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1. Procedure of JMA NWP system to output MOLTS and GPV data

1-1 Output from Data Assimilation

1-1-1 Current output system

The JMA global data assimilation system adopts 3-dimensional variational method (3Dvar) with 6 hour DA cycle.  JMA had been output every 6 hour gridded data from the 6-hour forecast (first guess field) in the data assimilation cycle for monitoring purpose.  In response to the CEOP model output request, JMA started on Oct 1st, 2002 to shorten the output interval of this gridded data to one hour.  The MOLTS data for any reference sites are picked up from this one-hour intermediate gridded data and sent to the CEOP data archive centers. 
JMA provides the gridded data every 6 hours to the centers, although JMA archives the hourly intermediate gridded data because of large amount of data transfer.  The estimated size of the total gridded data is about 700KB per day.








1-1-2 Future output system 

Since every one-hour output of intermediate gridded data poses heavy loads on I/O time and data storage, we regard this system as tentative.  To reduce such loads on the operational NWP process, we plan to built-in a direct sampling module (sampler) of MOLTS (1-dimensional) output in the model instead of using intermediate gridded (3-dimensioal) output.  Then it is easy to shorten the output interval of MOLTS, say from one hour to 30 minutes.





Since it needs considerable amount of working hours to built a direct MOLTS sampler in the model because it causes a change in the source codes of the operational model, JMA plans to install the sampler at a major update of the global model planed in next year (probably in fall 2003), when a semi-Lagrange scheme and a new SIB scheme will be installed with other improvements in physical parameterization.  The model characteristics will change largely.  This upgrade will be done before CEOP IOP 4.

For gridded output requested by CEOP, even after the major update, the limitation due to I/O time and data storage will be the same as in the current output system.  JMA will continue to output 6 hourly gridded data after the major upgrade of the global model next year.

1-2 Output from Forecast Models

1-2-1 Current output system

Current global model outputs

(1) 3 hourly gridded forecast data on the Gaussian grid, original model grid system,

(2) 6 hourly gridded forecast data of conventional variables interpolated to equally spaced latitude-longitude grid at pressure levels and

(3) 24 hourly gridded outputs of diagnoses of physical processes.

To provide MOLTS output from forecast, the current system has to use an intermediate gridded output as described in 1-1-1.  We have to output every one-hour gridded output instead of current 3-hourly, 6-hourly and 24-hourly output.  36-hour forecast needs 6 times larger data storage for the intermediate gridded output than 6-hour cycle data assimilation does.  Therefore, it is impossible to output every one-hour MOLTS data from the current forecast model of JMA.

It is also difficult for the current JMA model to meet the requirement of every 6-hour output of the gridded data due to the limitation of the I/O time and data storage.

1-2-2 Future output system

After introducing a direct sampler of the MOLTS output next year, it becomes possible to output every one-hour MOLTS data.

Every 6-hour output of gridded data will be decided considering the resources available in the future.

1-3 Reanalysis

JMA/CRIEPI reanalysis project is progressing now. By now data preparation and arrangement as well as development of the reanalysis model has been almost finished and reanalysis computation will start next year with T106 model resolution.  Reanalysis period is from 1979 to 2004, which includes all CEOP IOPs.  
The model will install a direct sampler for MOLTS output so that the reanalysis meets the requirement of MOLTS output.  Gridded reanalysis data will be stored for every 6 hours, and can be provided off-line to the scientists who are interested in them.  However, only daily mean and/or monthly mean will be provided on-line on a data server to which anyone can access.

Since forecast starting from reanalysis data will be performed only for the estimation of prediction skill, the data will not be stored to meet the requirement from CEOP.

Observation data from CEOP reference sites such as surface met observation and snow depth can be assimilated in this reanalysis. If the observational data at the reference sites are converted into WMO standard data transmission format and are disseminated on GTS on real-time base, it would be easy for the data to be assimilated into reanalysis system, even if non-real time base.  Therefore, we recommend that several variables of the observational data are converted and archived in WMO standard format.  The data necessary to be converted for JMA reanalysis are surface pressure and snow depth in SYNOP format, and radiosonde data in TEMP ( or PILOT) (-MOBILE or -SHIP) format.
2. Data available from JMA operational model

2.1 Output from Assimilation
(1)Period

EOP3 and EOP4.  From 1 October 2002 to 31 Decmber 2004.

(2)MOLTS data

MOLTS output at 41 CEOP reference sites at hourly resolution.
(3)Gridded data

Every 6 hourly output with GRIB format.

(4) Grid configuration

There are three types of horizontal resolution and grid spacing depending on the archived variables.  The conventional atmospheric state variables are put on 1.25 degree equally spaced latitude-longitude grids at pressure levels.  The 2-dimensional diagnoses of physical processes, including land surface process, are put on the Gaussian grids of the original model grid system (T213), while the 3-dimensional diagnoses are put on every four grids of the Gaussian grids after 4-grid averaging.  These two types of variables are placed at model vertical levels, that is, a terrain following eta coordinate.  The MOLTS data for any reference sites are picked up from these intermediate gridded data.  Thus, JMA CEOP outputs have three different grid configurations.  Each variable is placed at one of three grid systems.  

Table J1 shows latitudes, longitudes and elevations of the JMA model locations to 41 MOLTS reference sites for three grid systems.  Since the lowest horizontal resolution is 1.25 degree among three grid system, distances of the model points from each other and from MOLTS reference site are generally several 10 km with maximum around 100 km.  The elevation differences among the model grid system are order of 10m and 100 m at most. These values can be regarded as negligible if one discuss the budget of model output, since the model resolution is order of 100 km.  ( I have a question about comparison of model data directly with MOLTS data, which will be presented by another paper.)

Table J2 shows vertical levels for pressure coordinate (23 levels) and eta coordinate (40 levels) of JMA model output.

(5) Available elements

Table J3 shows elements available from JMA operational data assimilation system.

(6) Mechanism for Data Transfer to the MPI Archive

JMA wishes to put data from their operational model directly to MPI via ftp.
The gridded data and the MOLTS data are encoded in GRIB and ASCII, respectively. 

JMA has not contacted to MPI so far.  We will contact them in January 2003 after domestic preparation finished inside the JMA.

2.2 Output from Forecast
JMA does not provide any output from the 36-hour free forecast for EOP3 due to its computational resource limitation.
JMA strives to provide the MOLTS output from the 36-hour forecast for EOP4 by revising the model and making a MOLTS sampler build-in.   It is difficult for JMA to provide the gridded GRIB output every 6 hours from the 36-hour forecast due to its computational resource limitation even in EOP4\.

2.3 Output from Reanalysis

JMA provides both the gridded GRIB output and the MOLTS output from the JMA/CRIEPI reanalysis.  The data specification is basically as same as that for operational analysis/forecast.  However, not all variables requested by CEOP will be available and on-line gridded GRIB output will not be every 6 hours but can be a time-averaged data that depends on the ability of a data server installed at JMA.  Gridded output in 6-hour interval can only be provided off-line.  Note that the JMA/CRIEPI reanalysis does not provide any output from the 36-hour free forecast. 
The JMA/CRIEPI reanalysis will provide data for all EOPs (EOP1, EOP2, EOP3 and EOP4).
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