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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 on the accuracy of the analyses and forecasts. (1) Additional Arctic radiosonde observations from
the Norwegian young sea ICE expedition (N-ICE2015) drifting ice camps and existing land stations during winter improved forecast
skill and reduced uncertainties of weather extremes at midlatitudes of the Northern Hemisphere in Februaly 2015. (2) The impact of
assimilation of the extra radiosonde data taken over the Kuroshio and Kuroshio Extension in the early summer of 2012 propagates
eastward mainly due to advection by the subtropical jet, and it leads to a decrease of pressure over the Gulf of Alaska. (3) The impact
of the radiosonde observations of cold surge over the Philippine Sea on the tropical region and the Southern Hemisphere was revealed
by the assimilation of radiosonde data obtained during the RV Hakuho Maru cruise KH-12-6 in late December 2012.

In addition, the data assimilation system was modified to allow using observations near the poles, and the accuracy of the analyses

and numerical stability are improved.

Keywords: Ensemble-based data assimilation, observing system experiment, N-ICE2015, subtropical jet, cold surge

1. Introduction with low temperature and heavy snowfalls. One of regions
We have developed the AFES-LETKF ensemble data with high potential for improving weather forecast is Arctic
assimilation system ver. 2 (ALEDAS?2) [1], which consists of  Ocean, which has large error and uncertainty in reanalysis data.
AFES (atmospheric general circulation model for the Earth Previous studies have reported that Arctic radiosode observation
Simulator) as the forecast model and the LETKF (local ensemble during summer influenced on skill of weather forecast over the
transform Kalman filter) as the data assimilation scheme, Northern Hemisphere. However, the impact of extra radiosonde
and constructed the AFES-LETKF experimental ensemble observation during winter has not been investigated. Here,
reanalysis ver. 2 (ALERA2) from January 2008 to the present using an observing system experiment (OSE), we investigated
by assimilating observational data of the National Centers for the impact of additional radiosonde observations from the
Environmental Prediction (NCEP) global data assimilation Norwegian young sea ICE expedition (N-ICE 2015) drifting ice
system (PREPBUFR). Several observing system experiments camps and exiting land stations during winter.
are conducted by using the ALERA2 as the reference to In this study, we prepared two 63-member ensemble reanalysis
investigate the influence of the specific observations. data: CTL, which includes radiosonde observations from ship and
land stations, and OSE, which exclude these observation data,
2. The impact of Arctic radiosonde observations on respectively. To assess the impact of the additional radiosonde
extreme weather events over mid latitudes observations at the RV Lance and land stations on forecast skill,
Recent cold winter extreme events over the Eurasia and two sets of ensemble forecasts (CTLf and OSEf hereafter) were
North America have been considered to link to Arctic sea ice performed using the two reanalyses as initial conditions. We
retreat. Accurate weather forecasts of cold events are required investigated the forecast skills of cold events over East Asia on

to reduce human and socioeconomic damages associated 9 February and North America on 16 February; however, we

265



Annual Report of the Earth Simulator April 2016 - March 2017

focused on East Asian event in this report.

The CTLf can capture location of surface cyclone and cold
advection associated with strong the sea-level-pressure (SLP)
gradient. By contrast, the OSEf did not capture location of
cyclone. There was large error in trough position in OSEf,
causing error of location of surface cyclone. According to flow
at upper level, large spread of geopotential height at 300 hPa
over Arctic Ocean reached midlatitude within a week. These
results suggest that extra Arctic observations during winter
improved forecast of winter weather extremes over mid latitude.

(This section is based on [2].)
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Fig. 1 Predicted 850-hPa temperature (color shading: °C) and SLP
(contour: hPa) at 0000UTC 9 February 2016 in OSEf. Black and
red lines show track of a cyclone from 1800UTC 7 February
through 0000UTC 9 February in CTL and OSEf.

3. Impact propagation of radiosonde data assimilation

over the Kuroshio and Kuroshio Extension

The present study investigated how impacts of the inclusion
of radiosonde observations conducted locally in the early
summer of 2012 over the Kuroshio and Kuroshio Extension (KE)
can spread over time across the North Pacific basin to influence
the predictability of synoptic and large-scale tropospheric
circulation. For that purpose, OSEs were performed where each
of two extra sets of radiosonde data, one obtained over the East
China Sea in mid-May and the other over the KE in early July,
was added to the ensemble data assimilation for comparison with
the corresponding analyses without those data. The experiments
show that the impact of the extra data assimilated propagates
eastward mainly due to advection by the subtropical jet (STJ)
in May and July. The strong STJ in May allows the upper-
tropospheric impact to travel across the basin only within two
days. Under the weaker STJ, the corresponding impact in July
tends to remain within the western Pacific, until it eventually
reaches the eastern portion of the basin. Assimilation of the extra
radiosonde data over the Kuroshio or KE can lead to a decrease
of pressure over the Gulf of Alaska in both May and July.

