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among the ensemble members, as all members reproduced the warm, humid southerly airflow to Japan.

Because the cold air mass overlaid the low-level warm humid airflow in all ensemble members, the

atmospheric condition over central Japan was favorable to the generation and development of

convections. As a result, the heavy rainfall was reproduced by most ensemble members.

When the downscale experiment was performed, differences appeared among the ensemble

members. The contours in Fig. G-2-11a

exceeded 5 mm. In the ensemble
member #002 result, the rainfall region
became smaller as the system moved
in the #005

result, it remained large. What factors

northeastward, whereas

caused this difference in the heavy

rainfall  between these ensemble
members? We determined the factors
that affected the rainfall amount by the
following procedures. (1) The average
1-hour rainfall amount at 23 UTC on 29
August within the blue square in Fig.
G-2-11a that Okazaki

obtained from the ensemble forecast

includes was

results. (2) The averages of the variables

expected to affect rainfall intensity were

indicate the regions where the 1-hour rainfall amount

K=2(20m), Qv=0.019kg/kg
e 3

Fig. G-2-10. Spaghetti diagrams of low-level horizontal
wind, water vapor, and temperature near the surface, and

also obtained from the ensemble mid-level temperature.
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Fig. G-2-11. Regions where the 1-hour rainfall exceeded 5 mm in the results of ensemble
members (a) #002 and (b) #005. (c)—(e) Scatter diagrams of the variables expected to affect
the occurrence of heavy rainfall. The size of the circles indicates the relative intensity of the
1-hour rainfall. (f) The product of the low-level water vapor and the speed of the southerly
wind flow in relation to the 1-hour rainfall.
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forecast results. Specifically, the average of low-level temperature and water vapor and the southerly
wind velocity within the red rectangle, which exists south of the blue square, were also obtained. (3)
Scatter diagrams of the 1-hour rainfall amount and of the variables expected to affect rainfall amount
were plotted. In the case of a variable that greatly affects the rainfall amount, intense and weak
rainfalls should have separate distributions on the diagram. Figures G-2-11c—e show the scatter
diagrams for temperature, water vapor, and southerly wind velocity. Large rainfall amount was
obtained when the low-level water vapor exceeded 22.2 g/kg (Fig. G-2-11d), but the influence of
low-level temperature on the rainfall amount was apparently small, because a large rainfall amount
was not produced even when the temperature was close to the maximum value among ensemble
members (e.g., #002 in Fig. G-2-11c). The influence of the mid-level water vapor was also small,
because its value ranged widely from 2.8 to 3.1 g/kg when the rainfall amount exceeded 5 mm/hour. In
comparison with the temperature and water vapor, the southerly wind influence is clear: a large rainfall
amount was not produced when northerly winds prevailed in the red region south of Okazaki (Fig.
G-2-11e). The 1-hour rainfall amount and the product of the water vapor mixing ratio and the velocity
of the southerly airflow near the surface were positively correlated (Fig. G-2-11f), indicating that the
rainfall amount was greatly influenced by the water vapor flux from the south in the lower atmosphere.
These findings show that the ensemble forecast results are useful for ascertain the mechanisms causing

heavy rainfall.

¢) Kobe heavy rainfall'

The operational assimilation data, that is, MA and GA data were used in the aforementioned
experiments. In this experiment, a heavy rainfall event that occurred at Kobe on 28 July 2008 was
reproduced with LETKF system by assimilation of GPS-derived precipitable water vapor (GPS-PWV)
data.

Figure G-2-12a shows the surface weather chart at 00 UTC on 28 July 2008. Low-level airflow in
the East China Sea passed around western Japan, supplying warm humid air to rainfall systems
developed along the Baiu front (indicated by a red arrow in Fig. G-2-12a). A mid-level cold air mass
expanded over western Japan (indicated by a blue line in Fig. G-2-12a). These distributions suggest
that the atmosphere over western Japan was very unstable. Figure G-2-12b shows the rainfall intensity
observed by the JMA operational radar. Two rainfall bands (indicated by a red arrow in Fig. G-2-12b)
(b)

were generated along the northern

coastline of western Japan and
near Kobe. A rapid rise of a local
river in Kobe due to the heavy
rainfall caused by the southern
rainfall band claimed the lives of
five people. Because this intense
rainfall band was not reproduced
when the MA and GA data were

