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2. TR O

TR ES AT Al il FE
%401 PHEHHTEESRONS (1/2)
S5 HEE) ;{;g 2 =9 ORR ‘gﬁ%
1953 #EF028 4 4
1954 29 4 4
1955 30 5 5
1956 31 5 5
1957 32 5 5
1958 33 5 5
1959 34 5 5
1960 35 5 5
1961 36 5 5
1962 37 6 6
1963 38 7 7
1964 39 7 7
1965 40 8 8
1966 41 7 7
1967 42 7 7
1968 43 10 10
1969 44 10 10
1970 45 9 9
1971 46 9 9
1972 47 8 8
1973 48 7 7
1974 49 7 7
1975 50 9 9
1976 51 9 9
1977 52 10 10
1978 53 9 9
1979 54 10 10
1980 55 10 10
1981 56 13 13
1982 57 13 13
1983 58 14 14
1984 59 15 15
1985 60 15 15
1986 61 15 15
1987 62 16 16
1988 63 16 16
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& 4-2-1 THCERBAF A EREROHES (2/2)

S e == N =ng S 5tA
o RS MED LU W ® S
1989 SERKTT 18 18
1990 2 20 20
1991 3 22 22
1992 4 24 24
1993 5 26 26
1994 6 26 26
1995 7 30 30
1996 8 37 37
1997 9 39 39
1998 10 41 41
1999 11 41 41
2000 12 43 43
2001 13 44 44
2002 14 48 48
2003 15 55 55
2004 16 56 56
2005 17 61 61
2006 18 60 60
2007 19 61 43 1 100
2008 20 61 54 2 111
2009 21 58 54 2 108
2010 22 62 53 2 110
2011 23 62 54 2 111
2012 24 62 57 2 114
2013 25 63 58 2 116
2014 26 65 54 2 1 115
2015 27 66 53 2 1 115
2016 28 69 50 2 1 115
2017 29 71 50 2 1 117
2018 30 74 48 2 1 118
2019 Sl 80 48 2 2 125
2020 2 83 48 2 2 1 128
2021 3 83 48 2 2 3 128
2022 4 89 48 2 3 5 135
2023 5 90 50 1 4 5 48 139
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T GES AT Al

£ 4-2-2 [ THMARERER (N OHE

FE SERFHTEHEEN FE SERFHRTBHEER
FoE = (AN) DR i) = (N) DiEFE
1994 k6 741 2009 21 7,526
1995 7 1,502 2010 22 8,061
1996 8 1,858 2011 23 8,422
1997 9 2,195 2012 24 8,753
1998 10 2,482 2013 25 9,038
1999 11 2,846 2014 26 9,326
2000 12 3,244 2015 27 9,568
2001 13 3,648 2016 28 9,833
2002 14 4,194 2017 29 10,134
2003 15 4,792 2018 30 10,407
2004 16 5,213 2019 | S#07T 10,693
2005 17 5,629 2020 2 10,953
2006 18 6,170 2021 3 11,251
2007 19 6,592 2022 4 11,630
2008 20 7,077 2023 5 12,095

13,000
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12,000

11,000 11,630
10,000 +
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6,000 |
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THCER AT il L

& 4-2-3 KR TR O HEE

- XBRE - GER EEIL) O (1/2)

