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1.
Introduction
During the THORPEX Pacific Regional Campaign (T-PARC) 2008, the Japan Meteorological Agency (JMA) provided additional EPS products as a contribution to the project. One of the products was a sensitivity guidance, which is made by using an ensemble prediction system (EPS) technique. In the same period, JMA also performed supplemental observations of tropical cyclones (TCs) based on the sensitivity guidance. JMA distributed the direct-observation data through the Global Telecommunication System (GTS).
In this document, implications for EPS development in TC forecasting during T-PARC 2008 is described.  In Section 2, the JMA’s sensitivity guidance is shown.  In Section 3, the supplemental observation based on the sensitivity guidance is briefly explained.  In Section 4, the promoted exchange of an EPS product is introduced. 

2.
Sensitivity analysis with EPS technique
Singular vector (SV) method is a well-known way to identify where error growth is large around the region of interest.  JMA introduced the method as a generator of ensemble initial perturbations in the two operational EPSs. One is a global medium-range EPS and the other is the EPS for TC track forecasting, called Typhoon EPS.  In the Typhoon EPS, the initial conditions are perturbed by two sets of targeted SVs with 24-hour optimization time. The one target region is over the western North Pacific (20°N-60°N, 100°E-180°).  And, the other target regions are around TCs which exist in the responsibility area of RSMC Tokyo – Typhoon Center (0°-60°N, 100°E-180°) or is expected to move into the area within the next 24 hours.
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During T-PARC 2008, the target meteorological phenomena were TCs over the western North Pacific and their extra-tropical transition.  Common target region and lead-time were adopted to contribute guidance for making practical plan of adaptive observations to TCs.  With the aim of supporting decision-making for adaptive observations, JMA performed sensitivity analyses by calculating the targeted SVs and provided the sensitivity guidance via Internet to the Asian and North American Regional Committees and their associated national science committees in real-time.  The SV calculation was the same design as the operational SV calculation in Typhoon EPS, but four target regions were defined in the western North Pacific.  Figure 1 illustrates the four target regions.  Three of these were fixed. They are referred to as GUAM, TAIWAN and JAPAN for daily analysis. The other was an adaptive target region referred to as MVTY in the vicinity of a TC location.    The highly sensitive area was defined as a region of large vertically integrated total energy of SVs.
Many kinds of sensitivity guidance were available by the decision-maker of adaptive observations.  Figure 2 shows an example of sensitivity guidance targeted to the same observation time from several providers.  Furthermore, the collection of standardized guidance was useful for comparing the guidance among the providers.  It is expected that the comparison and feedback from the guidance users helps to develop the EPS.
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3.
Supplemental observation
The adaptive observations were conducted during T-PARC 2008.  JMA performed drop-windsonde observations released from an aircraft, and extra radiosonde observations at the some ground observatories and ship observations. In the same period, the Meteorological Satellite Center of JMA produced MTSAT-2 Rapid Scan Atmospheric Motion Vectors.  Figure 3 shows extra observed points overlaid on the JMA’s sensitive area targeted to the MVTY region at 00 UTC on 11 September 2008.
The supplemental sonde data were distributed through GTS and used in the operational Numerical Weather Prediction (NWP) systems worldwide.
4. EPS product exchanging
JMA starts providing its medium-range EPS dataset from October 2006 as a Data Provider of the THORPEX Interactive Grand Global Ensemble (TIGGE) project.  Ensemble TC track information derived from the medium-range EPS encoded in BUFR format is provided to Hong Kong Observatory (HKO) on a research basis.

To exchange cyclone track information is developing for the Global Interactive Forecast System (GIFS).  During T-PARC 2008, JMA provided the observed TC track and two kinds of forecast TC track derived from the global medium-range EPS and Typhoon EPS to the Asian and North American Regional Committees and their associated national science committees in real-time.  The format is Cyclone XML (CXML; see the page: http://www.bom.gov.au/bmrc/projects/THORPEX/TC/index.html for more information).Currently, the CXML files are exchanged through Archive Centers of the TIGGE project.
Some National Meteorological and Hydrological Services of RA II Members expressed interest in the availability of the TC track data, especially Typhoon EPS data, on a real-time basis.  JMA will resume the provision of them in real time for GIFS Forecast Demonstration Project.
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Figure 1:  Three fixed areas with each red-frame labeled as JAPAN, TAIWAN, and GUAM are targeted as standardized sensitivity information in T-PARC 2008.  In addition to these areas, JMA provided sensitivity guidance targeted to around TC with the blue-frame labeled MVTY.
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Figure 3:  The sensitive area (shaded) targeted to the MVTY region for special observations at 00UTC on 11th September 2008 around Typhoon Sinlaku.  Extra observation points for upper-soundings by JMA’s ships and ground observatories (green dots), drop-windsondes released by Falcon aircraft (red dots) and those released by other planes (yellow dots) are overlaid on the sensitive area.
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Figure 2:  The sensitivity areas (shaded) targeted to observation time at 00UTC on 11th September 2008.  Top label on each map represents an abbreviation of its provider’s name. (Image source:  presentation material by Dr. Nakazawa at “Asian Committee Peport” in Seventh Session of the THORPEX International Core Steering Committee available at http://www.wmo.int/pages/prog/arep/wwrp/new/thorpex_icsc7.html)




















