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2. Research Activities

Data Assimilation Research Team (DA Team) was launched in October 2012 and is composed of 19
research and technical staff including 8 visiting members as of March 2015. Data assimilation is a
cross-disciplinary science to synergize computer simulations and real-world data, using statistical
methods and applied mathematics. As computers become more powerful and enable more precise
simulations, it will become more important to compare the simulations with actual observations. DA
Team performs cutting-edge research and development on advanced data assimilation methods and
their wide applications, aiming to integrate computer simulations and real-world data in the wisest
way. Particularly, DA Team tackles challenging problems of developing efficient and accurate data
assimilation systems for “big simulations” with real-world “big data” from various sources including

advanced sensors. The specific foci include 1) theoretical and algorithmic developments for efficient
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and accurate data assimilation, 2) data assimilation methods and applications by taking advantage of

the world-leading K computer and “big data” from new advanced sensors, and 3) exploratory new

applications of data assimilation in wider simulation fields. These advanced data assimilation studies
will enhance simulation capabilities and lead to a better use of the K computer.

In FY2014, we continued on the ongoing data assimilation research in the following aspects: 1)

theoretical research on challenging problems, 2) leading research on meteorological applications, 3)

optimization of computational algorithms, and 4) exploratory research on wider applications. We

also explored close collaborations with several research teams within the AICS Research Division.

We have made substantial progress on the following research items:

[Theoretical research]

1. A discrete Bayesian optimization approach to find optimal ensemble sizes in a multi-model
ensemble Kalman filter (EnKF) was investigated (1 paper accepted).

2. The role of observation error correlations in data assimilation was investigated with the
Lorenz-96 system (1 paper published).

3. Potential impact of assimilation order of observations in serial EnKF was investigated (1 paper
under review).

4. Particle filter methods to treat non-Gaussian PDF were further explored.

[Leading research on meteorological applications]

5. Local Ensemble Transform Kalman Filter (LETKF) experiments with a large ensemble up to
10240 members were performed with both simulated and real cases, in collaboration with
Large-scale Parallel Numerical Computing Technology Research Team (1 paper published,
press release on July 23, 2014).

6. The LETKF system with the global Nonhydrostatic I[Cosahedral Atmospheric Model (NICAM)
was improved and tested with the real conventional and satellite observations, in collaboration
with Computational Climate Science Research Team (1 paper published).

7. Satellite-based global precipitation data were considered for assimilation with NICAM-LETKF
(1 paper published).

8. “Big Data Assimilation” experiments for a selected case of local severe rainstorms in Kyoto on
July 13, 2013, were performed to take advantage of Big Data from both high-resolution
simulations and phased array weather radar data.

9. A new quality control algorithm for the Osaka phased array weather radar was developed (1
paper accepted).

10. The development of the LETKF system with the SCALE model was started in collaboration
with Computational Climate Science Research Team.

11. Convective predictability was investigated by performing breeding experiments.

12. A precipitation nowcasting system was developed to take advantage of the dense and frequent
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phased array weather radar data. The system was first explored by the three intern students,
Ryota Kikuchi of Tohoku University, Yoshikazu Kitano of Hokkaido University, and Yusuke
Taniguchi of University of Hyogo, supported by the AICS internship program.

13. Impact of dense and frequent ground observation data on local severe weather forecasting was
investigated.

[Computational optimization]

14. The inter-node communication of the LETKF core module was enhanced for acceleration.

[Wider applications]

15. A particle filter was applied to a dynamical vegetation model known as the SEIB-DGVM
(Spatially-Explicit, Individual-Based Dynamic Global Vegetation Model).

Three achievements are selected and highlighted in the next section.

3. Research Results and Achievements

3.1. 10240-member LETKF with the SPEEDY model (Miyoshi et al. 2014)
Data assimilation combines simulations and real-world data based on statistical mathematics, in
which probability density function (PDF) plays an essential role. For example, the error correlations
of the simulated state determine how the information of observations spreads in space and among
different variables. Ensemble-based data assimilation employs usually up to 100 samples or
ensemble simulations to represent the errors of the simulated state. However, it is known that small
ensemble sizes cause a significant sampling error, so that the signal to noise ratio becomes
problematic. Therefore, a number of techniques such as error covariance localization and inflation
have been explored extensively in the field of ensemble-based data assimilation. Here, we take
advantage of the world’s leading K computer and performed a series of LETKF experiments with
large ensembles up to 10240, largest ever for the global atmospheric circulation.