6-1(1) [1994/08/28 3,103 2,777 500 18.0%
6-2(2) [1994/12/18 2,956 2,705 313 11.6%
6-3(3) [1995/03/19 3,012 2,771 277 10.0%
7-1(4) [1995/08/27 3,627 3,257 336 10.3%
7-2(5) [1996/01/28 2,753 2,461 204 8.3%
8-1(6) [1996/08/25 3,477 3,083 163 5.3%
8-2(7) [1997/01/26 2,924 2,587 206 8.0%
9-1(8) [1997/08/24 3,661 3,281 165 5.0%
9-2(9) [1998/01/25 3,484 3,037 162 5.3%
10-1(10) |1998/08/30 4,217 3,705 156 4.2%
10-2(11) [1999/01/31 4,172 3,592 160 4.5%
11-1(12) |1999/08/29 4,477 3,981 161 4.0%
11-2(13) |2000/01/30 4,344 3,803 195 5.1%
12-1(14) |2000/08/27 4,843 4,337 198 4.6%
12-2(15) |2001/01/28 4,286 3,671 234 6.4%
13-1(16) |2001/08/26 4,626 4,147 233 5.6%
13-2(17) |2002/01/27 4,508 3,962 211 5.3%
14-1(18) |2002/08/25 4,398 3,898 272 7.0%
14-2(19) |2003/01/26 4,740 4,091 242 5.9%
15-1(20) |2003/08/24 5,349 4,800 357 7.4%
15-2(21) |2004/01/25 5,287 4,555 262 5.8%
16-1(22) |2004/08/29 5,599 4,958 216 4.4%
16-2(23) |2005/01/30 5,296 4,564 195 4.3%
17-1(24) |2005/08/28 5,401 4,804 198 4.1%
17-2(25) |2006/01/29 5,491 4,781 223 4.7%
18-1(26) |2006/08/27 5,724 5,074 259 5.1%
18-2(27) |2007/01/28 5,366 4,670 294 6.3%
19-1(28) |2007/08/26 5,528 4,943 216 4.4%
19-2(29) |2008/01/27 5,362 4,587 206 4.5%
20-1(30) [2008/08/24 5,201 4,560 225 4.9%
20-2(31) [2009/01/25 5,076 4,329 272 6.3%
21-1(32) [2009/08/30 5,497 4,885 230 4.7%
21-2(33) [2010/01/24 5,257 4,505 216 4.8%
22-1(34) [2010/08/29 5,383 4,787 298 6.2%
22-2(35) [2011/01/30 5,015 4,330 244 5.6%
23-1(36) [2011/08/28 4,836 4,349 190 4.4%
23-2(37) [2012/01/29 4,575 3,952 184 4.7%
24-1(38) [2012/08/26 4,541 4,016 170 4.2%

4R

153
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& 4-2-3 L[RTWMEABMOHEEE - ZHE - GRER EEI L) OB 2/2)

24-2(39) |2013/01/27| 4,337 3,711 150 4.0%
25-1(40) [2013/08/25| 4,112 3,613 170 4.7%
25-2(41) |2014/01/26 3,958 3,391 134 4.0%
26-1(42) |2014/08/24 3,707 3,275 161 4.9%
26-2(43) |2015/01/25 3,655 3,116 130 4.2%
27-2(45) |2016/01/31 3,409 2,902 130 4.5%
28-1(46) [2016/08/28 3,533 3,089 127 4.1%
28-2(47) |2017/01/29 3,235 2,795 138 4.9%
29-1(48) |2017/08/27 3,364 2,962 145 4.9%
29-2(49) |2018/01/28 3,248 2,788 163 5.8%
30-1(50) |2018/08/26 3,274 2,915 158 5.4%
30-2(51) [2019/01/27 3,388 2,857 135 4.7%
1-1(52) |2019/08/25 3,319 2,957 132 4.5%
1-1(53) |2020/01/26 3,463 2,969 172 5.8%
2-1(54) [2020/08/23 3,583 2,848 166 5.8%
2-2(55) [2021/01/31 3,656 2,616 146 5.6%
3-1(56) |2021/08/22| 4,117 2,920 124 4.2%
3-2(57) [2022/01/30f 4,829 3,629 177 4.9%
4-1(58) |2022/08/21 4,891 4,173 251 6.0%
4-2(59) |2023/01/29| 4,777 4,166 198 4.8%
5-1(60) [2023/08/27| 4,800 4,290 206 4.8%
5-2(61) |2023/01/28| 4,515 3,928 242 6.2%

5t 262,178 227,658 12,523

15 4,298 3,732 205 5.5%
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7 4-3-5 Outline of the Operational Numerical Weather Prediction

FATEH

at the Japan Meteorological Agency
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The Upgrade History of the Global Spectral Model (1/6)

18 MAR 2025 : Major upgrade was made to the Global Spectral Model (GSM). Major changes were,

- Implementation of new parallelization methods for improving computational efficiency
and memory saving,

- Use of new climatology of leaf area index and carbon dioxide concentration for land surface
and radiation processes.

05 MAR 2024 : Assimilation of the ATMS and CrlS data from NOAA-21 was started.

09 MAY 2023 : Assimilation of AMV and CSR from GOES-18 was started.

Assimilation of AMV and CSR from Meteosat-10 switching from Meteosat-11 was started.
14 MAR 2023 : Major upgrade was made to the Global Spectral Model (GSM). Major changes were,
- Increase of the horizontal resolution
-- Incorporation of quadratic grid: from TL959(linear grid, approx. 20km grid spacing) to
TQ959 (quadratic grid, approx. 13km grid spacing) with refinement of numerical diffusion
in the model and filters for mean orography

- Replacement of the source data set for orographic ancillary files: GTOPO30 to MERIT DEM +
RAMP2

- Revision of several physical processes such as non-orographic gravity wave, boundary layer,
orographic drag and radiation.