Fig. G-2-12. (a) Surface weather map at 00 UTC on 28 July
i ) ) 2008. (b) Rainfall intensity observed by JMA operational radar
L This subsection was a digest at 05 UTC on 28 July 2008

based on Seko et al. (2010). '
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used as assimilation data, GPS-PWV data were added to the assimilation data. First, the intermediate
profiles of relative humidity were produced from the PWV data and the statistical data that were
obtained from outputs of ensemble forecast, and then the intermediate profiles were assimilated by
LETKF system. Procedures for assimilation of GPS-PWYV data were as follows. (1) GPS-PWYV data
from GPS receivers at heights within 100 m of the model topographic height were used. The effect of
height differences between GPS sites and the model topography was adjusted by using the observed
surface pressure and the water vapor mixing ratio, which were estimated by interpolation of
meteorological observatory data. (2) Vertical profiles of the ensemble mean and spread of temperature
and relative humidity were obtained from the ensemble forecast output. Relative humidity profiles of
the ensemble mean were averaged over the region within 2100 km of the GPS sites. This averaged
profile was used as the first guess profile. Profiles of the maximum spread of relative humidity over
the same region were also obtained. Average and maximum profiles were used in this study so that the
position errors of the convective band should be considered. (3) We assumed that the difference
between the analysis data and the first guess data is proportional to the maximum spread. The
intermediate LETKF profiles were produced by distributing the difference between the observed
GPS-PWV and first guess PWV (the vertical sum of the first guess profile) to the values at the model
layers on the basis of this assumption.

Figure G-2-13a shows a scatter diagram of the observed GPS-PWYV and the first guess PWV.
GPS-PWYV values were larger than the first guess values. Thus, assimilation of GPS-PWYV data should
result in intensification of rainfall. Examples of the first guess and intermediate profiles are shown in
Fig. G-2-13b. Though the difference in relative humidity between the first guess and intermediate
profiles appears to be large at higher layers, the difference in the water vapor amount is very small.

Figure G-2-14 shows the impact of GPS-PWV data. When GPS-PWV data were added to the
assimilation data, the region of weak rainfall near Kobe (red circles) became wider. Thus, downscale
experiments were performed with the NHM at grid intervals of 5 and 1.6 km. Figure G-2-15 shows the

rainfall distributions reproduced by the downscale experiments. Because the water vapor distribution
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.0 = i g
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Fig. G-2-13. (a) Scatter diagram of observed GPS-PWV and first guess PWV. (b)
Example profiles of the intermediate data produced from the GPS-PWYV and first
guess of the ensemble forecast. The inset map shows the positions of the GPS-PWV
data used in this study. First guess and intermediate profiles at red points on the map
were plotted.
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was improved (not shown), the rainfall region and intensity became closer to the observed ones. The
rainfall band near Kobe, but not the northern rainfall band, was reproduced by ensemble member #001.
This result suggests that the reproduction of water vapor north of Japan, which affected the northern
band, was not improved by GPS-PWYV data, because the GPS sites are located in Japan. Data from a
wider area, such as GPS-PWYV data from China and Korea or water vapor data over the sea observed
by satellites, are needed to reproduce the northern rainfall band.

The factors that caused the heavy rainfall were investigated by the same procedure that was used to
investigate the Okazaki heavy rainfall, except that the variables that were expected to influence the
rainfall amount were changed to those that corresponded to the observation data. In this heavy rainfall
case, surface and upper level sounding data from Yonago (indicated by a blue square in Fig. G-2-16a),
Tomogashima (green square), and Kobe (red square) were chosen as the variables corresponding to the
observation data.

The separation ratio between intense and weak rainfalls was calculated by as follows. (1) Ensemble

" (b) W|th GPS Pwv'ﬁ

Fig. G-2-14. (a) Ensemble mean of the 6-hour rainfall (color scale) and
sea surface pressure (contours) when MA and GA data were assimilated.
(b) Same as (a) except for when MA data, GA data, and GPS-PWV data
were assimilated.
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Fig. G-2-15. (a) Rainfall distributions obtained in downscale experiments by member #001

using NHM with grid intervals of (a) 5 km and (b) 1.6 km. Rainfall intensity in (b)
corresponds to the 1-hour rainfall (the 10-minute rainfall multiplied by 6).
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members producing the three highest and three lowest 1-hour rainfalls at Kobe (indicated by a red
square in Fig. G-2-16a) were chosen. These members are referred to as the top and bottom members.
(2) In the estimation of the distances between members, differences of variables were normalized by
their standard deviations. Distances of the variables among top and bottom members, and that between

top and bottom members, were estimated as follows (Fig. G-2-16b);

D=y b, _ZV“B)Z > ;zvz"ﬁ)z : (G-2-1)
v2

where 4 and B are the combination of top or bottom members used. If 4 and B are set to the top
members, then D5 is the distance among the top members. When 4 and B are set to the top members
and the bottom members, D4 is the distance between top members and bottom members. v; and v, are
the variables that were investigated, and o is their standard deviation. (3) The separation ratio is
defined as the distance between the top and bottom members divided by the sum of the distance

among the top members and that among the bottom members. The separation ratio equation is thus

D
R — Top ,Bottom ) (G _ 2 _ 2)
D +D

Top,Top Bottom,Bottom

Figure G-2-16c shows the separation ratio matrix. Scatter diagrams with large and small separation
ratios are shown in Fig. G-2-17. In this heavy rainfall case, the temperature at the height of 500 hPa
above Yonago was a key factor influencing the rainfall amount near Kobe. By having such information

available in advance, forecasters can concentrate on monitoring those observation data that are

o (c)