10240 is two orders of magnitude greater than the typical choices of up to 100, requiring 10° more
computations for the eigenvalue decompositions in the LETKF. To accelerate the eigenvalue
computations, we collaborated closely with Large-scale Parallel Numerical Computing Technology
Research Team and implemented their EigenExa into our LETKF system. This successfully
accelerated the computations by a factor of 8, and enabled 3-week computations of LETKF data
assimilation cycles assimilating global conventional observations every 6 hours (i.e., 84 LETKF
cycles). We performed simulated experiments using an atmospheric general circulation model
(AGCM) with intermediate complexity, known as the SPEEDY model, which has a low resolution
(30 horizontal wave numbers and 7 vertical levels) and simple physics schemes. We also started
performing real-world experiments using the NICAM-LETKF system. Here, we focus the former (cf.
RIKEN press release on July 23, 2014, http://www.riken.jp/en/pr/press/2014/20140723 2/).

Figure 1 illustrates 10240 simulated atmospheric states in a single picture to quickly glance at what
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were computed. Here, we performed the LETKF data assimilation with simulated radiosonde
(weather balloon) data. The 10240 atmospheric states are equally probable, and we find more
similarities in the NH and differences in the SH, generally corresponding to the observing density.

Radiosonde observations are made mainly over populated locations.

10240 parallel earths
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Figure 1. 10240 equally-probable global atmospheric states (temperature at the 500-hPa level).

Figure 2 left shows the spatial patterns of the error correlations for humidity from the yellow star
point in the northern Pacific. We clearly find that the sampling errors are reduced significantly by
increasing the ensemble size to 10240 from 100. Surprisingly, we find significant long-range error
correlations extending in the planetary scales, so that the observation in the middle of Pacific may
have significant impact in Siberia and even Eastern Europe. A possible future direction is to develop
an efficient localization method that can capture such long-range correlations, and we may improve
numerical weather prediction.

Figure 2 right shows the histogram of 100 and 10240 ensemble states of humidity at a single location.
With 10240 samples or ensemble members, we find a clear bimodal structure, which is hardly

captured by only 100 samples. We found that such strong non-Gaussianity occurred only
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occasionally. We could think about future developments of more advanced data assimilation that
considers non-Gaussianity adaptively only when and where necessary. The LETKF and most other

data assimilation methods for large-scale problems are usually based on the Gaussian assumption.
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Figure 2. (Left) Spatial patterns of the error correlations for humidity from the yellow star
point. This illustrates how the humidity observation at the star point makes the corrections in

space. (Right) histograms of humidity (g kg'l) at a single grid point.

3.2. Big Data Assimilation

With generous support by CREST, Japan Science and Technology Agency (JST), we have been
working on the project titled “Innovating “Big Data Assimilation” technology for revolutionizing
very-short-range severe weather prediction” (PI: Takemasa Miyoshi), or simply “Big Data
Assimilation” (BDA) project, since October 2013. This project is a collaboration among RIKEN,
Meteorological Research Institute, Meteorological Satellite Center, NICT (National Institute of
Information and Communications Technology), and Osaka University, and almost 40 scientists are
involved. DA Team plays a central role in this BDA project.

The main goal is to develop the BDA system that updates a 30-minute forecast at a 100-m resolution
every 30 seconds by taking “big data” from new-generation sensors phased array weather radar
(PAWR) and geostationary satellite Himawari-8 that produce orders of magnitude more data than
the present counterparts. This way, we aim to resolve and capture precisely individual convective
cells at a typical O(1)-km scale. The world’s most advanced operational weather prediction systems

update forecasts typically at an O(1)-km resolution every hour for convective-scale weather
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forecasting. The BDA system is two orders of magnitude more rapid and an order of magnitude
more precise.

A prototype system based on the JMA nonhydrostatic mesoscale model (NHM) was developed and
tested in a single heavy rainfall case on July 13, 2013, when a series of severe convective rainstorms
caused a disaster in Kyoto. Figure 3 shows the actual observations from the Osaka PAWR, showing
that the convective cell does not change much in 30 seconds, but it changes significantly in 5
minutes. The conventional radar with a parabolic antenna needs to be rotated repeatedly at different
elevation angles; it usually takes 5 minutes to scan 15 vertical scan angles. Figure 3 suggests that the
data taken every 5 minutes may produce significant nonlinearity in the convective systems. By
contrast, every-30-second data from PAWR seem to be frequent enough to make the linear and
Gaussian assumptions that the current approaches of data assimilation in numerical weather

prediction assume.
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Figure 3. PAWR reflectivity (dBZ) on July 13, 2013. (Left) horizontal image at 15:00:10 JST,
(Middle and Right) vertical cross sections along the line shown in the left panel at 15:00:10,
15:00:30, and 15:05:10 JST.

