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1. Overview of the RSMC Tokyo-Typhoon Center
The six Tropical Cyclone Regional Specialized Meteorological Centres (RSMCs) together with five Tropical Cyclone Warning Centres (TCWCs) having regional responsibility, provide advisories and bulletins with up-to-date first level basic meteorological information on all tropical cyclones (TCs), hurricanes, typhoons everywhere in the world under the framework of the World Weather Watch (WWW) Programme of the World Meteorological Organization (WMO). 
The RSMC Tokyo-Typhoon Center (hereinafter referred to as the Center) was established in July 1989 at the Headquarters of the Japan Meteorological Agency (JMA).  Since then, the Center has provided TC advisories for National Meteorological Services (NMSs) in the western North Pacific region to support the disaster mitigation activities of these countries and regions.
The area of responsibility (AOR) of the Center is from the equator to 60N in latitude and from 100E to 180E in longitude, that covers tropical and subtropical waters of the western North Pacific Ocean.   It includes marginal seas of the western North Pacific Ocean and adjacent land areas.  38 % of the TCs of tropical storm (TS) intensity or higher, that is, with maximum sustained wind is 34knots or more, in the world are generated in the AOR of the Center.

Major operational functions of the Center are :

· to monitor TCs and to issue forecasts and relevant meteorological information on their track and development/decay,

· to analyze synoptic meteorological conditions that may affect movement, development and decay of TCs, and 

· to disseminate the above information to the NMSs concerned in appropriate forms.
These functions are activated around the clock when a gale-force or stronger wind area associated with a TC exists and/or is expected to exist within 24 hours in the AOR.  Specific conditions for the activation of the functions are as follows: 

· A TC of TS intensity or higher exists in the AOR.

· A TC is expected to reach TS intensity or higher within 24 hours in the AOR.
· The 70% probability circle of 24-hour center position forecast or the 24-hour storm warning area of a TC is expected to reach the AOR.
In addition, the Center has non-real-time functions such as the publication of the Annual Activity Report and the Technical Review and the provision of assistance to the Members of the Typhoon Committee to improve their relevant capabilities through training activities.

2. Operational Analysis and Forecasting

2.1 Elements

The Center analyzes the following parameters of a TC on a real-time basis using various observational data, such as synoptic observations, MTSAT cloud imagery and radar observations.  Analyses are also made for a tropical depression with maximum sustained wind at and above 28 knots (near gale).

· Center position with its precision

· Central pressure

· Maximum sustained wind (10-minute average)

· Radii of 50- and 30-knot wind areas

· Direction and speed of movement

The intensity analysis is mostly made with the Dvorak method over open waters where in-situ measurements are rarely available.
The Center makes the following forecasts for a TC. 

 <at 0000, 0600, 1200, and 1800UTC>

 12-, 24-, 48-, and 72-hour forecasts of

· Center position, 

· Radius of 70% probability circle of center position forecast, 

· Direction and speed of movement

· Central pressure

· Maximum sustained wind
 <at 0300, 0900, 1500, and 2100UTC>

 12- and 24-hour forecasts of

· Center position, 

· Radius of 70% probability circle of center position forecast, 

· Direction and speed of movement

· Central pressure

· Maximum sustained wind

48- and 72-hour forecasts issued 3-hours earlier are relabeled 45- and 69-hour forecasts, respectively, and attached to the 12- and 24-hour forecasts.
(Note: 12-hour forecasts are omitted in some cases, but are produced whenever necessary, e.g., in a case where TC movement is changeable)
Forecasts of TC track now heavily rely on the products of the Numerical Weather Prediction (NWP) models at JMA.  Forecasts of TC intensity has been becoming increasingly dependent on the products of one of the limited area NWP model at JMA, while the time extrapolation of the CI number determined with the Dvorak method is still useful, especially for short forecast ranges.

2.2 Schedule

Outputs of NWP models are the bases to forecast.  A global spectral model (GSM) and a limited area model (TYM) are operated for typhoon forecasting.   GSM is operated twice a day with initial time of 0000UTC and 1200UTC, while TYM is operated four times a day with initial time of  0000UTC, 0600UTC, 1200UTC and 1800UTC.
Outputs of two models with initial time of 0000UTC and 1200UTC are used in the forecasts with analysis time of 0600UTC and 1800UTC, respectively.   GSM with initial time of 0000UTC is started to calculate on 0230UTC and 90-hour prediction ends on 0330UTC.  Then TYM with the same initial time is started to calculate and 84-hour prediction ends on 0430UTC.  A forecaster analyzes the position and intensity of the typhoon at 0600 UTC, and issues forecast up to 72 hours by 0650 UTC based on the outputs of NWP models with correction based on the analysis at 0600 UTC.   Outputs of GSM and TYM with initial time of 1200UTC are used in the same way when the forecast with analysis time of 1800UTC is issued by 1850 UTC.   
Outputs of GSM and TYM with initial time of 0000UTC and 0600UTC, respectively, are used for the forecast with analysis time of 1200UTC, as the GSM with initial time of 0600UTC is not operated.   Similarly, outputs of GSM and TYM with initial time of 1200UTC and 1800UTC, respectively, are used for the forecast with analysis time of 0000UTC, as the GSM with initial time of 1800UTC is not operated. 

3. Dissemination of the Products

3.1. Products via GTS and AFTN

The Center compiles and distributes the bulletins on the TCs in its AOR via GTS and AFTN.  They are issued when a TC of TS intensity or higher exists and/or it is expected to affect the AOR within 24 hours.  These bulletins are continually issued for a TC as long as it keeps TS intensity or higher within the AOR.  The bulletins include (1) the TC analysis based on the Dvorak method, which estimates the tropical cyclone intensity with MTSAT imagery, (2) JMA's official analysis and forecast of a TC position and intensity, (3) NWP guidance of the TCs, and (4) the RSMC Prognostic Reasoning describing a brief reasoning for a TC.  The bulletin (3) describes forecast of a TC position and intensity of GSM and TYM without any forecaster's intervention or interpretation.

The Center has just started to provide NWP guidance of the TCs over the South Eastern Indian Ocean and South Pacific replying to the request of the Fiji Met. Service and the Bureau of Meteorology of Australia.   The bulletin is based on the output of the GSM.

3.2. Products via Internet

The Center also provides the products through Internet.  The analysis and forecast are shown at the web page "http://www.jma.go.jp/en/typh/" of JMA, and public can obtain the forecast issued by the Center.

The Center operates the RSMC Data Serving System (RSMC DSS),which has provided the grid point value of NWP models and observational data to the NMSs through the Internet.  RSMC-DSS is serving nine user countries/territories.
The Center operates a web site, which offers predictions of TC tracks performed by the models of major NWP centers in the world for use in TC forecasting and warning by the NMSs in the AOR.   Eight NWP centers; BOM (Australia), CMC (Canada), DWD (Germany), ECMWF, KMA (Republic of Korea), NCEP (USA), UKMO (UK) and JMA kindly provide the NWP data to the Center.
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