- Improvement of lake surface process

- Revision of the global snow depth analysis

- Assimilation of Suomi-NPP, NOAA-20/VIIRS AMV was started

13 DEC 2022 : Assimilation of AMV and CSR from Himawari-9 was started.

30JUN 2022 : Assimilation of EUMETSAT Dual-Metop AMV was started.

24 NOV 2021: Assimilation of Metop-C/IASI was started.

29 JUN 2021: All-sky assimilation of microwave water-vapor sounder from GMI/GPM, ATMS/NOAA-20,

Suomi-NPP, SSMIS/DMSP-F17, F18, SAPHIR/Megha-Tropiques, MWHS-2/FY-3C was started.

- Assimilation of AMV and CSR from GOES-17 was started.
- Bias correction method for aircraft-based observations was revised.

30 MAR 2021 : Major upgrade was made to the Global Spectral Model (GSM). Major changes were,
- increase of the number of vertical layers from 100 to 128,

- revision of the global snow analysis,

- introduction of the global soil moisture analysis.

Improvements were made to the 4DVAR-LETKF hybrid data assimilation.
- increase of ensemble members from 50 to 100.

- increase of weight for ensemble-based background error covariance.

15 SEP 2020 : Assimilation of AMSU-A and MHS from Metop-C was started.

29 JUL 2020 : Assimilation of ScatSat-1/OSCAT and GOES-16 AMV data was started.

24 MAR 2020 : Major upgrade was made to the Global Spectral Model (GSM). Major changes were,
- revision of parameterization schemes such as gravity wave and boundary layer,

- improvement of land surface process,
- adjustment of sea ice albedo and cloud processes in polar regions,
- the forecast period was extended to 264 hours at OOUTC.

11 DEC 2019 : All-sky assimilation of microwave imager (AMSR2/GCOM-W, GMI/GPM, SSMIS/DMSP
F-17, F-18, WindSat/Coriolis, MWRI/FY-3C) and microwave water-vapor sounder (GMI/GPM,
MHS/NOAA-19, Metop-A, -B) was started.

Assimilation of ASCAT from Metop-C was started.
Hybrid background error covariances estimated with LETKF and outer-loop iteration were
introduced in 4D-Var system.

18 JUN 2019 : Assimilation of GOES-16 CSR data was started.

05 MAR 2019 : Assimilation of the ATMS and CrIS data from NOAA-20 was started.
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The Upgrade History of the Global Spectral Model (2/6)

18 OCT 2018 : Usage of Clear-Sky Radiance (CSR) data was enhanced. Major changes were,

- the assimilation of surface-sensitive CSR data from Himawari-8 Band 9 and 10 and
Meteosat-8, 11 Channel 6, and

- the assimilation of hourly CSR data from Meteosat-8, 11 and GOES-15 with cessation of

data thinning every two hours.
(Note: Hourly CSR data from Himawari-8 have been already used since March 2016.)
05 JUN 2018 : The forecast period was extended to 132 hours at 00, 06 and 18UTC.
25JUL 2017 : Usage of GNSS radio occultation data was revised.
25 MAY 2017 : Major upgrade was made to the Global Spectral Model (GSM). Major changes were,

- revision of various parameterization schemes such as deep convection, cloud, radiation,
land surface and sea surface,

- implementation of a stratospheric methane oxidation parameterization scheme,

- improvement of discretization in calculation of pressure gradient force terms,

Background error statistics in the data assimilation system were revised.

29 MAR 2017 : Assimilation of Suomi-NPP/ATMS, Suomi-NPP/CrIS and DMSP-F17,18/SSMIS(183GHz)
started. Transition of AMV and CSR from Meteosat-7 to Meteosat-8 completed.
15 DEC 2016 : Quality Control for Himawari-8 AMV was revised.
Assimilation of GRACE-B/BlackJack radio occultation data was enabled.
28 SEP 2016 : The typhoon bogus scheme was revised.
24 MAR 2016 : Major upgrade was made to the model. Major changes were,

- The parameterization schemes of the Global Spectral Model (GSM) such as
land surface processes, deep convection, cloud, radiation, sea ice and so on were revised.

