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Meétéo-France runs a comprehensive global and regional numerical weather prediction (NWP) system. The
atmospheric NWP is based on the global ARPEGE, regional ALADIN and AROME models, their data
assimilation systems, and an ensemble prediction system. These components stem from international (essentially
European) technical and scientific cooperations: the main partners are ECMWF (www.ecmwf.int), the ALADIN
consortium (www.cnrm.meteo.fr/aladin/), the HIRLAM consortium (hirlam.org) and the Méso-NH group of
CNRS and the Toulouse University (mesonh.aero.obs-mip.fr/mesonh/). Increasing priority is being given to the
HIRLAM cooperation on convection-scale modelling, support to the ALARO project of the ALADIN
consortium, and collaboration with ECMWF on non-hydrostatic modelling and NWP software management.

The resulting software is run operationally (pre-operationally, in the case of AROME), usually four times a day,
on the Météo-France SX8 NEC supercomputer (used for production since Spring 2007). Additional details and
updates can be found at www.cnrm.meteo.fr/gmap/.

The ARPEGE system

ARPEGE is a global, variable-resolution NWP model ARPEGE T538c2.4 horizontal resolution in km
with a 4D-Var data assimilation. The major recent T

upgrade of ARPEGE is a substantial resolution
increase (operational in early February 2008) and the
activation of new satellite data. The new ARPEGE
forceast resolution is T539L60C2.4 ie. 15km
horizontal resolution over Europe (90km over Southern
Pacific); the vertical resolution has increased near the
tropopause. This change (and other improvements) has
substantially improved most objective forecast scores.
Other changes include:
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In the model and assimilation numerics:
® 4DVar increment horizontal resolution upgrade from T159 to T224
® use of vertical finite element discretisation (formulation similar to ECMWF's)
® use of a non-linear, omega multivariate balance equation in the background error covariance model
® calibration of background error covariances from an ensemble of assimilations (see below)
® variational bias correction of satellite radiances (documented elsewhere in this volume)
In the observation usage:
® assimilation of European GPS ZTD and radio-occultation GPS data from Cosmic, Champ and Grace
® assimilation of MetOp data (AMSU, MHS, HIRS, ASCAT) and ERS-2 data
® real-time monitoring of new instruments (IASI, AIRS)
® improvements to the IR radiance cloud detection scheme
In the model physics and surface assimilation:
® use of finer NESDIS SST product
® representation of soil ice melting in the soil assimilation algorithm
® revision of the evaporation of precipitation (to reduce spurious low-level divergence)
® new, efficient PDF-based algorithm to compute the sedimentation of resolved hydrometeors
® revision of the vertical diffusion in the free atmosphere
These changes have provided competitive forecast quality, particularly over Western Europe where the ARPEGE
forecasts are preferred by forecasters over the IFS ones, approximately half of the time, yielding significant
added value to the end forecast products.
Plans for the future include coupling 4DVar to an ensemble assimilation scheme (yielding flow-dependent
background error variances, see below); assimilation of more satellite data, notably IASI and AIRS radiances,
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1. Introduction

The JMA operational global NWP model was
upgraded to the new high resolution model on 21st
Nov 2007. Introducing the new supercomputer
SR11000-K1 with a peak performance of 21.5 Tflops
has enabled us to improve the resolution of the model.
The other major changes were in surface boundary
conditions, global aerosol climatology, and the
convection scheme. In this paper, we present these
changes except the convection scheme (vefer to
"Improvement of the Cumulus Parameterization
Scheme of the Operational Global NWP Model at
JMA" in this volume or Nakagawa 2005), and a
verification of the new model.

2. Model Resolution

Since the horizontal resolution was changed
from TL319 (grid interval is about 60km) to TL959
(about 20km), and the number of horizontal grids
increased from 640x320 to 1920x960, the new model
can represent more detailed land/sea mask and
topography. For example, the central part of Japan is
expressed as a huge mountain by the old model
(Figure 1, left), while the new model can resolve each
major mountain (right). The better representation of
topography and land/sea could improve forecasts of
synoptic and sub-synoptic weather. For example, since
these mountains work as a wall to prevent wind from
blowing in typical winter weather conditions, new
topography benefits the local weather forecasts.