Our first trial of the case study was very promising. As shown in Fig. 4, the RMS errors dropped
quickly in the first 4 minutes (8 data assimilation cycles), and the forecast was more accurate than
the case without data assimilation for the entire 30-minute forecast period. We find that the

individual convective cells matched the observations almost exactly due to “Big Data Assimilation”
(Fig. 5).
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Figure 4. Time series of the rms errors relative to the observed reflectivity (dBZ). The
observations were assimilated in the first 6 minutes (white background), and a 30-minute

forecast was initialized at 15:06:00 JST (yellow background).
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Figure 5. Horizontal maps of reflectivity (dBZ) at 15:06:00 JST.

3.3. New application to the dynamical vegetation model SEIB-DGVM
As one of the main foci of DA Team, we explore new applications of data assimilation. Since
November 2013, we have been exploring data assimilation studies with the dynamical vegetation
model SEIB-DGVM (Spatially-Explicit, Individual-Based Dynamic Global Vegetation Model).
SEIB-DGVM simulates explicit individual plants (Fig. 6), so that the number of state variables, or
the dimension of phase space, changes time to time as plants grow and die. It is not straightforward
to perform Kalman-filter-based data assimilation in this type of dynamical system, so we decided to

use a particle filter.
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Figure 6. Schematic of vegetation simulation with SEIB-DGVM.

Figure 7 shows a schematic of the sequential importance resampling (SIR) particle filter. Particle
filters consist of parallel simulations, a.k.a. particles, and each simulation or particle has probability.
The probability is updated by taking observations. Observations have a likelihood function, and we
use Bayes’ theorem to update the probability: namely, the prior probability and likelihood function is
multiplied and normalized to obtain the posterior probability for each particle. If we simply update
the probability, some particles may have very small probability and add little value. To avoid
performing useless simulations of little probability and to make the most use of limited
computational resources, we omit the useless simulations and resample the states with larger
probability. This way, the SIR filter normalizes the probability after resampling, so that every
particle has equal probability. When resampling, we simply duplicate the high probability

simulations, but with randomly perturbed to avoid exact duplication.
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Figure 7. Schematic showing a sequential importance sampling (SIR) particle filter.

The SIR particle filter was applied to the SEIB-DGVM, and observing system simulation
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experiments were performed. Here, we assumed LAI (leaf area index) observations from satellites.
The LAI observations were simulated from the free nature run of the SEIB-DGVM. The nature run
was generated by setting the three parameters of the SEIB-DGVM, maximum photosynthesis rate,
foliate date, and dormant date, to be 36 pmolCO2 m? s, 110th day of year, 210th day of year,
respectively. The nature run was assumed to be the true states, and the true LAI values were
perturbed randomly to simulate the satellite-based LAI observations. This way, we test if the SIR
particle filter can estimate the state variables and model parameters by assimilating the LAI
observations.

First, without data assimilation, we generated 800 parallel simulations or particles, the median and
percentiles shown in Fig. 8 left. Figure 8 right panel shows 800 particles with data assimilation. We
find that the SIR particle filter works very well with the SEIB-DGVM, so that the 800 particles
become closer to the true states.

Figure 9 shows the parameter estimation results. These parameters were not observed directly, but
estimated through data assimilation. The results indicate that the true parameter values are

reasonably estimated by the SIR particle filter.
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Figure 8. Time series of LAI, the observed variable. (Left) The true evolution is shown by red
curve, and the observations are shown by red open circles. Ignore green and blue colors here.
The black curve is the median of 800 particles without data assimilation, and grey shaded
areas show the corresponding percentiles as shown in legend. (Right) Red curve and open
circles are the same as the left panel, showing the nature run and observations, respectively.

800 particles with data assimilation are explicitly drawn.
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Figure 9. Parameter estimation results. Pmax, Fol, and Dor represent maximum
photosynthesis rate (umolCQO2 m” s'l), foliate date (day of year), and dormant date (day of
year), respectively. Red bars indicate the true parameter values. White boxes indicate

histograms of 800 particles: (Left) without data assimilation, (Right) with data assimilation.
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4. Schedule and Future Plan

In FY2014, DA Team had four additional full-time research and technical staff and accepted more
visiting researchers, leading to a continuing substantial growth. We continued our ongoing efforts on
a wide range of data assimilation research on theoretical explorations, leading meteorological
applications, algorithmic optimization, and wider applications. Our active research efforts have been
making substantial impact on the scientific communities, and we are in a good shape in making
progress on the research items of the AICS road-map. On February 23-26, we organized the fourth
International Symposium on Data Assimilation (ISDA) 2015 at AICS. This event was received very
well and attracted total 116 participants (42 from overseas and 16 from RIKEN), implying the
successful development of DA research at AICS.