D38

3022
3021
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3018
301.7
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3015
3014

s01.3 ‘ ‘ ‘ Rain, U_surf, V_surf, 8e_surf, 0e_500hPa, T_surf,
o ot 2 0z T_500hPa, Be_surf-6e_500hPa, T_surf-T_500hPa,

/ Kobe Yonago Tomogashima

Fig. G-2-16. (a) Locations of averaging areas: Blue square: Yonago, Red square: Kobe; Green
square: Tomogashima. (b) Schematic illustration of the distances of top and bottom three
members. Sizes of circles indicate the 1-hour rainfall averaged over the red square. Lines are
the distances estimated by Eq. G-2-2. Red, blue and yellow lines are the distances among the
top three members, among the bottom three members and between top and bottom members,
respectively. (c¢) The separation ratio matrix. Horizontal and vertical axes are the variables that
are expected to affect rainfall amount.
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expected to most influence the rainfall amount. This idea that was proposed here is a new application

of the ensemble forecast.
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Fig. G-2-17. Example scatter diagrams of large and small separation ratios. Sizes of
circles and indexes near the circles indicate the 1-hour rainfall amount averaged over the
green square. Circle size of 0.0012 was multiplied by 20 to show their positions.
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G-3 Experiments on the potential parameters of tornado outbreak using ensemble
techniques’

A tornado measuring 2 on the Fujita scale (Fujita, 1971) occurred in Nobeoka, Miyazaki on 17 Sep.
2006, derailing the limited express train and collapsing more than one thousand houses. On 7 Nov.
2006, 9 people were killed and 26 people were injured by another tornado measuring 3 with the Fujita
scale, which occurred in Saroma, Hokkaido. The structure and formation mechanisms of the tornados
have been investigated in many context using cloud-resolving models (e.g. Mashiko, 2007; Kato
2007).

Collaborating with the Japan Meteorological Agency, the Meteorological Research Institute
participated in the WWRP Beijing 2008 project (hereinafter, B0§), and developed an ensemble
forecast system for mesoscale events. In order to identify some potential parameters to estimate the
tornado outbreak, the ensemble forecast system is applied to tornado forecasting for the Nobeoka and
Saroma tornado cases. This section describes the specifications of the experiments and the results of

the numerical simulations.

a) Specifications of the experiments

The numerical model and the method to generate the initial perturbations are the same as those in
the 2006 preliminary experiment of BO8. The model domain is set to be 3300 km x 3000 km in the
zonal and meridional direction, respectively. The horizontal grid interval is 15 km. The ensemble
initial conditions are produced by adding the normalized perturbations of one-week ensemble of JIMA
to the initial field of the JMA regional spectrum model (RSM) (Saito et al, 2006).

An ensemble forecast is performed for each tornado case; Nobeoka and Saroma tornado. The initial
time of the ensemble forecast is 12 UTC of the previous day of the tornado outbreak for both cases.
Figure G-3-1 shows the surface pressure and rainfall distributions of 18-h forecast of the control run,
which is the prediction from the initial condition without adding any perturbations. Typhoon

(SHANSHAN) and the corresponding low-pressure system, in which the tornados occurred, are

reproduced in both tornado -cases.

iti i (a)Nobeoka (b)Saroma
Because the positions of the simulated 06 UTC 9/17 2006 06 UTC 11/07 2006

typhoon and the low-pressure system
are similar to the observed ones, the
environments (e.g. vertical shear)
around the tornadoes are expected to
be well reproduced in both control

runs.

@

b) Results — . ; : .
Figures G-3-2 shows the probability glkg)

distributions of Convective Available

Fig. G-3-1. Horizontal distributions of the rain water mixing
Potential Energy (CAPE), Storm ratio at the height of 20 m at (a) 06 UTC 17 September, 2006
and (b) 06 UTC 7 November, 2006. Contour lines indicate
the sea-level pressure. Red crosses indicate the positions of
the tornado outbreaks. (After Seko et al (2009))

! This section was a digest based on
Seko et al. (2009).

198



Relative Helicity (SReH) and Energy Helicity Index (EHI) of the Nobeoka tornado case. The
thresholds of the SReH, CAPE and EHI are 1000, 300 and 2.5, respectively. CAPE is a parameter that
indicates how intense convection can be generated. SReH indicates how intense vorticity is produced
by the low-level airflows. EHI, which is defined as CAPExSReH/16000, indicates both effects.

In the Nobeoka tornado case, the high probability of SReH is predicted in the northeast quadrant of
the center of Typhoon (Fig. G-3-2), and that of CAPE existed in the south of western part of Japan. As
for EHI, the high probability region remains only in the eastern part of Kyushu, where the Nobeoka
tornado occurred. Compared with the high probability regions of SReH and CAPE, the high
probability of SReH on the central part of Japan and that of CAPE on the southern side of Japan were
removed. This result suggests that both mechanisms, i.e. development of intense convections and the
generation of intense vorticity, are important for the tornado outbreak. Can EHI be well forecasted in
the Saroma tornado case? Figure G-3-3 is the same as Fig. G-3-2 except for the Saroma tornado case
and the lower thresholds of CAPE and EHI. Because Saroma tornado occurred at more northern part
of Japan in winter, CAPE and EHI were smaller than those of Nobeoka tornado case. In the Saroma
tornado case, the high probability region in which EHI exceeds 1.5 remains in the eastern Hokkaido
where Saroma tornado occurred. These results might indicate that EHI is a useful parameter to

measure the potential of the tornado outbreak, besides the usefulness of the ensemble forecasts.