The number of vertical layers increased from 40
to 60, and the pressure of the topmost level changed
from 0.4hPa to 0.1hPa (Figure 2). Increased layers
were given mainly to near ground surface and over
the 30hPa level to improve representation of the
surface boundary layer and the upper stratosphere.
Furthermore, the raise of the topmost level helps to
assimilate satellite observations more effectively.

3. Surface Boundary Conditions

The horizontal resolution of Sea surface
temperature (SST) analysis as sea surface boundary
condition was improved to 0.25 degree from 1.0 degree
to bring out the detailed structure in the new high
resolution forecast model. Not just the horizontal
resolution was improved but the analysis method was
totally revised to assimilate satellite observations with
various temporal and spatial spectrums (Kurihara
2006).

In the old model, sea ice concentration (SIC) was
given as boundary condition by a daily climatology
interpolated from monthly statistics values. This old
boundary condition was replaced with a new high
resolution (0.25 degree grid) daily analysis (Cavarieli
1999). The difference between the new analysis and
the old climatology is large in spring and in autumn.
Figure 3 shows the difference of SIC in the Arctic
Ocean between climatology (left) and analysis (right)
for 21st Nov 2007. The analyzed sea ice covered more
extensively over the Bering Strait and the Beaufort
Sea compared to the climatology.

A snow depth and surface albedo over land are
diagnosed at each time step in the land surface
scheme. Since high resolution domestic observations
of snow depth became available in its initial condition,
the new model can predict more correctly the change
in air temperature affected by snow cover.

4. Aerosol Climatology

The old model has two types of total aerosol
optical depth. One is available over land, the other is
over sea. Both of them were assumed to be
independent of the season. The horizontal distribution
of total aerosol optical depth in a new aerosol
climatology is based on the actual distribution derived
from the satellite data measured by MODIS and
TOMS. The new model can represent regional
features and seasonal changes in the distribution of
aerosol. Figure 4 shows the total aerosol optical depth
in May. New climatology can realistically show the
dense aerosol over the deserts and the Asian dust
(Aeolian dust) distributed in East Asia and the
Northwest Pacific. By this upgrade, radiation flux
came to be calculated more accurately in the new
model.

5. Verification

Figure 5 shows the root mean square error
(RMSE) of the operational forecast against the
analysis for the 500hPa geopotential height in the
northern hemisphere verified in Nov 2007. The new
model was at an advantage of about 3-8% to the old
model for every forecast time, particularly 1-2 days
forecast. Improved skills were also found in other
elements (temperature, wind speed, and sea level
pressure), on other pressure levels, and in other
regions.

Table 1 shows the improvement rate in RMSE
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Figure 1: Model topography of the middle Japan
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model, respectively

Figure 2: Profiles of vertical layers. The old model (eft)
and the new model (right) have 40 layers and 60 layers,
respectively.
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Table 1: Improvement rate in RMSE by the model upgrade [%]. Trial 10 "

periods are 2 months in 2004 summer (top) and in 2005/6 winter o

(bottom). Positive values indicate an improvement of skills. 8
2004SM | Psea | T850 | Z500 | Wspd850 | Wspd250 60
Global | +1.54 [ +0.41 | +0.96 | +0.29 +0.95 . o~
N.Hem. | -022 | +1.52 [ -053 | -0.93 +0.46 e
Tropics | +149 [ +1.05 | 239 | +132 | +0.8 R I
SHem. | +2.30 | -0.43 | +1.81 | +0.51 +1.46

Figure 5: Root mean square error against
2006WN | Psea | T850 | 7500 | Wspdss0 | Wspd250 analysis for the 500hPa  geopotential

Global +1.37 | +1.87 | +0.94 | +0.10 +1.00 height in the northern hemisphere verified
NoHem. | +247 | +296 | +163 | +033 | +128 in Nov 2007. Red and green lines show
Tropics | +353 | 077 | +637 | +1.05 10.80 scores of the new model and the old model,

respectively.
S.Hem. -0.33 | +1.06 | -0.28 | -0.84 +0.67
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Building on the methods and results of the previous contribution (Muravev et al, 2007), which focused
on five circulation indices (Wallace, and Gutzler, 1981) calculated for daily values, the interannual variability of
the circulation indices extremes within the summer and winter seasons is investigated.

