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By using our own ensemble-based data assimilation system, we conducted observing system experiments to investigate the
influence of additional observations on the accuracy of the analyses and forecasts: (1) Additional Arctic radiosonde observa-
tions from the R/V Mirai improved forecast skill of the track of Tropical Storm Karl in the North Atlantic in September 2016.
(2) Additional Antarctic radiosonde observations from the Australian R/V Aurora Australis improved forecast skill of the track

of cyclone in the Southern Ocean in December 2017.
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1. Introduction

We have developed the AFES-LETKF ensemble data assimila-
tion system ver. 2 (ALEDAS?2) [1], which consists of AFES (at-
mospheric general circulation model for the Earth Simulator) as
the forecast model and the LETKF (local ensemble transform
Kalman filter) as the data assimilation scheme, and constructed
the AFES-LETKF experimental ensemble reanalysis ver.2
(ALERA2) from January 2008 to the near-present by assimilat-
ing observational data of the National Centers for Environmental
Prediction (NCEP) global data assimilation system (PREP-
BUFR). Several observing system experiments are conducted by
using the ALERA? as the reference to investigate the influence
of the specific observations.

2. Impact on predictability of tropical and mid-latitude
cyclones by extra Arctic observations

Recent research has demonstrated that additional winter radio-
sonde observations in Arctic regions enhance the predictability
of mid-latitude weather extremes by reducing uncertainty in the
flow of localised tropopause polar vortices. The impacts of addi-
tional Arctic observations during summer are usually confined to
high latitudes and they are difficult to realize at mid-latitudes be-
cause of the limited scale of localised tropopause polar vortices.
However, in certain climatic states, the jet stream can intrude re-
markably into the mid-latitudes, even in summer; thus, additional
Arctic observations might improve analysis validity and forecast
skill for summer atmospheric circulations over the Northern
Hemisphere. This study examined such cases that occurred in
2016 by focusing on the prediction of the intensity and track of
tropical cyclones (TCs) over the North Atlantic and North Pacific,
because TCs are representative of extreme weather in summer.

The predictabilities of three TCs were found influenced by addi-
tional Arctic observations. Comparisons with ensemble reanaly-
sis data revealed that large errors propagate from the data-sparse
Arctic into the mid-latitudes, together with high-potential-vorti-
city air. Ensemble forecast experiments with different reanalysis
data confirmed that additional Arctic observations sometimes
improve the initial conditions of upper-level troposphere circula-
tions. (This section is based on [2].)

3. Improved reanalysis and prediction of atmospheric
fields over the Southern Ocean using campaign-based
radiosonde observations

This study investigated the impact of radiosonde observations
from the Southern Ocean obtained by the Australian research
vessel (R/V) Aurora Australis on the ALERA2 experimental en-
semble reanalysis data set and ensemble forecast experiment. An
observing system experiment (OSE) that included additional
ship-launched radiosonde data captured the atmospheric struc-
ture over the Southern Ocean (Fig. 1). ALERA2 without addi-
tional radiosondes had positive temperature biases exceeding
7 °C in the upper troposphere when low-pressure cyclonic sys-
tems passed over the ship. The spread in the upper level was re-
duced by 15% in the OSE, which propagated downstream from
the ship's position because of the sparse observing network over
southern high latitudes. Comparison of two 63-member ensem-
ble forecast experiments initialized by ALERA2 (CTLf) and the
OSE (OSEf) revealed that prediction of midlatitude cyclone
tracks was improved by the realistic representation of upper-level
troughs in the OSE forecast (Fig. 2). This confirms that additional
radiosondes over the Southern Ocean reduce uncertainty and er-
ror in midlatitude cyclone forecasts. (This section is based on

(31)
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Figure 1: Monthly mean ensemble spread of geopotential height
at 300 hPa (Z300) in CTL during November 2017. Contours and
vectors show monthly mean Z300 and wind speed at 300 hPa in
CTL. The squares and red dots show radiosonde points of land
stations and the R/V Aurora Australis, respectively. The colors
of squares indicate the frequency of daily radiosonde observa-
tions (“FS”). The black line shows the track of the R/V Aurora
Australis.
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Figure 2: Z300 (shading: m) with sea-level pressure (contour: hPa) at 0000 UTC 3 December 2017 in (left) the OSEf and (right)
CTLA{. The blue thick and thin lines show track of cyclone from 1200 UTC 1 December 2017 through 0000 UTC 3 December
2017 for the ensemble mean and all ensemble members, respectively. The blue dots show location of the cyclone at 1200 UTC
3 December 2017 for the ensemble mean (large) and all ensemble members (small).
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