(a) CAPE (b) SREH (c) EHI
Ulkg) . l— . I o2
S (e) (m/s) (m%e?) -l (J/kg m?/s?)
(@ Probabilit CAPE>1000 (f) Probablhty EHI>2 5
Fmls) #m/s) T (m/s)

Fig. G-3-2. (a)~(c) Ensemble mean distributions of CAPE, SREH and EHI. (d)~(f) Probability
distributions of CAPE>1000, SREH>300 and EHI>2.5 at 06 UTC 17 September, 2006. Contour
lines and vectors indicate the ensemble mean of sea surface pressure and surface horizontal
wind. (After Seko et al (2009))
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Fig. G-3-3. Same as Fig. G-3-2 except for the thresholds (CAPE>500 and EHI>1.5) and the valid
time of 06 UTC 7 November, 2006. (After Seko et al (2009))
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G-4. Ensemble prediction of Myanmar cyclone Nargis

Numerical simulations / data assimilation experiments of the cyclone Nargis which caused
devastating storm surges in southern Myanmar in May 2008 have been conducted with NHM (Kuroda
et al., 2010; Kunii et al; 2010b; Shoji et al; 2010). The WEP method developed in the BOSRDP project
was applied to the ensemble prediction of Nargis (Saito et al., 2010a). High resolution global analysis
of JMA at 12 UTC 30 April 2008 and the GSM forecast GPV were used as the initial and boundary
conditions of the control run, respectively. As shown in Fig. G-4-1, to make the initial conditions of
ensemble runs, perturbations from JMA’s one week ensemble prediction were extracted by subtracting
the control run forecast from the first 10 positive ensemble members. Since the highest level of the
archived pressure plane forecast GPV of WEP is located at 100 hPa and is lower than the model top of
the 40 level NHM (22.1 km ~ 40 hPa), forecast GPVs of WEP were first interpolated to the 32 level
hybrid NHM (NHM L32) model planes (model top is located at 13.8 km ~ 160 hPa), and perturbations
were extracted by subtracting the interpolated field of the control run from perturbed runs. Then, the
perturbations are normalized and added to the initial condition of the control run of 40 level hybrid
NHM (NHM L40). In the normalization of the perturbation, normalization coefficients were
determined so that root mean square values of the perturbations at each level do not exceed prescribed
upper limits of standard error of analysis (0.7 hPa for MSL pressure, 1.8 m/s for horizontal winds (U
and V), 0.7 K for potential temperature and 15 % for relative humidity, respectively).

Figure G-4-2 shows predicted tracks of Nargis by the NHM ensemble prediction with initial and
lateral boundary perturbations (hereafter, referred as “WepWep’). The center positions at FT=42 are
distributed in an area of ellipse which has a major axis in the moving direction of Nargis. The length
of major axis of the ellipse is about 400 km, while the minor axis is about 200 km. Figure G-4-3 shows
time sequence of the cyclone pressures. Magnitude of spread is about 15 hPa in the center pressure,
where timings of minimum pressures disperse from FT=36 to FT=60.

Root mean square errors of the ensemble mean at FT=48 against the analysis are depicted in Fig.
G-4-4. RMSE:s of the ensemble mean are smaller than those of the control run and also smaller than
the case of no lateral boundary perturbations. Magnitudes of ensemble spreads are still smaller than
RMSE but reach about 70 % of RMSEs. Above results means that the ensemble forecast is improved
by the inclusion of lateral boundary perturbations. Magnitude of ensemble spreads is plausible
compared with the forecast errors.

Storm surge simulations were performed using surface winds by ensemble predictions. The
Princeton Ocean Model (POM; Blumberg and Mellor, 1987) with a horizontal resolution of 3. 5 km
was used for the prediction of the storm surge. Figure G-4-5 shows time sequence of wind speeds,
wind directions and water levels at the Irrawaddy point, southwestern part of Myanmar. The maximum
surface wind (25 m/s) was attained by the control run (Fig. G-4-5a). Although several members
predicted strong winds grater than 20 m/s, timings of the strongest wind are distributed within 30
hours from 20 UTC 1 May (FT=32) to 02 UTC 3 May (FT=62). Wind directions (Fig. G-4-5b) in most
members were southerly until 20 UTC 1 May (FT=32) and changed to westerly after 17 UTC 2 May
(FT=53), suggesting that the simulated cyclones passed north of the Irrawaddy point except two
members. Water level reached 3.2 m at 07 UTC (FT=43) in the control run (Fig. G-4-5c¢).
Southwesterly strong wind in the right semicircle of Nargis blew toward the mouth of the Irrawady