Initial information is gained from the following sources: the NCEP/NCAR reanalysis for the two
seasons from 1983-2002/2003, and hindcast integrations of global spectral T41L15 GCM. Integrations were
performed for 90 days starting from dates 31.06 and 30.11, the SSTs were taken and preprocessed as reanalysis
daily values from the same year interval. Thus, the extreme value predictability is assessed as a potential one.

A daily climate and standard deviations have been calculated on the basis of 500 hPa reanalysis and
model heights for the given year period. The circulation indices were calculated as normalized daily deviations
from the daily climate. The intra-seasonal index characteristics were obtained for the two data types. Examples
of circulation indices for the Northern Atlantic region are given in Figure.
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Figure. Interannual variations of characteristics of EA and WA indices (x100). The left panel contains
the reanalysis data indices, the right panel carries the model data indices. Indices are as follows: summer EA (a,
b), winter WA (c, B). Every panel contains, from top to bottom, curves for the following characteristics:
maximum, standard deviation, mean and minimum index values within the season of the given year. Straight
lines demonstrate linear trends.

The analysis of all curves yields the following conclusions. First, the variability assessed using the
standard deviation is reproduced rather satisfactorily. Second, the linear trends in the mean index values are
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either small or caused by sampling effects due to single outliers. Third, the minimum and maximum index values
evidently point to the main variability over the year period.
Statistical significance of all calculated trends (at the rate of 60 =2 seasons x 2 data types x 5 indices x
3 curves) is assessed with the help of the nonparametric inversions test (Bendat, and Piersol, 1986). The results
for all circulation indices are accumulated in Table.
Table
Inversions number for characteristics of modeled and reanalysis index values for the 1983-2002/03 period.
Letters m, r denote the model and reanalysis data indices, respectively.

WINTER
EAn EA. EUn EU, PNAm | PNA; | WA WA, WP, WP,
Mean 97 85 89 94 93 81 68 66 78 89
Minimum 110 109 76 86 91 100 75 78 89 112
Maximum 72 86 90 103 88 84 50 63 91 86
SUMMER
Mean 87 105 90 99 100 110 89 110 120 95
Minimum 115 83 73 72 92 102 98 84 92 89
Maximum 61 74 97 79 83 96 78 112 117 94

The three significant trends at the 95% confidence level stand out as relevant, defined by breaking out
the [64,125] interval and depicted in bold in Table. Two of them are the maximum winter WA values for
reanalysis (Fig.c), and for model data (Fig. d). The third case relates to the summer EA calculated for the model
data (Fig.b). Thus, the model has reproduced the real maximum winter WA index values trend and generated a
positive trend in the summer EA index not observed in reanalysis. These are the two key signals for the modeler
and forecaster. Let us however highlight the fact that the no-trend hypothesis acceptance may lead to type II
error, since some test values are close to critical test distribution areas.

The generation of the false trend in the summer EA index calls attention to the model blocks of the
ocean-atmosphere interaction over the given geographical region of the Northern Hemisphere.

The reproduced linear trend in the maximum West-Atlantic circulation index (WA) gives a definite
synoptic advantage. The trend signals of enhancement of the meridional circulation feature. This, in its turn, is
expressed in the 500 hPa height trough deepening over the eastern North America and the storm-track shift
towards Scandinavia. A similar shift of the cyclone activity zone towards the pole in the second part of the 20"
century has been observed, for instance, in (Hurrell et al., 2003). The synoptic consequence of such
development in the atmospheric circulation may lie in high positive temperature anomalies over the Northern
Europe, as well as over the Western Siberia and Central Asia.
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Fig.2. Model orography for T169 (left) and T85 (right). Siberia.