In FY2015, we will further extend and strengthen what we have achieved so far, and also will keep
seeking new challenges. We will keep updating ourselves with the most recent movements and
trends in the scientific community and society, while making substantial progress on traditional
research. Team is still young and spinning up, but will keep the consistent and competitive level of

productivity, aiming to be one of the world’s leaders in the field of data assimilation.
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— % ¥ IE , “Ensemble-based Data Assimilation of TRMM/GPM Precipitation
Measurements”, PMM P1l U —27 > 3 v HE 201541 H 15 H

=HRIE, T —Z LD AT 72 RS, %5 7R EFD/CFD @6V —27 2 a v 7,
HOL, 2015 45 1 7 26 H

Miyoshi, T., “‘Big Data Assimilation’ Revolutionizing Severe Weather Forecasting”, the
4th International Symposium on Data Assimilation, Kobe, 23rd February 2015.

ZHRIE, BT, FEER. Guo-Yuan Lien, & Mk 3¢, &% IE &,
Eugenia Kalnay, “ff&2F/KBLIHIT —% OLERKKET /L NICAM ~D [FMEIZ A
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25.

T”, GSMaP UM Y 2 = L—2WfJEE S, 42, 2015 4£ 3 1 2 .

B —ER, “BIffi4:E 7 L SEIB-DGVM % 7o 7 — # AL FE8R, fih”, &J1IFE#
eatgEe, &R, 2015 4F 3 A 3-4 H.

Shima, S., “Numerical study on the cumulus-stratus transition using the super-droplet
method”, International Workshop on Cloud Turbulence, Nagoya Institute of Technology,
Nagoya, Japan, 4th-6th March 2015.

(4) Posters and presentations

I.

10.

11.

Kunii, M., “Data assimilation experiments for TCs with the LETKF”, Japan Geoscience
Union Meeting 2014, Yokohama, 29th April 2014.

B AL, S8 W, BT B EEE, “KEBIZIH T Db E ik & BE A~ DR, H
AHEREE R FE S 2014 2R %, Bk, 201445 4 1 H

Kotsuki, S., T. Miyoshi, and S. Greybush, “Does the assimilation order matter in the serial
ensemble Kalman filter? A study with the Lorenz-96 model”, the 6th EnKF Workshop,
Buffalo, NY, USA, 19th May 2014.

Kondo, K. and T. Miyoshi, “The dual-localization approach and large ensemble data
assimilation in the SPEEDY-LETKF”, the 6th EnKF Workshop, Buffalo, New York, 19th
May 2014.

Otsuka, S. and T. Miyoshi, “A Bayesian optimization approach to multi-model ensemble
Kalman filter”, the 6th EnKF Workshop, Buffalo, NY, USA, 19th May 2014.

Terasaki, K., M. Sawada and T. Miyeshi, “Developing the Local Ensemble Transform
Kalman Filter with the Japanese Icosahedral Global Model NICAM”, the 6th EnKF
Workshop, Buffalo, NY, USA, 21th May 2014.

B B B OG, MAMIGL, Af LIERE, B BIsL, SHREs, KB, mMESR,
Richard D. Farley, /NN AEKIBICBIT A —T 47 v I alb—va (&
D 2), AARRFR 2014 FEREFRE, Bk, 201445 A 23 H

VSRR, AT W, BB, “KERIZIT DRI E K & 2@~ 0 EE, ]
LFR 2014 FFERFRE, Bk, 2014 45 A 23 H

AR WL s N, BB RN, mAEIL, BAEE, MBIEY, &
IR 5 AN KD oMmt]”, [RFa 2014 FERFRE,
H 24 H

Kunii, M., “Data assimilation experiments of TC position and intensity with an ensemble

BRI, “&RE
i, 2014 4E 5

Kalman filter”, 2014 Meteorological Society of Japan Spring Meeting, Yokohama, 24th
May 2014.

/NP W], “EG OBRMEHE | FEEHR G E, on-off ¥ — v T ="
3 [\l R « WK IRT —Z [RYLFFEZ, #H5, 2014 45 7 ] 28 H
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Part I: Research Division

ITHEE—, =R IE, “10240 2 > /X—SPEEDY-LETKF % f\ 7= PDF fi##7”, % 3
Ml BEAF - KRG RT — 2 [FfbbFsEs, #7, 2014 4£ 7 H 28 H

Lien, G.-Y., E. Kalnay, and T. Miyoshi, “Ensemble assimilation of global large-scale
precipitation”, AOGS 11th Annual Meeting, Sapporo, Japan, 28th Jul-1st Aug 2014.
Otsuka, S., M. Takeshita, and S. Yoden, “Diagnosis on gravity waves and their role in
extratropical tropopause inversion layers simulated by a regional model”, AOGS2014,
Sapporo, 30th July 2014.