River, which opens in the south-southwest direction. Two members predicted high water levels near 4
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m at FT=33 and FT= 37, while other two members simulated 3.1 m storm surges at FT=45 and FT=56.
Another mesoscale ensemble prediction / data assimilation experiment of Nargis using LETKF is also

underway.
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Fig. G-4-1. Schematic chart on preparation procedures for initial (upper figure) and boundary (lower figure)
conditions in the ensemble prediction of Nargis. After Saito et al. (2010a).
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Fig. G-4-2. Predicted tracks of Nargis until valid time 06 UTC 2 May 2008 by the mesoscale EPS
using NHM. Initial time is 12 UTC 30 April 2008 (FT=42). The control run is shown by a solid line.
Positions at 00 UTC 1 May (FT=12) and 00 UTC 2 May (FT=36) are indicated with triangles, while
tracks of ensemble members are depicted by a thick dotted line. After Saito et al. (2010a).
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Fig. G-4-3. Time evolution of central pressures of Nargis predicted by mesoscale EPS. Control run is
depicted by a thick line. After Saito et al. (2010a).
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Fig. G-4-4. a) Root mean square errors of U, V, T, T-TD and Z at 700 hPa level at FT=48 against the
analysis of 12 UTC 2 May 2008. From left to right, control run (dark shaded bar), ensemble mean
without the lateral boundary perturbation (white bar) and ensemble mean without the lateral boundary

perturbation (light shaded bar). After Saito et al. (2010a).
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Fig. G-4-5. a) Time sequence of wind speeds by the GSM ensemble prediction at the Irrawaddy
point Control run is depicted by a thick line. b) Same as in a) but for wind directions. ¢) Same

as in a) but water levels simulated by POM. After Saito et al. (2010a).
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Typhoon Research Division, Forecast Research Division, Applied Meteorology Research Division, and Oceanographical

Research Division, 1986)

KREWFEFTRIEE R KKRIEERET /L (MRL - GCM— 1) (2 &% 12 Mo Oy (THRATIEES, 1986)

Mean Statistics of the Tropospheric MRI + GCM — I based on 12 —year Integration. (Forecast Research Division, 1986)
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FH AR IR 1983 —1986 (& @B ED, 1987)

Multi — Directional Cosmic Ray Meson Intensity 1983 —1986. (Upper Atmosphere Physics Research Division, 1987)
LSRG E R TOE DY | B O KT — 2 125D < KRB OMTIZ B3 D F5E (MR X LRFFEES,  1987)
Study on Analysis of Volcanic Eruptions based on Eruption Cloud Image Data obtained by the Geostationary
Meteorological satellite (GMS). (Seismology and Volcanology Research Division, 1987)

A= 7 W (IS - DUEE(RAT, 1988)

Marine Climatological Atlas of the sea of Okhotsk. (Y. Shinohara and N. Shikama, 1988)
WEERIEERE 7 L & W T B DS ) BT 2 KRR OIS B SRR GREIERTIERT, 1989)

Response Experiment of Pacific Ocean to Anomalous Wind Stress with Ocean General Circulation Model.
(Oceanographical Research Division, 1989)
KPS BT DR TR ORI A0 (EERTERS, 1989)

Seasonal Mean Distribution of Sea Properties in the Pacific. (Oceanographical Research Division, 1989)
HBREBR DT — & ~X— 2 (HIEE K LUBFZEES, 1990)

Database of Earthquake Precursors. (Seismology and Volcanology Research Division, 1990)

R (31T DR OBEK > AT AR (B EBFZEET, 1991)

Characteristics of Precipitation Systems During the Baiu Season in the Okinawa Area. (Typhoon Research Division, 1991)
KGHTERT « FHRATTEE CH%E S L dEmRIEE T v C)IoeB - FgfnlE, 1991)

Description of a Nonhydrostatic Model Developed at the Forecast Research Department of the MRI. (M. Ikawa and K.
Saito, 1991)

EOBGHBFRICBT 2 ERIITE KBENIIEED - WELKERIIIEES - G RGMIIEE « AR - Bl 2T A
WHFERD - B EWFFERE, 1992)

A Synthetic Study on Cloud—Radiation Processes. (Climate Research Department, Physical Meteorology Research
Department, Applied Meteorology Research Department, Meteorological Satellite and Observation System Research
Department, and Typhoon Research Department, 1992)

R LM - R E D= RV —ZHBRICET 20198 (= RIED - HEEEZR - ¥ 72 - IR, 1992)
Studies of Energy Exchange Processes between the Ocean —Ground Surface and Atmosphere. (M. Mikami, M. Endoh, H.
Niino, and K. Yamazaki, 1992)

Rk B O B ) & 77 B AROZEEHER —30 M O B K RGNS SFEh— BKILZET, 1993)
Seasonal Transition in Japan, as Revealed by Appearance Frequency of Precipitating-Days. — Statistics of Daily
Precipitation Data During 30 Years —(T. Akiyama, 1993)

B NIRRT AN BT 2 BURIBORTE (MR LATF 223, 1994)

Observational Study on the Prediction of Disastrous Intraplate Earthquakes. (Seismology and Volcanology Research
Department, 1994)