Additional forecast experiments based on the OSEs for May

revealed that the pressure decrease over the Gulf of Alaska can
be traced back to the west of the Alaska Peninsula and to the
east of Japan over three days. The impacts that originate on
different dates via different paths merge over the central North
Pacific, reinforcing the cyclone over the Gulf of Alaska. This
study presents examples where the impacts of atmospheric
observations over the western boundary current can propagate
across the ocean basin through the westerlies to influence the
forecast skill in distant regions.

(This section is based on [3].)

1) Rapid propagation in
the upper troposphere of
the impact signal “A” that
appeared on 15 May
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3) Low pressure anomalies
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Fig. 2 Schematic picture of the propagation of the impact signals from
the East China Sea to the Gulf of Alaska in the case of mid-May
2012.

4. Impact of the Radiosonde Observations of Cold
Surge over the Philippine Sea on the Tropical
Region and the Southern Hemisphere
An East Asian northerly cold surge greatly affects convective

activity in the tropics not only in the northern hemisphere but

also in the southern hemisphere.

In order to evaluate the impact of the cold surge on the
tropical region and the Southern Hemisphere, observing system
experiment was performed using radiosonde observations of
cold surge over the Philippine Sea during the RV Hakuho Maru
cruise KH-12-6 in late December 2012.

Due to the assimilation of the observation data, northerly
surges around the Philippines and the Indonesian Maritime
Continent were modified stronger. In addition, cyclonic rotations
for the tropical cyclones, including the cyclone at 40S, were
more intensified. Furthermore, the analysis errors were reduced
by 1 to 10% over the Maritime Continent and the Pacific Ocean
in the Northern and Southern Hemisphere (Fig. 3).

The impact immediately propagated up to the updraft area
near the equator and to the mid-latitude downdraft regions
through the local Hadley circulation. After the impact spread
widely in the lower troposphere, large impacts were deepened
around the TCs later. The propagation process of the impact of

additional observations suggest that the cold surge could affect a
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large-scale circulation including cyclones in the tropics and the
mid-latitude regions.
(This section is based on [4].)

1000-100hPa__ Meridional Wind 21223Dec-00227Dec 2012 (CTL-KH)/CTL

&

4R/V Hakuho Maru
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Fig. 3 Analysis error reduction rate of the meridional wind (shading)
between 1000 and 10 hPa averaged from 21 UTC on 23
December to 00 UTC on 27 December 2012. The black circles
indicate the best tracks of tropical cyclones and the black filled
circles indicate those during the averaged period. The x-marks
indicate locations of low pressure system. The crosshairs indicate
radiosonde observation points from RV Hakuho Maru.

. Improvement of the observation operators in the
AFES-LETKF data assimilation system to enable
use of observations in the vicinity of the poles
The interpolation algorithm in the observation operators

which convert the model gridded data to the observed quantity
of ALEDAS?2 have been modified to allow using observations
near the poles. In the modified algorithm, the observation
operator can be defined for the observations south (north) of the
southernmost (northernmost) model grids, so that the ALEDAS2
with this algorithm can assimilate daily radiosonde observations
at the South Pole, while the original ALEDAS?2 could not.

(a)U—sprd (Jul 2012)

(c)T—sprd (Jul 2012)
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Fig. 4 Zonal-mean structures of analysis ensemble spread difference
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(shades) between the test and control experiments (test minus
control) for (a, b) the zonal wind [m/s] and (c, d) temperature [K]
averaged during the periods of (a, ¢) July 2012 and (b, d) January
2013. The contours indicate the spread in the test experiment.
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An experiment using ALEDAS2 with the new
implementation (test experiment) was performed and compared
with the experiment with the original ALEDAS?2 (control)
for austral winter (July 2012) and summer (January 2013)
months. The results showed that the experiment with the new
implementation suppressed artificial expansion of the analysis
ensemble spread in the upper troposphere and the lower
stratosphere over the Antarctic regions (Fig. 4) and stabilize
its data assimilation forecast cycle, and improved the analysis
ensemble mean fields. Computational cost became only slightly
larger in the LETKF part of the new ALEDAS2. The new
LETKEF algorithms would be useful for global atmospheric
models based on the longitude-latitude grid.

(This section is based on [5].)
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