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By using our own ensemble-based data assimilation system, we conducted several observing system experiments to investigate the

influence of additional observations conducted under the international collaborations on the accuracy of the analyses and forecasts.

(1) For the case of the early-August 2012 Arctic cyclone (AC12), radiosonde observations acquired far from AC12 by the German

icebreaker Polarstern significantly improved forecast of the formation of AC12. (2) The incorporation of additional observations

under the ARCROSE project improved the initial analysis and enhances the skill of weather and sea-ice forecasts. (3) Assimilation of

additional radiosonde observations during the VPREX2010 well captured westward-propagating disturbances in their early stage of

development, which depeloped afterward to cause heavy rainfall over Vietnam.

Keywords: Ensemble-based data assimilation, observing system experiment, Arctic cyclone, Northern Sea Route, ARCROSE,

VPREX2010

1. Introduction

We have developed the AFES—-LETKF ensemble data
assimilation system ver. 2 (ALEDAS?2) [1], which consists of
AFES (atmospheric 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 present
by assimilating observational data of the National Centers for
Environmental Prediction (NCEP) global data assimilation
system (PREPBUFR). Several observing system experiments
are conducted by using the ALERA2 as the reference to

investigate the influence of the specific observations.

2. Impact of radiosonde observation on a summer-

time Arctic cyclone formation forecast

Impact of Arctic radiosonde observations on forecast of
the ‘strongest’ early-August 2012 Arctic cyclone (AC12)
of all August was investigated through an observing system
experiment (OSE). ALERA2 was used as the control experiment
(CTL) which could reproduce development of AC12 and large-
scale fields surrounding it. The OSE is the same reanalysis as
the CTL except that radiosonde observations from the Germany

icebreaker Polarstern that cruised near Svalbard during mid
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July to early August 2012 are excluded.

Comparing the two reanalyses, the upper tropospheric
circulations over the north of mid Eurasia were different just
before AC12 forms; in the CTL, a tropopause polar vortex over
there was stronger than that in the OSE. This indicates that the
upper-level field in the OSE had less potential for baroclinic
instability over the mid Eurasia.

Ensemble predictions were then conducted by using the two
reanalyses as initial values when the polar vortex approached
to the north of mid Eurasia. The prediction from the CTL could
reproduce the formation of AC12, while that from the OSE
could not well (Fig. 1). Therefore, observations being acquired
far from AC12 affect the prediction of the cyclone via the upper
tropospheric circulation in the atmospheric west wind drift.

(This section is based on [2] and [PR1].)

3. Optimized Arctic observations for improving
weather forecast in the Northern Sea Route
During ice-free periods in the Arctic Ocean, the Northern Sea

Route (NSR) could be an attractive shipping route. The decline

in Arctic sea-ice extent, however, could be associated with

an increase in the frequency of the causes of severe weather
phenomena, and high wind-driven waves and the advection of

sea ice could make ship navigation along the NSR difficult.
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Central pressure of the Arctic cyclone
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Fig. 1 Forecast results of AC12 formation and development in the
experiments with (red) and without (blue) the Polarstern
radiosonde observations. The values indicate time sequences of
AC12 central pressure (hPa). The thin lines indicate the results
of all ensemble predictions (probability values) while the thick
lines mean of all ensembles. The black line is analyzed values
obtained by the data assimilation system, corresponding to the
real-time change of the AC12 central pressure.

Accurate forecasts of weather and sea ice are desirable for safe
navigation, but large uncertainties exist in current forecasts,
partly owing to the sparse observational network over the Arctic
Ocean. Here, we show that the incorporation of additional
(special) Arctic observations under the Arctic Research
Collaboration for Radiosonde Observing System Experiment
(ARCROSE) improves the initial analysis and enhances the skill
of weather and sea-ice forecasts, the application of which has
socioeconomic benefits.

To investigate the impact of these additional observations
on the weather forecasts over the Arctic, we focused on a high-
pressure system along the NSR on September 20, 2013 that
caused strong coastal winds and rapid wind-driven sea-ice drift
over the NSR. The forecast experiment using ALERA2 (CTL)
assimilated routine global observations, which included all the
additional observation data, and the other experiments using
reanalyses that excluded some of the additional data (OSE) were
conducted and compared to quantify the impact of the special
observations.

It was found that the uncertainty in the forecasted wind fields
associated with the high-pressure system was reduced in the
CTL forecast experiment. Based on several sets of sensitivity
tests (comparison of the OSEs), we found that four launches per
day, once every six hours, is the most cost-effective observing
frequency.

(This section is based on [3] and [PR2].)

4. The impact of additional radiosonde observations
on the analysis of disturbances in the South
China Sea during VPREX2010
The central Vietnam coastal region experiences an annual

rainy season from October to November and experiences heavy
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rainfall frequently during the season. The Vietnam—Philippines
Rainfall Experiment 2010 (VPREX2010) observation campaign
was conducted by the JAMSTEC, National Hydrometeorological
Service of Vietnam (NHMS) and Philippine Atmospheric,
Geophysical and Astronomical Service Administration
(PAGASA) to focus on westward-propagating disturbances that
affected the coastal region of Vietnam. Additional radiosonde
observations were conducted in Vietnam and the Philippines
to observe synoptic conditions related to the generation and
development of westward-propagating disturbances.

In the present study, the impact of additional radiosonde
observations during the VPREX2010 was investigated by
performing observing system experiments using the ALEDAS.
During the experimental period from September 15 to October
15, 2010, a westward-propagating disturbance was developed in
the South China Sea and caused heavy rainfall on the east coast
of Vietnam and Hainan Island. By assimilating the additional
radiosondes, significant increases in wind speed, temperature
and specific humidity were detected in the lower troposphere
around the disturbance. In addition, the analysis ensemble
spread for meridional wind decreased by 5-25% across the
Indochina Peninsula, Philippines Sea and western Pacific to
the south of Japan (Fig. 2). Moreover, winds became stronger
around the disturbance due to the additional observations, and
the ensemble spread for wind speed became larger. The results
show that the disturbance in an early stage of development was
not well detected in the South China Sea without the use of
additional radiosonde observations. Therefore, it is suggested
that continuous and intensive radiosonde observations in

Vietnam and the Philippines are essential for the improvement
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of the objective analysis of such disturbances.

(This section is based on [4].)
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