- Assimilation of the GPM Microwave Imager (GMI) data started.

17 MAR 2016 : Assimilation of Himawari-8 AMV and CSR data started.
08 OCT 2015 : Assimilation of METAR surface pressure data started.
Usage of ASCAT ocean surface wind vector data was improved.
25 JUN 2015 : Assimilation of Megha-Tropiques/SAPHIR started.
04 SEP 2014 : Assimilation of Metop-A/IASI, Metop-B/IASI, and Aqua/AIRS started.
18 MAR 2014 : Major upgrade was made especially to the model. Major changes were,

- increase in the resolution from TL959L60 to TL959L100 with a topmost level raised
from 0.1hPa to 0.01hPa,

- revision of several physical processes such as boundary layer, radiation,
non-orographic gravity wave and deep convection.

- The assimilation of AMSU-A channel 14 and ground-based GNSS-ZTD (Zenith Total Delay)
data were started, and the GNSS RO assimilation was revised from refractivity assimilation
up to 30 km AMSL to bending angle assimilation up to 60 km AMSL.

28 NOV 2013 : Assimilation of GRAS, AMSU-A, MHS, ASCAT and AVHRR-AMYV data from Metop-B
started.

16 OCT 2013 : Assimilation of SYNOP BUFR started.

12 SEP 2013 : Assimilation of JAXA's GCOM-W1/AMSR2 radiance data started.

28 MAR 2013 : The forecast period was extended to 264 hours at 12UTC.

18 DEC 2012 : Improved stratocumulus cloud scheme and revised the usage of GNSS RO data.

25 OCT 2011 : Horizontal resolution of the inner loop was increased from T159 (~80km) to TL319

(~60km).

01 NOV 2010: Assimilation of COSMIC radio occultation data started.
30 NOV 2009 : Assimilation of GRACE-A/BlackJack and Metop-A/GRAS radio occultation data started.

Assimilation of aircraft temperature data started with a bias correction scheme for the data.

28 JUL 2009 : Assimilation of DMSP F16 SSMIS radiance data (UK Met Office pre-processed
temperature sounding channels) started. Assimilation of Metop-A/ASCAT data started.
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The Upgrade History of the Global Spectral Model (3/6)

26 MAR 2009 : The radiative transfer model was upgraded from RTTOV-8 to RTTOV-9, which
improved analysis quality in the stratosphere significantly.

23 MAR 2009 : Number and position of pseud-data for typhoon analysis were revised, which
improved typhoon track forecasts.

10 NOV 2008 : Quality control thresholds for the conventional observing system were revised.

15 OCT 2008 : Improved quality control for microwave radiance was implemented and the radiative
transfer model was upgraded from RTTOV-7 to RTTOV-8. The microwave ocean
emissivity model of RTTOV was also upgraded.

A bias correction scheme for radiosonde observation was improved.

27 AUG 2008 : Direct assimilation of clear-sky radiances of water vapour channels from geostationary
satellites (MTSAT-1R/IMAGER, GOES11/IMAGER, GOES12/IMAGER, METEOSAT7/MVIRI,
METEOSAT9/SEVIRI) started. Background errors of variational bias correction for radiance
data were revised.

05 AUG 2008 : Reduced Gaussian Grids was implemented in GSM
and number of grid points in calculation of nonlinear terms was reduced.

10 JAN 2008 : Calculation procedure of the convective triggering scheme was revised.

Excessive limitation on cumulus mass flux from redundant vertical CFL condition was
corrected.

11 DEC 2007 : The initialization procedures were removed from a 9-hour forecast in the data
assimilation.

21 NOV 2007 : Major upgrade was made to the model. Major changes were,

- increase in the resolution from TL319L40 to TL959L60 with a topmost level raised
from 0.4hPa to 0.1hPa,

- use of a new high-resolution analysis of sea surface temperature and sea ice
concentration as ocean surface boundary conditions,

- use of surface snow depth data from the domestic dense observational network
in the global snow depth analysis,

- introduction of a convective triggering scheme into the deep convection parameterization,

- introduction of a new 2-dimensional aerosol climatology derived from satellite
observations for the radiation calculation,

- increase in the resolution of inner loop model of the four-dimensional variational
(4D-Var) data assimilation system from T106L40 to T159L60,

- change of forecast time to 84 hours for operations at 00, 06 and 18UTC.