Alicia, P. K. Tanaka K, S. Kotsuki, and S. Tanaka, “Reproduction of Past Surface
Parameters and its Application to Regional Climate Change Study in Paraguay”,
A0OGS2014, Sapporo, 31th July, 2014.

Otsuka, S. and T. Miyoshi, “A Bayesian Optimization of the Ensemble Sizes in
Multi-model Ensemble Kalman Filter”, AOGS2014, Sapporo, 31st July 2014.

Pierre Tandeo, Pierre Ailliot, Ronan Fablet, Juan Ruiz, Frangois Rousseau and Bertrand
Chapron, “The Analog Ensemble Kalman Filter and Smoother”, the 4th international
Workshop on Climate Informatics, 25th-26th September 2014.

Felix Carrasco, Juan Ruiz, Celeste Saulo, Axel Osses, “Experimenting with the LETKF in
a dispersion model coupled with the Lorenz 96 model”, WWOSC2014, Montreal, 16th-21st
August 2014.

Maria Eugenia Dillon, Yanina Garcia Skabar, Juan Ruiz, Eugenia Kalnay, Estela A. Collini,
Pablo Echevarria, Marcos Saucedo and Takemasa Miyoshi, “Application of the
WRF-LETKF system over Southern South America: Sensitivity to model physics”,
WWOSC2014, Montreal, 16th-21st August 2014.

Juan Ruiz, Takemasa Miyoshi and Masaru Kunii, “How do model error and localization
approaches affect model parameter estimation in the LETKF?”, WWOSC2014, Montreal,
16th-21st August 2014.

Marcos Saucedo, Juan Ruiz and Celeste Saulo, “Sensitivity experiments to design a
regional assimilation system combining the LETKF and the WRF model”, WWOSC2014,
Montreal, 16-21 August 2014.

Tanaka K. and S. Kotsuki, “Projection of Future Change in Aridity Index and Evaporation
Ratio in the Arid and Semi-Arid Region”, the Second International Conference on Arid
Land Studies, Samarkand, Uzbekistan, 9th September 2014.

Shima, S., “Preliminary numerical study on the cumulus-stratus transition induced by the
increase of formation rate of aerosol”, the 6th GCRM and 3rd NHM WS, Kobe, Japan,
24th-26th September 2014.

Otsuka, S. and T. Miyoshi, “Convective-scale predictability in WRF simulations at a
100-m resolution”, the 6th GCRM and 3rd NHM WS, Kobe, Japan, 24th-26th September
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27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

317.

2014.

ABRIRE], HER, HOEE, KRMEE, BEKE, HE—%, s,
Ftiv, AREIE, RIS, BRI E 5 & U7 ber P AT - a it o
AT LORFE: — AABIZ BT 5 m R e AT —”, K3 - KBTS 2014
FERTERFE S, Hik, 2014 £ 9 H 25 H

HHER, IRsEsk, KRR, ANRIRE], “BRBUKIEBRMEATIC I 1T 2 KM )T —
Z ORI, KL - KEPFFE 2014 FFEHFFER RS, B, 2014 49 H 27 A
Kotsuki, S., K. Terasaki and T. Miyoshi, “Comparative study of GPM-derived
precipitation with the 3.5-km-resolution NICAM simulations”, the 6th GCRM and 3rd
NHM WS, Kobe, Japan, 24th-26th September 2014.

Terasaki, K., “Developing the Local Ensemble Transform Kalman Filter with the Japanese
Icosahedral Global Model NICAM”, the 6th GCRM and 3rd NHM WS, Kobe, Japan,
24th-26th September 2014.

Maejima, Y., M. Kunii, H. Seko, K. Sato, R. Maeda and T. Miyoshi, “Impacts of dense
and frequent surface observations on severe rainstorm forecasts”, the 6th GCRM and 3rd
NHM WS, Kobe, Japan, 24th-26th September 2014.