PRGBS X 2 LBl (GRS - BLHIS X7 LHFJEES, 1994)

Intercomparisons of Meteorological Observation Instruments. (Meteorological Satellite and Observation System Research
Department, 1994)

i s O RIEEFERRE T L L IRT U7 ik~ A (RARRIIEE, 1995)

The Long—Range Transport Model of Sulfur Oxides and Its Application to the East Asian Region. (Applied Meteorology
Research Department, 1995)

A RTRT 74Tl R DREOBENEDII (KRR - BT AT LRFFEE, 1995)

Studies on Wind Profiler Techniques for the Measurements of Winds. (Meteorological Satellite and Observation System
Research Department, 1995)

FEIK - % T BEEH D N THES MR D 53 WL K OV O HIER L FROBFSE (HIERAL AR50, 1996)

Geochemical Studies and Analytical Methods of Anthropogenic Radionuclides in Fallout Samples. (Geochemical
Research Department, 1996)

KRR EWEHED HERLFIIETE (1995 42 S TN 1996 4F) - (HIERIL“EBFFERS,  1998)

Geochemical Study of the Atmosphere and Ocean in 1995 and 1996. (Geochemical Research Department, 1998)

FRiE 2 WOTHERUERTE (@ATEE, 1999)

Vertically 2-dmensional Nonlinear Problem (H. Kanchisa, 1999)

BRI T MBAROWTIE (FHRATFEES, 2000)

Study on the Objective Forecasting Techniques (Forecast Research Department, 2000)

P B BRI 6 1) 2 S 0 s & MU B PN B9~ 208 (MIER K ILAIFZEHS,  2000)

Study on Stress Field and Forecast of Seismic Activity in the Kanto Region (Seismology and Volcanology Research
Department, 2000)

RN ETEIT & DR T DA RERIE L D G E AT d LUK D "R R & /K T DA REE O IS MK R
RN ORE CHHHES - F)INASE - FabF5Fn, 2000)

Coulometric Precise Analysis of Total Inorganic Carbon in Seawater and Measurements of Radiocarbon for the Carbon
Dioxide in the Atmosphere and for the Total Inorganic Carbon in Seawater (I.Masao, H.Y.Inoue and H.Matsueda, 2000)
KERWERT/ BAET WS — R /127 v GRiEmiE - IgsRe - KFAE - =HHH L, 2001)
Documentation of the Meteorological Research Institute / Numerical Prediction Division Unified Nonhydrostatic Model
(Kazuo Saito, Teruyuki Kato, Hisaki Eito and Chiashi Muroi, 2001)
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%43 5

RRABI AT O 7 vn 7 A nJ—RAOREERE L RRHEFT 7 v 7 v A v J—R A FREET 2D
filesr (Rpkebes « HF B(F)INASE, 2004)

Precise measurements of atmospheric and oceanic chlorofluorocarbons and MRI chlorofluorocarbons calibration scale
(Takayuki Tokieda and Hisayuki Y. Inoue, 2004)
PostScript @ — R & A3 5 #fiH > —/L"PLOTPS"~ = = 7 /L (NEEE.Z, 2004)

Documentation of "PLOTPS": Outputting Tools for PostScript Code (Teruyuki Kato, 2004)

RET R OVREHIIERTIZ 31T 5 "R 3R O RWHRINAE N S RN 2 D A r— )b & 2 D EME O FEFH
(CBIT2DRRA - PSR (BTSN - ZHH— A - PEREEF - CEBRALE - 8 T - PR - 3R 28 - A
& RATNZE - RIFFHH - F WA - SBE - 1K 36 - R TEHM - SkBER - folm %, 2004)
Re-evaluation for scale and stability of CO, standard gases used as long-term observations at the Japan Meteorological
Agency and the Meteorological Research Institute (Hidekazu Matsueda, Kazuto Suda, Sakiko Nishioka, Toshirou Hirano,
Yousuke, Sawa, Kazuhiro Tuboi, Tsutumi, Hitomi Kamiya, Kazuhiro Nemoto, Hideki Nagai, Masashi Yoshida, Sonoki
Iwano, Osamu Yamamoto, Hideaki Morishita, Kamata, Akira Wada, 2004)

RIS ML DFEM R ET U v 71T & D RS A OHEEREEE 17 _LICBI 29E (MR kI LIATTSEES, 2005)

A Study to Improve Accuracy of Forecasting the Tokai Earthquake by Modeling the Generation Processes (Seismology
and Volcanology Research Department, 2005)

KRG T 7L (MRLCOM) figahi (MERERFSEHED, 2005)

Meteorological Research Institute Community Ocean Model (MRI.COM) Manual (Oceanographical Research Department,
2005)

A AR T E ORI & N TR O /TREEIC BT 20178 (B KSIIZER - THMATSEES, 2005)

Study of Precipitation Mechanisms in Snow Clouds over the Sea of Japan and Feasibility of Their Modification by
Seeding (Physical Meteorology Research Department, Forecast Research Department, 2005)