Assimilation of Metop-A/AMSU-A and MHS started.

02 AUG 2007 : Assimilation of EARS (EUMETSAT Advanced Retransmission Service) ATOVS data
started.

07 JUN 2007 : Direct assimilation of clear-sky radiances of water vapour channel from MTSAT-
1R/IMAGER started.

18 APR 2007 : Assimilation of NOAA18/AMSU-A, MHS started.

22 MAR 2007 : Assimilation of GPS-RO(Radio Occultation) data from CHAMP started.

22 FEB 2007 : Assimilation of AP-RARS (Asia-Pacific Regional ATOVS Retransmission Service) data
started.

18 OCT 2006 : BUFR winds of GOES-11/12 and MTSAT-1R started to be used instead of SATOB winds.
A thinning scheme and Ql thresholds for QC were revised for all geostationary satellite BUFR
winds.

21 AUG 2006 : QC and bias correction procedures and observation error assignment were revised
in ATOVS radiance assimilation.

15 MAY 2006 : Direct assimilation of SSM/I, TMI, and AMSR-E radiance data started.

Bias correction method for ATOVS radiance data was revised.
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The Upgrade History of the Global Spectral Model (4/6)

01 MAR 2006 : Major upgrade was introduced on an occasion of the operation of the new
mainframe
computer, Hitachi SR11000K1 (80 nodes*2), with a peak performance of 21.5 Tflops and
main memory of 10.0 Thytes. Major changes were,
- new operation at 06, 18UTC with forecast time of 36 hours in addition to OOUTC
with 90 hours and 12UTC with 216 hours,
- increase in the resolution of inner loop of the four-dimensional variational (4D-Var)
from T63L40 to T106L40.
02 AUG 2005 : A thinning scheme for one-hour time slots in 4D-Var was introduced for ATOVS
assimilation.
07 JUL 2005 : The radiation scheme was updated for the better treatment of cloud effects.
A new ozone climatology was introduced for the radiation calculations.
10 MAR 2005 : Assimilation of Aqua/AMSU-A started.
17 FEB 2005 : Major upgrade was made to the data assimilation system. Major changes were,
- introduction of a four-dimensional variational (4D-VAR) data assimilation method
with the horizontal resolution of TL319L40 for outer loop and T63L40 for inner loop,
- revision of background error statistics.
GSM was upgraded. Major changes were,
- introduction of a semi-Lagrangian advection scheme,
- increase in the spectral resolution from T213 (quadratic grid) to TL319 (linear grid),
- minor modifications of the cumulus convection and the prognostic cloud water schemes
to accommodate them to the semi-Lagrangian advection scheme,
- introduction of an incremental non-linear normal mode initialization and
a vertical mode initialization.
02 DEC 2004 : Direct assimilation of ATOVS levell1C data replaced that of level1D data.
The radiative transfer model for the radiance assimilation was upgraded
from RTTOV-6 to RTTOV-7.
The new long-wave radiation scheme was introduced. Major changes were,
- use of a lookup-table method and a k-distribution method instead of
a traditional band model,
- increase in number of spectral bands from 4 to 9,
- improvement of a parameterization of water vapor continuum absorption,
- introduction of an effect of minor gases such as methane, nitrous oxide
and CFCs.
A parameterization of absorption in the short-wave radiation scheme was
improved for ozone, carbon dioxide and oxygen.
16 SEP 2004 : Assimilation of Terra/MODIS and Aqua/MODIS in the south polar region started.
29JUL 2004 : A new parameterization scheme for marine stratocumulus was introduced.
Cloud water/ice scheme was improved.
Land surface model was improved in ice sheet treatment.
27 MAY 2004 : Assimilation of Terra/MODIS and Aqua/MODIS in the north polar region started.
15 APR 2004 : Assimilation of radio sonde temperature instead of the geopotential height started.
Quality check on radio sonde relative humidity was intensified.
15 DEC 2003 : Assimilation of German, Dutch, Swiss wind profilers started.
12 AUG 2003 : Assimilation of British wind profilers started.
28 MAY 2003 : Direct assimilation of ATOVS radiance data from the NOAA satellites started.
Physical process for cumulus convection was improved.
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The Upgrade History of the Global Spectral Model (5/6)

06 MAY 2003 : Assimilation of QuikSCAT/SeaWinds data started.

19 APR 2002 : A regression coefficient for the 3D-VAR was revised again.

05 DEC 2001 : A regression coefficient for the 3D-VAR was revised.

26 SEP 2001 : A 3-dimentional variational (3D-VAR) data assimilation method was introduced.
Improvements were seen in wind forecasts in the upper troposphere as well as
in temperature in the middle and upper troposphere.