Kunii, M., T. Miyoshi, J. Ruiz, T. Ushio, S. Satoh, K. Bessho and H. Seko,
“30-second-update ensemble Kalman filter experiments using JMA-NHM at a 100-m
resolution”, the 6th GCRM and 3rd NHM WS, Kobe, Japan, 24th-26th September 2014.
Alicia, P., K. Tanaka, S. Kotsuki, and S. Tanaka, “Reproduction of Long-term Surface
Parameters and its Application to Regional Climate Change Study in Paraguay”, 7K3C - 7K
HIPR 2014 AP R R, Bk, 2014 49 A 27 H

S i B R, “NICAM-LETKF 0B 38k 5", NICAM PR # <3 7#%, JAMSTEC BT 575
AT, 2014 410 A 14 H

EH B, Juan Ruiz, Guo-Yuan Lien, =B IE, 4REEME, %, M54,
BUFTEEARER, “K R 100m © NHM % W72 30 001 7 V7 — Z [k 38R, H
ARRRHFR 2014 FFEMFE R R, i, 2014 410 A 21 H.

KRB, R E, “100m fHEEOFEKE T VI L SBEFROT ) —7F 1
TRB, AARGTF 2 2014 FEKFERE, fliH, 2014 4210 A 21 A.

AR REE, BIFEBE, WAL, AT SEK, R, S4FRIE, “2008 47 H 28 AIC
FFHATE CTRAE L RHEIREO B 2T AV 2 b—3ya VR, BAX
QFER 2014 FEKFR R, f@li, 2014 4 10 A 21 H.

WTEEE—, ZHFRIE, “10240 A =2 K57 B o7 7 —XEYLER, BAR
RGBT 2014 FF KR, A, 2014 4F 10 H 22 A

RBEF, BB, W0L, TR, sRELL, 45N, “MTSAT-1R ICL 5T &
Y RAX Y T =S DAY R =T —ZRUE~DOFRIH”, KAGHe 2014 FEKTE
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38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Part I: Research Division

K, i, 2014 4F 10 H 22 H.

SRR, IREFETE, —FR8IE, “EIEFHI57E7 /L NICAM 2~ 7= F/ar7 >~
Yo TN <r7 4% LETKF?, AARER S 2014 FEEKF RS, 1@, 2014
10 A7 22 H.

IR E], SFIFRIE, =4 % IE, “GPM/DPR #i EREK&ET — % OFIHIMGE :
3.6km NICAM & DIL#e”, JABRFa 2014 FFEFKFRE, fEl, 2014 4210 H 23 A.
Higuchi, A., H. Takenaka, H. Hirose, M.K. Yamamoto, S. Kotsuki, H. Irie, K.
Tanaka and M. Hayasaki, “CEReS archived satellites related datasets and these
applications”, the 22nd CEReS International Symposium, Yogyakarta,
Indonesia, 29th October 2014.

Bl — B8, “REZREE Lo EfEREEY 2 2 L— 3 v oA, 51 REHER
P S — i R, SRRSIRE, 2014 4R 11 A 5 A

iR R, BIFEBE, WAL, AT SEK, RS, S4FRIE, “2008 47 H 28 AIC
FRF TS CTRA LIRS RRN O Bl 27 LAY I 2 b—v g UFEER, QFE
THRKEDERE « TH| - SFBBUCBIT D0P7EER, U8, 2014 4F 11 A 17 H
RERE, —HRIE, “U00mAEEOFIRET VIZ L DEEMROT Y =7 4 >
7R, SRET HEKEDIRE - TR - KERBICET OMEES, T8, 2014
F11H 17 1.

SERERIE, H HEE, Z4FRRIE, “NICAM-LETKF 27 LD & BUR?, B3
ETOERREDOFERE - T - KEEBICET 50EES, FI6, 2014 11 A 17 H
THRE—, ZHBE, “10240 A v R—Z2 W=7 v 7T — 2 FHEER, &
FET DIRKEDFRE - THI - KFEEBICET 0788, T16, 2014 42 11 A 17
H

Kotsuki, S., K. Terasaki and T. Miyoshi, “Comparative study of GPM-derived
precipitation with the 3.5-km-resolution NICAM simulations”, 7th IPWG Workshop on
Precipitation Measurements, Tsukuba, Japan, 17th-21st November 2014.

Shima, S., “Data assimilation experiments of the dynamic global vegetation model
SEIB-DGVM with simulated GPP observations”, Data Assimilation Seminar, RIKEN-AICS,
26™ November 2014,

Kotsuki, S., K. Terasaki and T. Miyoshi, “Comparative study of GPM-derived
precipitation with the 3.5-km-resolution NICAM simulations”, the 5th AICS International
Symposium, Kobe, Japan, 8th-9th December 2014.

