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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 radiosonde observations from

the R/V Shirase over the Southern Ocean and Dome Fuji Station in Antarctica improved forecast skill of the cyclone near the

Syowa Station. (2) Additional Arctic radiosonde observations from the R/V Mirai improved forecast skill of the track of hurri-

cane Irma in the North Atlantic in September 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
(ALERA?2) 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?2 as the reference to investigate the influence
of the specific observations.

2. Antarctic radiosonde observations reduce uncer-
tainties and errors in reanalyses and forecasts over the
Southern Ocean: An extreme cyclone case

Cyclones with strong winds can make the Southern Ocean and
the Antarctic a dangerous environment. Accurate weather fore-
casts are essential for safe shipping in the Southern Ocean and
observational and logistical operations at Antarctic research sta-
tions. This study investigated the impact of additional radiosonde
observations from Research Vessel Shirase over the Southern
Ocean and Dome Fuji Station in Antarctica on reanalysis data
and forecast experiments using an ensemble data assimilation
system comprising the Atmospheric General Circulation Model
for the Earth Simulator and the Local Ensemble Transform Kal-
man Filter Experimental Ensemble Reanalysis, version 2. A 63-
member ensemble forecast experiment was conducted focusing
on an unusually strong Antarctic cyclonic event. Reanalysis data
with (observing system experiment) and without (control)

additional radiosonde data were used as initial values. The ob-
serving system experiment correctly captured the central pres-
sure of the cyclone, which led to the reliable prediction of the
strong winds and moisture transport near the coast. Conversely,
the control experiment predicted lower wind speeds because it
failed to forecast the central pressure of the cyclone adequately.
Differences were found in cyclone predictions of operational
forecast systems with and without assimilation of radiosonde ob-
servations from Dome Fuji Station. (This section is based on [2].)

3. Impact on track forecast of hurricane Irma with up-
per-level trough by additional Arctic radiosonde ob-
servations

The accurate prediction of Atlantic Hurricane with heavy rain
and strong winds is important to reduce human casualties and so-
cioeconomic damages. The prediction skills of hurricane track
are improved by not only development of atmospheric numerical
models but also increasing the number of observations over the
data-sparse areas. Using the ALERA?2 experimental ensemble re-
analysis data set and ensemble forecast experiment, this study in-
vestigated the impacts of additional Arctic radiosonde observa-
tion by Research Vessel (RV) Mirai and Atlantic dropsonde ob-
servations by aircrafts during September 2017 on the forecast
skill of hurricane Irma in September 2017. We created three rea-
nalysis data sets and used these data sets as initial condition for
forecast. The PREPBUFR global observation datasets, which in-
cludes additional radiosonde observations by RV Mirai and drop-
sonde observations by aircrafts, were used as the ALERA2. The
analysis observing system experiment (OSE)v excluded addi-
tional radiosonde observations by RV Mirai; while OSE4 re-
moved dropsonde observation data obtained by aircrafts from the
ALERA2. Comparison of two 63-member ensemble forecast

-11-4



40N

SONA

SON A

25N+

35N A

30N A

25N 1

20N

0,

o

15N ; " ‘
100W 90w BOW T0W 60W

-~ ] I I [ I
-16-12 -8 -4 4 8 12

i

16 [m/s]
Figure 1: Predicted ensemble means upper-level wind speed
(averaged between 300-500 hPa) (shaded: m/s) and geopoten-
tial height at 300 hPa (Z300) (contour: m) at 0000 UTC 12 Sep-
tember 2017 with ensemble spreads of Z300 (orange contour:
m) by (top) the OSEmf and (bottom) CTLf. The blue thick and
thin lines show track of cyclone from 1200 UTC 7 September
2017 through 0000 UTC 12 September 2017 for the ensemble
mean and all ensemble members, respectively. The blue dots
show location of the hurricane Irma at 0000 UTC 12 September
2017 for the ensemble mean (large) and all ensemble members
(small).

experiments initialized by ALERA2 (CTLf) and the OSEm
(OSEmf) revealed that prediction of hurricane tracks was im-
proved by the realistic representation of upper-level troughs in
the CTLf (Fig. 1). In contrast, comparison of CTLf and OSEAf
revealed that dropsonde observations near hurricane reduced the
spread of sea-level pressure (SLP) near hurricane center, improv-
ing the prediction of hurricane tracks. This confirms that addi-
tional Arctic radiosondes and Atlantic dropsondes reduce uncer-
tainty and error in Atlantic hurricane forecasts. (This section is
based on [3].)
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