2004 4F B AR EREG RO L BREEY (B EWFZEES, 2006)

Summary of Landfalling Typhoons in Japan, 2004 (Typhoon Research Department, 2006)

SRR E AR ME D 2003 4 [ElFR 3L R EERHS  (F ILE IR, 2006)

2003 Intercomparison Exercise for Reference Material for Nutrients in Seawater in a Seawater Matrix (Michio Aoyama,
2006)

REF LMK P OBMENR T v AL #H(SF) DMEFIED G AL & SFe BRUEN 2 DRI ZEVEDF M (Rl
Z, GRS, FiE F. w)I &, 2007)

Highly developed precise analysis of atmospheric and oceanic sulfur hexafluoride (SF¢) and evaluation of SFg standard
gas stability (Takayuki Tokieda, Masao Ishii, Shu Saito and Takashi Midorikawa, 2007)

HIERIEIRALIC X 2 HAEHT O SRBRZBIZBT 2178 (B8 XRRE, BRIE - 00K EMFFEES, 2008)

Study of Climate Change over Tohoku District due to Global Warming (Sendai District Meteorological Observatory,
Atmospheric Environment and Applied Meteorology Research Department, 2008)

KOIUTEENFAL 5 O BAJERTIE (MR J< (LT 28355, 2008)

Studies on Evaluation Method of Volcanic Activity (Seismology and Volcanology Research Department, 2008)

AAIZ IS BIEMERBEIRES LOH 2 7 v 5HH X DR A7 22X 5 ¥Kre ORIE S AT L OREER
KUN1995 4ED D 2006 AEORPERER (FILDER, BIFER, BBV O, THEEEA, BT, #H ¥, Hartmut
Sartorius, Clemens Schlosser, Wolfgang Weiss, 2008)

Establishment of a cold charcoal trap-gas chromatography-gas counting system for *Kr measurements in Japan and results
from 1995 to 2006 (Michio Aoyama, Kenji Fujii, Katsumi Hirose, Yasuhito Igarashi, Keisuke Isogai, Wataru Nitta,
Hartmut Sartorius, Clemens Schlosser, Wolfgang Weiss, 2008)

EWREIZ X 2 4 FIEO B BIRGE R Ol (FErth, A B, JUREE1T, 2008)

Comparison of Data from Four Current Meters Obtained by Long-Term Deep-Sea Moorings (Toshiya Nakano, Hiroshi
Ishizaki and Nobuyuki Shikama, 2008)

CMIP3 <V FETNT o TN 2R LTORER ORI « KM OHEE OKH g, RS23RN, 174
Ak, Al ], 2008)

Estimation of the Future Distribution of Sea Surface Temperature and Sea Ice Using the CMIP3 Multi-model Ensemble
Mean (Ryo Mizuta, Yukimasa Adachi, Seiji Yukimoto and Shoji Kusunoki, 2008)

PV D 7 v —t b & FIW T2 40 06 R v A B 0 AT SR 1EIC K DK O @S EE pHy IE Gk 75, AOPHEDS, &
N, JEE (D ASE, 2008)

Precise Spectrophotometric Measurement of Seawater pHr with an Automated Apparatus using a Flow Cell in a Closed
Circuit (Shu Saito, Masao Ishii, Takashi Midorikawa and Hisayuki Y. Inoue, 2008)
SRS YR E PV AR RRAZ HE 0D 2006 4= [E B 3L R 2B 25 (F 1L5E 5%, ). Barwell-Clarke, S. Becker, M. Blum, Braga E.S.,
S. C. Coverly, E. Czobik, 1. Dahlléf, M. Dai, G. O Donnell, C. Engelke, Gwo-Ching Gong, Gi-Hoon Hong, D. J. Hydes,
Ming-Ming Jin, & V5L, R. Kerouel, J5/AR% 7, M. Knockaert, N. Kress, K. A. Krogslund, AEZS1EJE, S. Leterme,
Yarong Li, ¥{HEIK, = 2, T. Moutin, ¥ H 8=, KHEM, G Nausch, A. Nybakk, M. K. Ngirchechol, /51358,
J. van Ooijen, XM Z5F0, I. Pan, C. Payne, O. Pierre-Duplessix, M. Pujo-Pay, T. Raabe, FEfE—%, k&8, C.
Schmidt, M. Schuett, T. M. Shammon, J. Sun, T. Tanhua, L. White, E.M.S. Woodward, P. Worsfold, P. Yeats, 75k %%, A.
Youénou, Jia-Zhong Zhang, 2008)