Fig. 3. Extremely low 2-m temperatures in
Siberia on December 13, 2007. Forecast with
T169L31 (upper left panel) and T85L31 (upper
right panel) models and objective analysis

(lower panel)
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1. Introduction

Japan Meteorological Agency (JMA) has developed a new ensemble prediction system (EPS),
the Typhoon EPS, aiming to improve both deterministic and probabilistic forecasts on tropical cyclone
(TC) movements. Its full operation will start no later than the beginning of the typhoon season in 2008,
following a preliminary operation which has been conducted since May 2007.

2. Specifications of the Typhoon EPS

In the Typhoon EPS, eleven initial conditions including a non-perturbed one are prepared for
integration by the JMA Global Spectral Model (GSM) with horizontal spectral truncation TL319 (L
representing the linear grid) and 60 vertical layers. The initial field of the non-perturbed run (control run)
is made by interpolating the analysis field of the 20km (TL959) GSM which was implemented in
November 2007 (Ilwamura and Kitagawa 2008). The EPS focuses on TCs in the western North Pacific
Ocean and the South China Sea (0-60N, 100E-180E), and runs four times a day at 0000, 0600, 1200, 1800
UTC with the forecast range of 132 hours, which covers five day forecasts. A singular vector (SV)
method is employed to make initial perturbations. For the ten perturbed forecasts, five initial
perturbations are created by linearly combining SVs targeted on both TCs (up to three TCs in one forecast
event) and a mid-latitude region. Binding coefficients are determined so that the spatial distributions of
the perturbations could widely spread. In the SV calculations targeted on TCs, moist SVs (Barkmeijer et
al. 2001) are computed, on the other hand, SVs for mid-latitude are dry SVs. The norm to evaluate the
growth rate of SVs is based on the moist total energy norm (Ehrendorfer et al. 1999). The evaluation time
is 24 hours for both moist and dry SV calculations.

3. Performances of the Typhoon EPS

Forecast performances during the preliminary operation from May to December in 2007 are
shown in this section®. The verifications include TCs with the maximum sustained wind speed of 34kt or
more. Best track data provided by RSMC Tokyo — Typhoon Center was used as analysis data. Through the
verifications, we found three benefits from the EPS. First, the position errors in deterministic track
forecasts are decreased. Using ensemble mean track forecasts, we obtained 40 km reduction in the position
errors in the five day forecasts on average (see Fig. 1), which corresponds to the gain of about half a day
lead time (not shown). Second, reliabilities become available regarding track forecasts. Referring to the
amount of the ensemble spread of track forecasts, we succeeded in extracting uncertainty information on
track forecasts. Based on this information, we categorized the reliability of track forecasts at each forecast
time of each forecast event and assigned a reliability index, A, B, or C, to the forecast, where A, B, and C
represented categories of the highest, the middle-level, and the lowest reliability, respectively, (see Fig. 2)
and the frequency of each category was set to 40%, 40%, and 20%. As shown in Fig.3, when gathering all
forecasts judged as A, it proved that the average position errors were considerably smaller than those of all
track forecasts shown in Fig.1. On the contrary, when gathering forecasts judged as C, the average position
errors were larger than the average position errors of all forecasts. This result reflects the fact that there is a
strong spread-skill relationship in the track forecasts by the EPS. Last, alternative track scenarios to an
ensemble mean track become available. Because of the possibility that an ensemble mean track forecast
may miss a true TC movement, identifying all possible track scenarios is important. More importantly, one
of the scenarios should have smaller errors than those of an ensemble mean track, particularly in cases
where it had quite large errors. Figure 4 shows the comparison of position errors of three day forecasts (12
UTC initials only); the blue bars represent the position errors by ensemble mean track forecasts, which are
sorted in ascending order, and the red bars represent the corresponding errors by a cluster whose errors
proved to be the lowest among several scenarios which are identified using a cluster analysis method. In
this method, we combined the Typhoon EPS (11 members) with the One-week EPS (51 members, Sakai et

1, Though the specifications of the preliminary operation are a little different from those of the full operation, we confirmed
through some experiments that the differences of the performances are small.



al. 2008) at JMA and made an ensemble with 62 members so as to capture as many scenarios as possible
and reduce the risk of missing. As Fig. 4 shows, it is found that one of some scenarios could represent a
true TC movement rather than an ensemble mean forecast in cases where it had more than 500 km position

errors.
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