Kunii, M., J. Ruiz, G. Lien, T. Ushio, S. Satoh, K. Bessho, H. Seko and T. Miyoshi,
“30-second-update ensemble Kalman filter experiments using JMA-NHM at a 100-m
resolution”, the 5th AICS International Symposium, Kobe, Japan, 8th-9th December 2014.

Terasaki, T., M., Sawada, and T., Miyoshi, “Local Ensemble Transform Kalman Filter
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51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Experiments with the Nonhydrostatic Icosahedral Atmospheric Model NICAM”, the 5th
AICS International Symposium, Kobe, Japan, 8th-10th December 2014.

Lien, G.-Y., T. Miyoshi, S. Nishizawa, H. Yashiro, R. Yoshida, and H. Tomita, “Ensemble
data assimilation for a large parallel numerical weather prediction model: Development of
the SCALE-LETKEF system”, the Sth AICS International Symposium, Kobe, Japan, 8th-9th
December 2014.

G. Tuerhong, S. Otsuka, J. Ruiz, R. Kikuchi, Y. Kitano, Y. Taniguchi, and T. Miyoshi,
“Short term forecasting for precipitation by utilizing a new three-dimensional super-rapid
phased array weather radar data”, the 5th AICS International Symposium, Kobe, Japan,
8th-9th December 2014.

Maejima, Y., M. Kunii, H. Seko, K. Sato, R. Maeda and T. Miyoshi, “Toward
investigating the impacts of dense and frequent surface observations on severe rainstorm
forecasts”, the 5th AICS International Symposium, Kobe, 8th-9th December 2014.

Otsuka, S. and T. Miyoshi, “Convective-scale predictability in numerical weather
prediction at a 100-m resolution”, the 5th AICS International Symposium, Kobe, 8th-9th
December 2014.

Kondo, K., and T., Miyoshi, “The 10,240-member ensemble Kalman filtering with an
intermediate AGCM without localization”, the 5th AICS International Symposium, Kobe,
Japan, 8th-9th, December 2014.

Arakida, H., T. Miyoshi, T. Ise, S. Shima, “Data assimilation experiments with simulated
LAI observations and the dynamic global vegetation model SEIB-DGVM”, the 5th AICS
International Symposium, Kobe, 8th-9th December 2014.

Kotsuki, S., K. Terasaki and T. Miyoshi, “Comparative study of GPM-derived
precipitation with the 3.5-km-resolution NICAM simulations”, AGU Fall Meeting, San
Francisco, USA, 15th-19th December 2014.

Miyoshi, T., S. Kotsuki, K. Terasaki, G. Y. Lien, and E. Kalnay, “Toward Assimilation of
GPM-derived Precipitation Data with NICAM-LETKF”, Eugenia Kalnay Symposium, AMS
Annual Meeting, Phoenix, AZ, USA, 6th January 2015.

Miyoshi, T., K. Terasaki, M. Sawada, and S. Kotsuki, “Local Ensemble Transform
Kalman Filter with Nonhydrostatic Icosahedral Atmospheric Model NICAM”, IOAS-AOLS,
AMS Annual Meeting, Phoenix, AZ, USA, 6th January 2015.

Kondo, K., and T., Miyoshi, “The 10,240-member ensemble Kalman filtering with an
intermediate AGCM without localization”, 95th AMS annual meeting, Phoenix, USA,
4th-8th January 2015.

Lien, G.-Y., E. Kalnay, D. Hotta, and T. Miyoshi, “Ensemble forecast sensitivity to the

observations (EFSO) applied to precipitation data assimilation”, the 4th International
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62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Part I: Research Division

Symposium on Data Assimilation, Kobe, Japan, 23rd-26th February 2015.

S. Otsuka and T. Miyoshi, “Convective-scale predictability in numerical weather prediction
at a 100-m resolution”, the 4th International Symposium on Data Assimilation, Kobe, Japan,
23rd-26th February 2015.

S. Otsuka, G. Tuerhong, J. Ruiz, R. Kikuchi, Y. Kitano, Y. Taniguchi, and T. Miyoshi,
“Precipitation nowcasting with a new three-dimensional super-rapid phased array weather
radar”, the 4th International Symposium on Data Assimilation, Kobe, Japan, 23rd-26th
February 2015.

Kotsuki, S., K., Terasaki, and T., Miyoshi, “GPM/DPR precipitation compared with a
3.5-km-resolution NICAM simulation”, the 4th International Symposium on Data
Assimilation, Kobe, Japan, 23rd-26th February 2015.