12 JUN 2001 : Assimilation of the nation-wide wind profiler network data started.

01 MAR 2001 : Major upgrade was introduced on an occasion of the operation of the new

mainframe computer, Hitachi SR8000E1 (80 nodes), with a peak performance of 768 Gflops

and main memory of 640 Gbytes. Major changes were,
- increase of the number of vertical levels from 30 to 40 and raising the model
top from 10hPa to 0.4hPa,
- extension of the forecast time up to 216 hours (12UTC) and 90 hours (00UTC),
respectively,
- introduction of a high resolution global elevation data set (GTOPO30) into both
the model topography and the gravity wave drag parameters,
- introduction of a high resolution global land cover characterization data set
of USGS into the land-sea mask,
- refinement of both the cumulus convection scheme and the radiation scheme.
The upper stratosphere analysis using a function fitting method was discontinued,
since 3D-0l analysis up to 0.4 hPa started.
Improvements were seen in wind forecasts in the upper troposphere.

23 MAR 2000 : A 1D-VAR assimilation system for RTOVS radiance data from the NOAA-14 satellite
was introduced.

07 MAR 2000 : A global snow depth analysis using SYNOP data started.

27 JAN 2000 : Assimilation of ATOVS/BUFR data from the NOAA-15 satellite started.

07 DEC 1999 : An extensive change was introduced to the physical package. Major changes were,
- making cloud water a prognostic variable,
- improvement of the cumulus parameterization,
- introduction of a direct aerosol effect for the radiation processes.
Improvements were seen in several aspects, such as
- geopotential height forecasts in the Northern Hemisphere in winter,
- wind forecasts in the upper troposphere,
- precipitation forecasts associated with Asian summer monsoon,
- velocity potential field analysis in the upper troposphere,
- typhoon track and intensity forecasts.

06 JUL 1999 : Assimilation of SATEM data from the NOAA15 satellite started.

06 JUL 1999 : The observational error of PAOB data was revised.

04 AUG 1998 : The quality control for both sea level pressure and surface pressure data was revised.

14 JUL 1998 : Assimilation of scatterometer data from the ERS-2 satellite started.

05 NOV 1997 : The bias correction system for radiosonde data was revised.

17 MAR 1997 : A dynamic quality control system was introduced for all observational data.
10 DEC 1996 : The initialization scheme was revised.

25 APR 1996 : The vertical correlation function in the data assimilation system was revised.
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The Upgrade History of the Global Spectral Model (6/6)

01 MAR 1996 : Major upgrade was introduced on an occasion of the operation of the new
mainframe computer, Hitachi $3800/480 (4 CPU), with a peak performance of 32 Gflops and
main memory of 2+12 Gbytes. Major changes were,

- increase of the horizontal resolution from T106 to T213,

- increase of the number of vertical levels from 21 to 30,

- replacement of the cumulus convection scheme from a Kuo scheme to a prognostic
Arakawa-Schubert scheme,

- refinement of the radiation scheme,

- change of the data assimilation method from a 2D-Ol on mandatory pressure levels to
a 3D-0l on the model vertical levels.

Significant improvements were seen in typhoon track forecasts and wind forecasts in
the lower troposphere in the tropics.

16 DEC 1993 : A consistency check of sailing route for SHIP data was introduced.

01JUL 1993 : A optimum interpolation (Ol) method for a global stratospheric analysis was
implemented.

09 MAR 1993 : Assimilation of TOVS retrieved data from the NOAA satellites started.

05 NOV 1992 : Physical process for a cumulus convection (Kuo scheme) and a horizontal diffusion
were improved.

03 OCT 1991: Considering the atmospheric tide in a nonlinear normal mode initialization was
introduced.

14 NOV 1989 : GSM was upgraded. Major changes were,

- increase of the horizontal resolution from T63 to T106,

- increase of the number of vertical levels from 16 to 21,

- introduction of a hybrid eta-coordinate system,

- introduction of the Simple Biosphere model in a land surface process,
- improvement of a physical process for radiation and gravity wave drag.

01 MAR 1988 : The global spectral model (T63L16, 6 hourly data assimilation cycle) was put into
operation.
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