the Northern
Hemisphere [4]. In this project, we investigated which is the most
important for improving short (12 hour-3 days) and medium (4—
7 days) range weather forecasts the Arctic, the midlatitudes, or
the tropics.

Figure 2 shows the time sequences of observation impacts
quantified through the data-denial experiments for lead times up
to 7 days at each latitudinal band (Arctic, midlatitude, or tropical).
During short-range forecasts, all observation impacts are
beneficial, which suggests that the radiosondes can always
improve the subsequent short-range forecasts, irrespective of
latitudes. The Arctic observation impact more strongly amplify
than the midlatitude and tropical ones. Additional data analyses
proved that during the medium-range forecasts, Arctic
observations tend to seed the broadest impacts and have
beneficial impacts in Arctic and midlatitude North American
areas.
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Figure 2: Time sequences of observation impacts from 6-hour to 7-day forecast periods for the Arctic (left), midlatitude

(middle), and tropical observations. Thick solid and dashed lines indicate statistical confidence exceeding 99% and

95% significant levels against 91-time forecasts, respectively.
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