Arakida, H., T. Miyoshi, T. Ise, S. Shima, “Data assimilation experiments with simulated
LAI observations and the dynamic global vegetation model SEIB-DGVM”, the 4th
International Symposium on Data Assimilation, Kobe, Japan, 23rd-26th February 2015.
Lien, G.-Y., T. Miyoshi, S. Nishizawa, H. Yashiro, R. Yoshida, and H. Tomita,
“Development of the SCALE-LETKF system for radar data assimilation”, the 4th
International Symposium on Data Assimilation, Kobe, Japan, 23rd-26th February 2015.
Maejima, Y., M. Kunii, H. Seko, K. Sato, R. Maeda and T. Miyoshi, “Toward
investigating the impacts of dense and frequent surface observations on severe rainstorm
forecasts”, the 4th International Symposium on Data Assimilation, Kobe, Japan, 23rd-26th
February 2015.

Kondo, K., and T., Miyoshi, “The 10,240-member ensemble Kalman filtering with an
intermediate AGCM without localization”, the 4th International Symposium on Data
Assimilation, Kobe, Japan, 23rd-26th February 2015.

Kotsuki, S., K., Terasaki, G.-Y., Lien, T., Miyoshi, and E., Kalnay, “Ensemble Data
Assimilation of GSMaP precipitation into the nonhydrostatic global atmospheric model
NICAM?”, the 4th International Symposium on Data Assimilation, Kobe, Japan, 23rd-26th
February 2015.

Terasaki, T., and T., Miyoshi, “Applying the four-dimensional Local Ensemble Transform
Kalman Filter to the Nonhydrostatic Icosahedral Atmospheric Model NICAM”, the 4th
International Symposium on Data Assimilation, Kobe, Japan, 23rd-26th February 2015.
Perianez, A., J. A. Otkin, A. Schomburg, R. Faulwetter, H. Reich, C. Schraff, R. Potthast, K.
Okamoto, K. Bessyo, H. Seko and T. Miyoshi, “Cloud-affected Infrared Brightness
Temperature Assimilation using a Local Ensemble Transform Kalman Filter”, the 4th
International Symposium on Data Assimilation, Kobe, Japan, 23rd-26th February 2015.
Otsuka, M., M. Kunii, H. Seko, K. Shimoji, M. Hayashi, T. Imai, “Assimilation
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73.

74.

75.

76.

77.

experiments of MTSAT rapid scan data”, the 4th International Symposium on Data
Assimilation, Kobe, Japan, 23rd-26th February 2015.

Masaru Kunii, Juan J. Ruiz, Guo-Yuan Lien, Tomoo Ushio, Shinsuke Satoh, Kotaro
Bessho, Hiromu Seko and Takemasa Miyoshi, “30-second-update ensemble Kalman filter
experiments using JMA-NHM at a 100-m resolution”, the 4th International Symposium on
Data Assimilation, Kobe, Japan, 23rd-26th February 2015.

Kotsuki, S., K., Terasaki, G.-Y., Lien, T., Miyoshi, and E., Kalnay, “Assimilating
TRMM/GPM-derived Precipitation with NICAM-LETKF”, the 5th DAWS, Kobe, Japan,
27th February 2015.

Terasaki, T., and T., Miyoshi, “Applying the four-dimensional Local Ensemble Transform
Kalman Filter to the Nonhydrostatic Icosahedral Atmospheric Model NICAM”, the st
DAWS, Kobe, Japan, 27th February 2015.

IRIRE], SRABZER, =48I, HPER, KER - 1EWHEEE7 VO L
T2 AME~DRE, AAEERR Y S 2015 FEERE, 5<E, 2015 4 3 A
16-19 H.

Arakida, H., T. Miyoshi, T. Ise, S. Shima, “Data assimilation experiments with simulated
LAI observations and the dynamic global vegetation model SEIB-DGVM”, Annual
Meetings of Ecological Society of Japan, Kagoshima, 18th-22th March 2015.

(5) Patents and Deliverables

The LETKF code is updated as needed and available at https://code.google.com/p/miyoshi/.

(6) Awards

1.

ZHFRIE: B E SO B R RERE HFRTEE 201444 A 15 ATl
EREEE Y I 2 L—Y a3 2B 57 — X [AHE D52 ] (The Young Scientists' Prize,
The Commendation for Science and Technology by the Minister of Education,
Culture, Sports, Science and Technology)

AT, ZHFRIE, &R EARTRKTFEAS KILFmCE, 201443 A

4 A 7oV Tndin~r7 008 % ROToKENRE T — & [F iz g 72 #48
{5285 (Hydraulic Engineering Paper Award, Committee on Hydroscience and

Hydraulic Engineering, Japan Society of Civil Engineers)
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