2006 Inter-laboratory Comparison Study for Reference Material for Nutrients in Seawater (M. Aoyama, J. Barwell-Clarke,
S. Becker, M. Blum, Braga E. S., S. C. Coverly, E. Czobik, 1. Dahlléf, M. H. Dai, G. O. Donnell, C. Engelke, G. C. Gong,
Gi-Hoon Hong, D. J. Hydes, M. M. Jin, H. Kasai, R. Kerouel, Y. Kiyomono, M. Knockaert, N. Kress, K. A. Krogslund, M.
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Kumagai, S. Leterme, Yarong Li, S. Masuda, T. Miyao, T. Moutin, A. Murata, N. Nagai, G. Nausch, M. K. Ngirchechol, A.
Nybakk, H. Ogawa, J. van Ooijen, H. Ota, J. M. Pan, C. Payne, O. Pierre-Duplessix, M. Pujo-Pay, T. Raabe, K. Saito, K.
Sato, C. Schmidt, M. Schuett, T. M. Shammon, J. Sun, T. Tanhua, L. White, E.IM.S. Woodward, P. Worsfold, P. Yeats, T.
Yoshimura, A. Youénou, J. Z. Zhang, 2008)
REMFIETIE AIEEE 7 /L (MRLCOM) S 3 IiRfian G B E .2, AR, )1 —8, PR, hixke, Lhs
BS, ZZ2HERS, AlRE (KSRPFEAMEETZEE) | 2010)
Reference manual for the Meteorological Research Institute Community Ocean Model (MRI.COM) Version 3 (Hiroyuki
Tsujino, Tatsuo Motoi, Ichiro Ishikawa, Mikitoshi Hirabara, Hideyuki Nakano, Goro Yamanaka, Tamaki Yasuda, and
Hiroshi Ishizaki (Oceanographic Research Department), 2010)
SREAR R E AW AL EUR HED 2008 FEBRLFRERRE (FILER, Carol Anstey, Janet Barwell-Clarke, Frangois
Baurand, Susan Becker, Marguerite Blum, Stephen C. Coverly, Edward Czobik, Florence D’ amico, Ingela Dahll&f,
Minhan Dai, Judy Dobson, Magali Duval, Clemens Engelke, Gwo-Ching Gong, Olivier Grosso, LI, H L 1#iak,
A M=, David J. Hydes, V4 /¥, Roger Kerouel, Marc Knockaert, Nurit Kress, Katherine A. Krogslund, AEA1E Y,
Sophie C. Leterme, Claire Mahaffey, S, Pascal Morin, Thierry Moutin, Dominique Munaron, # & =, Giinther
Nausch, /M35, Jan van Ooijen, Jianming Pan, Georges Paradis, Chris Payne, Olivier Pierre-Duplessix, Gary Prove,
Patrick Raimbault, Malcolm Rose, 75—, #EE720H, 1&/#%% —EF, Cristopher Schmidt, Monika Schiitt, Theresa M.
Shammon, Solveig Olafsdottir, Jun Sun, Toste Tanhua, Sieglinde Weigelt-Krenz, Linda White, E. Malcolm. S. Woodward,
Paul Worsfold, % #1%%, Agnés Youénou, Jia-Zhong Zhang, 2010)
2008 Inter-laboratory Comparison Study of a Reference Material for Nutrients in Seawater (% [LI3& 7%, Carol Anstey, Janet
Barwell-Clarke, Frangois Baurand, Susan Becker, Marguerite Blum, Stephen C. Coverly, Edward Czobik, Florence D’
amico, Ingela Dahll6f, Minhan Dai, Judy Dobson, Magali Duval, Clemens Engelke, Gwo-Ching Gong, Olivier Grosso, *F-
IS, H ek, A W=, David J. Hydes, &5VH /i, Roger Kerouel, Marc Knockaert, Nurit Kress, Katherine A.
Krogslund, HE4IEY, Sophie C. Leterme, Claire Mahaffey, Y, Pascal Morin, Thierry Moutin, Dominique Munaron,
A M E 2, Giinther Nausch, /)NJII#5 5, Jan van Ooijen, Jianming Pan, Georges Paradis, Chris Payne, Olivier
Pierre-Duplessix, Gary Prove, Patrick Raimbault, Malcolm Rose, 7XJf—%, F 70, £ —BB, Cristopher
Schmidt, Monika Schiitt, Theresa M. Shammon, Solveig Olafsdottir, Jun Sun, Toste Tanhua, Sieglinde Weigelt-Krenz,
Linda White, E. Malcolm. S. Woodward, Paul Worsfold, % #1%%, Agnés Youénou, Jia-Zhong Zhang, 2010)
TR A b 7o B TRRREE AR DT A% % O ARIA S OSBRI - BENERE ORI T 28198 (RIRERK KSR H -
ERM KGR KRR A - KRBT REG A - FEKILH G KRB - ER G R - LT KSR 5 - BB
HREE BRI R G G  REMT KRR 6 - BT K G E - THITIEE, 2010)
Studies on formation process of line-shaped rainfall systems and predictability of rainfall intensity and moving speed
(Osaka District Meteorological Observatory, Hikone Local Meteorological Observatory, Kyoto Local Meteorological
Observatory, Nara Local Meteorological Observatory, Wakayama Local Meteorological Observatory, Kobe Marine
Observatory, Matsue Local Meteorological Observatory, Tottori Local Meteorological Observatory, Maizuru Marine
Observatory, Hiroshima Local Meteorological Observatory, Tokushima Local Meteorological Observatory AND Forecast
Research Department, 2010)
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